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Abstract

The seemingly altruistic sentinel shifts performed alternately by individuals in group living animals have been extensively
studied. However, the reactions of group members to the sentinel following its guarding shift have been almost ignored. To
address this issue, we examined the reactions of groupmates to the sentinel in 20 groups of the cooperatively breeding Ara-
bian babbler. We first induced sentineling of dominant and subordinate individuals of both sexes by feeding them ad libitum.
Immediately after a sentinel bout, sentinels were not granted more copulations or more allopreening, neither did they suffer
less aggression as compared to a control period not following sentinelling, even not after warning their groupmates from an
approaching predator. Even more surprisingly, subordinates, who normally copulate less than dominants, copulated even
less than usual after a sentinel bout. These findings support further the hypothesis that in this species, sentinelling serves
first and foremost the sentinel itself, and accordingly, groupmates do not reward the sentinel.

Significance statement

Sentinel behaviour in cooperatively breeding animals gave rise to numerous debates regarding this seemingly altruistic
behaviour. All the group members benefit when sentinels spot predators and pronounce loud alarm calls. Do groupmates
pay back sentinels for defending them? To address this question, we examined the reactions of groupmates to the sentinel in
20 groups of the cooperatively breeding Arabian babbler. Immediately after a sentinel bout in the breeding season, sentinels
did not (1) copulate more often, (2) get more allopreening, and (3) suffer less aggression, as compared to a control period,
even not after warning their groupmates from an approaching predator. These findings support the hypothesis that at least in
this species, sentinelling is carried out for the sake of its performer and is not an altruistic behaviour.
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Introduction

In many group-living animals, including mammals, birds,
and even fishes, one group member positions itself at a
high and prominent position from time to time, and looks
around. This individual is called sentinel. If a predator
approaches, the sentinel utters specific calls, termed
‘alarm calls’. Hearing these calls, the other group members
frequently stop immediately whatever they are doing and
escape to the closest shelter or join the sentinel in calling
toward the predator. When the predator disappears, all
the group members stop calling and return gradually to
foraging (Bednekoff 2015). Many studies have agreed that
this is a common system of anti-predator vigilance (Gaston
1977; Rasa 1986, 1989; McGowan and Woolfenden 1989;
Zahavi 1990; Bednekoff 1997, 2001; Wright et al. 2001a,
b; Hollen et al. 2011; Ridley et al. 2013; Santema and
Clutton-Brock 2013; Dattner et al. 2015; Kern et al. 2016).
There is usually one sentinel at a time (Bednekoff 2015),
and the sentinel activity covers between 30 and 75% of the
group’s foraging time (McGowan and Wollfenden 1989;
Clutton-Brock et al. 1999; Wright et al. 2001b; Hollen
et al. 2008; Walker et al. 2016). The group members,
therefore, are not always protected by a sentinel when
they are foraging. Previous studies found that dominants
act as sentinels significantly more than subordinates
in Arabian babblers, Argya squamiceps (Wright et al.
2001a, b); Florida scrub-jays, Aphelocoma coerulescens
(Bednekoff and Woolfenden 2003, 2006); pied babblers,
Turdoides bicolor (Hollen et al. 2011); white-browed
sparrow weavers, Plocepasser mahali (Walker et al. 2016);
meerkats, Suricata suricatta (Clutton-Brock et al. 1999);
and dwarf mongooses, Helogale undulata (Kern et al.
2016).

Since the sentinels lose foraging time and seemingly
endanger themselves (Ridley et al. 2013), several, not
mutually exclusive, functions of sentinel behaviour have
been suggested so far. As foragers learn from the sentinel’s
alarm calls about the imminent danger and react accord-
ingly, the sentinel benefits from the higher survivability
of its group mates via group augmentation (Kokko et al.
2001; Wright et al. 2001b; Kingma et al. 2014) and kin
selection (Hamilton 1964; Sherman 1977). Other hypoth-
eses include parental care as the main motive for sen-
tineling (Clutton-Brock et al. 2000; Sorato et al. 2012;
Santema and Clutton-Brock 2013). Furthermore, recip-
rocal altruism had been suggested as a mechanism driv-
ing sentinel behaviour (Trivers 1971). Sentinel behaviour
has also been suggested to be a handicap (because it is
potentially risky and carried out on the account of foraging
time) and performed in order to gain social prestige by the
group members thanks to defending them, which would
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improve breeding probabilities in the future (Zahavi 1990;
Zahavi and Zahavi 1997, pp. 133-136, 143—-145; Dattner
et al. 2015). An additional hypothesis suggested detect-
ing conspecific intruders and expel them (McGowan and
Woolfenden 1989; Walker et al. 2016). In contrast to most
of these hypotheses (except of the last one), which assume
that the sentinel endangers itself, Bednekoff (1997, 2001)
suggested that a sentinel may be safer due to its ability to
detect predators earlier than when it forages, and, upon
detection, can either dissuade the predator from attacking
by calling towards it or escape to shelter in time. Moreo-
ver, sometimes the alarm calls emitted by the sentinel may
actually divert the attack away from itself towards the for-
agers (Kareksela et al. 2013).

Under the reciprocity (Trivers 1971) and the handi-
cap (Zahavi 1990) hypotheses, sentinel activity should be
rewarded in one way or another by group members. Under
all other hypotheses, sentinel activity is independent of any
behavioural response by the group members.

In this study, we tested the rewards for sentineling in
the Arabian babbler, Argya squamiceps, a cooperatively
breeding songbird, resident along the dry riverbeds of the
Rift Valley. Arabian babblers live year-round in territorial
groups of two to 20 individuals of both sexes and all ages.
All group members cooperate in defending the territory
against neighbouring groups and against intruding babblers
who occasionally try to penetrate into the area or into a
group. A linear hierarchy exists among individuals of each
sex that typically corresponds to their age. Within the group,
a higher rank implies both a higher priority of access to food
and breeding opportunities (Zahavi 1989, 1990). However,
while in certain groups the dominant pair alone can breed,
in other groups, non-relative subordinates may also share
breeding (Lundy et al. 1998). The Arabian babbler’s sentinel
behaviour was described by Zahavi and Zahavi (1997, pp.
134-136), Naguib et al. (1999), Wright et al. (2001a, b, c),
Regosin (2002), Edelaar and Wright (2006), Sommer (2011),
Sommer et al. (2012), Dattner et al. (2015), Ostreiher and
Heifetz (2017, 2019, 2020), and Ostreiher et al. (2021).

In the Arabian babbler, males sentinel more than
females and dominants more than subordinates (Ostreiher
and Heifetz 2017, 2019). During foraging, individuals
sometimes behave aggressively toward others, push them
away from foraging patches, exploit their work, grab
from them food items, and even peck each other directly.
Females suffer from aggression more than males and
subordinates more than dominants. On the other hand,
sometimes one babbler approaches another and starts
to preen it in a friendly manner. Such allopreening may
last from a few seconds up to a few minutes, and then,
the individuals move away from each other and return to
foraging (Zahavi 1989, 1990).
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Previous feeding experiments, conducted by us and by
many others in different species (Clutton-Brock et al. 1999;
Wright et al. 2001c; Bednekoff and Woolfenden 2003, 2006;
Ostreiher and Heifetz 2019; Ostreiher et al. 2021), showed
that additional food drives the receivers to sentinel more than
usual. This finding provided us the ability to compare the
responses of the group members to the sentinel behaviour of
one of them in three situations: after a sentinel bout in which
the sentinel warned its group mates from an approaching
predator, after a sentinel bout without warning, and during
ordinary foraging. We hypothesized that after warning from
danger, rewards are more common than without warning,
and after sentinel activity in general (i.e., with or without
warning), rewards are more common than during foraging. A
previous study showed that group members do not increase
the amount of their sentinel bouts in reaction to the increase
in sentinel behaviour of one of them who received additional
food (Wright et al. 2001c). Other studies found considerable
differences in the amount of sentinelling between the group
members (Clutton-Brock et al. 1999; Wright et al. 2001a, b;
Bednekoff and Woolfenden 2003, 2006; Hollen et al. 2011;
Kern et al. 2016; Walker et al. 2016). It seems, therefore,
that increased sentinel activity by others is not the main
factor influencing an individual’s own sentinel behaviour.
However, sentinel activity could still be reciprocated by other
kinds of rewards, such as reduced aggression, increasing
friendly interactions like allopreening, and maybe even
more copulations in the breeding season. Kern and Radford
(2018) indeed found that dwarf mongooses reward sentinels
by additional grooming before they go to sleep, sometimes
some hours after terminating the sentinel bout. Their finding
is remarkable because non-primate animals trade one type
of good (defense) with another one (grooming), separate
in time between the contribution and the reward, and the
reward was usually given to the sentinel by one individual
while the contribution was given to the whole group.

Feeding experiments revealed that additional food led
to additional sentinelling (Ostreiher and Heifetz 2019;
Ostreiher et al. 2021). We conducted a feeding experiment
in order to test the responses of the group members to
varying amounts of sentinel effort. We asked (1) Does the
group members’ intensity of different social interactions
vary with their peers’ sentinel activity? And (2) Does it
matter whether that individual is a female or a male, and
dominant or a subordinate in the social hierarchy of the
group? If group members’ behaviour towards the sentinel
is changes according to its sentinel effort, we expect that
this change will be more pronounced for subordinates than
for dominants as well as for females as compared to males
since dominants and males usually sentinel more than
others. We carried out the study at the beginning of the
breeding season, in those days in which babblers copulate.
We focused attention on three types of interactions:

aggression, allopreening, and copulations. These are
important measures that express agonistic (aggression) and
friendly (allopreening) relationships between babblers. In
addition, copulations express fitness in the short term better
than any other measure. All three activities — aggression,
allopreening, and copulations — are common among the
group members and are easily detectable by the observers.
Other social behaviours such as vocalizations, cooperation
in foraging and mobbing, are less frequent, more subject to
interpretation, and/or are more difficult to record accurately.
For these reasons, we restricted attention in this study to the
above three types of social interactions.

We hypothesized that if rewards may incentivize senti-
nel activity, then foragers reduce their aggression toward
their peer who has just sentineled intensively, allopreen
it more often, and copulate with it more, especially after
being warned by it from an approaching predator. We further
hypothesized that the effects of increased sentinel activity
are more pronounced in subordinates and or females as these
usually sentinel less frequently than dominants and males.

Methods

The study was carried out at the Shezaf Nature Reserve
in the Arava Valley, in the southeastern part of Israel.
The study area, the local babbler population, the Arabian
babbler’s social system, and our fieldwork methods have
been described by Zahavi (1989, 1990) and by Ostreiher
and Heifetz (2016, 2017). At the time of the study, the
study area contained about 160-260 individuals who lived
in 25-32 groups. Each group was observed at least twice
a week and almost every day when a group was actively
nesting. The nestlings were ringed when they were 10 days
old, 4 days before fledging, with four coloured rings in a
unique combination. The babblers were accustomed to
human presence, so we were able to stay in their vicinity as
much as we wanted.

The study could have not been conducted without a
feeding experiment because it would have taken many
years to collect the data, and the composition of the group
would have been meanwhile changed. Because dominants
sentinel more than subordinates, we found it necessary to
compare the reactions of the group members toward domi-
nants versus their reactions toward subordinates. We knew
in advance that following feeding, subordinates increase
their sentinel activity more than dominants (Ostreiher and
Heifetz 2019), and reasoned that the larger difference in
their sentinel activity would potentially produce stronger
reactions by their group mates, which would facilitate us to
detect the reward. Moreover, we reasoned that the compari-
son of the reactions toward dominants versus subordinates
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would enable us to quantify the relationship between sen-
tinel effort and the given rewards. Because males sentinel
more than females, the same reasons caused us to compare
also between the sexes.

The experiment was carried out in 20 different groups. In
each group, two adult individuals, the most dominant and the
most subordinate, were chosen as the focal babblers for the
experiment. In ten groups, the two focal babblers were males
and in ten groups females. The study was carried out in the
breeding season, in the stages of nest-building and copulations,
in order to find out whether additional sentinelling may lead
to additional copulations (according to Zahavi 1990; Dattner
et al. 2015). For the males, the groups that were chosen for the
experiment were either polyandric groups (composed by one
breeding female with two or more breeding males) or com-
plex (composed of two or more breeding males and two or
more breeding females). For the females, the groups that were
chosen were polygynous groups (composed of one breeding
male and two or more breeding females) or complex ones. In
both cases, we chose groups in which the subordinates were
potential breeders (not relatives of the breeders of the opposite
sex) and competed for breeding.

In each group, the experiment continued 12 subsequent
mornings. Every morning, the observation started at first
light, when the group descended from the roost tree. Data
collection started 30 min later, and continued for 3 h. In six
mornings, we observed the group and no manipulation was
performed. In the other six mornings, alternately, we fed
one focal babbler, either the dominant or the subordinate,
with mealworms (Tenebrio molitor) as much as it was will-
ing to eat. We fed it three times: before the beginning of
the 3-h observation, once again about 1 h later, and once
again about 2 h later. We documented all the focal babbler’s
physical interactions with other group members, including
copulations, aggression, and allopreening that it received
from others. Sentinel time was measured in seconds with
a stopwatch. Days 1, 2, 5, 6, 9, and 10 were dedicated to
one focal babbler, and days 3, 4, 7, 8, 11, and 12 were dedi-
cated to the second one. In ten groups, we started with the
dominant babbler, and in ten groups, we started with the
subordinate. In each pair of days, the first day was dedicated
to observation only, and no manipulation was carried out.
These days were considered as control. The following day
was dedicated to feeding the focal babbler of that day. This

way we repeated the same treatment three times, and each
focal babbler served as its own control. We compared the
behaviour of the focal babbler’s group mates between days
in which it gained additional food versus days which served
as control. During the study, 1631 sentinel events were per-
formed: 692 events under control conditions and 939 events
following feeding. The distribution of the sentinel events
between the four focal babblers is presented in Table 1, but
this data set was not analysed because it is out of the focus
of the current study and it repeats previous similar ones
(Ostreiher and Heifetz 2019; Ostreiher et al. 2021). The
experiment also enabled us to compare the reactions of the
group members to the sentinel behaviour of the dominant
male/female versus their reaction to the sentinel behaviour
of the subordinate male/female. In each group, the 12-day
series started when they started to copulate, several days
after the beginning of nest building.

Out of 1631 sentinel events that were performed by 40
focal babblers, in 390 events (23.9%), an aerial raptor or a
terrestrial predator approached the group. In all the cases,
the sentinel was the first to notice and uttered alarm calls,
and all the group members reacted to its calls. They stopped
immediately what they were doing at that moment and either
escaped into shelter within a bush or climbed up to the top of
a tree and joined the sentinel in calling as long as the raptor
or the predator was seen. None of these events was followed
by a predation attempt. The raptor or the predator moved
on and disappeared, and the group members returned to
their routine, usually to forage. Out of these cases, for each
focal babbler, we analysed three randomly chosen events
in which the sentinel finished to sentinel when the predator
disappeared, joined its group mates, and foraged with them
at least 20 min immediately after ending the sentinel bout.
We compared the focal babbler’s social interactions with
its group members during a 20-min foraging across three
conditions: Following a sentinel bout in which the sentinel
warned its group mates from an approaching predator, fol-
lowing a sentinel bout without alarm calls, and during a
20-min foraging which took place on control days, did not
follow a sentinel bout in the preceding hour, and started after
at least 5 min intermission in foraging. We documented each
of these three situations three times for each of the 40 focal
babblers. Each of the nine 20-min samples (three following
a sentinel bout with alarm calls, three following a sentinel

Table 1 Distribution of the

o ) Dominant male Subordinate  Dominant Subordinate Total

sentinel events bet.ween the four male female female

focal babblers during ordinary

conditions (control) and Control 238 197 148 109 692

following a feeding experiment g ino feeding 281 249 212 197 939
Increase in sentinel events 43 52 64 88 247
Increase in % 18.1 26.4 432 80.7 35.7
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bout without alarm calls, and three which did not follow a
sentinel bout) was taken randomly from a different day.

For each focal babbler, we documented its mutual inter-
actions during 9 * 20 =180 min (3 h), totalling 7200 min
(120 h) for 40 individuals. In two cases, the observations
and the experiment were stopped before ending because the
group started to incubate, and at least one of them, some-
times more than one, stayed in or near the nest, while other
group members foraged far away. In these cases, the data
were discarded, and a new set of observations, with another
group, was conducted in the following year.

In general, we documented the behaviour of 126 individu-
als living in 20 groups, 40 of which were the focal babblers.
Each group was observed 36 h (12 days * 3 h) leading to a
total of 720 h (20 groups * 36 h) during 240 days (20 * 12)
for the whole project. The field work started on 24.3.2009
and ended on 16.5.2015. It was not possible to record data
blind because our study involved focal animals in the field.

Statistical analyses

To test our hypothesis that group mates do reward the sentinel
at the end of the sentinel bout, in particular, after the sentinel
uttered alarm calls towards a predator and its group mates ben-
efited from its warning, we fitted a total of three generalized
linear mixed models (Baayen 2008). These differed mainly
with regard to the behaviour investigated (i.e., the response
variable) but were otherwise largely identical. We fitted one
model for each of the number of aggressions received (model
1), the number of instances of allopreening received (model
2), and the number of copulations (model 3). In all models,
condition (factor with three levels: control period before which
the focal did not sentinel; after a period of sentineling by the
focal during which it did not give a warning; after a period of
sentineling by the focal during which it gave a warning) was
the key predictor with fixed effect. It seemed plausible that the
effect of condition differs according to the rank and sex of the
focal. More precisely, we reasoned that the effects of additional
sentinel activity could be more pronounced for subordinates
and/or females as these usually show less sentinel activity (see

“Introduction”). Furthermore, subordinates and females usu-
ally receive more aggression and subordinates copulate less
frequently. Hence, for such individuals, the effects of additional
sentinel activity might be particularly pronounced. For these
reasons, we included fixed effects for the rank and sex of the
focal individual and its or their interaction(s) (see below) with
condition into each model.

Since in our data dominant males never received aggres-
sions, we excluded them from the data for model 1. For
model 1, we then combined the information about the sex
and rank of the focal individual in a single factor. In the
other two models, we included them separately (see Table 2
for an overview of the models). Into all models, we included
random intercepts for the identity of the focal and the group.

All models included random slopes for a priori reasons,
though alternative analyses suggested in review show essen-
tially the same results (see Supplementary Information).

As an overall significance test of the effects of condition
and its interaction(s) with sex and rank, we compared each full
model with a respective null model lacking the respective terms
in the fixed effects part. When this full-null model comparison
reveals significance, this indicates that condition and/or one or
several of its interactions with the other predictors had a sig-
nificant effect on the response. For testing the significance of
individual fixed effects, we compared a model with and without
the respective effect (R function drop1). All model comparisons
utilized likelihood ratio tests (Dobson 2002). For more details
about the statistical analysis, see the supporting information.

Results

The responses of the group members
toward the sentinel

Aggression
During the data collection, we observed 167 aggressive

interactions directed toward the focal babblers. None of
them was directed toward dominant males. Subordinate

Table 2 Overview of the

Model Fixed effects" Random effects® Sample size
models fitted
1 Condition*dom.sex (1 + conditionlfocal) + (1 + condi- Total: 270
tion+ dom.sex|group) 30 focals
20 groups
2,3 Condition*rank*sex (1+ conditionlfocal) + (1 + condition*ran ~ Total 360
klgroup) 40 focals
20 groups

(Mdom.sex refers to a factor combining the dominance status and sex of the individuals; this had the levels
subordinate female, dominant female, and subordinate male; the asterisk is here used as in R; i.e., A*B
means the interaction and all lower order effects this encompasses

@1In the random effects part of the model, we generally manually dummy coded and then centred factors
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males were subject to 31 instances of aggression, domi-
nant females subject to 46, and subordinate females sub-
ject to 90.

Dominant females, subordinate females, and subordinate
males all received at least as much aggression following sen-
tinel bouts as during control periods, regardless of whether
they gave alarm calls during sentinel bouts (full-null model
comparison X2=6.809, df=6, P=0.339). If at all, aggres-
sion occurrences were slightly more frequent following
sentinel bouts (Fig. 1a; Table SI 1), in contrast with our
hypothesis.

Allopreening

Allopreening was a common behaviour in the groups, and
407 events were observed. Dominant males were preened 76
times, dominant females 106 times, subordinate males 109
times, and subordinate females were preened 116 times. No
significant differences were found between receiving allo-
preening during a control period, after a sentinel bout with-
out the sentinel warning its group mates from an approach-
ing predator, and after a sentinel bout with such a warning
(full-null model comparison X2 =12.99, df=8, P=0.112;
Fig. 1b; Table SI 2). Here too, the differences were in con-
trast to our hypothesis, as focal individuals received slightly
less allopreening after they had been sentinels (Fig. 1b).

Copulations

The study was conducted in the breeding season, and during
a net time of 120 h, the 40 adult individuals (3 h per each
focal babbler) were involved in 261 copulations. Dominant
males copulated a total of 93 times, dominant females copu-
lated 112 times, subordinate males 33 times, and subordinate
females copulated 23 times. For dominant individuals, the
numbers of copulations were very similar after control peri-
ods, after a sentinel bout without a warning given, and after
sentinel bouts in which the sentinel warned its group mates
from an approaching predator (Fig. 1c). In contrast with our
hypothesis, however, subordinate individuals had signifi-
cantly fewer copulations after a sentinel bout during which
they uttered alarm calls (Fig. 1c; full-null model comparison
X2 =16.265, df =8, P=0.039; see Supporting Information).

Discussion

In this study, we compared the behaviour of the group
members toward the sentinel after it acted as sentinel (with
or without a warning about a predator) and after a control
period. The sentinel warns its group mates from approaching
predators, and its absence among the foragers may reduce
their competition over food. In group-living animals who
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develop long-term relationships, if sentinel activity is at least
partially incentivized by group members, then at the end of
the sentinel bout, group mates would reward the sentinel
by being less aggressive towards it during foraging, maybe
by preening it more frequently, and even, in the breeding
season, copulating with it more often. These are common
behaviours between the group members.

The Arabian babbler group members did not reward
the sentinel in any noticeable way. Sentineling did not
yield more tolerance in foraging as compared with control
days and regardless of whether they warned or not from
an approaching predator. Individuals who sentineled more
than usual were not preened more and did not copulate more
than usual. In fact, subordinate individuals, who normally
copulate much fewer than the dominants, experienced sig-
nificantly less copulations following a sentinel bout during
which they uttered alarm calls towards a predator. In this
sense, they were exploited rather than rewarded for the ben-
efit they provided to the group.

In contrast to dwarf mongooses, who rewarded the senti-
nels by additional grooming (Kern and Radford 2018), Ara-
bian babblers seemingly ignored the sentinels, at least within
the period investigated. Moreover, subordinate babblers who
finished to sentinel and started to forage suffered a little
more aggressive interactions and gained significantly fewer
copulations. In addition, without sentinelling all the focal
individuals received slightly more allopreening (though not
significantly so). We hypothesize that after ending to senti-
nel, the babblers were hungry and invested in foraging rather
than in social activities. Moreover, joining the foragers could
increase competition between foragers, maybe breach some
equilibrium among them and evoke aggression. One differ-
ence between our study and Kern and Radford’s study is that
we investigated immediate rewards, while they investigated
delayed rewards. While we cannot rule out other rewards
on other time scales, the data in hand are the opposite of
predicted for immediate social rewards in Arabian babblers.
Our study did not test Zahavi’s hypothesis (1990) that the
sentinels gain prestige by their group members, because the
term itself is vague and no testable predictions have been
suggested for it so far. However, potential implications of
prestige, namely tolerance in foraging, allopreening, and
copulations, were not found in this study. Likewise, the lack
of rewards rejects Trivers’s hypothesis of reciprocal altruism
in this species.

While sentinel behaviour is often done by organisms with
rich social lives, it is also carried out by Arabian babbler
floaters with no group members with them (Ostreiher and
Heifetz 2017, 2020). The results of this study support fur-
ther the hypothesis that sentinel behaviour may be independ-
ent of rewards by others, as was suggested by Bednekoff
(1997, 2001) and supported by Clutton-Brock et al. (1999)
and Wright et al. (2001b), in spite of the fact that group
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members derive direct benefits from it. Our study opens
the door for employing the same experimental procedure in
other cooperatively breeding species. Cooperation and joint

field work of cooperative breeder researchers are timely for
understanding central questions in the behavioural ecology
and sociobiology of cooperation.

6 o o (a)
5 o
e}
g 4 o ° °
2
§ 3 (o] o) o ° o )
2
o 2 [e] o (@) o [e)] (@) o (o) )
@
o
(=]
= D O O o) O O
g
[}]
Q
IS
- ——
c |
0
] no alarm __alarm - no alarm __alarm - no alarm __alarm
nosentinel ~  sentinel no sentinel sentinel nosentinel  sentinel
subordinate female dominant female subordinate male
5 o (b) o o
el
o
>
Q 4 o o ° o o
[&]
o
w
23 O o @) (@) ° o) O ° o o o)
c
(]
o
221 O O O O O @) O o] O
5 %
S
[}]
a 1
: | t % 1 % % ]
-
=
o O @) O @) o) @) @) @)
— no alarm_alarm — no alarm_alarm — no alarm_alarm — no alarm_alarm
no sentinel sentinel no sentinel sentinel nosentinel sentinel nosentinel sentinel
female . male female . male
subordinate dominant
5 ) °
el
2
3 ¢ © °
S
o
g 3 o ° ) lo) ) )
.
s
-3
a2 o ° o o o O o o o o
o
z
E 1 O O o O O o
= T
0 QO O o O 0
— no alarm_alarm — no alarm_alarm — no alarm_alarm ~ no alarm_alarm
no sentinel sentinel no sentinel sentinel nosentinel sentinel nosentinel sentinel
female ) male female . male
subordinate dominant

Fig. 1 Received number of aggressions (a), allopreenings (b), and
copulations (c¢) during 20 min of foraging in the three conditions
(after a control period without sentineling; after a sentinel bout with-
out a warning from predator, and after a sentinel bout with a warn-
ing from a predator), separately for the different sexes and ranks. Dots

show the individual observations, whereby the area of the dots is
proportionate to the number of identical observations (range 1 to 27).
Horizontal line segments with error bars depict the fitted model and
its 95% confidence limits
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