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Bird nestlings may be at risk not only from starvation but also from predators attracted to the nest by parental feeding visits.
Hence, parents could trade reduced visitation rates for a lower predation risk. Here, through field data and an experiment, we
show plasticity in daily patterns of nest visitation in the Siberian jay, Perisoreus infaustus, in response to predator activity. In high-
risk territories, jay parents avoided going to the nest at certain times of the day and compensated by allocating more feeding
effort to periods when predators were less active. Such modifications in provisioning routines allowed parents in high-risk habitat
to significantly lower the risk of providing visitation cues to visually oriented corvid nest predators. These results indicate that
some birds modify their daily nest visitation patterns as a fourth mechanism to reduce predator-attracting nest visits in addition to
the clutch size reduction, maximization of food load-sizes, and prevention of allofeeding suggested by Skutch. Key words:
allofeeding, antipredator behavior, nest activity, nest defense, nest predation, parental care, phenotypic plasticity, predation risk
allocation hypothesis, Skutch’s hypothesis. [Behav Ecol]

In altricial bird species, parents need to provide their
growing nestlings with food to prevent starvation, ensure

proper development, and minimize any negative effects of
a poor start in life (Daan et al., 1990; Metcalfe and Monaghan,
2001; Nilsson, 1990; Richner, 1989, 1992). However, malnu-
trition is not the only threat to the offspring. Provisioning
visits may impose a cost in risk of predation if parental activity
alerts predators to the location of the nest. This cost in risk of
predation must be balanced against the risk of starvation, and
it can therefore be expected to constrain the rate at which
parents visit the nest. Skutch (1949, 1961) was the first to
identify this risk and to suggest three possible ways that visi-
tation (and hence predation risk) might be reduced, namely
(1) lowering clutch sizes, (2) maximizing food-load sizes, and
(3) eliminating allofeeding (feeding by nonbreeding ‘‘help-
ers’’). Although some have failed to document a link between
nest activity and predation rates (Farnsworth and Simons,
1999; Roper and Goldstein, 1997), more recent work provides
support for Skutch’s ideas, especially when the variable effects
of nest site are controlled (Martin et al., 2000b).

Predation risk may have an important influence, not only
on reproductive success per se but also on the evolved roles of
parents and nonbreeders in providing care to offspring.
Siberian jays are unusual in having delayed dispersal of
offspring but preventing them from allofeeding (Ekman et
al., 1994). This behavior is also found in the Nearctic gray jay,
Perisoreus canadensis (Strickland, 1991), except that, in this
species, allofeeding may be allowed during the fledgling
period (Waite and Strickland, 1997). To explain the suppres-
sion of allofeeding seen in Perisoreus and other small corvids,
Strickland and Waite (2001) proposed that parental aggres-
siveness serves to dissuade nonbreeders from allofeeding and
increase the exposure of nests to predators. In a meta-analysis
of corvids, they confirmed predictions derived from their
predator-avoidance hypothesis that species that prevent

allofeeding should be characterized by lower clutch sizes
and parental nest visitation rates than those seen in allo-
feeding species. Thus, species that are least able to dissuade
nest predators because of small size and/or small nonbreeder
complements are the species most likely to use some or all of
the three tactics suggested by Skutch to reduce nest visitation
and the risk of betraying the nest location to predators.

A fourth potential parental tactic to reduce the risk of
attracting nest predators could be to allocate nest visits and
antipredator efforts across different risk situations. In theory,
parents should allocate more antipredator efforts to high-risk
situations and more feeding visits to low-risk situations when
the relative degree of risk in high-risk situations increases
(predation risk allocation hypothesis; Lima and Bednekoff,
1999). We provide evidence here that Siberian jays actually do
use this countermeasure to reduce the risk of nest predation.

METHODS

Reproductive success

We studied reproductive success in a population of in-
dividually color-banded Siberian jays northwest of Arvidsjaur,
northern Sweden (65�409 N, 19�09 E), starting in 1989. In
March each year, jay females were caught and fitted with radio
transmitters (1.85 g; Holohil), and nest sites could be located
by radio tracking the incubating females in April. To minimize
visits to the nest, the continued progress of a breeding
attempt was monitored by observing the incubating female at
a distance. We climbed to nests to band chicks or when there
were obvious signs of nest predation and the parents had
deserted. Predation was signified by visible disruption of the
nest or its contents. In the period 1998–2001, nests were
monitored daily when video cameras were being serviced (see
below). Successful reproduction was confirmed by observa-
tion of fledglings in company with their parents.

Nest predators

Information on the identity of nest predators is given in
Eggers (2002). Less than one nest out of two (proportion
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0.46, n = 185) succeeded in producing fledged offspring, and
about two-thirds of failed nests showed signs of nest pre-
dation, being somewhat displaced with the rim of small
damaged twigs. There are several sources to the identity of the
nest predators. There are direct observations of corvids
attacking nests, video recordings, and the results of an
experiment using 24 collected Siberian jay nests provided
with one chicken and one plasticine egg to identify predators
(Eggers, 2002). Other corvids (Eurasian jay, Garrulus glandar-
ius; hooded crow, Corvus corone; and raven, Corvus corax) stand
out as the main nest predators. The only indications we have
of nest predation by any other animals are video recordings of
a sparrow hawk, Accipiter nisus, and a squirrel, Sciurus vulgaris,
eating broods. Unlike the corvids, raptors or squirrels are rare
in the study area, and there is no further evidence of their
roles as nest predators. To assess corvid activity, we counted
the number of corvids for a 5-min interval on our daily visits to
nest sites for video maintenance. These visits were balanced to
yield a variety of visit times throughout the day. We counted
predators for 30 min by observing the surrounding of the nest
site before we actually started to raise a ladder to climb the
tree with the camera. Habitat structure surrounding the nest
had little impact on our counts, because corvids were heard
or seen almost exclusively flying over in the vicinity of nest
sites.

Territory quality

Our design is based on a priori characterization of territory
quality, specifically nest-predation risk. Territorial boundaries
were stable over the years, which enabled us to calculate
a probability of nest success by combining data across years.
To express the relative reproductive success in territories we
used a nest success index (NSI) that consists of the sum over
all years of the difference between the actual reproductive
successes within a given territory (0 indicates failure; 1,
success) and the probability of nest success in the population
in general (proportion of nests that were successful) for each
year (Ekman et al., 2001).

Of the 35 territories in our study area, we identified in this
way 17 territories with lower than average risk of nest failure
(henceforth low-risk territories). These territories were
characterized by more dense forest structure associated with
a higher abundance of low spruce (less than 15 m) among the
mature trees (Ekman et al., 2001). The remaining 18
territories had higher than average risk of nest failure (high-
risk territories), and they were located closer to human
settlements, with a more open forest structure. High-risk and
low-risk territories were not grouped near one another;
hence, they can be regarded as statistically independent.
The correlation between forest structure and reproductive
success appears to arise because an open forest structure
facilitates nest detection for predators guided by visual cues. A
preference by Siberian jays for territories of high breeding
productivity further suggests that this link is indeed causal and
reflects habitat quality (Ekman et al., 2001).

Parental activity

We studied natural variation in parental visitation rates in
relation to predator exposure at 18 successful nests monitored
by video cameras in the period 1998–2001. We obtained video
recordings of activities at the nest continuously from the time
we detected the nest, which we normally did as soon as the
female started to incubate, up to the time of fledging or nest
predation. Passive infrared-motion detectors were used to
trigger cameras placed about 2 m from nests to ensure that all
visits by parents could be detected. The sensors detected

motions of warm bodies and started the camera, which ran as
long as there was activity at the nest and then for another 30
seconds after the last impulse. These video recordings allowed
us to determine the date of the first chick’s hatch and the
times and durations of parental visits to the nest. The cameras
were inspected daily, and new tapes were inserted if we
estimated that there was not enough tape left to record all
visits in the ensuing 24 hours. Video recordings from the
nestling stage were scored for the number of trips to and from
the nest by both parents.

We compared the visitation rates of parents at nests where
the parents successfully raised a brood in high-risk (n ¼ 9)
and low-risk (n ¼ 9) territories. To study daily nest visitation
patterns in relation to the activity of potential nest predators,
we sampled nest visit times and durations. The pooled time of
recordings per nest was on average 26 6 2 h (mean 6 SE).
For the analysis we used a repeated-measures design in which
parental visitation rates were recorded at five different time
blocks in each territory. The parents were observed on
successive occasions in both high-risk (n ¼ 9) and low-risk
(n ¼ 9) territories to see whether corvid activity (covariate)
might affect visitation rates.

Playback experiment

To test whether Siberian jay parents specifically respond to
cues signaling the presence of corvids, we simulated their
presence by playback of a mixture of calls (Eurasian jay,
hooded crow, and raven) in 2000. We presented parents in
seven low-risk territories with playback from 1400–1600 h (1
corvid call/6 min, TDK endless cassette, EC-12M) so that the
exposure mimicked how corvid activity varied over the day in
high-risk habitat. Tape recorders were placed on the ground,
hidden under spruce branches, at a distance of 10 m from
nesting trees. For each nest there was an exposure period of 3
days and a control period of 3 days. For four of the nests,
which were chosen randomly, the control period (C) pre-
ceded the exposure period (E), and for the remaining three
nests, the control period followed after the exposure to corvid
calls to exclude any order effect. We incorporated the order
effects of control and experimental sessions as a between-
subjects factor in the statistical analysis (C-E versus E-C). To
control for the effect of nestling age on daily visitation
patterns, we timed manipulations by starting the experimental
period (either control or exposure first) when females
stopped sitting on the chicks and both parents began
contributing to feeding the nestlings.

Because we played corvid calls only in the afternoon, even
in the exposure group there was no cue of increased corvid
presence until late in the first day of playback. It was thus only
on the second day of playback that the parents had an
opportunity to respond and modify their entire daily visitation
pattern. Measures of responses to playback in daily visitation
patterns therefore have to be displaced in time and delayed
for 1 day after the exposure to corvid calls. Thus, our
recording of responses in daily visitation patterns runs from
the second day of playback to include the first day with no
playback after the days of exposure. Likewise, the first day
after a 3-day period of exposure to corvid calls cannot be used
for control, as the parents might be expected to be
responding still to the cue from the previous day. Therefore,
we postponed the control period and waited 1 day without
playback before we observed the behavior of our controls.
Monitoring by video cameras of the nest to be manipulated
began when the female started to incubate and continued to
the end of the nestling period. We visited these nests daily
to check cameras, inspect nests, and assess the presence
of corvid nest predators.
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Calculating the risk of providing visitation cues

This calculation is based on the assumption that the risk of
predation is a compound effect of parental activity and the
activity of corvids. The risk of giving away the location of the
nest to a predator is then a conditional probability in that
a nest visit can reveal the position of the nest only if there is
a predator around. Therefore, the risk of giving away the
location of the nest to a predator can be expressed as the
number of visits by the parents when there is a corvid in sight.
This does not necessarily imply that the nest is detected, but it
is an assessment of how often the parents are at risk of
providing a cue that allows a visual hunter to locate the nest.
We first calculated the nest visitation rate as the probability
that either parent would visit in a 5-min interval. The
likelihood that a corvid was in sight of the nest was likewise
estimated for 5-min intervals. The probability that a parent
visiting the nest would provide a cue would then be as follows:

probability (providing cue) = probability (parent provisioning)

3probability (corvid present).

Nest visitation rates and corvid observations were sampled
for 3-h blocks (0300–0600 h, 0600–0900 h, 0900–1200 h,
1200–1500 h, and 1500–1800 h). These probabilities of
providing a cue were translated into the number of visits
when another corvid was present by multiplying them by 36
(3 3 12 separate 5-min intervals). The sum over all five blocks
of 3 h gives the total number of nest visits with another corvid
in sight per day.

Estimating the effect of modified parental activity on
exposure

We estimated to what extent reduction in parental activity
could reduce the risk of nest predation by comparing what
would happen if parents in high-risk habitat behaved as did

those in low-risk habitat and vice versa (Table 1). To calculate
the hypothetical nest visitation rates of parents that do not
vary visitation rates at different times of the day, we used the
relative proportion of parental nest visits observed amongst
the five blocks of 3 h in high-risk territories (n ¼ 9; block of
3 h, proportion of nest visits: 0300–0600, 0.27; 0600–0900,
0.27; 0900–1200, 0.18; 1200–1500, 0.18; 1500–1800, 0.10). For
parents in high-risk territories that vary visitation rates, we
used the same rate at different times of the day while still
maintaining their mean rate of provisioning.

RESULTS

Predator activity

Siberian jay parents encountered corvid nest predators
(Eurasian jay, raven, and hooded crow) more frequently in
the high-risk territories where reproductive success was low
and the open forest structure favors nest detection by
predators that hunt by using visual cues. The overall activity
of corvid species was about three times as high in high-risk
habitat with an average of 1.70 observation per hour
compared with 0.56 observations per hour in low-risk habitat
on our visits (p , .0025, repeated-measurement ANOVA)
(Figure 1). However, there was not only a difference in overall
level of corvid activity between habitats, but there was a daily
pattern in the timing of corvid activity in high-risk habitat that
we could not find in low-risk habitat. The level of predator
activity was of the same magnitude in both types of habitat
during the morning (0300–0900 h). After that time, predator
activity increased substantially in high-risk habitat and
remained on that higher level for the rest of the day. Corvid
activity in low-risk habitat did not show any corresponding
pattern over the day, as revealed by a significant habitat 3
time of day interaction (Figure 1). Predator activity in low-risk
habitat throughout the day remained on the same low level as
in the morning, and this lack of a daily pattern in corvid

Table 1

Estimated change of exposure to corvid nest predators for parents in high-risk territories (n = 9) if
their daily nest visitation patterns were not adjusted to the activity of corvids but maintained the mean
rate of provisioning, and if parents in low-risk territories (n = 9) did adjust their daily visitation
patterns as in high-risk territories while they maintained their mean rate of provisioning

No. of cuesa provided per day

High risk of nest predation Low risk of nest predation

Nest Observed
Without daily
routine Change Observed

With daily
routine Change

1 2.46 2.94 0.48 0.84 0.63 �0.21
2 0.47 0.73 0.26 0.99 0.9 �0.09
3 1.23 1.38 0.15 0.36 0.3 �0.06
4 1.35 1.5 0.15 0.33 0.3 �0.03
5 3.6 4.8 1.2 0.33 0.33 0
6 0.69 0.78 0.09 0.39 0.39 0
7 0.7 0.74 0.04 0.42 0.45 0.03
8 1.77 2.64 0.87 0.45 0.48 0.03
9 0.6 0.72 0.12 1.35 1.41 0.06
Mean 6 SE 1.43 6 0.35 1.8 6 0.47 0.37 6 0.13 0.61 6 0.12 0.58 6 0.12 �0.03 6 0.03

For explanation of design, see Methods. In high-risk habitat, there was an increase (0.37 6 0.13 [mean 6
SE] visitation cues per day; paired t test, t ¼ �2.77 and p , .025) in the number of cues to other corvids
without the daily routine of visitation rates. Parents in low-risk habitat would not gain in reduced rate of
cues from a daily routine in the nest visit rate with an estimate decrease of only �0.03 6 0.03 cues
provided per day (paired t test, t ¼ 1.09 and p ¼ .31).

a Nest visit when corvid (Eurasian jay, hooded crow, raven) was in sight of the nest within the same 5-min
sampling block.
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activity accounted for the difference in overall level between
habitats.

Visitation patterns

Corvid activity in low- and high-risk habitat affected nest
visitation rates of Siberian jay parents unequally (habitat 3
corvid activity: df ¼ 1, F ¼ 41.4, p , .001; habitat: df ¼ 1, F ¼
0.01, p ¼ .91 [ns], repeated-measurement ANOVA adjusted
for covariate corvid activity: df ¼ 1, F ¼ 2.8, p ,.05, balanced
design) (Figure 2a,b). The nest visit rate of Siberian jay
parents declined during times of high corvid activity in high-
risk habitat (df ¼ 1, F ¼ 51.3, p , .0001) (Figure 2a). With its
overall lower level of corvid activity in low-risk habitat (Figure
1), there was less of a variation in risk for parents to respond
to, and we could not find any correlation between visitation
rate and corvid activity in low-risk habitat (df ¼ 1, F ¼ 0.03,
p ¼ .87) (Figure 2b). The inverse relationship between
visitation rates and corvid activity in high-risk habitat indicates
that parents visited the nest more intensively in the morning
when corvid activity was low. Parents reduced the risk of nest
predation in high-risk habitat by directing their visits to times
of the day with lower corvid activity, whereas the total number
of visits per day was not adjusted to the difference in corvid
activity between high- and low-risk habitats (p ¼ .76, repeated-
measurement ANOVA) (Figure 3). Hence, although we found
no difference between habitats in the overall rate of nest visits,
there was a strong habitat 3 time of day interaction (Figure 3).
We can exclude differences in reproductive investments as
the reason for between habitat differences in the response, as
there was no appreciable difference in clutch size (mean 6
SE ¼ 3.0 6 0.59) in high-risk and low-risk habitat (3.1 6 0.37,

t ¼ �0.2, p ¼ .83), which is consistent with the lack of any
difference in the overall visitation rate between habitats.

Experimental test

Diurnal visitation patterns of parents in low-risk habitat
converged on those of parents in high-risk habitat after they
were given a predation-risk cue in the form of corvid calls
(Figure 4). On exposure to playback, the parents in low-risk
habitat shifted their activity so that visitation rates were
highest during the first half of the day, whereas they reduced
their activity at the nest later in the day when playback
indicated high corvid activity. Daily visitation patterns of
parents in high-risk habitat thus appear to be genuine
responses to cues signaling the presence of nest predators.
During control periods, parents were exposed to disturbances
from our daily camera inspections (when we raised the ladder,
climbed trees, worked with the camera, and inspected the
nest) without provoking a response in daily visitation patterns.

Figure 1
Diurnal pattern of corvid (Eurasian jay, hooded crow, raven) activity in
low-risk (open bars, n ¼ 9) and in high-risk (shaded bars n ¼ 9)
territories. Number of corvid nest predators observed per 5-min
intervals and hour sampled for five 3-h blocks between 0300–1800 h in
Siberian jay territories. The activity of corvids in territories with higher
than average risk of nest predation (high-risk habitat) increased
significantly with time but did not do so in territories with lower than
average risk of nest predation (low-risk habitat). Overall, corvid
activity was higher in high-risk habitat compared with low-risk habitat
(habitat: df ¼ 1, F ¼ 14.3, p , .0025; habitat 3 time of day: df ¼ 4,
F ¼ 4.6, p , .025; time of day: df ¼ 4, F ¼ 8.4, p , .0025, repeated-
measurement ANOVA, balanced design, nine low-quality and nine
high-quality territories, five time-blocks each).

Figure 2
Adjustment to corvid activity in nest visitation rate by Siberian jay
parents in high-risk (a) and low-risk (b) habitats. Mean number of
nest visits by Siberian jay parents in relation to the mean number of
corvids observed per 5-min intervals and hour. Visitation rates
sampled between 0300–1800 h for five blocks of 3 h in each of
nine territories in low-risk habitat and nine territories in high-risk
habitat. Separate regression lines are shown for each territory. Nest
visitation rates decreased significantly with increasing corvid activity in
habitat with high risk of nest predation (df ¼ 1, F ¼ 51.3, p , .0001),
whereas there was no significant response in nest visitation rates in
habitat with low risk of nest predation (df ¼ 1, F ¼ 0.03, p ¼ .87,
repeated-measurement ANOVA).
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In fact, the birds were very tame and soon came to accept our
presence to the extent that some females had to be lifted from
the nest on inspections. The change in daily provisioning
patterns thus appears to be a response to the playback
treatment per se, as there was no corresponding response to
the disturbances caused by our presence. We can be less
confident, however, that the response is specific to corvid
calls. There remains the possibility that the parents would
have shifted their daily visitation patterns in response to any
playback.

Modification of daily visitation patterns as
an antipredator defense

Both in our observations of natural variation in visitation rates
and in the experiment, parents concentrated their visits at
times of day when the risk of encountering nest predators was
lower. This response is consistent with a parental strategy to
reduce the risk of giving away the nest location to predators.
However, under natural conditions only parents in high-risk
territories showed this response. This difference in response
between parents in high- and low-risk habitats raises two
questions. First, how effective is the adjustment of the nest
visitation rate in high-risk habitat in reducing predation risk?
Second, do parents in low-risk habitat forego an opportunity
to reduce the exposure of nests to corvid nest predators?
Parents in high-risk habitat would, according to our estimate
of the probability of giving a visual hunter a cue by visiting the
nest (see Methods), run a substantially higher risk of exposing
the nest to a predator if they did not modify their daily
visitation patterns but instead visited their nest at an even rate
over the day. Without daily variations in visitation rates the
proportion of visits when they were at risk to give predators
a cue would then increase significantly (0.37 6 0.13 cues to
nest predators per day; paired t test, t ¼ �2.77 and p , .025)

(Table 1), and the risk of exposure would have increased for
all nine pairs breeding in high-risk habitat (p , .01, binomial
test) (Table 1).

In contrast, there would be no substantial effect of using
a modified provisioning pattern in low-risk habitat. Parents in
low-risk habitat would, unlike parents in high-risk habitat, not
reduce the risk of having their nest detected by varying their
activity over the day (paired t test, t ¼ 1.09 and p ¼ .31) (Table
1). Although the risk of detection would have decreased for
four pairs, it would have increased for three. The estimates for
the remaining two pairs could not be distinguished at the
second decimal and were treated as identical (Table 1).

DISCUSSION

Predation has long been seen as a major selective force in the
evolution of adaptations such as cryptic coloration, protective
armor, and chemical defense (Edmunds, 1974; Harvey and
Greenwood, 1978; Sih, 1987). Furthermore, predation pro-
vides a logical selective force for many observed patterns of
habitat selection, species coexistence, and life-history traits
(Lima and Dill, 1990; Martin, 1986, 1993). However, the rate
of nest visits in birds has been attributed mainly to the food
requirements of chicks (Briskie et al., 1994; Kilner et al., 1999;
Sanz and Tinbergen, 1999; Wright et al., 1998), whereas the
risk of nest predation has often not been considered in
attempts at explaining differences in parental nest visitation
rates (but see Ghalambor and Martin, 2000, 2001; Martin
et al., 2000a; Skutch, 1949). This neglect of predation risk as
an evolutionary force is surprising because nest predation is

Figure 3
Diurnal nest visitation patterns by Siberian jay parents in low-risk
(open bars) and high-risk (shaded bars) habitats. Mean number of
nest visits (6SE) by Siberian jay parents per hour for five 3-h
blocks between 0300–1800 h in territories with high- (n ¼ 9) and low-
(n ¼ 9) risk of nest predation. There was no difference in the overall
rate of nest visits between habitats, but time affected visitation rates
unequally in high- and low-risk habitats. Visitation rates in high-risk
habitat were higher in the morning before the peak in corvid
activity, whereas visitation rates in low-risk habitat were more evenly
distributed over the day (habitat: df ¼ 1, F ¼ 0.09, p ¼ .76; time:
df ¼ 4, F ¼ 13.3, p , .001; habitat 3 time: df ¼ 4, F ¼ 6.4, p ¼ .004,
repeated-measurement ANOVA, balanced design).

Figure 4
Diurnal nest visitation patterns by Siberian jay parents in low-risk
habitat without a cue to corvid activity (no call playback; open bars)
and with a cue (playback of corvid calls; shaded bars). Mean
number of nest visits (6SE) by Siberian jay parents per hour for five
3-h blocks between 0300–1800 h in habitat with low risk of nest
predation. Nests were their own control. Parents were exposed to
a mixture of corvid playbacks (Eurasian jay, hooded crow, and raven)
between 1400–1600 h. (horizontal line) during three consecutive
days (n ¼ 7 nests). The order of control (C) and experimental
(E) sessions was counterbalanced and incorporated in the statistical
analysis (C-E, n ¼ 4 versus E-C, n ¼ 3). The daily provisioning patterns
of parents in low-risk habitat responded and converged toward the
visitation patterns of parents in high-risk habitat with higher activity
in the morning (time of day: df ¼ 4, F ¼ 3.5, p ¼ .002; treatment
[control/exposure]: df ¼ 1, F ¼ 0.00, p ¼ .98 [ns]: order [C-E/E-C]:
df ¼ 1, F ¼ 3.1, p ¼.08 [ns]; time of day 3 treatment: df ¼ 4, F ¼ 3.6,
p ¼ .002; repeated-measurement ANOVA, balanced design).
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a significant source of mortality in early life (Lack, 1954;
Newton, 1998; Ricklefs, 1969).

Loss of a year’s entire reproductive output is a substantial
fitness cost, and especially so for short-lived organisms. The
behavior of Siberian jay parents indicates a response to such
costs aimed at reducing the risk of losing the offspring. Our
data point to a plasticity in the behavior of parents whereby
they take advantage of a daily activity pattern among nest
predators and they both concentrate their nest-visits to times
when predator activity is low and reduce their visit rate when
nest predators are most active. This result confirms the
predation risk allocation hypothesis, which predicts that
animals allocate more antipredator efforts to high-risk
situations and more feeding to low-risk situations when the
relative degree of risk in high-risk situations increases (Lima
and Bednekoff, 1999).

An alternative option to modify the pattern of nest
visitation throughout the day would be to reduce the overall
visitation rate (Ghalambor and Martin, 2002). From our
material based on recordings of the activity throughout the
entire active day of Siberian jay parents, they do not appear
to use this option, whereas Strickland and Waite (2001) pro-
vide evidence from a comparative cross-species comparison
for a lower visitation rate in species with high risk of nest
predation. These two mechanisms are not mutually exclusive.
Predation risk may necessitate a lower overall visitation rate in
species with high risk of nest predation, whereas given such
a base-line level in the risk of nest loss, our data suggest that
there is still room for further antipredator behaviors. Yet,
antipredator behaviors do not come without costs. Regardless
of whether there is an overall reduction in the visitation rate
or just during especially high-risk periods of the day, there
must be some compensation or the offspring will be less well
fed with an associated higher risk of starvation. Although
Siberian jays reduced rates during times of highest predator
activity, they still upheld their daily mean visitation rate by
increasing their activity during times of low predator activity.

Although Siberian jay parents in high-risk habitat should
have gained substantially in reduced risk from their behav-
ioral response (reduction by 0.37 6 0.13 cues to nest
predators per day), parents in low-risk habitat would not have
made any appreciable gain and they did not modify their daily
visitation patterns. The plasticity demonstrated in high-risk
habitat is consistent with parents in that habitat having low
reproductive success, and it confirms that visitation rates
cannot be understood solely from food abundance and the
state of the chicks (Ghalambor and Martin, 2000, 2001;
Skutch, 1949).

Corvids are visual hunters that succeed in finding prey
more efficiently in an open habitat where relevant cues are
more easily observed. Therefore, nest predation risk seems,
not surprisingly, to be an interaction between corvid activity
and forest structure (Eggers, 2002). Siberian jays prefer high-
productivity territories located farther away from human
settlements, where they escape exposure to high numbers of
corvid nest predators associated with man (Eggers, 2002;
Ekman et al., 2001). Although some individuals in territories
with high risk of predation cope with the nest predators and
reproduce successfully, the high rates of nest failure in these
territories suggest that visitation rates cannot be reduced
sufficiently by the parents to compensate for the higher
exposure to predators in the open habitat. The need to
provision the offspring seems to limit their possibilities of
coping with higher vulnerability to nest predators. Presum-
ably, both growth and quality of the offspring would de-
teriorate if the provisioning were reduced any more.

Because birds have determinate growth, their capacity to
catch up for a temporary lack of food is limited (Metcalfe and

Monaghan, 2001), and Siberian jay parents in high-risk
habitat may have paid another hidden cost for the antipred-
ator behavior. The value of food to the offspring is not only
a question of volume, but also of timing. To maximize their
digestive efficiency, chicks should be provisioned at a steady
rate, as they were in the low-risk habitat. If chicks are fed at
irregular intervals, the potential of the digestive tract will not
be used in full during the critical period of rapid nestling
growth and the offspring could fledge at a reduced size and
quality, thus suffering reduced fitness (Daan et al., 1990;
Eggers, 2002; Nilsson, 1990; Richner, 1989, 1992). The
capacity of the digestive tract will also limit the potential for
compensatory feeding. Hence, the antipredator behavior
forcing Siberian jay parents in high-risk habitat to provision
their offspring more irregularly may have entailed a cost,
although further studies are required to establish whether the
antipredator behavior has a cost in nestlings being less well
fed, or alternatively whether the need to feed the chicks
properly constrains parents from improving the antipredator
behavior further.

Aggression can serve as a defense against nest predators,
parasites, and conspecifics in many species (Collias and
Collias, 1984; Larsen, 1991; Wiklund, 1990). However, there
is growing evidence that nonaggressive behaviors such as the
reduction of nest visitation rates through lowering clutch size
or maximizing food-load sizes form an important component
of nest defense in small corvid species, and presumably in
many other birds, with limited capacity to defend the nest
by aggression (Eggers, 2002, Strickland and Waite, 2001).
Moreover, cooperative breeding is suggested to be restricted
mainly to bird species large enough to deter nest predators
or have relatively inaccessible nests (Skutch, 1961). This is
because cooperative breeding may involve either a net benefit
in terms of antipredator defense (Ricklefs, 1980) or a net cost
(Skutch, 1961), depending on whether antipredator defense
by helpers compensates for the increased conspicuousness of
the nest as a result of increased alloparental activity (Strick-
land and Waite, 2001). In the Siberian jay, parents actively
prevent retained offspring from approaching the nest during
the breeding period (Ekman et al., 1994). Similar behavior
occurs in the North American gray jay (Strickland, 1991),
except that allofeeding may be allowed in the postfledging
period (Strickland and Waite, 2001; Waite and Strickland,
1997).

In this article we demonstrate that Siberian jays modify
their daily provisioning patterns to lower the risk of providing
visitation cues to visually oriented corvid nest predators. Our
results are consistent with behavior in which the visitation
rate has responded with plasticity in visitation rates to the
selective pressure exerted by nest predation. This plasticity
enables the parents to escape predation by capitalizing on
the fact that nest predators are not equally active over the
entire day.
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