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Abstract

Altricial species rely on parental provisioning for early-life sustenance, and a larger brood or litter
size leads to higher levels of competition between siblings for parental resources. Early-life stress
can have severe and lifelong effects on Darwinian fitness. Indeed, it is well established that being
reared in a larger brood impairs growth and fitness prospects of birds, but the mechanistic under-
pinnings of this effect are still largely unknown. Specifically, it is not well known to what extent the
reduced growth and fitness prospects of nestlings reared in large broods is due to increased resource
allocation to competition versus a per capita reduction in parental provisioning rate, or a combina-
tion of the two. We cross-fostered zebra finch (Taeniopygia castanotis) chicks into small and large
broods, and recorded their growth as well as the behaviour of parents and offspring throughout
the nestling period. As in previous experiments, growth rate was higher in small broods. In large
broods, chicks begged more and parents fed more frequently, fully compensating for brood size dif-
ferences to yield comparable per capita feeding rates. We therefore conclude that the lower growth
rate for nestlings raised in large broods is likely attributable, at least in part, to increased energy
expenditure on begging and limits to parental allocation efficiency, rather than solely a reduction
in their feeding frequency. These patterns are consistent with significant energetic costs associated
with begging and raise the interesting possibility that brood size would not have negatively affected
growth in large broods if chicks had not increased their begging effort due to increased levels of
competition in the nest.
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1. Introduction

Early-life stress can have profound and long-lasting effects on the Darwinian
fitness of individuals. Animals exposed to adversity during the developmen-
tal stages of their lives can exhibit reduced reproductive success (van de Pol
et al., 2006) and lifespan (Tung et al., 2016; Briga et al., 2017), altered rates
of senescence (Nussey et al., 2007) and differential social behaviour (Gold-
enberg & Wittemyer, 2018; Patterson et al., 2022; Gerritsma, 2025). In birds,
early-life stress has been found to affect foraging behaviour and mass regula-
tion (Andrews et al., 2015), attractiveness to mates (Holveck & Riebel, 2010;
Mainwaring et al., 2012), telomere shortening rates (Boonekamp et al., 2014;
Nettle et al., 2015) as well as inflammation (Nettle et al., 2017). Early-life
challenges can have direct effects on Darwinian fitness by affecting growth
(de Kogel, 1997; Nilsson & Svensson, 2001), recruitment (Schwagmeyer
& Mock, 2008), nestling survival (Mock et al., 2009), foraging behaviour
(Andrews et al., 2015) and reproductive success (Spagopoulou et al., 2020).

In altricial avian species, for whom early-life sustenance is reliant on
parental provisioning, intricate family dynamics emerge among individ-
ual chicks, their siblings, and their parents (e.g., Davies, 1976; Wright
& Leonard, 2002). An increased brood size presents numerous challenges
for parents and offspring. For parents, having to care for more offspring
increases care demands, forcing parents to either reallocate resources that
would otherwise be used for their own somatic maintenance (compensation
hypothesis) or increase their own energy intake (increased-intake hypoth-
esis) (Nilsson, 2002). In zebra finches, when faced with food restriction
post-natally, parents appear to prioritize their current reproductive bout over
self-maintenance (Gerritsma et al., 2022; Coutts et al., 2024). For nestlings,
being raised in larger broods results in higher rates of sibling competition
for parental resources (Godfray & Parker, 1992; Godfray, 1995; Grodzinski
& Johnstone, 2012) and the prioritization of investment in the development
of structures that enhance their competitive ability, such as their gapes (Gil
et al., 2008). Ultimately, being raised in a larger brood can not only lead to
reduced growth rates and nestling mortality but also have long-term effects
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on fitness prospects in adulthood (Dijkstra et al., 1990; Horak, 2003; Nico-
laus et al., 2009; Boonekamp et al., 2014, 2020; Briga et al., 2017).
Begging is the main behaviour displayed by the chicks in the nest to
attract the parents’ attention and compete for parental resources with siblings
(Godfray & Johnstone, 2000). Begging consists of intense and conspicu-
ous vocalizations as well as head and body movements (e.g., wing flapping,
gaping; Zann, 1996; Kilner & Johnstone, 1997). Theoretical work on beg-
ging behaviour often relies on the assumption that begging entails a cost,
either physiological as increased energy expenditure or by increasing preda-
tion risk. Yet, a review of the empirical literature can challenge this view.
Experimental studies have suggested that nestling begging calls can increase
the risk of predation (Haskell, 1994, 1999; Leech & Leonard, 1997; Haff
& Magrath, 2011) and affect nestling immunocompetence (Moreno-Rueda,
2010). However, some recent studies find effects of begging on immunocom-
petence but not on growth (Redondo et al., 2016) and even no effects at all on
nestling health (Parejo-Pulido et al., 2025). The energetic costs of begging
appear modest (Leech & Leonard, 1996; Mccarty, 1996), but even a modest
energetic cost may constitute a substantial part of the energy that is available
for growth (Verhulst & Wiersma, 1997) as confirmed by experiments that
manipulated begging effort independent from the amount of food received
(Rodriguez-Girones et al., 2001; Soler et al., 2014; Nettle et al., 2017).
Given that begging is a possibly dangerous and energetically costly
behaviour, theory has been developed to understand how this behaviour has
evolved. Central in theoretical considerations is that there is an inherent evo-
lutionary conflict between parents and chicks: due to divergent genetic inter-
ests, the optimal level of parental care from the perspective of the offspring
is usually higher than the optimal level from the perspective of the parents,
hence there is a “parent-offspring conflict” (Trivers, 1974). In this context,
begging may serve as an honest signal of need, defined as the marginal fit-
ness benefit of additional food, enabling parents to make informed decisions
on the allocation of resources to the brood and between nestlings (Godfray,
1991; Royle et al., 2002). Offspring need, and possibly thereby the opti-
mal begging effort, depends on brood size, because brood size manipulation
typically modulates nestling growth (de Kogel, 1997; Burness et al., 2000).
At the same time, competition for food is likely to increase with increas-
ing brood size unless parents increase provisioning rate sufficiently to fully
match the demands of an increased brood size. Both the increased level of
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competition and incomplete parental compensation for a larger brood are
likely to increase ‘nestling need’, and hence begging effort (Harper, 1986).
The above suggests that begging activity can be a response to not only phys-
iological need but also to perceived competition and positive reinforcement
from successful feeds (Grodzinski et al., 2007).

Brood size manipulation has often been applied as tool to manipulate
early-life conditions, because it is a fair assumption that the responses to
alterations in brood size within the natural range are not treatment arte-
facts. At the same time, due to responses of both parents and offspring to
the manipulated brood size, many aspects of physiology, behaviour and even
the (bio-)physical environment change in concert when brood size is manip-
ulated, hampering investigation of the mechanisms underlying long-term
effects. An understanding of the mechanisms causing the long-term effects
of early-life conditions therefore requires a better insight in the dynamics
within families in early life. In this context, we here concentrate on the pro-
visioning behaviour of the parents, and the begging behaviour of the chicks
in zebra finches (Taeniopygia castanotis), where it is well established that
being raised in larger broods has multiple phenotypic effects that reduce
fitness prospects, possibly through reduced growth (de Kogel, 1997; Grif-
fith & Buchanan, 2010; Briga et al., 2017). These effects include reduced
immunocompetence (Naguib et al., 2004), higher standard metabolic rate
(Verhulst et al., 2006, but see Briga & Verhulst, 2021), and altered mat-
ing preferences (Holveck & Riebel, 2010). Furthermore, a higher mass on
day 15 (meaning when 15 full days have elapsed since hatching) has been
associated with better short-term survival (Gerritsma et al., 2022). Our aim
was to determine whether diminished growth results from increased resource
allocation to competition, a per capita reduction in parental provisioning
rate, or a combination of the two. We therefore cross-fostered zebra finch
chicks into broods of either two or six young, providing parents with food
ad libitum and filmed the manipulated broods to record the behaviour of par-
ents and offspring. We envisaged three different mechanistic scenarios that
could emerge, depending on responses of parents and offspring to the brood
size manipulation: (i) if provisioning behaviour and begging effort remain
unchanged, the resulting reduction in per capita provisioning would depress
growth, (ii) if parents maintain the same per capita provisioning rate, while
the offspring increase their begging effort, growth in large broods would be
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reduced due to increased resource allocation to begging, and (iii) intermedi-
ate responses of both parents and offspring would lead to reduced growth due
to a combination of reduced per capita provisioning and increased resource
allocation to begging.

2. Methods
2.1. Cross fostering

Zebra finch pairs were randomly matched and placed in breeding cages (L x
H x D =80 x 40 x 40 cm) on a 14L:10D schedule at approx. 25°C
temperature and approx. 60% humidity. In the cages, there were nestboxes
(Griffith et al., 2008), nesting material (hay) as well as food and water ad
libitum. Up until the hatching of the first egg in the nest, egg food was also
supplied to the parents. Nestboxes were checked daily for the presence of
eggs or chicks. Chicks were cross-fostered until the maximum age of five
days to broods of either two (n = 21 broods) or six (n = 14 broods) chicks,
which matches the brood size range observed in the wild (Zann, 1996). On
the day of cross-fostering, all chicks were weighed and marked by clipping
one or more of the head tufts for individual recognition (Adam, Scharff &
Honarmand, 2014). Captive zebra finch eggs hatch asynchronously, and age
differences within broods remained similar after manipulation. The mean
age at cross-fostering was 3.2 £+ 1.5 (SD) days (range = 0-5.5 days). No
siblings were placed in the same nests and no parents were taking care of
their own offspring. Chicks were ringed at the age of 12 days, and weighed
again at 15 and 35 days. Zebra finch chicks typically fledge around 16-18
days and reach nutritional independence at 35 days (Zann, 1996). At 35 days,
chicks were moved from the breeding cage into larger indoor aviaries (153 x
76 x 110 cm), with two pairs of foster parents for sexual imprinting. We here
define nestling age as whole days since hatching, with hatching date marked
as 0.

Extra-pair fertilizations are rare in natural zebra finch populations (Zann,
1996; Griffith et al., 2010), and we assume therefore that as a rule the species
has evolved to perceive other brood members as siblings. This is relevant
insofar that potential effects of variation in relatedness within the families
on interactions between brood members and parents can be ignored in the
context of this study.
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2.2. Camera observations

Based on previous, personal observations, cameras were placed above the
nest an hour before the start of the recording, to allow the birds to adjust to
them. Each observation consisted of an hour of filming per nest and each nest
was recorded multiple times at multiple ages of the chicks until they fledged.
The video recordings were then uploaded and analyzed in BORIS, an interac-
tive software program for behavioural observations (Friard & Gamba, 2016).
The duration of the following behaviours in the span of 1 h was recorded:

(1) Resting, the individual rests and does nothing else or the adult is just
sitting in the nest;

(2) Begging, the chick makes mouth and body movements to attract parental
attention;

(3) Feeding, the chick takes food from the parent or the parent gives food to
the chick (foraging time not included for the parents).

(4) Cleaning, the individual (either chick or parent) cleans its feathers;

(5) Moving, the individual (either chick or parent) moves within the nest or
the parent makes changes in the nest (e.g., nest-building);

(6) Other, the individual does not display any of the behaviours mentioned
above, is outside of the nest or is not visible.

We recorded 463 individual observations of chicks and 263 of adults (18
individuals) in rearing small broods and 614 observations of chicks and 120
of adults (6 individuals) in rearing large broods. Two chicks were observed
in each video, randomly selected. Note that we could track individuals for
the duration of the video but could not identify the chicks individually. The
distribution of ages at which the chick observations were made can be found
in Figure A1 in the Appendix.

2.3. Statistical analyses

All analyses were performed in R v.4.1.2 (R Core Team, 2023). All mod-
els were fitted using package lme4 v. 1.1.35.1 (Bates et al., 2015) and we
tested the statistical significance of variables and their interactions using
the package car v. 3.1.2 (Fox & Weisberg, 2019), and visually inspected
the residuals to verify adherence to the model assumptions. When analyzing
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variation in proportion of time, proportions were arcsine square root trans-
formed (6 = arcsin /p, where p is the proportion) prior to analysis to meet
the homoscedasticity assumption. Video recordings were made in different
breeding rounds and analysed by different observers (n = 3), and to account
for possible differences between breeding rounds and the co-varying iden-
tity of the observers (that may differ in the details of scoring behaviour) we
included observed ID as random effect in the analyses. Video recordings
were made at different ages, and we grouped observations in age categories
(04, 5-9, 10-15 and 16+ days) to avoid losing too many degrees of freedom
when chick age effects on provisioning.

2.3.1. Chick mass

We used linear mixed models to determine the effect of brood size on chick
mass. To account for variations in the age at cross-fostering, we included the
age at which mass was recorded as a covariate. Since not all chicks were
cross-fostered and therefore weighed at the same age, the average age at
cross-fostering per brood served as the reference point for the first time-
point, and day 15 served as the second timepoint for each observation. In
zebra finches, measuring chick growth rate from cross fostering until day 15
is informative because it captures the main period of rapid nestling growth,
right after cross-fostering and before fledging when chicks are still fully
dependent on parental provisioning. As random effects we included iden-
tity of each chick and brood. We used the F-statistic metric derived from a
Type III Analysis of Variance Table with Satterthwaite’s method to test the
significance of the interactions between brood size and age category. Note
that mass data was not available for all chicks included in the experiment.

2.3.2. Chick behaviour

We used linear mixed models with the arcsine transformed proportion of time
spent on each behaviour per observation as the response variable using brood
size and age category at recording as explanatory variables while brood and
observer identities and were included as random intercepts.

2.3.3. Parent behaviour

We used linear mixed models of proportion of time spent transferring food to
the chicks (parental provisioning) per parent as the response variable using
brood size as the explanatory variable and included brood identity as random
effect. Since parental behaviour was not always recorded, parent provision
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rate to the broods were calculated from chick provision rate data by extrap-
olating the observed provisioning rate from the observed chicks to the entire
brood. Specifically, because two chicks were observed in each video, we
averaged the proportion of time the two chicks were observed being fed per
observation. In order to account for chick mortality within the brood, we
then multiplied by the number of chicks still alive at the time of observation
(usually two or six as mortality was very low). Lastly, we divided the result
by two to obtain the proportion of time spent feeding per parent (sex of the
feeding parent could not always be recorded).

3. Results
3.1. Chick mass

Chick mass at first weighing did not significantly differ between brood sizes
(p = 0.4). Brood size affected chick growth as evidenced by a significant
interaction between age and brood size, confirming diminished growth rate
in chicks in large broods (Table 1). Being raised in large broods resulted in
gaining 0.04 + 0.03 g (mean & SE) less per day (Fig. 1a). Age at cross-
fostering did not significantly increase the explained variance (p = 0.8) and
was therefore excluded from the final model. At age 15 days, chicks raised
in large broods weighed on average 0.6 £ 0.35 g less than chicks reared in
small broods (Fig. 1b).

3.2. Begging behaviour

Chicks in large broods begged on average 6.58% (SE = 1.07) more than
chicks from small broods. This increase was not at the expense of resting
time, which was not affected by brood size, but rather of other behaviours
(Fig. 2). The proportion of time at which chicks displayed each behaviour
per age category is summarized in Figure A2 in the Appendix. Chicks in
large broods consistently begged more throughout the nestling period, inde-
pendent of age (F 163 = 0.44, p > 0.05). Begging intensity for all chicks
peaked between days 5 and 15 (Table 2, Fig. 3).

3.3. Parent provisioning

Parents caring for large broods spent 6.56% (SE = 2.52) more time transfer-
ring food to their chicks than parents caring for small broods (Fig. 4, Table
3). The amount of time parents spent feeding their brood did not significantly
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Table 1.
Linear mixed effects model results of the effects of brood size and age on chick mass.

Chick mass (g)
Estimate + SE t-value df Pr(>[t])

Fixed effects

Intercept 0.31 £0.30 1.1 85.62 0.29

Large brood 0.18 £ 0.44 0.42 67.4 0.68

Age (days) 0.75 £ 0.02 35.55 89.35 < 0.001

Large brood x age 0.07 £0.03 —2.27 89.85 0.03
Random effects

Bird id 0.14

Brood id 0.64

Residual 1.41

N = 182 observations, from 20 small broods and 13 large broods. Brood size is coded
as a factor with small broods being the reference and the main effect estimate represents the
average difference in chick mass for chicks raised in large broods when compared to small
broods when comparing for age at measurement.
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Figure 1. Mass gain per day of chicks raised in small and large broods (a). Mass of chicks
raised in small and large broods on day 15 (b). Violin plot widths represent the data density,
boxplots show the median and quartiles while dashed lines show the average daily mass gain
and average mass on day 15 for chicks raised in small and large broods.
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Table 2.
Linear mixed effects model results brood size and age effects on the proportion of time (arcsin
square root transformed) that nestlings spent begging.

Proportion of time chicks spent begging

Estimate + SE t-value df Pr(>|t))

Fixed effects

Intercept 0.009 £ 0.004 2.26 5.14 0.07

Large brood 0.014 £+ 0.002 5.22 20.37 <0.001

Age 5-9 days 0.017 £ 0.003 6.34 187.4 <0.001

Age 10-15 days 0.014 £ 0.003 5.2 175.8 <0.001

Age 16+ days 0.003 £ 0.003 1.1 189.3 0.27
Random effects

Brood id 2.13e-05

Observer 2.62e-05

Residual 1.07e-04

N = 195 observations, from 21 small broods and 13 large broods. Brood size is coded
as a factor and small broods and age 1-4 days are the reference. Omnibus tests are shown
as a footnote. Estimates are on the arcsine-square-root-transformed scale. Note that observer
identity is fully confounded with breeding round (the year of breeding, N = 3) and effects of
breeding round and observer identity can therefore not be separated.

*Omnibus tests: brood size Fy 204 =27.28, p < 0.001; age category F3 1878 = 18.37,
p < 0.001, brood size x age category F3 167.94 = 0.44, p < 0.05.

differ between the early days of the chicks’ lives and the later age categories
(Fig. 4, Table 3).

3.4. Per capita chick feeding

Chicks reared in small broods spent on average 0.41% (SE = 0.27) more time
being fed than chicks in large broods, which was not significant, and when
accounting for other factors the estimated difference between brood sizes
was in the opposite direction and also not statistically significant (Fig. 5,
Table 4). The interaction between brood size and age category did not explain
a significant part of the variance when added to the model (£} 176 = 0.08,
p > 0.05). The proportion of time being fed peaked between five and fifteen
days for chicks of both brood sizes (Fig. 5b).

4. Discussion

It is well established that being raised in a larger brood or litter adversely
affects growth. To shed light on the mechanistic underpinnings of this effect
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Figure 4. Proportion of time each parent spent transferring food to the chicks in small
and large broods over the nestling period (N = 69 observations). For graphical purposes
proportions were square root transformed. Violin plot widths represent the data density,
boxplots show the median and quartiles.

we manipulated brood size and recorded parent and offspring behaviour
throughout the nestling period. We found that zebra finch nestlings raised
in large broods were faced with a diminished growth rate, despite indis-
tinguishable per capita feeding rates of chicks raised in small and large
broods. Nestlings in large broods spent more time begging, as reported in
earlier studies across various bird species (Leonard et al., 2000; Wright et
al., 2002; Neuenschwander et al., 2003). We hypothesize therefore that the
diminished growth results for nestlings in large broods was at least in part
due to the increased resource allocation to competition through begging and
other motor activities related to competition, which is consistent with empir-
ical studies demonstrating begging to have energetic, metabolic and other
physiological costs (Bachman & Chappell, 1998; Roulin, 1998; Abraham &
Evans, 1999). Our findings suggest a complex trade-off between competitive
behaviour for immediate survival and physical development in the nestling
period, in agreement with previous claims of a significant energetic cost asso-
ciated with begging, but at the expense of long-term fitness prospects.
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Table 3.
Linear mixed effects model results of brood size effects on the proportion of time (arcsine
square root transformed) each parent spent feeding their chicks.

Proportion of time each parent spent feeding chicks

Estimate + SE t-value df Pr(>t))

Fixed effects

Intercept 0.006 £ 0.009 0.71 3.32 0.52

Large brood 0.013 £ 0.004 3.58 27.26 <0.001

Age 5-9 days 0.006 £ 0.005 1.26 50.29 0.21

Age 10-15 days 0.003 £ 0.005 0.64 51.49 0.53

Age 16+ days —0.006 + 0.005 —1.09 44.68 0.28
Random effects

Brood id 5.65e-05

Observer 1.62¢-05

Residual 9.04e-05

N = 69 observations, from 21 small broods and 13 large broods. Brood size is coded as
a factor and small broods and age 1-4 days are the reference. Estimates are on the arcsine-
square-root-transformed scale.

*Omnibus tests: brood size Fp 12,82 = 12.82, p = 0.001; age category F3 4568 = 2.75,
p =0.05, brood size x age category F3 443 = 0.4, p > 0.05.

Parental feeding decisions respond to diverse nest conditions and par-
ents often rely on those cues to help navigate the parent-offspring conflict
and adjust feeding strategies. For example, brood size, nestling age and
begging frequency have been found to affect parental feeding frequency in
red-whiskered bulbuls (Zhang et al., 2025). When parents have to care for
more chicks, they can adaptively adjust their provisioning rate to match the
needs of a larger brood. Zebra finch parents have been found to compensate
for increased brood demands even under food restriction which resulted in
comparable growth for chicks in small and large broods (Coutts et al., 2024).
Moreover, previous research has demonstrated that larger broods are gener-
ally associated with increased parental provisioning rates also in other bird
species(Lessells, 1993; Stoehr et al., 2001; Bowers et al., 2014). Similarly,
we here observed increased parental feeding for parents caring for chicks in
large broods. This increased provisioning is likely, at least in part, a response
to the increase in begging, given that begging playback experiments success-
fully elevated parental provisioning (e.g., Ottosson et al., 1997; Burford et
al., 1998; Price, 1998; Tarwater et al., 2009). Our findings suggest that beg-
ging intensity- as a reflection of sibling competition- may not merely scale
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Figure 5. Proportion of time chicks in small and large broods spent being fed over the
nestling period (N = 194 observations). For graphical purposes proportions were square root
transformed. Violin plot widths represent the data density, boxplots show the median and
quartiles.

linearly with nestling hunger, but is also driven by the nestlings’ perception
of competition, suggesting how competitive cues shape parental responses
beyond simple need-based signalling.

In most studies, the effect of brood size manipulation on parental pro-
visioning only partly compensated for the change in brood size, and, as
a consequence, per capita provisioning rate is typically lower in enlarged
broods (e.g. Dijkstra et al., 1990). Our study is unusual in this respect, in
that the brood size effect on provisioning rate was such that there was a
comparable per capita feeding rate in large broods. Begging is the foraging
technique of altricial nestlings, and, as any foraging technique, the yield will
depend on food availability in the environment. In our study, food availabil-
ity was ad libitum from the perspective of the parents, which is likely to have
shaped our results, in that the energy yield of begging was probably higher
than it would have been in a more natural environment where parents usually
have to make a greater effort to gather food. Nonetheless, feeding frequency
might not fully reflect the actual amount of food received as in zebra finches
the number of regurgitations per bout has been found to vary (Gilby et al.,
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Table 4.
Linear mixed effects model results of brood size and age effects on proportion of time (arcsine
square root transformed) individual chicks spent being fed.

Proportion of time chicks spent being fed

Estimate + SE t-value df Pr(>t))

Fixed effects

Intercept 0.0053 + 0.004 1.33 2.35 0.3

Large brood 0.0004 4+ 0.0014 0.31 24.43 0.76

Age 5-9 days 0.0027 4+ 0.0012 2.25 184 0.03

Age 10-15 days 0.0015 + 0.0013 1.23 186.6 0.22

Age 16+ days —0.0031 + 0.0014 —-2.23 177.8 0.03
Random effects

Brood id le-05

Observer 4.19e-05

Residual 1.94e-05

N =194 observations, from 21 small broods and 13 large broods. Brood size is coded as
a factor and small broods and age 1-4 days are the reference. Estimates are on the arcsine-
square-root-transformed scale.

*Omnibus tests: brood size Fj 2443 = 0.1, p > 0.05; age category F3 180.99 = 8.75,
p < 0.001, brood size x age category F3 176.41 = 0.08, p > 0.05.

2011), potentially modulating per capita food intake independently of feed-
ing frequency.

With respect to the question how the brood size effect on nestling growth
arises, we infer from the present findings that brood size increased per capita
provisioning rate and that the brood size effect on growth must therefore be
due to other factors than the amount of food received. Instead, we consider
the increased energy allocation to begging and other aspects of sibling com-
petition the most likely cause of the brood size effect on nestling growth. Our
findings are consistent with a significant energetic cost associated with beg-
ging, similar to experiments in which nestlings were forced to beg at a higher
rate for the same amount of food, which also depressed growth (Rodriguez-
Girones et al., 2001; Soler et al., 2014; Nettle et al., 2017). In addition to
begging costs, chicks in large broods might also face increased energetic
demands associated with increased motor activity, such as changing their
position within the nest to secure more favourable feeding positions (Neuen-
schwander et al., 2003). Moreover, in large broods where parents have to
care for more chicks and might have a greater difficulty tracking individual
needs, low parental feeding coordination (Royle, Hartley & Parker, 2006)
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or sex-related parental favouritism (Mainwaring et al., 2011) can result in
uneven chick feeding which might contribute to the lower average chick
mass observed (Grodzinski & Lotem, 2007). The above scenarios are not
mutually exclusive and likely act in combination to drive the growth patterns
observed.

A new dimension revealed by the present study is that family dynam-
ics can impair nestling growth (and therefore decrease Darwinian fitness)
even under parental provisioning compensation and in the absence of an
experimentally set limit on how much food the nestlings consume. Inter-
estingly, our findings suggest that the brood size effect on growth is -at
least in part- self-inflicted and competition-based: if the nestlings had not
increased begging and other competition-related motor activity, equivalent
per capita feeding rates might have yielded comparable growth across brood
sizes. Paying the begging costs, though potentially reducing inclusive fit-
ness of all family members, may be the evolutionary stable solution, where
honest signaling and reinforcement dynamics interact with limits to parental
responsiveness, sustaining elevated begging intensity even when energetic
and parental food allocation costs are incurred.
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Figure Al. Age of the chicks when observations on chick behaviour were recorded
(N = 1077 observations).

small broods large broods

Behavior

B resting
B other
B moving
[ feeding
cleaning
begging

0.00

0-4 59 1015 16+ 0-4 59 10-15 16+
Age category (days)

Jproportion of time spent on each behavior
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divided in the age categories of the chicks. For graphical purposes proportions of each
behaviour per observation were normalized and then square root transformed.



