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Abstract In fulfilling their daily activities, animals must ex-
pend the least amount of energy possible while feeding in
order to optimise their energy balance. Food is removed by
congeners as a result of exploitation competition. When a
resource becomes limited, an increase in the probability of
interference competition (direct competition for the resource)
is triggered. While a high social rank may increase foraging
time and resource access, this status also has detrimental
facets. To explore the benefits of dominance/aggression in a
context where true monopolisation of resources could be ad-
vantageous, we tested three hypotheses related to the patchi-
ness of resources, agonistic activity (i.e. dominance and ag-
gression) and individual attributes (i.e. morphology and be-
haviour) in a group of captive mouflon males (Ovis ammon
musimon). Feeding performance was analysed using linear
mixed models based on predictors about patchiness of the
resource, and behavioural and morphological indices. No
clear relationship was found between dominance and feeding
performance. However, the general pattern showed (i) a de-
crease in overall feeding performance with the dispersion of
the resource; (ii) that the discrepancy in feeding performance

among individuals was maximal when confronted with inter-
mediate conditions; and (iii) that alternative tactics allowed
subordinate individuals to achieve a similar feeding perfor-
mance to dominants. The results of this study suggest that,
over and above agonistic behaviour and dominance, the mo-
tivation of individuals and its variation over time, though dif-
ficult to evaluate, could be key to understanding the coexis-
tence of alternative behavioural tactics.

Keywords Agonistic behaviour . Dominance . Feeding
competition .Motivation . Individual . Alternative tactic

Introduction

Animals attempt to maximise their energy balance by
expending as little energy as possible during feeding
(Leblond et al. 2010) while primarily using rich food patches
(Shrader et al. 2007). However, this behaviour often generates
aggressive interactions that can be especially frequent in social
herbivores that graze as a group. In such conditions, depend-
ing on food availability, individuals interfere with each other
either to acquire a resource or to defend it against conspecifics.
Under this framework, and according to the Resource Defense
theory based on the economic defendability of resources
(Brown 1964), dominant individuals will acquire certain ad-
vantages over subordinates when competing for food. Several
studies in both cervidae (Appleby 1980; Barrette and Vandal
1986; Thouless 1990) and bovidae (Festa-Bianchet 1991;
Fournier and Festa-Bianchet 1995; Masteller and Bailey
1988; Prins 1989; Rutberg 1986) have shown that high-
ranking individuals tend to acquire better resources (i.e. in
terms of quality and/or quantity) than their lower ranking
counterparts. In all of these situations, aggression through
the increase of agonistic interactions appears to be the most
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common mechanism of interference competition (Vahl et al.
2005).

Conversely, this notion of competitive dominance may
confuse the concepts of pure dominance, as a dyadic property,
and the ability to acquire food (i.e. it is not always the domi-
nant, but the most motivated, that have first access to food,
Barrette and Vandal 1986; Drews 1993). Moreover, certain
individuals are reported to develop particular tactics of food
acquisition to gain preferential access to food resources (e.g.
Cervus elaphus, Schmidt and Hoi 1999; Odocoileus
vigginianus, Taillon and Côté 2007; Ovis Canadensis,
Bonenfant et al. 2009). Other studies (Ceacero et al. 2012;
Schmidt et al. 1998) suggest that the most dominated animals
do not necessarily eat less, probably because interference for
monopolising food resources is frequent only among domi-
nant individuals (Barroso et al. 2000). Feeding interactions
and their impact on congeners is well known in invertebrates
(Smallegange et al. 2006), fishes (Ryer and Olla 1996;
Sundström 2001), amphibians (Gabor and Jaeger 1995) and
birds (Enoksson 1988; Gyimesi et al. 2010), but has received
much less attention in large mammals (but see Epsmark 1974
in cervids; Rubenstein 1994 in equids; Shi and Dunbar 2006
in caprids). While the functional significance of the relation-
ship relies on the advantages procured by the monopolisation
of a resource (Grant and Guha 1993), little is known about the
proximate mechanisms underlying resource monopolisation.
The probability that an individual will transgress upon a con-
gener’s personal space with aggression is high in food-limited
conditions. Thus, the variability of behaviours for food acqui-
sition in such conditions increases, particularly among males
depending on their morphological differences and the social
system. In intolerant species, like rupicaprids, or in solitary
species, dominance is associated with exclusive
monopolisation of resources (Vestal and Stoep 1978). This
could be far less marked in socially tolerant species such as
many wild and feral caprids (Villaret and Bon 1998; Stanley
and Dunbar 2013). As an example, aggregation in males has
been reported in some species (Capra walie, Dunbar and
Dunbar 1981; Capra aegagrus, Schaller 1977; Ovis
orientalis, Maisels 1993) with low to median inter-
individual distances during feeding. This could reduce the
influence of hierarchical position on food intake.

In order to test the links between agonistic activity (domi-
nance and aggression) and a monopolisation of resources dur-
ing feeding bouts (feeding benefits), we investigated the effect
of resource organisation (i.e. patchiness) on relationships
among mouflon males constituting a single captive group.
Patchiness may be viewed as integrating two slightly different
dimensions, namely distribution and accessibility. We devel-
oped setups that allowed us to test the two dimensions in our
experiments (see BAnimals and methods^).

The experiments were conducted on mouflon males (Ovis
ammon musimon), which are known to show aggression and

dominance behaviour. This behaviour is under the control of
the sex hormones (Bouissou 1995), making males the more
aggressive sex. We should note that competition among males
could be indirectly related to food acquisition as it is known
that for some species, males could compete for sites which
will attract females during the rut (von Hardenberg et al. 2000;
Carranza et al. 1995).We assume that this is not the case in our
study, mainly because the experiment was done in later winter,
outside the reproductive period.

We tested three predictions related to patchiness of re-
sources, agonistic activity in terms of dominance/aggression
and individual characteristics (i.e. morphology and behav-
iour): (1) we expected an increase in the variance among the
individuals’ feeding performances in the most clumped feed-
ing situation (i.e. a single feeding bucket vs three buckets),
arising from an increase in feeding competition; (2) the indi-
vidual that receives the most submissive or avoidance behav-
iours (i.e. the dominant animal during feeding, not necessarily
the most aggressive) is expected to be the most efficient con-
sumer regardless of the patchiness of the resource; and (3)
morphological and/or behavioural characteristics may inter-
fere with this rationale, such that a particular behaviour and/
or morphological characteristic may allow an individual to
overcome the disadvantages (i.e. in terms of feeding) which
subordinate status confers.

As we have no quantified information outside of a feeding
context, our analysis focused on agonistic interactions during
feeding and the feeding consequences for dominants and sub-
ordinates. It was not our goal to study whether high domi-
nance rank per se (i.e. pure dominance) is advantageous but
rather (i) to question whether dominance in a feeding context
confers some advantages and (ii) to describe the social context
of this dominance.

Animals and methods

Data collection

Data were collected from a group of five males (see Table 1
for morphological measurements) confined for almost
6 months in a 900-m2 enclosure. The experimental setup
was located in the enclosure in which feeding trials of a dura-
tion of 6 min were carried out. Considering that morphology
under the influence of rearing conditions probably had an
effect on the interactions and social organisation among
males, their origin may have some significance. The male
Bo (4 years old) was separated from its mother after weaning
and reared alone. The four 2-year-old males (To, GB, Ca and
Ja) were separated early from their mothers and bottle-fed as a
group. Although the oldest male Bo had the largest horns, he
was also the lightest in weight (Table 1). We chose to include
this male in spite of its different history since, with respect to
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the social dynamics hypothesis (Chase et al. 2002), its social
profile contributed to the stability of the group. The animals
were exposed to three experimental feeding situations (S) with
different degrees of resource patchiness simulated by chang-
ing the number and relative position of buckets. The buckets
were cylindrical, 13 cm deep×15 cm in diameter, and
mounted at top of a 42-cm-high stake. This height corresponds
to the mouflon’s size, making it easy to observe individuals.
Situation 1 included one available bucket, so only one male
was allowed to feed at any given time (hereafter 1B). Situation
2 included three buckets arranged closely in a triangle with
35 cm between buckets (hereafter 3CB). The same total quan-
tity of alfalfa pellets as in 1B was equally distributed between
the three buckets. Three males were able to feed with their
horns in contact. Situation 3 was similar to situation 2, but the
three buckets were set 2.6 m apart, allowing two individuals to
eat at adjacent buckets without physical contact (hereafter
3FB).

The three feeding situations provided different degrees of
patchiness regarding the accessibility and distribution of the
food resources. In 1B, the patchiness is introduced through a
reduced accessibility to the resource. In this situation, the
greatest possible theoretical group feeding rate given the 6-
min duration of a trial corresponds to 72 s per individual (i.e.
360 s for five individuals). This corresponds to a shared feed-
ing time among the males. In 3CB and 3FB, accessibility is
increased and availability maintained at a similar level, while
the distribution is altered (i.e. dispersion is increased in 3FB).
The highest possible theoretical group feeding rate here is
216 s (i.e. [360 s×3]/5 individuals). These theoretical values
in the case of equal feeding duration among males according
to food availability are shown in Fig. 1. To take into account
the variation in food organisation, we calculated a relative
feeding performance (RFP) by dividing the measured feeding
duration (FED) for the group feeding rate in each situation
tested. Accordingly, an RFP value equal to 1 means that the
male reached the theoretical feeding rate according to the level
of competition (i.e. food availability and distribution).

Each feeding situation was replicated ten times on ten con-
secutive days and was separated from other situations by a 10-
day interval. For practical aspects, and to avoid excessive
modification of mouflon familiarity with the environment,

Table 1 Physical measurements and origin of mouflon males

Male identity Age (years) Weight (kg) Shoulder height Breast circum. Horn length Horn tip distance Breeding origin

Bo 4 41 72.8 87 69.3 41.2 M

To 2 46 71.8 87.5 52.8 35.2 A

GB 2 49 74 90 57.2 43.5 A

Ca 2 44 74 86 51.3 36 A

Ja 2 47 71.9 91.8 42.1 30.2 A

M reared with his mother and then tamed after weaning, A artificially tamed and milked as a group

T
ot

al
 f

ee
di

ng
 d

ur
at

io
n 

FE
D

 (
in

 s
ec

.)
0

100

200

0

100

200

0

100

200

B

B

B

Bo (1) To

Bo (2) To

ToBo (2)

o (2) GB

(1) GB

(1) GB

Ca Ja

Ca Ja

Ca Ja

a

a

a

a

b

c

Fig. 1 Relationship between feeding time distribution and the individual
feeding dominance rank during each competitive situation ordered in
decreasing order from left to right. a One bucket (1B); b three close
buckets (3CB); c three far apart buckets (3FB). Note that the two top-
ranked males, Bo and To, switched their rank (added in brackets) after
situation 1B. The dotted line denotes the theoretical group feeding rate at
equilibrium for each situation (see BAnimals and methods^)
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we carried out the feeding scenarios in the following order:
one bucket (1B), three close buckets (3CB), and then three far
apart buckets (3FB), instead of exposing mouflon to the three
scenarios at random. No variations in the rate of interactions
were detected over the ten replicates carried out for each situ-
ation, so we considered that no habituation to the experimental
design occurred. To allow the animals to become familiar with
the setup, mouflon were fed with alfalfa pellets in the proxim-
ity of the setup (but without the buckets mounted) for 4 weeks
before the start of the experiment and were exposed to each
new situation (without pellets) over a 10-day period. For each
trial (n=10 per feeding situation), the five males were first
stabled together in a sub-enclosure (12 m2) close to the exper-
imental sub-enclosure. Depending on the situation being test-
ed in the experimental enclosure, 1 L of pellets (ca. 650 g) was
distributed in a single bucket or equally shared among the
three buckets. The five males were then introduced to the
experimental section of the enclosure and filmed for 6 min
from a 3-m-high blind located to one side of the enclosure.
The camera’s field of view covered an area extending 1.5 m
beyond the buckets, monitoring in the same sequence all in-
dividuals within this field of view. The 6-min trial duration
was sufficient for the consumption of almost all of the pellets
in a bucket.

Using OBSERVER
© software (Noldus, Information

Technology, Wageningen, The Netherlands), each recorded
trial was viewed five times (i.e. once for each of the five males
in each situation), using the focal sampling method (Martin
and Bateson 1986) to collate data for each male. This
corresponded to 15 h of focal-male footage analysed. Each
agonistic act, the initiator, the recipient and its response were
systematically recorded.

Between each feeding trial, males were given restricted
access to hay but allowed to graze in the enclosure.
Occasional observations indicated that all animals were able
to feed without harassment by other males, and thus, we as-
sume that these conditions were not responsible for any dif-
ferences in feeding motivation state. The tests were carried out
at the same time each day (9:00 am), such that the males
entered the sub-enclosure at a similar stage of their daily nu-
tritional cycle, and hence, their hunger levels were also as-
sumed to be similar.

The behavioural repertoire was based on spatial position
and behaviours (Table 2). Following the nomenclature used in
OBSERVER

©, we distinguished behavioural states and behav-
ioural events. The behavioural states include all behaviours
for which the duration may be used for analyses. The behav-
ioural events were collated as frequencies and corresponded to
interactive acts (Table 2).

As proposed by some authors (Bouissou and Gaudioso
1982; Drews 1993), dominance may be viewed as a reduction
in timidity rather than an increase in aggressivity.
Furthermore, the most dominant individual may not always

show the most aggression (Drews 1993; Rowell 1966). Thus,
using an approach similar to that of Chase et al. (2002), but
following Rowell (1974) in focusing on submissive tendency
(i.e. avoidance behaviour), we considered animals receiving
the most and performing the least submissive acts (i.e. active
and passive withdrawal) during a trial as dominant in a feeding
context according to the formula:

IDF ¼ sub r= sub r þ sub gð Þ

where BIDF^ is an index of feeding dominance (IDF),
Bsub r^ is the frequency of received passive/active with-
drawal and Bsub g^ is the frequency of performed passive/
active withdrawal. Following Guilhem et al. (2000), we
considered a lack of response to an agonistic act as an
unclear outcome, possibly linked to feeding motivation
(Lemel and Wallin 1993; Ceacero et al. 2012).
Accordingly, the item was not included in the calculation
of the feeding dominance index.

To compare this value with an index of direct aggression
(IDA), we calculated for each trial the expression rate of
threats (thr), horn blows (hbl) and clashes (cla), whether as
an initiator (emiss) or as a respondent (receip) according to the
following formula:

IDA ¼ emiss thr þ hbl þ clað Þ= emiss thr þ hbl þ clað Þ
þ receip thr þ hbl þ clað ÞÞ

From previous observations, it was noticed that some indi-
viduals tended to be passive during agonistic interaction, so
we used the rate of Bno response^ in the responsive repertoire
of males as an index of passivity (hereafter IP):

IP ¼ nr=Ta

where nr is the frequency of no detectable response to an
agonistic act and Ta is the total number of agonistic items in
which a male is involved.

At the end of the experiment, we observed that the hierar-
chy resulting from feeding competition was inverted for the
first two males of the hierarchy, namely Bo and To, resulting
in the following hierarchical order: To > Bo > GB > Ca > Ja
for both more-than-one bucket situations. The abscissas in
Fig. 1 retain the original order for the three situations.
Indices of IDF, IDA and IP were calculated for each trial so
as to relate an estimation of immediate agonistic activity with
the feeding performance for each male.

To include a general value of the physical attributes (pre-
diction 3) of each male in the analysis, we used a data reduc-
tion technique by transforming the morphological data of
males to a continuous independent variable (hereafter MoSc)
by using the scores of a PCA performed on morphological
data (listed in Table 1). Specifically, we used the scores from
the first axis of the PCA.
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Statistical analysis

Our dataset has some weaknesses as it is limited in terms of
sample size (n=5). In addition, the RFP we calculated as our
dependent variable is upper bounded, as the maximal time of
feeding is limited by trial duration and, consequently, adjusted
values could fall outside this interval. Another issue concerns
pseudo-replication due to repeated measures on each individ-
ual in each trial; however, mixed models allowed us to control
for this. Accordingly, we used linear mixed effects models,
including a random term in the model coding the identity of
the animal, which allowed us to control for inter-individual
variation on parameter estimates (Pinheiro and Bates 2000).
The normality of residuals and the condition of homoscedas-
ticity (homogeneity of variance) were verified by visual in-
spection of normal probability plots.

We used R software (RDevelopment Core Team 2013) and
the lmer function of the lme4 package (Bates et al. 2012) to
perform a linear mixed effects analysis. We aimed to test the
influence of certain variables involved in our predictions on

the RFP of individual male mouflon. The fixed effects of the
most complex model included the situation variable (S) to test
our first prediction about the influence of patchiness of re-
sources, the indexes of dominance during feeding (IDF) and
aggressivity (IDA) involved in the second prediction, and fi-
nally the IP and the proxy of morphology (MoSc) (see
Table 1) involved in the third prediction about individual
traits. The reference level for the fixed effect S was 1B as this
situation corresponds with the maximal level of competition.

We did not construct a full model (i.e. including all possible
interactions of all terms) as our most complex model, because
of the risk of over-parameterisation and difficulty of interpre-
tation (i.e. an n/k ratio lower than 40 (i.e. 30), with k being the
number of fitted parameters in the most complex model and n
the sample size). To test for inter-individual differences per se
(differences in intercepts estimating male feeding perfor-
mance) and in the relationship with covariates that appeared
to be the most pertinent during feeding trials (IFD and IP), we
introduced a term that estimated the heterogeneity in terms of
intercept and slopes of individuals against each of the

Table 2 Description of the
spatial position and behaviours Recorded item Description

Spatial position

Prox All occurrences when a male was less than one body length from any bucket

Far All occurrences when a male was more than one body length from any bucket

Off Outfield, a male is out of the camera’s field of view

Behavioural state

fB An animal feeds with the muzzle in the bucket (note that chewing with the
head
out of the bucket is not included in this item)

fG An animal feeds on pellets on the ground under the bucket

Behavioural events

Aggressive/dominance acts

Clash A heavy blow between horns following a run up of the two opponents

Horn butt or blow A hit or an abrupt blow given to the body of a congener without first rearing
up or moving backwards

Horn push Pushing another individual with horns on the body or on the horns

Horn threat The head and horns are held as high as possible with the nose tucked down
towards the throat

Blocking Dominance act which consists of obstructing the path of a congener

Sexual-like dominance
acts

Foreleg kick in a stiff-legged manner aimed at the belly or between the hind
legs of a congener, mounting, twisting the head in a low stretch posture
with
the horns directed away from the body of a congener

Submissive acts

Passive withdrawal No holding out against a horn push (labelled as Bsupplant^ for the pusher)

Active withdrawal Withdraw, shy away, leaving the bucket being used following the approach
of a congener

Horn rubbing Rubbing of a subordinate’s preorbital gland on the horn or face of a dominant
congener (especially performed by male GB)

Unclear act

Neutral response No changes in previous activity during an interaction
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covariates as a random factor. Note that the identity of males
(IdM) appears both as included in the random term and as a
covariate (MoSc), as each value of the latter (n=5) is specific
to a given male.

The intercept and slope appeared to be correlated for the
two covariates (i.e. IDF and IP) regressed on individual iden-
tity. This indicates that the within-subject effect of the covar-
iates depends on the initial values of the dependent variable
RFP. Accordingly, we only specified the slope in the random
terms of the model.

The dredge function in the MuMIn package (Barton 2012)
was used to select the best models on the basis of the Akaike’s
information criterion corrected for small sample size (AICc)
(Burnham and Anderson 2010). Candidate models were then
ranked using this criterion and differences between the AICc
value of the best model (i.e. model with the lowest AICc) and
other candidate models (ΔAICc) to identify the best compet-
ing models. Models with AICc differences <2 were consid-
ered as equally supported by the data, but we also considered
models with ΔAIC <6 as informative (Bolker et al. 2009;
Richards et al. 2011). The Akaike weight (wi), estimating
the probability that each candidate model was the best among
the selected models, was well below the threshold of 0.9 (i.e.
0.38, Table 3). In such cases, a model-averaging approach is
recommended to reduce the risk of relying on a single and
weak candidate model (Grueber et al. 2011). Therefore, a final
model was obtained by a model averaging analysis (Buckland
et al. 1997; Grueber et al. 2011) on the set of models with a
ΔAIC <6, using the MuMIn package (Barton 2012) (func-
tions dredge and model.avg). Significance of model-
averaged parameter estimates was based on a Wald Z test for
maximum likelihood estimates; so in this case, no degree of
freedom is reported.

The relative importance (RI) of each explanatory variable
in the final model was calculated as the sum of all the model
weights in which that variable appeared; accordingly, a vari-
able appearing in all models would have a relative importance
of 1. To complete the information criterion, which only gives a
relative value of models, we evaluated the variance explained
by the models in terms of marginal (R2

m) and conditional (R
2
c)

coefficients of determination (or a goodness-of-fit statistic) by
using the function Br.squaredGLMM^ of package MuMin
(Barton 2012). These two coefficients furnish an indication
of how well the fixed effects fit the statistical model and
how much variation is explained by the variables (fixed and
random effects) included in the model, respectively. Note that
the coefficients tend to favour the most complex models. To
calculate accurate P values for significance of the slope of
random effects (i.e. test whether the variance of a random
effect was 0), we compared models with a single random
effect (IDF then IP) to models with no random term by using
parametric bootstrapping (package RLRsim and exactLRT
function) (Scheipl 2010).

For statistical accuracy, model comparisons with different
random effect structures were fitted using restricted maximum
likelihood (REML) and those comparing models with differ-
ent fixed effect structures were fitted using maximum likeli-
hood (ML) (see Bates 2005 and Baayen et al. 2008 on this
issue). The estimates for fixed effects were extracted after
removing non-significant random terms (i.e. slope of IDF on
male identity).

Spearman’s rank correlation (rs) was used to test the rela-
tionship between rank and feeding performance for each situ-
ation tested. Statistical significance was assumed for P<0.05.

Results

The distribution of FED in relation to male identity and the
situation tested are given in Fig. 1. Males are ranked in de-
scending order according to the values of the IDF during the
first competitive situation (i.e. 1B). Situation 1B was
characterised by a lower FED for all males when compared
to the three-bucket situations. Additionally, male GB (i.e. third
position in the hierarchical order) can be singled out due to a
reduced variance in its performance across trials (Fig. 1) and
male Ca due to a low value of FED. On a broader level,
feeding performance varied markedly among situations
(mixed model, S(3CB): Wald Z=5.73, P<0.001; S(3FB):
Wald Z=7.72, P<0.001, Table 4). Note that this variation
corresponds to a mean decrease in RFP of 0.18 and 0.25 for
3CB and 3FB, respectively, relative to the reference level for
the factor, which is 1B.

Figure 1 highlights the lack of a relationship, irrespective of
the feeding situation, between overall dominance rank (abscis-
sa ordering) and feeding duration measured as the time spent
with the muzzle inside a bucket, for 1B and 3FB (rs=0.06, n=
50, NS, and rs=0.22, n=50, NS, respectively). However, a
positive correlation was present between dominance and feed-
ing duration for 3CB (rs=0.34, n=49, P<0.05) (Fig. 1b).

When the dispersion, but not the quantity, of food increased
(3CB and 3FB; Fig. 1b, c, respectively), FED attained higher
values. The possibility for a male to feed in a bucket was
higher. However, the deviation between the observed values
of FED and the theoretical feeding time at equilibrium be-
tween males (dotted line in Fig. 1) increased. This is particu-
larly true for the subordinate male Ca for 3FB (Fig. 1c). The
variation in feeding duration among males was clearest in
3CB (Fig. 1b). Counter-intuitively, the gap between the theo-
retical group feeding rate and the observed feeding duration
was at its minimum for the most competitive situation
(Fig. 1a). Three of five males had a feeding duration near
the theoretical value. This was not the case for the three-
bucket situations, particularly 3FBwhere the variation in feed-
ing duration among males was lower (Fig. 1c).
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Quite unexpectedly, the weak relationship between domi-
nance and feeding duration appears contradictory to the main
results generated by the mixed model approach. Indeed, the
predictor IDF appears in each of the models of interest based
on selection by the AICc criterion (Tab. 3) and with a signif-
icant effect on RFP (Wald Z=3.15, P<0.005, Table 4). In fact,
this is due to different evaluations of the dominance index, one
being estimated at the scale of the situation (used for ordering
abscissas in Fig. 1), while IDF is an index measuring transi-
tory dominance during each trial (n=149). However, the sig-
nificance of IDF and other fixed factors in the models must be
weighed against the low values of the marginal coefficient of
determination (R2

m) (Tab.3), which express the small contri-
bution of fixed factors alone in the models, as well as the high
contribution of individual variation (i.e., deduced from the
high values of conditional R2: R2

c) (Table 3). Figure 2, based
on input data, shows the consistent dispersion of the response

variable RFP for both factors IDF and IP as well as the higher
increase in rate of RFP relative to IP.

In summary, the situation 1B, the most competitive, corre-
sponds to the shortest feeding duration, but if we consider this
relative to the possible at equilibrium (72 s of feeding per
male), it is in this situation that the overall consumption is

Table 3 Model averaging
analysis (function dredge,
package MuMIn) to identify the
best predictors of relative feeding
performance (RFP), based on the
number of parameters (K), the log
likelihood (logLik), the Akaike
information criterion adjusted for
small sample size (AICc), the
difference (Δi) in AICc between
model i and the best supported
model, the model weight (wi) and
the deviance

Model K logLik AICc Δi wi Deviance R2m R2c

S+IDF+IP 8 62.9 −108.77 0 0.38 −125.8 0.129 0.818

S+IDF 7 61.09 −107.38 1.39 0.19 −122.17 0.056 0.9

S+IDF+IP+MoSc 9 62.94 −106.59 2.19 0.13 −125.88 0.139 0.805

S+IDF+IP+IDA 9 62.92 −106.54 2.23 0.12 −125.83 0.131 0.816

S+IDF+MoSc 8 61.09 −105.16 3.62 0.06 −122.18 0.057 0.901

S+IDF+IDA 8 61.09 −105.15 3.62 0.06 −122.18 0.056 0.903

S+IDF+IP+IDA+MoSc 10 62.99 −104.39 4.38 0.04 −125.98 0.148 0.794

S+IDF+IDA+MoSc 9 61.09 −102.89 5.88 0.02 −122.18 0.056 0.902

Models with Δi >6 are not presented in the table. Additionally, the marginal (R2
m) and conditional (R2

c)
coefficient of determination (goodness-of-fit statistic) are furnished. IDF and IP according to male identity were
used as random effects in all models

S situation, IDF index of dominance during feeding, IP index of passivity, MoSc morphological score (see
BAnimals and methods^), IDA index of direct aggression

Table 4 Summary results after model averaging of the effects of
Situation (S), index of dominance during feeding (IDF), index of
passivity (IP), index of direct aggression (IDA) and morphological score
(MoSc) on the response variable, relative feeding performance (RFP)
during the trials with restricted food

95 % CI

Estimate SE Upper Lower RI z value Pr(>|z|)

(Intercept) 0.48 0.07 0.350 0.616 7.11 <0.001

IDF 0.36 0.11 0.137 0.579 1 3.15 <0.005

IP 0.42 0.18 0.066 0.777 0.67 2.33 <0.05

S(3CB) −0.18 0.03 −0.241 −0.118 1 5.73 <0.001

S(3FB) −0.25 0.03 −0.310 −0.185 1 7.72 <0.001

MoSc −0.01 0.03 −0.057 0.043 0.25 0.26 0.79

IDA 0.01 0.06 −0.114 0.132 0.25 0.12 0.90

3CB three close buckets, 3FB three far apart buckets, RI relative impor-
tance of the variable in the set of models, z value value of Wald Z
coefficient
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Fig. 2 Relationship between a the index of feeding dominance (IDF) and
b the index of passivity (IP), with the relative feeding performance (RFP).
Regression lines are shown for illustrative purposes only
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closest to this value. This is not the case for the situations with
three buckets.

There is no clear relationship between dominance and feed-
ing duration, but when considering the dominance scores dur-
ing trials, the linear model indicates a significant relationship
with the RFP. When a male subordinate succeeds temporarily
in increasing his index of dominance during a trial, this tends
to be associated with an increase in his feeding performance.
This relationship was also true for the passivity index.

At a global level, it should be noted that the model-based
estimate (slope) of the dependent variable RFP indicates that
for an increase of one unit in the IDF and the IP indices, the
RFP increases by 0.36 (confidence interval (CI) 0.14–0.58)
and by 0.42 (CI 0.06–0.77) respectively, with a larger value
and CI for the latter (Table 4). With regard to the influence of
direct aggression (IDA) and morphological features (MoSc),
there was no significant direct effect of these variables on RFP.

Discussion

We consider the main result of our experiment to be the un-
expected similarities in feeding performances for four of five
males tested, regardless of both the level of competition (i.e.
feeding situation) and the dominance hierarchy established
during feeding trials. Concerning the similarity in feeding per-
formance, the dominance index we used yielded contrasting
results depending on the scale at which it was measured.
While the index of dominance per trial appeared to be one
of the best predictors of the RFP, this was not the case when
dominance was estimated at the larger scale of situations
where the correlation with feeding duration was, at best, weak.
This reflects the fact that a subordinate may not only stay and
feed despite pressure from a dominant (low correlation) but
may also increase its feeding performance through transitory
dominance during some trials (high correlation). Indeed, this
is possible in species where close proximity is tolerated (i.e.
social tolerance), which is not common in social ungulates.
Furthermore, high-ranking individuals may spend more time
defending limited food at the expense of feeding to the point
that correlation may be reduced (Craig 1986) or even reversed
(Sherwin 1990; Brouns and Edwards 1994). These consider-
ations could explain the lower values of FED in situation 1B,
which could be in line with the first prediction (i.e. reduced
feeding time). The two top-ranking males spent much time in
agonistic interactions, which decreased their feeding duration
and, to some extent, that of other males. This is in line with the
fact that interference for monopolising food resources is fre-
quent only among dominant individuals (Barroso et al. 2000)
and that it correlatively incurs a loss at the expense of feeding
(Csermely and Wood‐Gush 1990). However, when consider-
ing the theoretical group feeding threshold, the gap with the
observed feeding duration is less marked for this one-bucket

situation. As a result, our prediction is not fully confirmed.
Contrary to trends described in highly hierarchically organised
species (e.g. Vestal and Stoep 1978), the dominant individual
did not monopolise the only feeding source. If this was the
case, the feeding duration of the top-ranking males would
have reached higher values than the theoretical value, the re-
verse being true for the other individuals. Even if the oppor-
tunity to feed at a bucket was increased, moving between food
patches is time consuming, and at the expenses of feeding,
particularly because moving between buckets affected not on-
ly high-ranking males, but all males, contrary to observations
byWierenga (1990) in dairy cows. Inter-individual variability
in feeding in goats is also reported to decrease when the space
provided is increased (Jørgensen et al. 2007). This result also
contradicts our second prediction; the top-ranking males were
not able to monopolise food, even though the median value of
their feeding duration was among the highest. The tendency to
be passive during agonistic bouts (i.e. to display no response
to an agonistic actor) falls clearly within the field of the third
prediction concerning morphometric and behavioural charac-
teristics. The two males showing this tendency obtained the
highest feeding durations for the study. The male Ja was also
the most subordinate; that is, this male never provoked an
active withdrawal or submissive behaviour from another male.
As the most clumped situation is expected to be highly com-
petitive and therefore to provoke many agonistic interactions
and direct aggression, the individuals exhibiting the most Bno
response^ behaviours were particularly able to gain time for
feeding when exposed to this challenging situation. This pat-
tern (i.e. similar feeding score for top- and bottom-ranked
individuals) is inconceivable for species bearing butcher’s
hook-like horns, known to perform a higher rate of aggressive
interactions than other gregarious ungulates (i.e. rupicaprids,
Fournier and Festa-Bianchet 1995; Vestal and Stoep 1978).
For these species, a highly competitive situation will result
in a strict feeding hierarchy in which the dominant animal will
never be disturbed by subordinates during feeding (chamois:
Vestal and Stoep 1978; but see Côté 2000 for salt block access
in Rocky Mountain goat).

So, as dominance does not fully explain feeding success
(food gain) in a situation of acute competition, consideration
should be given to establish how dominance interacts with
other characteristics allowing subordinates to acquire desired
food. For most caprids, age, horn length and body weight are
auto-correlated among males (Granados et al. 1997; Santiago-
Moreno et al. 2005 but see Rowell and Rowell 1993), but due
to rearing conditions, this was not the case in the studied
group. As a consequence, the male Bo was disadvantaged
by his lighter weight and we assume that this contributed
significantly to rank loss after the intense competition during
the test with only one bucket. Interestingly, this male was also
the most aggressive, which suggests some independence from
dominance. Shifts in dominance order have been reported in
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groups of familiar males in bovids (Hass and Jenni 1991;
Roden et al. 2005) and also in cervids (De Young et al.
2006), making dominance difficult to predict. Differences in
weight could be linked to aspects affecting consequences of
dominance, even if the effects are not direct (i.e. withstand
assaults by congeners as shown by males GB and Ja). We
suggest that the behaviour most used by the males (i.e. horn
push) favours passivity (i.e. no response) by the recipient and
does not elicit an aggressive escalation by the actor. Note that
this feature is not a general pattern, as for example in the bird
genus Carduelis, a lack of response leads to an agonistic es-
calation (Senar 1990). This particular way to seek access to
food is also reported as common for merino sheep (Sherwin
1990). Other studies on sheep have reported that either horn
push or horn butt are used to gain access to food (Sherwin
1990; Erhard et al. 2004). However, when horn push is pre-
ferred, this could be indicative that motivation rather than
dominance is determining the priority to feed (Arnold and
Maller 1974). Over and above body weight, individual fea-
tures (e.g. cognitive abilities, Krueger and Flauger 2008;
personality, Michelena et al. 2009; past experience, Rowell
and Rowell 1993, Hansen et al. 2009; Searle et al. 2009) are
considered to be involved in competitive feeding perfor-
mance. Similarly, aspects related to motivation in diverse con-
texts (e.g. food access and reproduction) deserve more atten-
tion. In goats, diet selection is influenced by rank (Barroso
et al. 2000) but the nutritional value of patches (i.e. amount
of food) may modulate this relationship, as an increase in the
availability of food motivates subordinates to accept confron-
tation with dominant animals (Stears et al. 2014). In deer, only
the feeding time of highly ranked hinds is related to their
hierarchical position (Veiberg et al. 2004). Although there
was little empirical support, this pattern could exist in our
study since in the three situations, the feeding duration of the
top-ranked male was greater than that of the second-ranked.

Indeed, situations of limited food accessibility may contrib-
ute through variation in motivation to the appearance of novel
feeding tactics (Ceacero et al. 2012; Hollis et al. 2004; Schmidt
and Hoi 1999; Thompson et al. 2008). For example, the ten-
dency to evade conflicts (i.e. low reactivity in response to ag-
gression) or the ability to resist some agonistic contacts (i.e.
horn push) could be interpreted as mechanisms that increase
the time devoted to feeding by some subordinates, compared to
high- and mid-ranked congeners. This tactic is observed in
pronghorns (Dennehy 2001), domestic goats (Barroso et al.
2000; Miranda-de la Lama et al. 2011) and red deer hinds
(Ceacero et al. 2012). All of these studies showed that this tactic
resulted in an increase in feeding duration. On the other hand,
we might expect that in a competitive context, such changes in
status/responses to confrontation by subordinate individuals
will not persist in the face of pressure from dominants.

Thus, similar to the importance given to physical attributes
in determining the rank order of individuals in hierarchies, the

effects of individual characteristics on rank inconsistency over
time deserves further consideration. One way to broaden the
range of information is to establish individual behavioural
profiles as proposed by Kiley-Worthington (1978) to investi-
gate the dominance hierarchy and the organisation of herds in
zoos. More recently, the Elo-rating method (Neumann et al.
2011) have been proposed to update dominance ratings by
looking at interactions sequentially. As a result, dominance
ranks can be monitored on the desired timescale. In a recent
publication on repeatability in behavioural studies, Biro and
Stamps (2015) warn against ignoring time-related changes in
repeatability, and by doing so, increasing the risk of obtaining
biased results and erroneous conclusions.

The growing interest in personality and its possible rela-
tionship to both feeding behaviour (Bergvall et al. 2010;
Hirata et al. 2010) and food intake (Kurvers et al. 2011) may
allow a better understanding of how motivational aspects in-
terplay with personality to produce apparently risky behav-
iours. Similarly, the cases in which dominance appears as a
poor predictor of food intake (including carnivores, Gill and
Helfield 2012) could benefit from studies on cognitive aspects
of motivation and propensity to take risk, particularly in sub-
ordinate individuals (Hollis et al. 2004). We argue that further
research on this question could improve our understanding of
the proximal causes of alternative behaviours.
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