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ABSTRACT

It is commonly observed in many bird species that dependent offspring vigorously
solicit for food transfers provided by their parents. However, the likelihood of
receiving food does not only depend on the parental response, but also on the degree
of sibling competition, at least in species where parents raise several offspring
simultaneously. To date, little is known about whether and how individual offspring
adjusts its begging strategy according to the entwined effects of need, state and
competitive ability of itself and its siblings. We here manipulated the hunger levels of
either the two heaviest or the two lightest blue tit (Cyanistes caeruleus) nestlings in a
short-term food deprivation experiment. Our results showed that the lightest
nestlings consistently begged more than the heaviest nestlings, an effect that was
overruled by the tremendous increase in begging behaviour after food deprivation.
Meanwhile, the amplified begging signals after food deprivation were the only cue for
providing parents in their decision process. Furthermore, we observed flexible but
state-independent begging behaviour in response to changes in sibling need.

As opposed to our expectations, nestlings consistently increased their begging
behaviour when confronted with food deprived siblings. Overall, our study highlights
that individual begging primarily aims at increasing direct benefits, but nevertheless
reflects the complexity of a young birds’ family life, in addition to aspects of
intrinsic need and state.

Subjects Animal Behavior, Ecology, Zoology
Keywords Begging behaviour, Behavioural flexibility, Behavioural rules, Parent-offspring conflict,
Scramble competition, Honest signalling, Sibling competition, Parental care

INTRODUCTION

Offspring begging behaviour is commonly thought to stimulate parents to provide care
(Godfray, 1991; Kilner ¢ Johnstone, 1997). Parents receive potentially cryptic information
of offspring need or state, and are supposed to adjust their feeding strategy accordingly
(Kilner & Johnstone, 1997; Godfray ¢ Johnstone, 2000). This is empirically supported
by experimental studies showing an increase in parental provisioning in response to an
increase in offspring begging (Mondloch, 1995; Dor & Lotem, 2010; Royle, Smiseth ¢
Kolliker, 2012). However, offspring begging signals of need may no longer induce a
parental response in unpredictable and poor environments, as parents in such conditions
may preferentially feed offspring that signal good condition or quality (Caro et al., 2016).
Parent-offspring communication may further be complicated by an evolutionary
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conflict of interest between parents and their young regarding the amount of provided
food, with nestlings asking for more than is optimal for the parents to provide
(parent-offspring conflict, Trivers, 1974). However, excessive offspring begging is
constrained by the associated costs of displaying it, which may guarantee the honesty of
the signal (‘honest signalling theory’: Maynard Smith, 1991; Johnstone & Grafen, 1993).
Such costs include reduced offspring development (Kilner, 2001), increased predation
risk (Leech & Leonard, 1997; Haskell, 2002) or physiological deterioration (Moreno-Rueda,
2010; Noguera et al., 2010; Moreno-Rueda & Redondo, 2012; Soler et al., 2014). Given
these fitness costs of begging, offspring are expected to optimize the intensity, duration
and timing of their displays in order to maximize their gains.

However, receiving care does not only depend on the parents, at least not if an offspring
is competing with sibling(s). Each offspring is expected to behave selfishly within its
brood as it shares at best only half of its genes with each of its siblings (Trivers, 1974;
Godfray, 1995a; Rodriguez-Gironés, Cotton ¢ Kacelnik, 1996; Mock ¢ Parker, 1997).
Thus, the likelihood of receiving care also depends on an individual’s competitive ability,
which is not necessarily equal among individuals of the same brood. In birds, for
instance, hatching asynchrony creates a size difference among nestlings (Cotton, Wright ¢
Kacelnik, 1999; Rodriguez-Gironés, Zuiga ¢» Redondo, 2002). Smaller nestlings may
thus be outcompeted by their bigger and stronger nestlings, resulting in accumulated
long-term need (Oddie, 2000; Leonard, Horn ¢» Parks, 2003). Thus, the social environment
that is shaped by all nestlings determines the outcome of competition and, therewith,
the cost-benefit ratio of a given begging strategy. For example, the likelihood of receiving
food may diminish when the nest is shared with hungry siblings. In this case, reducing
begging effort may avoid the costs of unrewarded begging. In summary, each nestling
is expected to adjust its begging behaviour according to both its own short- and
long-term need, and according to the intertwined effects of state, need and competitive
abilities of its siblings (Price, Harvey ¢» Ydenberg, 1996; Price, Ydenberg ¢» Daust, 2002).
Experimental studies testing these predictions are nearly absent from the scientific
literature.

We here investigated whether and how blue tit (Cyanistes caeruleus) nestlings adjust
their begging behaviour according to their own and their siblings” hunger level, taking the
hierarchical position within the brood into account. Specifically, we manipulated the
hunger level of two target nestlings during a short-term (90 min) food deprivation
experiment. These two nestlings were the extreme positions within the brood hierarchy
(i.e. either the two heaviest or the two lightest nestlings), which are supposed to differ
in competitive ability and long-term need (Price, Harvey ¢» Ydenberg, 1996; Lotem, 1998;
Cotton, Wright & Kacelnik, 1999). We predict that increased begging intensity by
food-deprived nestlings should be accompanied by a decreased begging intensity from
their siblings. Furthermore, we expect that the lightest siblings will be more reluctant to
withdraw from competition as their long-term need and, therefore, their intrinsic
motivation to access food, would be higher than the intrinsic motivation of heavier
nestlings. Under the assumption that begging, among others, is an honest signal of need
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in blue tits, we expect a positive parental response to nestlings with experimentally
exaggerated begging behaviour.

METHODS

This experiment took place in May 2014 in a nest-box population of blue tits breeding in
Peerdsbos, a mature oak-beech forest in the north of Antwerp (N51°16', E4°28’, Belgium).
Nest boxes were checked daily to determine laying date, clutch size, the onset of
incubation and hatching date (here defined as day 1). All nestlings within a nest
hatched within 24 h. Nestling body mass was determined on day 12. To enable individual
recognition on the video recordings, the two heaviest and the two lightest nestlings
were marked with respectively a horizontal and vertical line on the upper mandible of the
beak, using a non-toxic black marker (Artline®70N). We are confident that this marking
has very limited effect on parental behaviour, because the markings become invisible
from the parents’ perspective when nestlings open their beak when soliciting for food
and thus presenting gape and mouth flange colouration (Heeb, Schwander ¢ Faoro, 2003).
The difference in body mass between the two heaviest and the two lightest nestlings
was on average 1.74 + 0.22 g (mean * SD). Infrared cameras (420TVL) were installed
inside the nest-box underneath the lid, facing downwards. This was done one day
before the experiment, so that the adults were already habituated to the camera
(Lucass et al., 2016). The entire experiment was video monitored and started by closing
the entrance of the nest box with small iron bars for 30 min (Fig. 1), which prevented
parents from entering. This was done to reduce the behavioural bias due to feeding
events prior to the behavioural measurements, and thus to make hunger levels comparable
within and across nests (Iserbyt et al., 2017). The nest entrance was then reopened for
another 30 min to monitor the parental feeding and nestling begging duration. This period
is referred to as the ‘Control’ period before the food deprivation experiment (Fig. 1).
We then removed the two heaviest nestlings or the two lightest nestlings and food
deprived (FD) them for 90 min. We kept both nestlings in a cloth bag in an insulated box
along with a hand warmer. We replaced these nestlings with foster nestlings of similar
mass from a neighbouring nest box, to keep the brood size constant during the food
deprivation period of the two focal nestlings. Which nestlings (the two heaviest or lightest
nestlings, respectively) were selected for the food deprivation procedure was alternated
across nests (Njightest Fp = 15 Nests; Npeaviest Fpp = 15 nests). Brood size of the experimental
nests varied from 8 to 14 nestlings and did not differ between both experimental groups.
After 90 min of food deprivation the focal nestlings were returned to their nest, and
the foster nestlings were returned to their own nest. We then repeated the procedure
as detailed in the control period (now ‘After FD’ in Fig. 1), i.e. parental feeding and nestling
begging duration was monitored after a 30-min period with the nest entrance closed.
This period was again necessary to standardize hunger levels of the non-FD nestlings.
The experiment was carried out in agreement with Belgian and Flemish legislation and
was approved by the Ethical Committee for animals (ECD) of the University of Antwerp
(license number 2011-10).
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Figure 1 Overview and timeline of the experimental design when nestlings were 12 days old. FD
indicates that either the two heaviest or two lightest nestlings are food deprived for 90 min.
Full-size & DOIL: 10.7717/peer].5301/fig-1

Video analyses

All videos were analysed blinded and by the same person, using video analysis software
(NOLDUS Observer XT 10.0, Wageningen, The Netherlands). We quantified begging
behaviour by measuring the nestling gaping time, i.e. the time when the beak of the
nestling is open. This begging duration was measured from the moment that a parent
entered the nest box, until the moment that one of the nestlings was fed. In blue tits,
parents typically provide one food item at a time, and begging rapidly ceases once that item
has been transferred. Furthermore, only the first two feeding visits were considered, to
assure that the brood was still at the experimentally manipulated hunger level. Note that in
case of the food deprivation each time only two nestlings were FD, either the two heaviest
or the two lightest nestlings. Unfortunately, it was not possible to distinguish individual
nestlings within its body mass rank during the video analyses. For each feeding visit,
behavioural data from both nestlings within the mass rank were therefore summed and
analytically considered as one individual (RankID, see below). This results in eight (2°)
behavioural observations per nest; i.e. two feeding events, two mass ranks (light and
heavy) and two periods (control and after FD; see Supplementary Material).

During provisioning, we scored which nestling received the food item (one of both
light, one of both heavy nestlings, or neither of the two groups; 1 when fed and

0 when not fed).

DATA ANALYSES

The begging duration was logl0 transformed to meet assumptions of normality and
centred by conversion to standardized (z) scores. However, we present mean values
of the raw data (in seconds * standard error) whenever useful. In four videos
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Figure 2 Mean (+SE) begging duration according to context and body mass rank. The three contexts
are Control (no nestlings are food deprived), FD nestlings (after 90 min of food deprivation) and siblings
of the 90 min FD nestlings. Average values of the two heaviest and the two lightest nestlings are
represented as respectively white and grey histograms. Post hoc comparisons across contexts (heaviest
and lightest nestlings combined) are represented with asterisks (*P < 0.05; ***P < 0.001). N represents the
number of experimental nests. Full-size K&l DOT: 10.7717/peerj.5301/fig-2

(three Controls and one FD), neither of the parents returned to the nest within the
30 min of video recording and were therefore excluded from the analysis.

A linear mixed effect (LME) model was used to test whether nestling begging duration
during the first two parental feeding bouts varied according to nestling context,
nestling body mass rank (heaviest or lightest), their interaction and brood size. The three
possible nestling contexts were ‘Control” (represents the individual status prior to the
90 min FD), ‘FD nestling’ (status after 90 min FD) and ‘Sibling of the FD nestling’

(also after 90 min FD; Figs. 2 and 3). RankID (unique ID of the heaviest or lightest
two nestlings within a nest) nested in NestID was included as a random effect to account
for pseudoreplication of non-independent data.

The probability of receiving food was analysed in a generalized linear mixed effect
(GLME) model with the variable fed’ (1 = fed and 0 = not fed) as a response variable using
a binomial distribution and a clog-log link (since there were more 0 than 1). RankID
nested within NestID was used as a random effect and nestling context, rank, their
interaction and brood size were included as explanatory variables.

In all cases, we performed stepwise backward model selection procedures starting
from the full model. We tested fixed effects in the models fitted with the maximum
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Figure 3 Mean (+SE) proportion of parental feeds according to context and body mass rank. Parental
food transfers could be directed towards the two heaviest (white histograms), the two lightest (grey histo-
grams) or non-focal nestlings. The contexts are Control (no nestlings are food deprived), FD nestlings (after
90 min of food deprivation) and siblings of the 90 min FD nestlings. Post hoc comparisons across contexts
(heaviest and lightest nestlings combined) are represented with asterisks (***P < 0.001). N represents the
number of experimental nests. Full-size K] DOI: 10.7717/peerj.5301/fig-3

likelihood by comparing a model with and without the fixed effect in question using
likelihood ratio tests (LRT) against a > distribution. Non-significant fixed effects

(P value greater than 0.05) were removed one by one from the model starting with the
least significant. For all variables not selected in the final model we provide the > value
and the P value associated with the model comparison analysis in the results section.
The final model was fitted with restricted maximum likelihood to obtain the coefficients
for the fixed effects and variance estimates for the random effects (Zuur et al., 2009).
All statistics were performed in R version 2.15.2 (R Development Core Team, 2012), using
the nlme package (Pinheiro et al., 2013) and the Ime4 package (Bates et al., 2015).

RESULTS

Nestling begging

Begging duration significantly differed according to the nestling context (Table 1).
Nestlings almost doubled their begging duration following food deprivation (mean + SE;
Control: N = 84, 2.37 + 0.28 s; FD nestlings: N = 50, 4.52 + 0.60 s; post hoc test: XZ =16.79,
P < 0.001; Fig. 2). Interestingly, siblings of the FD nestlings significantly increased

their begging duration compared with the non-food deprived control period (siblings
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Table 1 Model comparisons exploring variation in nestling begging and parental provisioning

behaviour.

Effect df AIC LRT P

(a) Nestling begging
duration
Rank X context 2.128 512.5 35 0.17
Brood size 1.24 512.0 7.45 0.006
Rank 1.25 517.4 11.95 <0.001
Context 2.128 527.4 16.56 <0.001
None 539.3

(b) Parental provisioning
Brood size - 181.0 0.01 0.93
Rank X context - 180.0 3.39 0.18
Rank - 178.8 0.38 0.54
Context - 220.7 45.8 <0.001
None - 178.8 - -

Notes:

These models test the influence of the nestling context (Control, FD and Sibling FD), nestling body mass rank (heavy and
light) and brood size on nestling begging duration (LME, a) and parental provisioning behaviour (GLME, b) during the
first two parental feeding bouts. Rank ID nested in Nest ID was included as a random effect. Each AIC value is based on a
model that includes the respective variable, in addition to the variables situated under it in the table. Significant variables
that were retained in the reduced model are highlighted in bold.

of the FD nestlings: N = 50, 3.46 + 3.93 s; x2 =4.03, P = 0.045; Fig. 2). FD nestlings tended
to beg longer than their siblings did at the same moment (3 = 3.61, P = 0.057; Fig. 2).
Nestling begging duration was also influenced by the body mass rank, with the lightest
nestlings begging significantly longer than the heaviest nestlings (lightest: N = 42, 3.89 +
0.36; heaviest: N = 42, 2.62 + 0.37), an effect that was consistent across contexts

(Table 1; Fig. 2). Finally, begging duration significantly decreased with brood size
(estimate + SE: —0.18 + 0.06; Table 1).

Parental provisioning

Parents significantly adjusted their feeding strategy according to the nestling context
(Table 1; Fig. 3). FD nestlings received remarkably more prey items than their siblings
(respectively N = 50, 66.0%; and N = 50, 12.0%; post hoc test: z = 4.52, P < 0.001).
Siblings did not receive more food than before the food deprivation experiment (N = 84,
14.3%; z = 0.36, P = 0.72). Neither the body mass rank of the nestlings nor the brood size
influenced parental feeding decisions (Table 1; Fig. 3).

DISCUSSION

Begging in function of need and state

Ninety minutes of food deprivation drastically increased begging duration of blue tit
nestlings. Thus begging, as measured in this study, does carry information about short-term
nutritional need (Godfray, 1991), which also supports the concept of begging being a
plastic trait (Kedar et al., 2000). Furthermore, we found that the lightest two nestlings
consistently begged longer than the two heaviest nestlings (Price, Harvey ¢ Ydenberg, 1996;
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Bonisoli-Alquati et al., 2011), even when hunger levels are comparable among nestlings.
Such state-dependent begging behaviour has been interpreted as a signal of long-term
need (Price, Harvey ¢» Ydenberg, 1996). The lightest nestlings may have suffered from
an enduring backlog demand, because they were persistently outcompeted by their
heaviest siblings (Smith ¢» Montgomerie, 1991; Dearborn, 1998) or, alternatively, because
parents made the choice to feed better quality nestlings (but see further; Kilner, 1995;
Moreno-Rueda et al., 2007).

Begging in function of the social environment

Our main aim was to test whether and how nestlings adjust their signalling to aspects of
their social environment, that is their position in the body mass hierarchy and the hunger
level of their siblings. We found that non-food deprived nestlings only adjusted their
begging level according to the elevated hunger levels of their siblings, and not according to
their own or their sibling’s rank in the hierarchy. This result is in contrast to a previous
studies reporting that less needy chicks withdraw from competition if the chance of
obtaining food and thus the cost-benefit ratio worsens (Romano et al., 2012). In this
scenario, siblings of FD nestlings may gain indirect benefits from their altruistic behaviour.
Nestlings are therefore expected to negotiate with their siblings about who should receive
the next prey item (Roulin, Kolliker ¢ Richner, 2000). However, this hypothesis is not
supported by our findings, as we found the opposite pattern in our study system.
Specifically, siblings increased their begging when the two focal nestlings were FD,
although this did not affect the likelihood to obtain food. It is possible that we did not
find evidence for negotiation or altruistic behaviour because brood sizes of blue tits are
larger (8-14 nestlings, in our population) than in barn owls (Tyto alba; two to nine
nestlings; Roulin, Kolliker ¢» Richner, 2000) and barn swallows (Hirundo rustica; three
to seven nestlings; Romano et al., 2012), in which sibling negotiation has been reported.
Scramble competition may increase with the number of siblings and this makes it harder
for each individual to receive food (Smith ¢ Montgomerie, 1991; Leonard et al., 2000).
Thus, withdrawing from competition during a feeding event in large broods may not
substantially increase the chance of being fed in the next feeding event.

Parental response

Food deprived nestlings begged vigorously, which largely improved the chance to be fed
compared with their nest mates. This indicates that parents respond positively to begging
and thus short-term need, which is (among others) a prerequisite for begging to evolve as
an evolutionary stable strategy in the case of honest signalling models (Godfray, 1995b).
This finding is in line with a number of previous studies (Cotton, Kacelnik ¢» Wright, 1996;
Price, Harvey ¢ Ydenberg, 1996; Lotem, 1998), and supports the function of offspring
begging both in a signalling context as well as in sibling competition (Royle, Hartley ¢
Parker, 2002). However, the lightest nestlings, which on average begged more, did not
receive more food. Our observed parental response is in line with previous findings,
indicating that younger nestlings beg more than their older siblings but receive less

or ‘only’ equal amounts of food (Loter, 1998; Cotton, Wright & Kacelnik, 1999).
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This can be interpreted as a brood reduction strategy, given that hatching asynchrony
permits reduction of the cost of rearing marginal offspring and ultimately, in case of food
shortage, to reduce the brood size (Forbes ¢» Glassey, 2000).

CONCLUSIONS

Blue tit nestlings adjusted their begging in function of their own short-term need.

They additionally altered their begging according to (changes in) their social environment,
i.e. the enhanced hunger level of their nest mates. However, blue tit nestlings never
withdrew from competition in favour of needier siblings, despite their genetic relatedness
and potential indirect fitness benefits they could have gained from it. On the contrary,
overall brood begging levels rather increased when a subset of nestlings was food-deprived,
suggesting higher within-brood sibling competition which matches the assumptions of
scramble competition models. Furthermore, we showed that the position within the body
mass hierarchy had a large influence on individual begging behaviour, but that the
behavioural adjustments to changes in need and the social environment itself are
state-independent. Ultimately, blue tit parents fed the hungriest nestling, which was the
one begging the most, independent of whether it was the heaviest or lightest nestling
within the brood. Taken together, individual begging strategies are fine-tuned to the
complexity of a young birds” family life, but primarily vary with intrinsic need.

ACKNOWLEDGEMENTS

The authors wish to thank William and Petra Van Dieren and the Agentschap Natuur
en Bos (ANB) for providing electricity and facilities during field work. We thank Erik
Matthysen for giving access to his field site, Joris Elst for help with the practical work,
April Ward for analysing videos and Jamie MacLaren for improving the writing.

The authors also wish to thank Gregorio Moreno-Rueda, Douglas W. Mock and two
anonymous reviewers for their comments on a previous version of this manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This study was financially supported by the University of Antwerp (DOCPRO4, ID: 27332
to Wendt Miiller) and FWO Flanders (project ID: 1517815N and 12I1916N to Arne
Iserbyt). The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:
University of Antwerp: DOCPRO4, ID: 27332.

FWO Flanders: 1517815N and 1211916N.

Competing Interests
The authors declare that they have no competing interests.

Fresneau et al. (2018), PeerdJ, DOI 10.7717/peerj.5301 9/13


http://dx.doi.org/10.7717/peerj.5301
https://peerj.com/

Peer/

Author Contributions

e Nolwenn Fresneau conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, approved the final draft.

o Arne Iserbyt prepared figures and/or tables, authored or reviewed drafts of the paper,
approved the final draft.

e Carsten Lucass performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

e Wendt Miiller conceived and designed the experiments, contributed reagents/materials/
analysis tools, authored or reviewed drafts of the paper, approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e. approving body
and any reference numbers):

The experiment was carried out in agreement with Belgian and Flemish legislation and
was approved by the Ethical Committee for animals (ECD) of the University of Antwerp
(license number 2011-10).

Data Availability
The following information was supplied regarding data availability:
The raw measurements that are used for the analyses are provided in File S1.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.5301#supplemental-information.

REFERENCES

Bates D, Maechler M, Bolker B, Walker S. 2015. Fitting linear mixed-effects models using Ime4.
Journal of Statistical Software 67(1):1-48 DOI 10.18637/jss.v067.i01.

Bonisoli-Alquati A, Boncoraglio G, Caprioli M, Saino N. 2011. Birth order, individual sex and
sex of competitors determine the outcome of conflict among siblings over parental care.
Proceedings of the Royal Society B: Biological Sciences 278(1709):1273-1279
DOIT 10.1098/rspb.2010.1741.

Caro SM, Griffin AS, Hinde CA, West SA. 2016. Unpredictable environments lead to the
evolution of parental neglect in birds. Nature Communications 7:10985
DOI 10.1038/ncomms10985.

Cotton PA, Kacelnik A, Wright J. 1996. Chick begging as a signal: are nestlings honest? Behavioral
Ecology 7(2):178-182 DOI 10.1093/beheco/7.2.178.

Cotton PA, Wright ], Kacelnik A. 1999. Chick begging strategies in relation to brood hierarchies
and hatching asynchrony. American Naturalist 153(4):412-420 DOI 10.1086/303178.

Dearborn DC. 1998. Begging behavior and food acquisition by brown-headed cowbird nestlings.
Behavioral Ecology and Sociobiology 43(4-5):259-270 DOI 10.1007/s002650050490.

Dor R, Lotem A. 2010. Parental effort and response to nestling begging in the house sparrow:

repeatability, heritability and parent-offspring co-evolution. Journal of Evolutionary Biology
23(8):1605-1612 DOI 10.1111/§.1420-9101.2010.02023 x.

Fresneau et al. (2018), PeerJ, DOI 10.7717/peerj.5301 10/13


http://dx.doi.org/10.7717/peerj.5301/supp-1
http://dx.doi.org/10.7717/peerj.5301#supplemental-information
http://dx.doi.org/10.7717/peerj.5301#supplemental-information
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1098/rspb.2010.1741
http://dx.doi.org/10.1038/ncomms10985
http://dx.doi.org/10.1093/beheco/7.2.178
http://dx.doi.org/10.1086/303178
http://dx.doi.org/10.1007/s002650050490
http://dx.doi.org/10.1111/j.1420-9101.2010.02023.x
http://dx.doi.org/10.7717/peerj.5301
https://peerj.com/

Peer/

Forbes S, Glassey B. 2000. Asymmetric sibling rivalry and nestling growth in red-winged
blackbirds (Agelaius phoeniceus). Behavioral Ecology and Sociobiology 48(6):413-417
DOI 10.1007/s002650000239.

Godfray HCJ. 1991. Signaling of need by offspring to their parents. Nature 352(6333):328-330
DOI 10.1038/352328a0.

Godfray HCJ. 1995a. Signaling of need between parents and young: parent-offspring conflict and
sibling rivalry. American Naturalist 146(1):1-24 DOI 10.1086/285784.

Godfray HCJ. 1995b. Evolutionary theory of parent-offspring conflict. Nature 376(6536):133-138
DOI 10.1038/376133a0.

Godfray HCJ, Johnstone RA. 2000. Begging and bleating: the evolution of parent-offspring
signalling. Philosophical Transactions of the Royal Society B: Biological Sciences 355(1403):
1581-1591 DOI 10.1098/rstb.2000.0719.

Haskell DG. 2002. Begging behaviour and nest predation. In: Wright J, Leonard ML, eds.
The Evolution of Begging: Competition, Cooperation and Communication. Dordrecht: Kluwer
Academic Publishers, 163-172.

Heeb P, Schwander T, Faoro S. 2003. Nestling detectability affects parental feeding preferences in
a cavity-nesting bird. Animal Behaviour 66(4):637-642 DOI 10.1006/anbe.2003.2238.

Iserbyt A, Eens M, Baetens W, Vermeulen A, Miiller W. 2017. Within- and between-individual
(co)variance partitioning reveals limited pleiotropic effects of testosterone on immune function,
sexual signaling, and parental investment. Behavioral Ecology and Sociobiology 71(4):74
DOI 10.1007/500265-017-2308-2.

Johnstone RA, Grafen A. 1993. Dishonesty and the handicap principle. Animal Behaviour
46(4):759-764 DOI 10.1006/anbe.1993.1253.

Kedar H, Guez-Gironés MAR, Yedvab S, Winkler DW, Lotem A. 2000. Experimental evidence
for offspring learning in parent-offspring communication. Proceedings of the Royal Society B:
Biological Sciences 267(1454):1723-1727 DOI 10.1098/rspb.2000.1201.

Kilner RM. 1995. When do canary parents respond to nestling signals of need? Proceedings of the
Royal Society B: Biological Sciences 260(1359):343-348 DOI 10.1098/rspb.1995.0102.

Kilner RM. 2001. A growth cost of begging in captive canary chicks. Proceedings of the National
Academy of Sciences of the United States of America 98(20):11394-11398
DOI 10.1073/pnas.191221798.

Kilner RM, Johnstone RA. 1997. Begging the question: are offspring solicitation behaviours signals
of need? Trends in Ecology & Evolution 12(1):11-15 DOI 10.1016/s0169-5347(96)10061-6.

Leech SM, Leonard ML. 1997. Begging and the risk of predation in nestling birds. Behavioral
Ecology 8(6):644-646 DOI 10.1093/beheco/8.6.644.

Leonard ML, Horn AG, Gozna A, Ramen S. 2000. Brood size and begging intensity in nestling
birds. Behavioral Ecology 11(2):196-201 DOI 10.1093/beheco/11.2.196.

Leonard ML, Horn AG, Parks E. 2003. The role of posturing and calling in the begging display of
nestling birds. Behavioral Ecology Socioiology 54:188-193.

Lotem A. 1998. Differences in begging behaviour between barn swallow, Hirundo rustica, nestlings.
Animal Behaviour 55(4):809-818 DOI 10.1006/anbe.1997.0675.

Lucass C, Iserbyt A, Eens M, Miiller W. 2016. Structural (UV) and carotenoid-based plumage
coloration-signals for parental investment? Ecology and Evolution 6(10):3269-3279
DOI 10.1002/ece3.2107.

Maynard Smith J. 1991. Honest signalling: the Philip Sidney game. Animal Behaviour
42(6):1034-1035 DOI 10.1016/s0003-3472(05)80161-7.

Fresneau et al. (2018), PeerJ, DOI 10.7717/peerj.5301 11/13


http://dx.doi.org/10.1007/s002650000239
http://dx.doi.org/10.1038/352328a0
http://dx.doi.org/10.1086/285784
http://dx.doi.org/10.1038/376133a0
http://dx.doi.org/10.1098/rstb.2000.0719
http://dx.doi.org/10.1006/anbe.2003.2238
http://dx.doi.org/10.1007/s00265-017-2308-2
http://dx.doi.org/10.1006/anbe.1993.1253
http://dx.doi.org/10.1098/rspb.2000.1201
http://dx.doi.org/10.1098/rspb.1995.0102
http://dx.doi.org/10.1073/pnas.191221798
http://dx.doi.org/10.1016/s0169-5347(96)10061-6
http://dx.doi.org/10.1093/beheco/8.6.644
http://dx.doi.org/10.1093/beheco/11.2.196
http://dx.doi.org/10.1006/anbe.1997.0675
http://dx.doi.org/10.1002/ece3.2107
http://dx.doi.org/10.1016/s0003-3472(05)80161-7
http://dx.doi.org/10.7717/peerj.5301
https://peerj.com/

Peer/

Mock DW, Parker GA. 1997. The Evolution of Sibling Rivalry. Oxford: Oxford University Press.

Mondloch CJ. 1995. Chick hunger and begging affect parental allocation of feedings in pigeons.
Animal Behaviour 49(3):601-613 DOI 10.1016/0003-3472(95)80193-6.

Moreno-Rueda G. 2010. An immunological cost of begging in house sparrow nestlings.
Proceedings of the Royal Society B: Biological Sciences 277(1690):2083-2088
DOI 10.1098/rspb.2010.0109.

Moreno-Rueda G, Redondo T. 2012. Benefits of extra begging fail to compensate for
immunological costs in southern shrike (Lanius meridionalis) nestlings. PLOS ONE 7(9):e44647
DOI 10.1371/journal.pone.0044647.

Moreno-Rueda G, Soler M, Soler JJ, Gabriel Martinez J, Perez-Contreras T. 2007. Rules of food
allocation between nestlings of the black-billed magpie Pica pica, a species showing brood
reduction. Ardeola 54:15-25.

Noguera JC, Morales J, Pérez C, Velando A. 2010. On the oxidative cost of begging: antioxidants
enhance vocalizations in gull chicks. Behavioral Ecology 21(3):479-484
DOI 10.1093/beheco/arq005.

Oddie KR. 2000. Size matters: competition between male and female great tit offspring. Journal of
Animal Ecology 69(5):903-912 DOI 10.1046/j.1365-2656.2000.00438 x.

Pinheiro J, Bates D, DebRoy S, Sarkar D, R Development Core Team. 2013. nime: linear and
nonlinear mixed effects models. R Package. Available at http://CRANR-project.org/package=nlme.

Price K, Harvey H, Ydenberg R. 1996. Begging tactics of nestling yellow-headed blackbirds,
Xanthocephalus xanthocephalus, in relation to need. Animal Behaviour 51(2):421-435
DOI 10.1006/anbe.1996.0039.

Price K, Ydenberg R, Daust D. 2002. State-dependent begging with asymmetries and costs:
a genetic algorithm approach. In: Wright J, Leonard ML, eds. The Evolution of Begging:
Competition, Cooperation and Communication. Dordrecht: Kluwer Academic Publishers, 21-42.
R Development Core Team. 2012. R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing. Available at http://www.R-project.org/.

Rodriguez-Gironés MA, Cotton P, Kacelnik A. 1996. The evolution of begging: signaling and
sibling competition. Proceedings of the National Academy of Sciences of the United States of
America 93(25):14637-14641 DOI 10.1073/pnas.93.25.14637.

Rodriguez-Gironés MA, Zuiiga JM, Redondo T. 2002. Feeding experience and relative size
modify the begging strategies of nestlings. Behavioral Ecology 13(6):782-785
DOI 10.1093/beheco/13.6.782.

Romano A, Caprioli M, Boncoraglio G, Saino N, Rubolini D. 2012. With a little help
from my kin: barn swallow nestlings modulate solicitation of parental care according to
nestmates’ need. Journal of Evolutionary Biology 25(9):1703-1710
DOI 10.1111/j.1420-9101.2012.02571 x.

Roulin A, Kélliker M, Richner H. 2000. Barn owl (Tyto alba) siblings vocally negotiate resources.
Proceedings of the Royal Society B: Biological Sciences 267(1442):459-463
DOI 10.1098/rspb.2000.1022.

Royle NJ, Hartley IR, Parker GA. 2002. Begging for control: when are offspring solicitation
behaviours honest? Trends in Ecology & Evolution 17(9):434-440
DOI 10.1016/S0169-5347(02)02565-X.

Royle NJ, Smiseth PT, Kolliker M. 2012. The Evolution of Parental Care. Oxford: Oxford
University Press.

Fresneau et al. (2018), PeerJ, DOI 10.7717/peerj.5301 12/13


http://dx.doi.org/10.1016/0003-3472(95)80193-6
http://dx.doi.org/10.1098/rspb.2010.0109
http://dx.doi.org/10.1371/journal.pone.0044647
http://dx.doi.org/10.1093/beheco/arq005
http://dx.doi.org/10.1046/j.1365-2656.2000.00438.x
http://CRAN.R-project.org/package=nlme
http://dx.doi.org/10.1006/anbe.1996.0039
http://www.R-project.org/
http://dx.doi.org/10.1073/pnas.93.25.14637
http://dx.doi.org/10.1093/beheco/13.6.782
http://dx.doi.org/10.1111/j.1420-9101.2012.02571.x
http://dx.doi.org/10.1098/rspb.2000.1022
http://dx.doi.org/10.1016/S0169-5347(02)02565-X
http://dx.doi.org/10.7717/peerj.5301
https://peerj.com/

Peer/

Smith HG, Montgomerie R. 1991. Nestling american robins compete with siblings by begging.
Behavioral Ecology and Sociobiology 29(4):307-312 DOI 10.1007/bf00163989.

Soler M, Ruiz-Raya F, Carra LG, Medina-Molina E, Ibafiez-Alamo JD, Martin-Galvez D. 2014.
A long-term experimental study demonstrates the costs of begging that were not found over the
short term. PLOS ONE 9(11):e111929 DOI 10.1371/journal.pone.0111929.

Trivers RL. 1974. Parent-offspring conflict. American Zoologist 14(1):249-264
DOI 10.1093/icb/14.1.249.

Zuur AF, Ieno EN, Walker N, Saveliev AA, Smith GM. 2009. Mixed Effects Models and Extensions
in Ecology with R. New York: Springer.

Fresneau et al. (2018), PeerJ, DOI 10.7717/peerj.5301 13/13


http://dx.doi.org/10.1007/bf00163989
http://dx.doi.org/10.1371/journal.pone.0111929
http://dx.doi.org/10.1093/icb/14.1.249
http://dx.doi.org/10.7717/peerj.5301
https://peerj.com/

	Size matters but hunger prevails-begging and provisioning rules in blue tit families
	Introduction
	Methods
	Data Analyses
	Results
	Discussion
	Conclusions
	flink7
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


