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Abstract We conducted an experiment on nestling tree
swallows (Tachycineta bicolor) to examine predictions
from signalling models for the evolution of conspicuous
begging behaviour. Speci®cally, we examined the rela-
tionship between (1) nestling begging intensity and
hunger, (2) begging intensity and parental provisioning
and (3) begging intensity and nestmate condition. Forty
broods of 9-day-old nestlings were removed from their
nests for 1 h and assigned to one of the following three
treatments: (1) all nestlings in the brood deprived of
food (n � 13), (2) all nestlings in the brood fed
(n � 11) or (3) half the nestlings in the brood deprived
and half fed (n � 16). Videotapes before and after the
treatments showed that begging intensity increased in
broods in which all of the nestlings had been deprived
and decreased in broods in which all of the nestlings had
been fed. Deprived nestlings in the half-and-half treat-
ment did not change their begging intensity in response
to treatment, while fed nestlings in this treatment group
showed a decrease in begging intensity. Parent tree
swallows increased their feeding rate to deprived broods
and decreased their rate to fed broods. Within broods,
parents decreased their feeding rate to fed nestlings, but
showed no signi®cant change in feeding to deprived
nestlings. Our results suggest that begging intensity is
in¯uenced by hunger and that parents appear to respond
to variation in begging intensity. The begging of nest-
mates also appears to in¯uence begging independently of
need. These results are consistent with predictions de-
rived from signalling models of begging.

Key words Begging á Signalling á Sibling interactions á
Tachycineta bicolor

Introduction

The conspicuous begging of young mammals and birds
has been a focus for theories of parent-o�spring con¯ict
(Trivers 1974) and signalling behaviour (Godfray 1991,
1995a). Parent-o�spring con¯ict theory proposes that
o�spring increase their ®tness by extracting more re-
sources from their parents than is optimal in terms of
parental ®tness. O�spring should thus be selected to beg
in a conspicuous way in order to manipulate parents and
outcompete nestmates for resources (Trivers 1974).
Signalling models of begging suggest that begging indi-
cates cryptic aspects of o�spring need (i.e. features that
parents could not otherwise assess) and that parents use
the signal to distribute resources at the parental opti-
mum (Godfray 1991, 1995a). The costs associated with
producing a conspicuous signal prevent o�spring from
exaggerating their nutritional needs and thus maintain
the reliability of the signal (Godfray 1991, 1995a).

Signalling models, in particular, have generated sev-
eral testable predictions (Godfray 1995a). For instance,
levels of o�spring solicitation are expected to increase
with increasing hunger levels and parents are expected to
respond to increased begging by increasing their feeding
rate. O�spring begging may also be in¯uenced by the
begging of broodmates, independently of need.

Empirical tests of these predictions, mostly from
work on nestling birds, have provided some support for
signalling models. For instance, begging intensity in-
creases with food deprivation (Henderson 1975; Smith
and Montgomerie 1991; Kilner 1995; Price and Yden-
berg 1995) and decreases with food supplements (Lito-
vich and Power 1992; Redondo and Castro 1992; Price
and Ydenberg 1995) in a variety of species, which sup-
ports the prediction that begging conveys information
about o�spring hunger levels. Begging intensity may
also be in¯uenced by factors such as condition which
re¯ects long-term need (Hussell 1988; Price et al. 1996).

Parents have also been reported to respond to in-
creased begging by increasing their provisioning rates
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(e.g. Stamps et al. 1989; Smith and Montgomerie 1991;
Price and Ydenberg 1995). This response, however, is
complicated by the fact that parents may also allocate
food based on factors other than cryptic signals of need
(e.g. size). Furthermore they may not completely control
the distribution of food if competition among o�spring
in¯uences the probability of being fed (Kilner and
Johnstone 1997).

Interactions among nestmates may also in¯uence
begging intensity independently of need. Indeed, nest-
lings of at least two passerine species appear to increase
their begging in response to the begging of hungrier
nestmates (Smith and Montgomerie 1991; Price and
Ydenberg 1995; Price 1996). In some species, however,
begging intensity appears not to be a�ected by the
begging of nestmates (Kacelnik et al. 1995; Cotton et al.
1996). Thus the in¯uence of nestmates on the begging
intensity of individuals is not consistent across the spe-
cies that have been tested to date.

The purpose of our study was to test the e�ects of
hunger and nestmates on begging by nestling tree swal-
lows (Tachycineta bicolor) and to examine the response
of parents to changes in begging intensity. The results of
an earlier observational study suggest that begging in-
tensity in this species varies with hunger, but not with
begging by nestmates, and that parents respond, albeit
weakly, to changes in begging intensity (Leonard and
Horn 1996). The study was correlational, however, and
relied on statistically controlling for variables that could
be more convincingly controlled experimentally.

Therefore, in the present study we manipulated
hunger levels by depriving or feeding entire broods. We
also manipulated nestmate begging by applying these
treatments within nests, so that some experimental nests
contained both hungry and fed nestlings. If hunger in-
¯uences begging, then begging intensity should increase
after nestlings are deprived of food and decrease after
nestlings are given food supplements. If nestmates in-
¯uence begging, then the response of nestlings in half-
brood treatments should di�er from their counterparts
in whole-brood treatments. Finally, if parents respond
to variation in begging intensity, they should vary their
feeding rates in response to changes in begging across
treatments.

Materials and methods

Methods

This study was conducted at four study sites in King's County,
Nova Scotia, Canada between 1 May and 15 July 1996. The study
sites and general methods are described in Leonard and Horn
(1996). The following treatments were applied to broods when the
nestlings were 9 days old: (1) whole brood hungry: all nestlings in
the brood deprived of food (n � 13 broods), (2) whole brood fed:
all nestlings in the brood fed (n � 11 broods) and (3) half and half:
half the brood deprived of food and half the brood fed (n � 16
broods). In the half-and-half treatment, the assignment of the
``extra'' nestling in broods with an odd number of nestlings was

alternated between broods. Treatments were balanced for brood
size (whole brood hungry: 4.39 � 0.27; whole brood fed:
4.82 � 0.26; half and half: 4.75 � 0.23; ranges for all treatments:
3±6 nestlings/brood) and study site. Otherwise we assigned broods
to treatment as they hatched while rotating through the three
treatments.

Forty-eight hours before a trial began we opened the hinged
side of each tree swallow nestbox and placed a plexiglas plate in the
opening. We then covered that side of the nestbox with a dark
plastic bag supported on a small wooden frame. This procedure
kept the box dark and allowed the parents to habituate to the
frame that later covered the videocamera. We also marked each
nestling on the head with an individually distinctive pattern of
white paint.

Two days later, we mounted a Panasonic PV-900-K VHS video-
camera on a tripod and covered it with the plastic bag and wooden
frame. We placed the camera 15 cm from the open side of the nest,
aligned it horizontally, and adjusted it so that the base of the
nesthole appeared in the top right corner of the ®eld of view. The
nest was then videotaped for a 1.5-h pre-treatment period. Earlier
work on this population showed that feeding rates at nests with and
without cameras were not signi®cantly di�erent (Leonard and
Horn 1996).

After the pre-treatment period, we removed the resident nest-
lings from their homebox for 1 h. During this time we either sham-
fed the entire brood (whole brood hungry treatment), fed the entire
brood (whole brood fed treatment), or fed half the nestlings and
sham-fed the other half (half-and-half treatment). We fed nestlings
by opening their bills and placing pieces of moistened dog chow in
their gape with our index ®nger. A 1.05 ´ 0.5 mm piece of food
(approximately 3.2 g) was divided and half given immediately fol-
lowing removal from the homebox and the other half 5 min before
the end of the 1-h removal period. Previous experience with this
species suggested that 3.2 g of food would satiate the average
nestling at this age. Because we standardized the amount of food
each nestling received and divided the amount over the hour, it is
likely that not all nestlings were satiated. We assumed, however,
that fed nestlings were less hungry than deprived nestlings. We
sham-fed nestlings by opening their bills the same number of times
and placing the pad of our index ®nger in their gape. An hour of
deprivation is equivalent to approximately four to ®ve missed
feeds/nestling. The nestlings were then returned to their homebox
and ®lmed for a 1-h post-treatment period. Pre- and post-treatment
periods di�ered in length because the pre-treatment period was also
used as part of another study examining the relationship between
brood size and begging behaviour (M.L. Leonard and A.G. Horn,
unpublished work).

To reduce disturbance to the parents during the 1-h removal
period, we replaced the resident nestlings with four nestlings of
similar age from nearby broods that were not used in the experi-
ment. Parents and o�spring do not recognize each other at this age
(Leonard et al. 1997) and nest watches con®rmed that parents fed
replacement nestlings at the same rate as they fed their own nest-
lings.

Statistical and video analyses

Each time a parent visited the nest with food, an observer, blind to
the treatment, recorded the parent's sex and the identity of the
nestling that was fed. Male and female parents did not di�er in
their response to the treatments, so we combined the feeding trips
for both parents. Parent tree swallows deliver food to nestlings in
the form of a bolus, so it is di�cult to determine either its quantity
or quality. Therefore, our measure of feeding rate is based on
feeding frequency only.

As the parent entered the nestbox, some or all of the nestlings
begged by raising their heads, stretching their necks, opening their
mouths wide (gaping) and calling. We measured two features of
begging behaviour: (1) the maximum begging intensity of each
nestling in the interval between the arrival of the parent and the
feeding, and (2) the proportion of nestlings begging on each feeding
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trip. Maximum begging intensities were scored for each nestling
based on the following scale: (1) head up, gaping, sitting, (2) same
as 1, plus neck stretched upward, (3) same as 2, but body lifted o�
legs rather than sitting, (4) same as 3, plus wings moving.

In all analyses, nests, rather than individual feedings or nest-
lings, were our unit of replication. Speci®cally, in whole brood
treatments (i.e. all nestlings deprived or fed) we averaged maximum
begging intensity and proportion of nestlings begging. This yielded
two data points/measure for each period (pre- or post-treatment),
treatment (fed or hungry), and nest. In the half-and-half treatment,
we calculated separate means for hungry and fed nestlings within
the nest. Maximum begging scores yielded normal distributions
when averaged across feeding trips for each nest, so we did not
transform the data. We, did however, arcsine transform the data on
the proportion of nestlings begging.

We did separate analyses for deprived and fed nestlings. In both
cases, we used a two-way repeated measures ANOVA, with nests as
blocks, pre-/post-treatment period as a within-subject (i.e. within
nest) e�ect, and whole/half brood as a between-subject (i.e. between
nest) e�ect. This analysis is equivalent to doing paired t-tests
comparing pre- and post-treatment periods for each group of
nestlings, but it reduces the number of tests done on the data and
therefore the likelihood of falsely rejecting the null hypothesis. The
analysis also allows us to directly compare the responses of whole
and half broods to the treatments. A signi®cant interaction between
the main e�ects (pre-treatment/post-treatment and whole/half
brood) would show that nestlings responded di�erently, depending
on whether they were in a whole brood or a half brood.

Results

E�ects of hunger and nestmate begging

The maximum begging intensity overall for nestlings
deprived of food did not change signi®cantly between
pre- and post-treatment periods (F � 0.01, P � 0.89,
df � 1, 26; Fig. 1). However, a signi®cant interaction
(F � 4.76, P � 0.03, df � 1, 26) suggested that the
begging intensity of deprived nestlings depended on
whether the whole brood had been deprived of food (i.e.
whole brood hungry treatment) or half of the brood had
been deprived (i.e. half-and-half treatment). That is,
maximum begging intensity increased between pre- and
post-treatment periods for nestlings in whole broods

deprived of food, but did not change signi®cantly for
deprived nestlings in half and half treatments (Fig. 2).
The proportion of deprived nestlings begging increased
between pre- and post-treatment periods (F � 8.56,
P � 0.007, df � 1, 27; Fig. 3), regardless of whether
the entire brood was deprived or only half of the brood
was deprived (interaction F � 1.35, P � 0.26, df � 1,
27).

Overall, for nestlings that were fed, both maximum
begging intensity and proportion begging changed sig-
ni®cantly between pre- and post-treatment periods
(maximum begging intensity: F � 14.63, P � 0.0009,
df � 1, 22; Fig. 1; proportion begging: F � 17.46,
P � 0.0003, df � 1, 24; Fig. 3). Maximum begging
intensity and the proportion of nestlings begging de-
creased between periods for fed nestling regardless of
whether they were in broods in which every nestling was
fed or in broods in which only half the brood was fed
(interaction: maximum begging intensity: F � 1.09,
P � 0.31, df � 1, 22; proportion begging: F � 1.36,
P � 0.25, df � 1, 24).

Fig. 1 Box plots (horizontal lines show the 10th, 25th, 50th, 75th and
90th percentiles and all data outside this range are plotted) of mean
maximum begging scores during pre- and post-treatment periods for
deprived and fed nestlings

Fig. 2 Box plots (horizontal lines show the 10th, 25th, 50th, 75th, and
90th percentiles and all data outside this range are plotted) of mean
maximum begging scores during pre- and post-treatment periods for
deprived nestlings in whole- and half-brood treatments

Fig. 3 Box plots (horizontal lines show the 10th, 25th, 50th, 75th, and
90th percentiles and all data outside this range are plotted) of the
mean proportion of deprived and fed nestlings during pre- and post-
treatment periods
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Parental provisioning

Feeding rates by parents to deprived nestlings changed
signi®cantly between pre- and post-treatment periods
(F � 4.24, P � 0.04, df � 1, 27; Fig. 4). A near sig-
ni®cant interaction (F � 3.41, P � 0.07, df � 1, 27)
suggested that feeding rates to deprived nestlings de-
pended on whether the entire brood was deprived of
food or half the brood was deprived. That is, parents
signi®cantly increased their feeding rates between peri-
ods to broods in which all of the nestlings were deprived
of food, but did not alter their feeding rates to deprived
nestlings in half and half treatments (Fig. 5).

Feeding rates by parents to fed nestlings in whole and
half brood treatments also changed signi®cantly bet-
ween pre- and post-treatment periods (F � 29.5, P �
0.0001, df � 1, 25; Fig. 4). Feeding rates decreased to
nestlings in broods in which all the nestlings were fed
and they also decreased to fed nestlings in the half and
half treatment (interaction: F � 0.04, P � 0.83,
df � 1, 25).

Discussion

Begging and need

In our study the begging intensity of tree swallows var-
ied in relation to their hunger levels. When nestlings in
whole broods were deprived of food, a greater propor-
tion of nestlings begged and they begged more intensely,
whereas when nestlings were fed, both measures of
begging decreased. These experimental results support
our earlier observational results, in which begging in-
tensity and the number of nestlings begging increased
after relatively long periods without food (Leonard and
Horn 1996). A positive correlation between begging in-
tensity and hunger appears to be common among pas-
serine birds (e.g. Redondo and Castro 1992; Kilner 1995;
Price and Ydenberg 1995), suggesting that begging car-
ries reliable information about short-term need such as
hunger.

Begging and provisioning

Parent tree swallows apparently adjust their feeding rate
to the begging intensity of the brood. Overall feeding
rate to broods increased when nestlings were hungry and
decreased when they were fed. Within broods, parents
directed fewer feedings to fed nestlings, while main-
taining pre-treatment rates to deprived nestlings. In all
cases, the changes in feeding rate corresponded to
changes in begging intensity of the nestlings, suggesting
that parents were sensitive to changes in nestling beg-
ging. In our previous descriptive study we found that
parents returned to the nest sooner the more intensively
nestlings reached on the previous visit, but the e�ect was
relatively weak (Leonard and Horn 1996).

Increased begging intensity has been associated with
increased parental provisioning in a variety of species
(e.g. Stamps et al. 1989; Smith and Montgomerie 1991;
Kilner 1995; Price and Ydenberg 1995) suggesting that
begging signals in¯uence the distribution of resources.
Clearly, however, factors other than begging intensity
may in¯uence parental feeding decisions. For example,
in the yellow-headed blackbird (Xanthocephalus xan-
thocephalus) parents use both begging signals and rela-
tive o�spring size in allocating food (Price and Ydenberg
1995). In tree swallows, large and small nestlings do not
vary in how intensely they beg nor in their likelihood of
being fed (Leonard and Horn 1996), suggesting that
variation in size within broods does not in¯uence pro-
visioning in this species.

Begging and nestmates

Hungry nestlings in the half and half treatment begged
less intensely following deprivation than their counter-
parts in whole brood treatments, suggesting that com-

Fig. 4 Box plots (horizontal lines show the 10th, 25th, 50th, 75th, and
90th percentiles and all data outside this range are plotted) of mean
parental feeding rate to broods (whole treatments) and nestlings (half
treatments) deprived of food and fed during pre- and post-treatment
periods

Fig. 5 Box plots (horizontal lines show the 10th, 25th, 50th, 75th, and
90th percentiles and all data outside this range are plotted) of mean
parental feeding rate during pre- and post-treatment periods for
deprived nestlings in whole- and half-brood treatments
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petitive interactions could heighten begging intensity for
the same amount of need. Alternatively, the increased
begging of individuals in hungry broods could function
to increase provisioning rates on the longer term rather
than provide a competitive edge in the current feeding
bout. Whatever the case, an e�ect of nestmates on
begging suggests that begging is not strictly a signal of
o�spring need, although a slight e�ect of nestmates on
begging is consistent with signalling models (Godfray
1995b).

Previous studies on the in¯uence of nestmates on
begging have provided con¯icting results. Two recent
studies on yellow-headed blackbirds (Price and Yden-
berg 1995; Price et al. 1996) and another on American
robins (Turdus migratorius; Smith and Montgomerie
1991) found that nestmates increased their begging in
response to the begging of hungrier nestmates. In con-
trast, starling (Sturnus vulgaris) nestlings under two
di�erent experimental regimes did not adjust their beg-
ging e�ort to that of their nestmates (Kacelnik et al.
1995; Cotton et al. 1996). These inconsistencies are dif-
®cult to evaluate, however, because experimental con-
ditions varied from study to study. Nonetheless, they
show interesting di�erences not only in whether nest-
mates match each other's begging intensity, but also in
whether it is hungry or fed nestlings which vary their
begging.

Begging and signals of need in tree swallows

Studies of begging in our population of tree swallows
support predictions of biological signalling models of
begging (Godfray 1995b). That is, begging intensity
appears to convey information about aspects of o�-
spring need and parents appear to respond to variation
in begging intensity. A further prediction, that begging is
costly, is also supported by earlier work in this popu-
lation which showed that begging has signi®cant ener-
getic and predation costs (Leech and Leonard 1996, in
press). Although are results are consistent with signal-
ling models for the evolution of begging they are also
assumed or predicted by other models of begging (re-
viewed in Godfray 1995a). Determining which of these
models best describes the patterns existing in our pop-
ulation will require further work.

A next step might be to examine begging signals in
more detail. For example, one reason to study begging is
that the signal seems more exaggerated than necessary
for e�ective transmission between sender (the young)
and receiver (the parent). Sender-receiver systems,
however, must be understood in the context of signal
detection theory (Wiley 1994). Receivers must weigh the
probability of correctly detecting a signal against the
probability of making mistakes. In this case, parents
must weigh the bene®ts of correctly assessing the need of
each nestling against the costs of the time taken to assess
o�spring condition. Their threshold for detecting a
hungry nestling may therefore be raised, so that nestlings

have to produce a more readily detectable signal to get
their message across (P.K. McGregor, personal com-
munication). Questions about begging may prove more
tractable when posed in terms of information exchange
(Getty 1997).
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