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Introduction

Abstract

Barn owl (Tyto alba) siblings preen and offer food items to one another,
behaviours that can be considered prosocial because they benefit a conspeci-
fic by relieving distress or need. In experimental broods, we analysed
whether such behaviours were reciprocated, preferentially exchanged
between specific phenotypes, performed to avoid harassment and food theft
or signals of hierarchy status. Three of the results are consistent with the
hypothesis of direct reciprocity. First, food sharing was reciprocated in
three-chick broods but not in pairs of siblings, that is when nestlings could
choose a partner with whom to develop a reciprocating interaction. Second,
a nestling was more likely to give a prey item to its sibling if the latter indi-
vidual had preened the former. Third, siblings matched their investment in
preening each other. Manipulation of age hierarchy showed that food steal-
ing was directed towards older siblings but was not performed to compen-
sate for a low level of cooperation received. Social behaviours were related
to melanin-based coloration, suggesting that animals may signal their
propensity to interact socially. The most prosocial phenotype (darker red-
dish) was also the phenotype that stole more food, and the effect of col-
oration on prosocial behaviour depended upon rank and sex, suggesting
that colour-related prosociality is state dependent.

(Queller, 2011). An individual can benefit from being
cooperative because this induces conspecifics to recipro-

The emergence of cooperation, along with the mecha-
nisms underlying its evolutionary stability, has long
attracted the attention of evolutionary biologists (Leh-
mann & Keller, 2006; Bshary & Bergmueller, 2008).
Kinship is one of the primary factors that can account
for the evolution of cooperation because the cost of
helping a related individual is offset by the enhanced
reproductive success of the recipient, which spreads
genes shared with the altruistic individual (Hamilton,
1964; Breed, 2014). Therefore, kin selection may be the
global explanation for the emergence of prosocial beha-
viours among relatives. However, numerous other ben-
efits may contribute to the maintenance of cooperation
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cate (Trivers, 1971) or because cooperative individuals
can choose to interact together as they advertise their
altruistic traits to each other (green-beard effect, Daw-
kins, 1976). Individuals may cooperate to avoid harass-
ment or punishment from conspecifics (Blurton Jones,
1987) or because they signal their dominance status or
‘social prestige’ by performing costly altruistic activities
(Zahavi, 1990). The tendency to cooperate and recipro-
cate may vary if the various costs and benefits of coop-
erating are not fixed in time or across individuals
(Leimar, 1997; Dolivo & Taborsky, 2015), which
explains why species and phenotypes vary in their
degree of cooperativity. Identitying the costs and bene-
fits of cooperation in different phenotypes is not trivial,
in part because reciprocation can involve differing cur-
rencies, with one type of behaviour being traded
against another type of behaviour.
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Prosocial behaviours in bird nestlings have rarely
been studied, but it is a prime model system for exam-
ining social interactions because nestlings are confined
in a place where they compete for the same resources.
This proximity leads to repeated interactions between
individuals, promoting intense agonistic behaviours or,
by contrast, altruism (Roulin & Dreiss, 2012). The study
of social interactions between young siblings therefore
offers the opportunity to discuss the interplay between
kin selection and other mechanisms that can explain
the evolutionary stability of cooperation.

In this study, we investigated food sharing and allo-
preening behaviour in barn owl (Tyto alba) nestlings.
Food sharing and allogrooming/allopreening, where
individuals feed and groom/preen each other, are ideal
behaviours for studying the costs and benefits of engag-
ing in complex social interactions, especially because
they are short and repeated events that involve two or
more individuals (e.g. Schneeberger et al, 2012).
Allogrooming can be considered a prosocial behaviour
as it has a hygienic function for the groomee, particu-
larly if directed to body areas that cannot be easily
self-groomed (e.g. the head) and where parasites are
particularly abundant (e.g. Akinyi eral, 2013).
Allogrooming may also reduce stress levels in both the
groomee and the groomer (Kober & Gaston, 2003;
Shutt et al., 2007; Stoewe et al., 2008; Soares et al.,
2011) and may thus provide mutual benefits to the
groomer and the groomee. These two categories of
hypotheses, hygienic function and social appeasement,
are not mutually exclusive.

Our aim was to analyse food sharing and allopreen-
ing behaviours in barn owl nestlings and to test several
hypotheses of the emergence of social behaviours. We
studied interactions in experimental three-chick broods
recorded in 2007, a sample that has been used to inves-
tigate food sharing (Roulin ef a/.,, 2012), and in experi-
mental pairs of two-chick broods in 2012. We first
examined whether behavioural patterns were consis-
tent with reciprocity. To this end, we investigated
whether allofeeding and allopreening behaviours were
interchanged (exchange of different commodities) or
reciprocated (exchange of the same commodity). In the
presence of kinship, reciprocity can have synergetic
effects on the evolutionary stability of cooperation
(Lehmann & Keller, 2006; McGlothlin et al.,, 2014; Van
Cleve & Akcay, 2014). Under direct reciprocity, donor
individuals benefit from the fact that the receiver will
reciprocate in the near future (Trivers, 1971). Coopera-
tive individuals also derive benefits by helping con-
specifics because bystanders who observed the
cooperative act are more likely to cooperate with them,
a situation described as ‘indirect reciprocity’ (Nowak &
Sigmund, 1998). Three-chick broods allowed us to test
whether giving food or preening increased the likeli-
hood of receiving a prosocial act in return to the same
sibling (direct reciprocity) or to the other nest mate
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(indirect reciprocity or generalized reciprocity, van
Doorn & Taborsky, 2012).

Second, we determined whether variation in the
propensity to allopreen and to give or steal food cov-
aries with melanin-based coloration. Selection may
favour phenotypes, such as colour traits, that allow
other individuals to recognize the extent to which they
are cooperative (Dawkins, 1976; McGlothlin et al,
2014). Melanin is the most common pigment in the
animal kingdom and has been found to be associated
with social behaviour in many organisms, mainly in
agonmistic behaviours (Ducrest et al., 2008). In the barn
owl, birds vary from white to darker reddish pheome-
lanic, and reddish nestlings were found to give more
prey items to their siblings (Roulin ef al., 2012). Fur-
thermore, reddish barn owl mothers preened their off-
spring more often than did paler mothers (Almasi et al.,
2013). Therefore, if we find that reddish coloration is
associated with allopreening between siblings, it could
raise the possibility that pheomelanin-based coloration
is used in this species, as well as potentially in other
animals, to recognize which individuals are more likely
to cooperate (Leimar, 1997).

Third, we investigated whether prosocial behaviours
such as allofeeding and allopreening, as well as food
stealing, could be interpreted as status signals and
hence be determined by age hierarchy. Senior nestlings
are known to give more prey items to nest mates (Rou-
lin et al., 2012), and we therefore manipulated the hier-
archy by placing nestlings in junior and senior positions
on different nights. In the barn owl, asynchronous
hatching generates a pronounced age hierarchy (the
oldest nestling can be up to 1 month older than its
youngest sibling), which translates into a dominance
hierarchy. This hierarchy has pronounced effects on
how food is shared among the siblings (Roulin et al.,
1999), and vocal behaviour used in sibling competition
is much more influenced by age hierarchy than by
absolute age (e.g. Dreiss et al., 2014). Finally, we tested
whether food stealing is related to prosocial behaviours.
The temptation to not reciprocally cooperate may be
offset by the risk of retaliation in the form of punish-
ment (Sigmund, 2007; El Mouden et al., 2010; Raihani
et al, 2012) or by the end of cooperation (Axelrod &
Hamilton, 1981). If prosocial behaviours are displayed
in order to prevent food stealing in owlets, we expect
thefts to be less numerous when food or preening is
provided.

Additionally, we examined whether self-preening
correlated with the allopreening received, which would
indicate that allopreening is indeed a prosocial beha-
viour that relieves a receiver in need of being preened.

Materials and methods

We performed the study in western Switzerland on a
wild population of barn owls breeding in nest boxes.
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Age was determined a few days after hatching. Because
of hatching asynchrony, the experimental siblings were
not of the same age. Nestling sex was determined using
molecular markers (Py ef al.,, 2006). Video footage was
analysed by students who were blind to the scientific
questions. On the video footage, it was not possible to
identify nestling coloration.

Experimental three-chick broods in 2007

We used infrared-sensitive cameras installed in 21
nest boxes 1 day before the experiment to record the
behaviour of three siblings during one night, from
19:00 until 7:00 the following morning. We
reduced the brood sizes by placing all but the three
nestlings in a ventilated box located some distance
from the nest. At the time of the recording, the oldest
individual was on average 42 £ 1 days (senior in the
within-brood age hierarchy), the middle-aged individ-
ual was 38 + 2 days, and the youngest individual (or
junior) was 34 4+ 2 days. To recognize nestlings indi-
vidually on the video footage, we ringed them with
one or two aluminium rings. We used the same sam-
ple of nestlings as for a previous study on allofeeding
(Roulin et al., 2012); hence, most of the methodologi-
cal information (and ethical notes) can be found in
Roulin et al. (2012).

Experimental pairs in 2012

In contrast to the 2007 procedure, in 2012, we recorded
nestling behaviour in pairs and in nest boxes placed at
the laboratory, not in their natural nests. At 13 : 00,
we brought to the laboratory 118 owlets (54 males, 63
females and 1 of unknown sex) aged 30.6 + 5.0 days
(range: 16-39) from 30 broods containing 3.9 £ 1.2
nestlings (range: 2-6). We left at least one nestling in
each natural nest to ensure that the parents did not
abandon their brood. Nestlings were kept in nest boxes
similar to those in which they were raised
(62 x 56 x 37 cm’) but that were twice as high,
allowing the inclusion of an infrared-sensitive camera
in the ceiling to record nestling behaviours. They were
equipped with a pipe (10 cm in diameter and 20 ¢cm
long) connected to the outside, so that air and natural
light could enter. Each nestling was kept for three suc-
cessive experimental nights (from 14 : 00 to 13 : 00 the
next day), one night alone in its nest box, another
night with an older sibling and a third night with a
younger sibling, with the order of the three social treat-
ments allocated randomly. Most individuals were
recorded during three nights, but some individuals
were recorded during only two nights because of logis-
tical issues (e.g. only one pair can be constituted
because only two siblings were brought to the labora-
tory). At the beginning of each experimental night, at
14 : 00 every day, we supplied fresh laboratory mice,

Mus musculus (120 g per individual, from the Reptile
Farm, 232 Servion, Switzerland, euthanized by CO,),
corresponding to approximately twice their daily food
requirement (Durant & Handrich, 1998). We placed
prey items in a corridor located in the middle of the
box, with one end against the long side of the box and
the other end opening on the centre of the box, so that
only one nestling could enter the corridor at a time.
Any remaining mice offered the day before were
removed. Each nestling ate an average of 1.8 £+ 0.1
(range 0—4) mice per night. The number of mice eaten
was not significantly associated with age (linear mixed
model with nestling and nest site identities as random
variables, y*> = 0.01, P = 0.92), sex (3> = 1.34, P = 0.51)
or social treatment (y*> = 1.62, P = 0.20; junior, senior
or alone). After three nights spent at the laboratory, we
brought the nestlings back to their natural nests.

We recorded nestling behaviour starting 1 h after the
insertion of the offspring into the laboratory nest boxes
(i.e. at 15 : 00) until the end of their nocturnal activi-
ties the next morning (09:00). We marked nestlings on
their heads to recognize them. We have demonstrated
previously that owlets are not physiologically stressed
in the laboratory (Dreiss et al., 2010).

Assessment of allopreening

We defined an allopreening event as an individual
preening a sibling using its bill. Allopreening consists of
an unaggressive displacement of the sibling’s feathers
by the allopreener, whereas pecking is characterized by
a swift hit with the beak. The distinction between these
two behaviours was unambiguous. The occurrence and
duration of an allopreening bout was defined as the
period from the start of the behaviour to the cessation
of the preening motion by the acting individual (a
pause lasting more than one-second being considered
the end of a bout).

A.S. measured the duration of allopreening events in
63 nestlings from 21 nests in 2007. B.M. recorded self-
and allopreening events in 2012 for a duration of 30 s
every 10 min from a subsample of 79 owlets from 20
broods gathered in 76 pairs. An individual was self-
preening when it touched its feathers with its bill or
when it scratched its body with its feet (Clayton & Cot-
greave, 1994). For each preening or allopreening event
that occurred during the 30-s time window, we mea-
sured the exact duration, even if the bout started before
this specific time window or ended after it. As preening
bouts never lasted more than 4.03 min, we never
recorded a preening bout twice.

Assessment of food sharing and stealing

An active food sharing event between two nest mates
(i.e. allofeeding) was defined as a donor individual
moving towards a receiver sibling to release the item
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on the ground in front of its partner (from bill to foot)
or from bill to bill. In 2012, food sharing was recorded
in a subsample of 62 nestlings (or 60 pairs). Food steal-
ing was defined as the nestling walking towards its sib-
ling to take an item from the feet of the sibling that
was consuming it. Stealing was recorded by E.I. for 118
nestlings (or 115 pairs).

Assessment of plumage coloration

In the field in daylight, A.R. scored pheomelanin-based
coloration when nestlings were approximately 50 days
of age by comparing their colour with eight chips rang-
ing from —8 for white to —1 for darker reddish (Roulin
et al., 1998). Some nestlings died or could not be cap-
tured before this age and hence were not measured (10
in 2007 and 9 in 2012). Scoring was performed on the
breast, belly, flank and underside of the wings, and
mean values over these four body parts were used in
the statistical analyses. This method is reliable as shown
by measuring the same individuals twice (repeatability
is 0.90, Roulin, 2004). We already showed that col-
oration scored by eye is strongly correlated with the
reflectance in the range of 400-700 nm measured with
an Ocean Optics S2000 spectrometer and a PX-2 xenon
lamp (Pearson’s correlation: r=0.78, n=1107,
P < 0.0001; Dreiss & Roulin, 2010). Although barn owls
vary not only in the degree of pheomelanin-based col-
oration but also in the size and number of black spots
located on the tip of ventral body feathers, we analysed
behaviour only in relation to pheomelanin. This deci-
sion is based on our previous finding that allofeeding
and allopreening are related to pheomelanin and not to
plumage spottiness (Roulin ef al.,, 2012; Almasi et al.,
2013).

Statistical analysis

For three-chick broods, the mean duration of allopreen-
ing bouts was Box-Cox-transformed to obtain a normal
distribution. The number of allopreening bouts could
not be normalized and was analysed using Poisson dis-
tribution models, but was log-transformed to approach
a normal distribution when used as a covariate. For
experimental pairs, duration and number of allopreen-
ing bouts were normalized using Box-Cox transforma-
tions.

Data are shown as mean values & SE. We removed
nonsignificant interactions from the models (P-values
>0.05); otherwise no selections were performed on
independent terms. Estimates + SE. are given in the
text.

Reciprocity of allopreening, rank and melanism in
three-chick broods (models lab)

To test whether duration and number of allopreening
bouts given were related to coloration, we ran, respec-
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tively, a linear mixed model (model 1a) and a general-
ized linear mixed model (GLMM) with Poisson
distribution (model 1b) (Table 1). As dependent vari-
ables, we set the average bout duration (model la) and
the total number of allopreening bouts (model 1b)
given by the focal nestling to a sibling during the night.
Donor and receiver identities nested in the nest site
were set as random factors (because each individual
interacted with two siblings, it appeared twice in the
analysis). In the post hoc analyses performed separately
for each sex, only donor identity nested in the nest site
was set as a random factor, as the model would not
converge if we added receiver identity nested in the
nest site as a second random factor. To test whether an
individual A was more allopreened by its sibling B, but
not by C, when it allopreened this individual B, we set
as independent variables the duration or number of
allopreening bouts received from sibling B and the
duration or number of allopreening bouts received from
sibling C.

Table 1 Mean duration and number of allopreening bouts given
in experimental three-chick nests. The donor was the individual
that allopreened its nest mate B, the receiver ‘B’ was the
individual that was allopreened, and the third sibling was called
‘C’ (models la-b). The covariate ‘allopreening’ represents either
duration (model for mean duration of allopreening bouts) or
number (model for number of allopreening bouts) of received
allopreening bouts.

F P

Mean duration of allopreening bouts given to sibling B (d.f. = 11)

Sex donor 0.66 0.43
Colour donor 0.12 0.73
Rank in hierarchy of donor 1.62 0.24
[Junior, middle-born or senior]
Sex receiver 7.21 0.021*
Colour receiver 4.30 0.062
Rank in hierarchy of receiver 0.75 0.49
Allopreening received from B 33.11 0.0001***
Allopreening received from C 0.59 0.46
Sex donor x Colour donor 0.80 0.37
Sex receiver x Colour receiver 7.59 0.018*
Colour donor x Colour receiver 1.21 0.66
Number of allopreening bouts given to sibling B (d.f. = 12)
Sex donor 1.22 0.29
Colour donor 0.19 0.67
Rank in hierarchy of donor 0.38 0.54
Sex receiver 0.05 0.95
Colour receiver 0.43 0.52
Rank in hierarchy of receiver 0.12 0.73
Allopreening received from B 19.67 0.0001***
Allopreening received from C 0.53 0.46
Sex donor x Colour donor 0.36 0.56
Sex receiver x Colour receiver 0.22 0.64
Colour donor x Colour receiver 0.21 0.65

Interactions excluded from the models are in italics (*P < 0.05;
**P < 0.005, ***P < 0.0005).
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Self-preening, allopreening and melanism in
experimental pairs (models 2a—d)

Duration and number of self- and allopreening bouts
were set as dependent variables in four linear mixed
models, with experimental nights (1st, 2nd or 3rd) and
the identities of the focal nestling (and of its partner for
allopreening only) nested in nest site as random factors
(Table 2). To test whether an individual A was more
allopreened by its sibling B, but not by C, when it allo-
preened this individual B, we set as independent vari-
ables the duration or number of allopreening bouts
received from sibling B and the duration or number of
allopreening bouts received from sibling C. Because the
observation sessions were longer in experimental pairs
(15 : 00-9 : 00) than in three-chick broods and because
allopreening changed over the course of the night, we
used average values of allopreening per period of the
night (15 :00-21 : 00, 21 :00-03:00 and 03:00-
09:00, see results) per individual and per experimental
night (we recorded each individual during 2 or 3

nights), and the period of the night was included as an
independent variable. For self-preening, the average
over the entire night was used.

Food sharing, rank and melanism in experimental
pairs (model 3)

The probability of sharing at least one prey during an
observation session (night) was set as a dependent vari-
able in a GLMM with binomial distribution, with
experimental nights (1st, 2nd or 3rd) and the identity
of the focal nestling nested in nest site as random fac-
tors (Table 3).

Reciprocity between food sharing and allopreening in
three-chick broods (model 4)

We tested whether the number of prey items given by
individual A to its sibling B was related to whether A
received a prey item from sibling B or from sibling C, as
two binomial factors, in a GLMM with Poisson distribu-
tion (model 6) (Table 4). In another GLMM with Poisson

Table 2 Mean duration and number of (a) allopreening and (b) self-preening bouts given in experimental pairs of barn owl nestlings
(models 2 a-d). Recordings were divided into three ‘periods of night” (15:00-21:00, 21:00-03:00 and 03:00-09:00). The covariates
‘allopreening’ and ‘self-preening’ represent either duration (model for mean duration of allopreening bouts) or number (model for number
of allopreening bouts). Interactions excluded from the models are in italics.

Mean duration of allopreening Number of allopreening bouts

bouts (d.f. =239) (d.f. =242)
F P F P

(@)
Sex donor (Sex D) 5.50 0.020* 1.36 0.24
Colour donor (Colour D) 5.98 0.015%* 0.03 0.86
Sex receiver (Sex R) 0.36 0.55 0.50 0.48
Colour receiver (Colour R) 0.96 0.33 0.12 0.73
Social treatment [junior or senior] 4.68 0.032* 0.10 0.75
Self-preening of donor 9.12 0.003** 2.09 0.15
Self-preening of receiver 2.44 0.12 7.42 0.007**
Allopreening received from partner 22.99 0.0007 *** 30.92 0.0007 ***
Period of night 7.79 0.005* 0.26 0.61
Sex D x Colour D 5.98 0.015* 0.01 0.96
Sex R x Colour R 0.32 0.57 0.04 0.84
Colour D x Colour R 0.48 0.49 0.17 0.68
Period of night x Sex D 8.67 0.004%** 0.76 0.38
Period of night x Sex R 0.01 0.95 0.99 0.32
Period of night x Colour D 8.73 0.003** 0.01 0.98
Period of night x Colour R 0.83 0.36 1.78 0.18
Period of night x Sex D x Colour D 9.50 0.002%** 2.08 0.15
Period of night x Sex R x Colour R 0.07 0.79 0.67 0.41

Mean duration of self-preening Number of self-preening

bouts (d.f. = 131) bouts (d.f. = 131)

F P F P
)
Sex 0.58 0.45 1.16 0.28
Colour 2.79 0.10 2.27 0.13
Social treatment [junior, senior or alone] 10.19 <0.0001*** 0.43 0.65

*P < 0.05; ¥*P < 0.005, ***P < 0.0005.
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Table 3 Probability of giving a prey item during the night in
experimental pairs of barn owl nestlings (model 3). Interactions
excluded from the models are in italics. (d.f. = 36).

F P
Sex donor 0.27 0.60
Colour donor 4.36 0.042*
Sex receiver 0.35 0.56
Colour receiver 3.68 0.06
Social treatment [junior or senior] 0.26 0.62
Sex donor x Colour donor 0.17 0.69
Sex receiver x Colour receiver 0.58 0.45
Colour donor x Colour receiver 3.90 0.06
Social treatment x Colour donor 4.86 0.034*
Social treatment x Colour receiver 3.51 0.07

*P < 0.05.

Table 4 Probability of giving a prey item to a sibling B in
experimental three-chick nests of barn owl nestlings (model 4).
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Table 5 Probability of giving a prey item in experimental pairs of
barn owl nestlings according to the allopreening received at
different periods of the night (15:00-21:00, 21:00-03:00 and
03:00-09:00) (model 5). Interactions excluded from the model are
in italics (d.f. = 291).

F P
Duration of received allopreening 2.35 0.13
Number of received allopreening 0.35 0.56
Number of received prey items 1.89 0.17
Period of night of received 0.19 0.66
allopreening (Period)
Period x Duration of 5.13 0.024*
received allopreening
Period x Number of 0.14 0.71

received allopreening

*P < 0.05.

Table 6 Number of stolen prey items in experimental three-chick
nests of barn owl nestlings (model 6). Interactions excluded from

Interactions excluded from the models are in italics (d.f. = 16). the models are in italics. (d.f. = 92).
F P F P

Rank in hierarchy of donor [junior, middle-born or senior] 2.08 0.16 Rank in hierarchy of nestling doing the 0.15 0.86
Rank in hierarchy of receiver (Rank B) 561 0.014 stealing [junior, middle-born or senior]
Duration of allopreening received from B 140 0.25 Rank of nestling being stolen (Rank D) 1.37 0.25
Number of allopreening received from B 7.77 0.013* [youngest or oldest of the two siblings]
Number of prey items received from B 596 0.026* Origin of stolen item 0.45 0.50
Duration of allopreening received from C 0.69 0.41 [food stock or received
Number of allopreening received from C 1.756 0.21 directly from a parent]
Number of prey items received from C 0.10 0.76 Duration of allopreening received 0.74 0.39
Rank B x Duration of allopreening received from B 0.39 0.68 from nestling being stolen
Rank B x Number of allopreening received from B 0.10 0.022* Number of allopreening received 0.20 0.65
Rank B x Number of prey items received from B 0.38 0.69 from nestling being stolen

Number of prey items received 0.01 0.96
*P < 0.05. from nestling being stolen

Rank D x Origin of stolen item 4.92 0.029*

Rank D x Duration of allopreening received 1.10 0.30
distribution (model 7), we tested whether the number of Rank D x Number of allopreening received 0.21 0.65
preys given by A to B was related to the number and Rank D x Number of prey items received 0.06 0.81
duration of allopreening bouts received from B and from “P < 0.05

C, as four independent covariates. In both models, rank
in the within-brood age hierarchy of A and B was set as
cofactor, and donor and receiver identities nested in the
nest site were set as random factors.

Reciprocity between food sharing and allopreening in
experimental pairs (model 5)

The probability that individual A gives at least one prey
item to its sibling B during the entire observation ses-
sion (15 : 00-9 : 00) was set as a dependent variable in
a GLMM with binomial distribution (Table 5). Because
the frequency of allopreening changed over the course
of the night, the average values of allopreening bouts
received per period of the night (15:00-21:00, 21:00-
03:00 and 03:00-09:00) were set as independent vari-
ables. We set the number of prey items that individual
A received from B, the period of the night and the

interaction between allopreening and period of the
night as independent terms. Experimental nights (1st,
2nd or 3rd) and the identity of the focal nestling nested
in nest site were set as random factors.

Food stealing in three-chick broods (model 6)

We computed the number of food items stolen per indi-
vidual, according to whether each item was stolen from
the youngest or oldest sibling and whether the item
was taken from the food stock or received from a par-
ent (Table 6). In a GLMM with Poisson distribution, we
set the number of stolen food items as a dependent
variable and the identities of the nestlings doing the
stealing and being stolen from nested in nest site as
random factors.
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Table 7 Number of stolen prey items in experimental pairs of
barn owl nestlings (models 7a-b). Interactions excluded from the
models are in italics.

F P
(@) d.f. =92
Sex of the nestling doing 0.51 0.48
the stealing (sex)
Colour of the nestling doing 6.64 0.011*
the stealing (colour)
Social treatment [junior or senior] 4.26 0.041*
Social treatment x Sex 0.81 0.37
Social treatment x Colour 0.12 0.73
(b) (d.f. =49)
Duration of allopreening received 0.05 0.82
from nestling being stolen
Number of allopreening received 2.44 0.13
from nestling being stolen
Number of prey items received 0.04 0.83

from nestling being stolen

*P < 0.05.

Food stealing in experimental pairs (models 7a—b)

The total number of prey items stolen by an individual
during an experimental night (1st, 2nd or 3rd) was set
as a dependent variable in a GLMM with Poisson distri-
bution (Table 7). Experimental nights and the identity
of the focal nestling nested in nest site were set as ran-
dom factors. We used two separate models to analyse
social treatment, sex and colour (model 7a, Table 7a)
and prosocial behaviours (model 7b, Table 7b) because
prosocial behaviours were evaluated based on a smaller
subset of individuals.

Results

Reciprocity of allopreening, rank and melanism

Three-chick broods
Nestling barn owls performed 0.67 £ 0.52 allopreening
bouts per hour (median: 0.49; range: 0-4.13). Each
allopreening bout lasted an average of 21.9 £ 225
(median: 16 s; range of mean individual values: 2—
152.6 s). In 78.4% of 653 cases, allopreened body
regions were those that individuals cannot preen by
themselves, that is the head (58.7%), the back (14.5%)
and the neck (5.2%). Nestlings also preened their nest
mates” wings (10.0%), flanks (2.1%), bellies (2.6%),
legs (4.0%) and tails (2.9%).

The number and duration of allopreening bouts that
a focal nestling gave to a sibling (B) were strongly
associated with the number and duration of allopreen-
ing bouts it received from this sibling (Table 1;
duration: 0.49 £+ 0.08; number: 0.08 £+ 0.02; Fig. 1)
but not with allopreening received from the third part-
ner (C) (Table 1; duration: —0.06 £ 0.08; number:
0.08 £ 0.11; duration of allopreening by C in a sepa-

(a)

[
o

Duration of allopreening bouts
AgavetoB

-5 . : . :
-5 0 5 10 15 20
Duration of allopreening bouts
B orC gave to A

(b)

AgavetoB

0.0 1 () ° e e v o0 - B

Number of allopreening bouts

00 05 10 15 20 25 30 35

Number of allopreening bouts
BorCgaveto A

Fig. 1 Reciprocity of allopreening in barn owls in three-chick
broods. Duration (a) and number (b) of allopreening bouts given
by nestling A to B, in relation to the allopreening received from B
or from C (transformed variables).

rate model without duration of allopreening by B:
Fy 18 = 1.48, P = 0.24; number of allopreening bouts by
C in an additional separate model: F; ;= 2.30,
P =0.15). The relationship with the duration of allo-
preening bouts was also significant if we considered
only non-null duration (i.e. when number of bouts of
given and received allopreening > 0; F;;; = 69.62,
P < 0.0001).

The mean duration of allopreening events performed
by a donor individual was related to the interactions
between sex and coloration of the receiver of allo-
preening (Table 1). To understand this interaction, we
performed separate analyses for female and male recei-
vers. In females, darker reddish individuals received
longer allopreening bouts than paler ones (colour of
receiver: F; g = 18.80, P =0.002, 1.7 £ 0.4; Fig. 2). In
males, the mean duration of allopreening bouts was
not significantly related to the coloration of the
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Fig. 2 Allopreening and coloration in barn owls in three-chick
broods. Mean duration of allopreening bouts (transformed
variable) received according to the pheomelanin-based coloration
of the receiver.

receiver (colour of receiver: F; ;4= 0.43, P =0.52,
—0.3 + 0.3; Fig. 2).

The number of allopreening bouts was not related to
pheomelanin-based coloration, sex or position in the
within-brood age hierarchy (Table 1).

Experimental pairs

At least one allopreening bout was performed during
each experimental night. The number of allopreening
bouts per hour was maximal before 20 : 00 (Fig. 3),
whereas most prey items were eaten (88%, 239 vs. 34)
and shared (allofeeding; 91%, 30 vs. 3) after 20 : 00,
suggesting that allopreening may not have the same
social importance during all periods of the night. We
thus defined three periods of 6 h (15 : 00 to 21 : 00,
21 : 00 to 03 : 00 and 03:00 to 09:00), and we aver-
aged preening behaviours for each period.

The mean duration of allopreening bouts performed
by nestlings was positively associated with the mean
duration of allopreening bouts received from their sib-
ling (Table 2a). The numbers of allopreening bouts
given and received were also positively correlated
(Table 2a).

Nestlings performed longer allopreening bouts when
in junior rather than senior position (Table 2a;
0.52 £ 0.24). The duration of allopreening bouts given
was positively correlated with the duration of self-
preening performed by the allopreener (Table 2a;
0.17 £ 0.05). The duration of allopreening bouts was
also related to the interaction between the period of
night, sex and coloration (Table 2a). Post hoc analyses
showed that darker reddish females performed longer
bouts than paler ones at the end of the night (effect
of female coloration during the period from 03:00
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Fig. 3 Timing of self-preening and allopreening activities (a) and
feeding, allofeeding and stealing activities (b) in experimental barn
owl pairs. Average values per nestling and per hour are quoted £SE.

to  09:00: 0.40 £ 0.19; F;30=4.33, P =0.046;
0.40 £ 0.19; interaction between sex and coloration at
the end of the night [03:00 to 09:00]: F, 0 = 5.46,
P = 0.041). Pheomelanin coloration was not related to
the duration of allopreening bouts performed during
other periods of the night or by males (all P > 0.2).

The number of allopreening bouts given was posi-
tively correlated with the number of self-preening
bouts performed by the allopreened individual
(Table 2a; 0.08 + 0.03). The number of allopreening
bouts was not related to the allopreener sex, social
treatment, coloration or the number of self-preening
bouts (Table 2a).

Self-preening in experimental pairs

Nestlings preened themselves with longer bouts in the
presence of a sibling than when alone (17.5 £ 0. 6 vs.
14.9 £ 0.5 s; Table 2b). The mean duration of self-
preening bouts was not related to sex or nestling col-
oration (Table 2b). The number of self-preening bouts
did not covary with social treatment, sex or coloration
(Table 2b).
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Nestlings performed more bouts of self-preening
(1.87 4+ 0.04 per hour) than allopreening (0.48 + 0.02;
P < 0.0001 in a Wilcoxon signed rank test on average
values per individual), and self-preening bouts were
also  longer (17.53 £5.57s vs. 830+ 5.59s;
P < 0.0001 in a Wilcoxon signed rank test on average
values per individual).

Food sharing, rank and melanism

Three-chick broods

In a previous paper, using the same sample of birds,
Roulin et al. (2012) showed that seniors were more
likely to feed siblings and that darker reddish seniors
and middle-born nestlings gave more preys than did
lighter individuals. Females and males did not signifi-
cantly vary in the number of given items, but female
nestlings started to feed nest mates earlier than did
male nestlings.

Experimental pairs

We observed 33 events of allofeeding between siblings,
in 21 of 62 nestlings, with a maximum of 4 items being
shared per night (1, 2, 3 and 4 food items were given
by 13, 2, 4 and 1 nestlings, respectively). In 45% of the
experimental nights, owlets fed nest mates (71% in
three-chick broods, Roulin ef al, 2012). In only one
case, a nestling walked towards its sibling to give a food
item from bill to bill, and in the 32 other cases, the
allofeeder walked towards its sibling to release a prey
item on the floor in front of its sibling.

The probability of giving at least one prey item
(Table 3) was not significantly related to the sex of the
receiver, the receiver coloration or the interactions
between sex and coloration (P-values >0.05). The inter-
action between social treatment and coloration
(Table 3) is explained by the fact that among seniors,
the darker reddish individuals fed their sibling more
often than did the paler individuals ([model 3 for
seniors]: Fy 41 = 4.21, P = 0.046, coloration of feeders:
—4.06 £ 0.39; coloration of nonfeeders: —4.76 + 0.14).
In juniors, the probability of feeding a sibling was not
significantly related to coloration ([model 3 for juniors]:
Fi41 = 0.72, P = 0.40).

Reciprocity between food sharing and allopreening

Three-chick broods

Nestlings gave more prey items to a given sibling when
they received at least one item from it (Table 4, P =
0.026; 1.2 £ 0.5; Fig. 4a). Receiving a prey item from an
individual did not affect the number of prey items given
to the other sibling (Table 4; —0.2 £ 0.5; Fig. 4b).

The number of items given was related to the inter-
action between the number of allopreening bouts
received and the rank of the allopreener (Table 4;
P =0.022; Fig. 5). The significance of this interaction
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Fig. 4 Reciprocity of food gift in barn owls in three-chick broods.
Number of preys given by nestling A (£SE) to B, (a) according to
whether A received a prey from B or not and (b) according to
whether A received a prey from C or not, for the three
hierarchical ranks (junior, middle-born and senior).

revealed that high-ranking nestlings receiving more
prey items performed more allopreening bouts in return
(Fig. 5; effect of number of allopreening bouts received,
model 4 for seniors: F) o = 4.38, P =0.049, 1.4 £+ 0.6;
middle-born: F; 5o = 7.76, P = 0.011, 2.0 £ 0.7; juniors:
Fy 50 =0.04, P=0.85, 0.0 £ 0.2). The number of prey
items an individual gave to a sibling B was not corre-
lated with the number and mean duration of allopreen-
ing events this individual received from the other nest
mate C (Table 4; duration: 0.03 + 0.03; number:
—0.56 + 0.42). The duration of allopreening received
was not related to the number of prey items given
(Table 4; —0.04 + 0.04).

Experimental pairs

The probability of sharing at least one food item dur-
ing the night with a sibling was related to the dura-
tion of allopreening bouts received from this sibling in
interaction with the period of night considered
(Table 5; P = 0.02; Fig. 6), but not to the number of
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prey items received {from this sibling (Table 5;
—0.4 £+ 0.3). The probability of sharing at least one
prey item was associated with allopreening performed
between 15 : 00 and 21 : 00 (F,ss =6.74, P =0.012,
0.3 £ 0.1), but not with allopreening performed
between 21 :00 and 03:00 (F,ss = 0.45, P =0.50,
0.1 £ 0.1) or between 03:00 and 09:00 (F,ss = 2.26,
P=0.13, —0.2 + 0.2).

Food stealing

Three-chick broods
Senior nestlings stole more prey items when paler,
whereas juniors and middle-born nestlings stole more
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Fig. 7 Prey thefts and rank in age hierarchy. Number of thefts
(£SE) per experimental night according to (a) the rank of the
sibling being stolen in three-chick broods and (b) the social

treatment of the sibling being stolen in the experimental pairs.

prey items when darker reddish (Roulin et al, 2012),
but sex was not significantly related to the number of
stolen items.

Furthermore, nestlings stole more prey items from
the oldest sibling (Table 6; oldest vs. youngest:
1.1 &+ 0.3; Fig. 7a) it the prey item came from the food
stock (interaction between the origin of the prey and
the rank of the sibling stolen from: P = 0.029), but not
it it was directly received from a parent (F; ¢ = 1.11,
P =0.30). Nestling rank did not influence stealing
(Table 6, senior vs. junior: —0.0 = 0.4, middle-born vs.
junior: —0.2 4+ 0.5). Stealing was not correlated with
prosocial behaviours such as allopreening and food
sharing (Table 6).

Experimental pairs

In 49% of the experimental nights, owlets stole from
nest mates (81% in three-chick broods, Roulin et al.,
2012). Nestlings stole more often a prey item from a
sibling when in junior rather than in senior position
(Table 7a; junior vs. senior: 0.5 &+ 0.2; Fig. 7b).
Hence, nestlings increased the number of prey thefts
when they changed from senior to junior position
(Wilcoxon signed rank test for individuals that were
alternatively junior and senior: Z=-3.13,
P=10.0017). As a corollary, 34 + 6% of the prey
eaten by juniors were taken out of the corridor by
their senior siblings, whereas this value was 17 + 5%
for seniors.

Darker reddish nestlings stole more prey items than
paler individuals (Table 7a; 0.3 4+ 0.1; Fig. 8). The
number of stolen items was related neither to the num-
ber and duration of allopreening bouts received nor to
the number of items received (Table 7b).
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Fig. 8 Prey thefts and coloration in barn owls in experimental
pairs. Total number of prey items stolen from sibling over two
experimental nights according to the pheomelanin-based
coloration of the nestling doing the stealing.

Discussion

Detailed observations in the barn owl showed that nest-
lings frequently feed and preen each other. Our results
support the direct reciprocity hypothesis, as an individ-
ual was more likely to be fed or preened by a given sib-
ling when it preened or fed this individual. We found
no support for indirect reciprocity, as giving allopreen-
ing or food to a sibling did not affect the propensity to
be fed or preened by another sibling. This suggests an
ability to identity and potentially remember the actions
of each sibling and in turn reciprocally direct the beha-
viour to the correct sibling. This is not surprising
because owlets are confined in the same nest cavity for
2 months and hence have ample time to develop
complex, repeated social relationships. Furthermore,
nestlings are able to recognize their nest mates individ-
ually based on vocal cues (Dreiss et al., 2013, 2014,
2015).

Reciprocation was performed with the same com-
modity (food for food or preening for preening) as well
as with a different commodity (preening for food or
food for preening). Two observations suggest that allo-
preening is likely to be a prosocial behaviour beneficial
to the owlet recipient. First, received allopreening was
positively correlated to self-preening, indicating that
allopreened individuals are in need of preening. Sec-
ond, the most allopreened body regions were those that
individuals cannot preen by themselves.

Food sharing and allopreening were apparently not
performed to prevent food stealing, as the behaviours
were not correlated. A previous study also suggests that
food sharing did not follow harassment in the form of
begging by the receiver (Marti, 1989). Food stealing

was solely related to rank in the within-brood age hier-
archy, and experimentally manipulating rank induced a
modification of nestlings” propensity to steal. Nestlings
stole more often from their older sibling, whereas in
experimental pairs, seniors collected prey items from
the food stock rather than stealing them from their
junior sibling. This suggests that in this context, seniors
are producers and juniors scroungers (Barnard & Sibly,
1981).

The propensity to feed or allopreen a sibling was also
linked to pheomelanin-based coloration and sex. How-
ever, we found mixed support for a ‘green-beard” etfect
(Dawkins, 1976) because the effect of melanin col-
oration depended upon rank and sex and because the
most prosocial phenotypes (darker reddish) were also
the ones stealing more food. Darker seniors gave more
prey items than paler ones (this study and Roulin et al.,
2012), and darker females received longer allopreening
bouts than paler females (present study). Darker
females may receive longer allopreening bouts in return
for the food they gave. In experimental pairs, darker
reddish females performed longer bouts of allopreening
than paler ones at the end of the night. Darker reddish
individuals were therefore more cooperative, but they
also generally stole more prey items from their siblings.
In three-chick broods, juniors and middle-born nest-
lings followed the same pattern, but in seniors, paler
individuals stole more prey items than darker reddish
ones (Roulin et al., 2012).

In this nocturnal species, the proportion of nestlings
that are not sired by the male that feeds them is low,
with only six extra-pair young of 455 nestlings (1.3%;
Henry et al, 2013). This figure is an overestimation
because for these extra-pair paternity analyses, we
selected double-brooded pairs that have a higher likeli-
hood of extra-pair paternity than single-brooded indi-
viduals. The high degree of relatedness between barn
owl nest mates may have facilitated the evolution of
frequent allopreening and allofeeding behaviours found
in this species (Buhler & Epple, 1980; Masurat, 1980;
Bunn et al,, 1982; Epple, 1985; Marti, 1989; Csermely
& Agostini, 1993; Del Guasta, 1998). However, recipro-
cation may explain part of the variation in cooperative
behaviour between barn owl siblings. In primates and
some vampire bats, reciprocation has been suggested to
play a major role even in unrelated individuals (Schino
& Aureli, 2010; Carter & Wilkinson, 2013). Indeed, ani-
mals often match the time invested in preening/groom-
ing each other (Stopka & Graciasova, 2001; Manson
et al., 2004; Lewis et al., 2007; Adiseshan et al., 2011;
Gill, 2012), including young siblings (Mooring & Hart,
1997), and they can even exchange food for grooming
(De Waal, 1997; Emery et al., 2007).

The concept of ‘biological markets” is useful for
understanding the dynamics of reciprocity in coopera-
tive behaviour. Animals face numerous constraints, and
investment in one commodity is usually made at the
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expense of another commodity. The need for reciproca-
tion most likely fluctuates over time and space because
such a process is sensitive to the status and behaviour
of each participant and to the availability of each com-
modity in the market, which itself depends on the sup-
ply and demand for a particular commodity (Noe &
Hammerstein, 1995). Given that the costs and benefits
of investing in different activities differ between indi-
viduals (Schneeberger et al, 2012), two scenarios can
be proposed to explain the conditions under which
conspecifics are expected to exchange the same or dif-
ferent commodities. Under the first scenario, obtaining
a given commodity could be relatively cheap for one
individual, making that individual potentially willing to
exchange the first commodity for another one that is
more costly to obtain. In the barn owl, seniors and
darker reddish nestlings gave food items to their siblings
more often than did juniors and pale-coloured nestlings
(present study and Roulin ef al., 2012), whereas in
experimental pairs, juniors allopreened their siblings for
longer bouts than did seniors. Seniors are physically
superior to their junior siblings and thus have priority
access to food resources. Darker reddish nestlings may
require less food to grow (Dreiss et al., 2010), implying
that for them, the cost of transferring food to siblings
may be relatively low, potentially providing them with
more opportunities to exchange food for allopreening
than other individuals. Although barn owls reciprocate
using different commodities, nestlings also matched the
time invested in preening each other, and higher-
ranked owlets invested in food sharing according to the
number of prey they received. This is compatible with
the hypothesis that obtaining a given commodity is rel-
atively costly, making an individual willing to exchange
that commodity for the same one. Two arguments sup-
port this hypothesis. First, allogrooming is likely to be
costly because it can reduce resting time (Dunbar,
1992) and vigilance (Maestripieri, 1993). Second, nest-
lings preen siblings” body regions that are difficult or
impossible to self-preen, such as the head, the back and
the neck. Because allopreening may have a hygienic
function by removing ectoparasites located on body
regions that are difficult to self-preen (Akinyi et al.,
2013; Onishi et al., 2013), individuals who are allo-
preened may have to reciprocally allopreen their sibling
to ensure that cooperative allopreening continues.
Under our observational conditions, the cost of food
sharing was relatively low because food was ad libitum
in experimental pairs and provided regularly by parents
in three-chick broods (Roulin et al,, 2012). It would be
interesting to investigate the pattern of food sharing
and allopreening where their costs and benefits are
increased (Schneeberger ef al., 2012), that is when food
is scarce and nestlings are highly parasitized.

In the present discussion, we have so far envisioned
two different sorts of indirect fitness benefits from
allofeeding and allopreening siblings: inclusive fitness
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benefits from helping full siblings and reciprocation.
From another perspective, an individual may derive
immediate direct benefits rather than indirect benefits
from an action directed towards a conspecific (Leimar &
Hammerstein, 2010). In mammals and birds,
allogrooming and allopreening have been shown to
reduce social conflicts and to maintain social bonds. For
instance, the levels of circulating corticosterone
decreased with the intensity of allopreening received in
ravens (Corvus corax) (Stoewe et al.,, 2008) and given in
Barbary macaques (Shutt et al., 2007). In wood hoo-
poes  (Phoeniculus purpureus), cooperative breeders
increase allopreening frequency when they enter the
territory of neighbours, where conflicts are more likely
(Radford, 2011). By analogy, barn owl nestlings may
allopreen and allofeed siblings to reduce the level of
sibling competition. It is interesting to mention here
that barn owl nestlings are also known to vocally nego-
tiate among each other for priority access to food
resources, a behaviour that reduces the level of sibling
competition (Roulin, 2002). Reduction in sibling com-
petition by allopreening may be particularly important
in darker pheomelanic females, which allopreen their
siblings during longer bouts than paler females. This
finding suggests that darker and paler females are not
equally sensitive to environmental and social factors, a
finding that requires further study. If so, allopreening
may act as a massage to decrease stress levels in both
the groomee and the groomer.

In three-chick broods, owlets more often stole food
from their older siblings. Moreover, an individual was
more likely to steal food when in a junior rather than
in a senior position in experimental pairs, showing that
nestling barn owls altered their behaviour according to
their rank in the within-brood age hierarchy. This
emphasizes the importance of the hierarchical position
in shaping nestling behaviour. Although senior siblings
in a variety of species have been found to feed their
younger siblings or to have food stolen from them
(Steele & Hockey, 1995; Yip & Rayor, 2013), this find-
ing is surprising in our laboratory conditions, as food
was available ad libitum and easily attainable. Food was
thus not stolen to save foraging costs. Alternatively, the
elder individuals can represent a model for the younger
individuals, as they may have access to more rewarding
prey items under natural conditions. In some animal
species, social learning is indeed an important way of
acquiring information about food (Galet & Whiskin,
2001; Rapaport & Brown, 2008; Schwab et al., 2008).
Alternatively, giving food and letting siblings steal their
meals might be a status signal by which older nestlings
can assert their competitive level (Massen et al.,, 2010).

The results of the two experiments were globally
consistent but presented slight differences. Seniors more
often fed their younger siblings in three-chick broods
but not in experimental pairs. Reciprocation of food
sharing was found in three-chick broods but not in
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experimental pairs. Food sharing was related to the
number of allopreening bouts in three-chick broods
and to the duration of allopreening in experimental
pairs. In three-chick broods, juniors and middle-born
nestlings stole more prey items when darker reddish
than when paler, whereas the opposite was true for
seniors. In experimental pairs, darker reddish nestlings
stole more often, independently of their rank in the
hierarchy. These differences may be explained by the
fact that in experimental pairs, nestlings had no choice
of partner or by the fact that three-chick broods inter-
acted for both food stock (prey left in the nest) and
food regularly brought by the parents. Several other
factors, such as the amount of food and the nestling
age, can explain these disparities. In any case, these
discrepancies suggest that prosocial and stealing beha-
viours are context dependent.

Conclusion

The present study is of general interest for several rea-
sons. First, extra-pair paternity is rare in the barn owl
and nestlings sharing the same nest are thus full sib-
lings. Therefore, allopreening and allofeeding may
have both indirect benefits (kin selection) and direct
benefits. These two pathways, which are usually con-
sidered separately to explain the evolution of coopera-
tion, can actually work synergistically (Lehmann &
Keller, 2006; McGlothlin ef al., 2014; Van Cleve &
Akcay, 2014), with kin selection being necessary for
initial selection for reciprocity (Axelrod & Hamilton,
1981). Second, studying two social behaviours
revealed that we have to consider the full range of
social behaviours to understand the evolution and sta-
bility of cooperation. Indeed, the expression of a given
social behaviour was conditional on the expression of
the other social behaviour, an effect that may depend
on the degree of relatedness between socially interact-
ing individuals (Lehmann & Keller, 2006; Van Cleve &
Akcay, 2014). This is fundamental, as reported by Van
Cleve & Akcay (2014): ‘matural selection rarely oper-
ates through a single pathway, and therefore the vari-
ous causal components of social evolution need to be
integrated and their commonalities and interactions
explored’.

Links between social behaviours and coloration were
detected in nestlings, and given that adult barn owls do
not express complex social behaviours beyond repro-
ductive activities, we must discuss the relevance of our
results. First, data are required regarding whether nest-
lings can assess the coloration of their nest mates and,
if so, whether they behave differently in front of a dar-
ker or paler sibling. Because it is difficult to manipulate
the coloration of the entire body, experiments should
be performed in which a focal nestling is placed with
either a darker or a paler conspecific. Although col-
oration may not be clearly visible at night, during day-

light hours, there is enough light for humans (and
hence probably owls) to perceive slight variations in
coloration. Second, the finding that darker females
spend more time preening their offspring (Almasi et al.,
2013) suggests that coloration is associated not only
with the tendency of nestlings to adopt cooperative
behaviour but also with parental care. This raises the
possibility that reddish coloration may be related to a
number of behaviours inside the family. If so, col-
oration may be related to sibling competition at the
nestling stage, and later on, the same trait may be used
as a signal of the quality of parental care. Given that
the genetic regulation of melanin-based coloration is
conserved across vertebrates, including the pleiotropic
effects of melanogenic genes (Ducrest et al,, 2008), our
study indicates that melanin-based coloration may
signal not only the extent to which animals are aggres-
sive (Ducrest et al., 2008) but also the extent to which
they are cooperative. Because interindividual variation
in melanin coloration is mainly explained by genetic
factors (Roulin & Ducrest, 2013), this trait may be an
honest signal of how individuals behave during social
interactions, which could provide information about
partner quality (Leimar, 1997).
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