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Researchers with diverse interests in topics ranging from the formation of dominance hierarchies and
social intelligence to animal personalities have predicted speciﬁc, and often conﬂicting, relations between
social rank, neophobia and learning ability. We investigated the relations between these variables in captive groups of wild-caught starlings, Sturnus vulgaris, adopting a multidimensional approach to social rank
and neophobia. Both agonistic and competitive rank orders were determined for each group and we tested
individuals in the absence of their groupmates for object neophobia, latency to feed in a novel environment and performance on an extractive foraging task. In each starling group, the fastest learners occupied
the highest competitive ranks, supporting the hypothesis that cognitive ability is positively correlated with
social dominance. Competitive rank orders, however, did not correlate signiﬁcantly with agonistic rank
orders. Situation-speciﬁc foraging neophobia was suggested: individuals showed consistency in their latencies to feed near a variety of novel objects, but no signiﬁcant correlation was found between this measure
of object neophobia and latency to feed in a novel environment. Starlings fastest to feed in the novel
environment were fastest in solving the foraging task. We discuss the implications of these ﬁndings for
researchers studying hierarchy formation in animal groups, social intelligence and animal personalities.
Ó 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

In gregarious species, social relationships often take the
form of dominance hierarchies in which individuals can
be characterized by a social rank (Chase 1980). These social rank orders have been found to correlate with other
behavioural variables such as reactions to novelty and
learning performance. However, a variety of relations between social rank, learning performance and novelty responses have been predicted, and different predictions
are made according to whether individuals are within or
outside their social group. These relations are further complicated by the fact that rank orders can be measured in
different ways (e.g. agonistic and competitive rank) that
do not necessarily correspond with each other (Syme
1974). Furthermore, while acquisition of dominance status may inﬂuence learning performance (Bunnell &
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Perkins 1980; Barnard & Luo 2002), ‘social intelligence’
hypotheses view learning performance as a determinant
of social success (Humphrey 1976).
Within a social group, dominant individuals are likely
to limit subordinates’ access to preferred resources. Thus
group members’ motivation levels may differ even if their
capacities or propensities are similar, and this may be
reﬂected in their learning performance or responses to
novelty. For example, mid- to low-ranking individuals are
quicker to detect and enter novel locations, and so are less
neophobic, than dominant groupmates in birds (jackdaws, Corvus monedula: Katzir 1982; barnacle geese, Branta
leucopsis: Stahl et al. 2001) and capuchin monkeys, Cebus
apella (di Bitetti & Janson 2001). Thus subordinate individuals may be forced, by their lack of access to established
resources, to incur the potential costs and risks of exploration (Laland & Reader 1999), whereas dominants can subsequently displace subordinates if and when the latter
locate valuable resources. According to this scenario,
low-ranking individuals would not necessarily be predicted to be less neophobic (or more neophilic) than
high-rankers when away from the group, since it is the social context that evokes rank-dependent responses to
novelty.
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Similarly, learning performance in a group context may
be affected by social rank. Dominant rhesus macaques,
Macaca mulatta, for example, appear to show superior
learning capacities to subordinates when tested within
the group, but when dominants and subordinates are separated their learning performance is similar (Drea & Wallen 1999). Being low in a dominance hierarchy may
force individuals to deviate from their usual behaviour,
for instance to relinquish access to resources, or conversely to learn novel acts to obtain resources, as reported
in a variety of primate and avian species (e.g. Cambefort
1981; Kummer & Goodall 1985; Reader & Laland 2001,
2003; Bugnyar & Kotrschal 2004). Individual performance
measured during temporary separation from the group
may thus be informative in interpreting group level performance. Although there may be carryovers from the
group to the isolated context (e.g. carryovers of motivational state or of learned strategies reinforced while in
the group), testing of separated individuals allows assessment of the inﬂuence of other group members and may
reduce their immediate inﬂuence on the subjects’
performance.
The ‘prior attributes’ hypothesis views rank order as
resulting from individual differences existing before group
formation (Chase et al. 2002). Learning propensity could
be one such attribute that determines social rank. Humphrey (1976), in his discussion of the social function of intellect, proposed that individuals of superior cognitive
ability will be more successful socially. Intelligent individuals may rise in social rank because they outcompete cognitively inferior groupmates. Acquisition of high rank,
and thus access to desired resources, may remove the
need to perform some learned behaviour. However,
when tested in isolation, high-rankers would still be expected to outperform groupmates on relevant cognitive
tasks. The abilities to learn about social relationships, to
innovate in the social domain and to deceive others
have been proposed as important cognitive determinants
of social success, but cognitive superiority may extend
to, or correlate with, learning performance in general
(Humphrey 1976; Byrne & Whiten 1988; Seyfarth & Cheney 2002). While social intelligence hypotheses have received a great deal of attention as explanations for
interspeciﬁc differences in brain and cognition (e.g. Templeton et al. 1999; Reader & Laland 2002; Dunbar 2003),
within-group relations between social rank and learning
performance have received less scientiﬁc scrutiny. Consistent with social intelligence ideas, Nicol & Pope (1999)
found that socially dominant hens, Gallus gallus domesticus, tested away from their group perform better on one
measure of social learning than subordinate hens.
Correlations between social rank and individual learning performance may be a consequence of differing
learning propensities (i.e. prior attributes), but may also
arise because changes in rank inﬂuence learning performance. Barnard & Luo (2002) reported that, after laboratory mice, Mus musculus, were paired and agonistic rank
within the pair determined, dominants tested in isolation
showed more correct responses on a radial maze task than
subordinates in the early test trials, whereas before pairing
there were no signiﬁcant performance differences within

pairs. In contrast, lower-ranking longtailed macaques,
Macaca fascicularis, are the best learners when tested in
isolation (Bunnell & Perkins 1980; Bunnell et al. 1980),
and drops in relative rank are associated with improvements in performance. Alternatively, rank and learning
may not be causally related but, instead, might correlate
with a third variable, such as reaction to novelty.
We sought to clarify the relations between learning
performance, novelty responses and rank by directly
assessing the associations between social rank in a group,
and reactions to novelty and individual learning performance in the absence of groupmates, in individuals of
a gregarious species. We hypothesized that (1) high social
rank correlates positively with individual learning performance tested in isolation, whereas (2) there is no relation
between social rank and neophobia tested in isolation.
Although empirical assessment of these hypotheses may
seem straightforward, caution is warranted as both social
rank and reaction to novelty may be measured in different
ways, with signiﬁcant consequences for the relations
found between these and other variables (Syme 1974; Coleman & Wilson 1998). Social rank can be determined by
recording (1) the outcome of agonistic encounters or (2)
priority of access to limited resources (e.g. King 1965; Richards 1974; Syme et al. 1974; Chase 1982; Tebbich
et al. 1996; Vervaecke et al. 1999, 2000; Barnard & Luo
2002). However, the agonistic rank order of a group may
differ from its competitive rank order (Syme 1974).
We therefore investigated the relations between social
rank, reaction to novelty and individual learning performance by (1) determining both agonistic and competitive
rank orders in the group, followed by (2) a series of tests of
isolated individuals’ responses to both novel space and
novel objects, and (3) assessment of their individual
learning performance. Although our design does not allow
us to identify the causal variable behind a correlation
between social rank and individual behaviour, the abovementioned relations have never been assessed together in
a single gregarious species from the wild. Thus this
preliminary exercise is required to improve understanding
of the links between cognition, neophobia and social
structure.
We tested our hypotheses in captive groups of European
starlings, Sturnus vulgaris. Starlings are highly gregarious
birds that feed in ﬂocks and congregate in day and night
roosts (Feare 1984). After arrival at the night roost, birds
frequently supplant each other, leading to a deﬁnite social
structure that is thought to reﬂect dominance (Summers
et al. 1987). In captive starlings, social rank correlates
with various physical traits. High agonistic rank correlates
negatively with increases in body mass during reproductive development (Witter & Goldsmith 1997), whereas
dominance correlates positively with both primary feather
asymmetry and chest plumage spottiness (Swaddle &
Witter 1994, 1995; Witter & Swaddle 1994). In addition,
numerous studies have shown starlings to be capable of
learning to solve foraging tasks in the laboratory (e.g.
Bateson & Kacelnik 1995; Templeton & Giraldeau 1995;
Templeton 1998; Campbell et al. 1999; Fawcett et al.
2002; Kacelnik & Marsh 2002). However, the relations
between dominance and behavioural variables such as
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reaction to novelty and individual learning performance
remain to be determined. These may be important as starlings have an opportunistic lifestyle, showing ﬂexibility in
mating systems and in the exploitation of available food
supplies (Feare 1984).

mealworm underneath. Green garden wire held the lid
in place to prevent accidental removal by claws or wings,
thus ensuring that the task could be solved only by pecking horizontally at the side of the lid.

Procedure
METHODS

Subjects and Apparatus
Fifteen wild male starlings were caught in the surroundings of St Andrews, U.K., with baited walk-in traps, ringed
and divided at random into three groups of ﬁve individuals
each. The trapping method is unlikely to provide a random
sample of birds, but our comparisons are made within this
sample. The groups were housed in adjacent wire-mesh
cages (126  108 cm and 176 cm high), bedded with corncob granules and enriched with tree branches, perches and
a bird house. Water and softened dog food crumbs were
available ad libitum unless stated otherwise. Light was provided by full-spectrum ﬂuorescent light tubes (65 W). The
birds were maintained on a 14:10 h light:dark cycle (light
onset 0700 hours), at a temperature of 19e20 C. The starlings had been in captivity in the same groups for 7e10
months before the experiments and were experimentally
na€ıve. We assume that in this period the birds habituated
to laboratory life and that the dominance hierarchies in
their groups had become stable. We cannot control for previous experience in the wild. To reduce effects of the observer on the test subjects (Martin & Bateson 1993;
Lehner 1996; Witter & Goldsmith 1997), we made all observations from a cardboard hide with a small peep hole,
from a distance of approximately 50 cm.
Priority of access to buried mealworms was assessed
with a small opaque cup (diameter 7.3 cm, height 4 cm)
ﬁlled with 15 mealworms (larvae of the beetle Tenebrio molitor) that were halved to increase the number of items and
hidden in gravel. Under natural circumstances, starlings
probe the soil for invertebrates (Feare 1984) and mealworms represent a highly desirable food source. The
same cup had been presented numerous times, with
food, before data collection.
To assess priority of access both to mealworms presented on top of the normal food in the group dish and to
water, we used plastic brown ﬂowerpot saucers (diameter
21 cm, height 4.8 cm) as the food and water dishes.
The novel objects used to test for object neophobia were
(1) an assemblage of ﬁve differently coloured clothes pins
(2.7  9 cm/pin), (2) Styrofoam packing material mounted
on a cardboard plate (9  9 cm), (3) a band of yellow reﬂective material (3  3.1  11 cm), (4) a white opaque laboratory tube cap (diameter 2 cm, height 1.6 cm), (5)
a white spool of light purple elastic wire (diameter
1.7 cm, height 6.5 cm) and (6) a bright green opaque
pen cap (diameter 1 cm, height 2.5 cm).
The individual learning task consisted of a food dish (a
plastic brown ﬂowerpot saucer (diameter 7.9 cm, height
2 cm) taped to a wooden plate (8  11.5 and 0.5 cm
high), to prevent it being overturned) covered with an upside-down transparent petri dish lid (diameter 8.8 cm,
height 1.5 cm) that the bird had to peck off to reach the

One day before the start of the experiments, the starling
group to be studied was transferred to a cage in an
experimental room identical to that in the housing
room, but isolated from other birds. After completion of
an experiment (i.e. data collection on social rank orders
on days 1e5 and individual tests over days 14e21), the
studied group was returned to the housing room and the
same experiment was conducted with each of the other
groups in turn.

Social Rank Orders
All measures on social rank orders were taken per group
over 5 consecutive days.

Agonistic rank order
Each starling group was observed daily at approximately
0800e0900, 1600e1630 and 1800e1900 hours. We noted
identities of birds showing agonistic behaviour in the
form of displacements, pecking, tugging of tail feathers
and threatening, as well as the recipients of this behaviour
and their reactions (i.e. ﬂight, submissive crouching,
shrieking). When an aggressive act was ignored or not
followed by submission of the target individual, the event
was not recorded so that only supposedly mutually
acknowledged agonistic interactions were used in analyses
(Vervaecke et al. 2000).

Competitive rank order
Priority of access to buried mealworms presented in a small
opaque cup. Each starling group was deprived of food
twice daily at 0800 and 1400 hours for 1 h. After food deprivation, the group was presented with a white opaque
cup ﬁlled with 15 halved mealworms hidden in gravel.
The time that each bird monopolized the cup in search
of mealworms was recorded for 10 10-min trials (two trials
per day over 5 consecutive days).
Priority of access to mealworms presented in the normal food
dish. Priority of access to mealworms presented in the
opaque cup might have been confounded by individuals’
wariness to approach this feeding situation. Therefore, we
used an additional measure of priority of access to
mealworms to substantiate previous ﬁndings. Once each
day between 1600 and 1700 hours, the normal food dish
was removed, 30 mealworm halves were sprinkled on top
of the usual food and the dish was presented to the group.
We recorded the order in which the birds started feeding
and the relative number of mealworms eaten by each bird
(i.e. most, many, some, few or none of the mealworms).
Priority of access to water. When presented with a dish of
fresh water, starlings fought over priority of access to take
a bath. After data collection on priority of access to
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mealworms in the small opaque cup, the normal water
dish was reﬁlled with fresh water and presented to the
starling group. The time that each bird monopolized the
water dish was recorded for 10 10-min trials (two trials per
day over 5 consecutive days).

Individual Variables
Each bird was tested individually on (1) latency to feed
in a novel environment, (2) control latency to feed, (3)
object neophobia and (4) individual learning performance, in that order. Before each test, the test subject
was transferred to another aviary in the experimental
room where it was visually isolated from its group and
deprived of food for 90 min. This period of food deprivation is within the range of temporary unavailability of
food experienced periodically by starlings in the wild
(Fawcett et al. 2002). The test subject was placed back
into its group each day after testing.

Latency to feed in a novel environment
The starling to be tested was transferred from its group
cage to the visually isolated aviary. A Perspex sheet
partitioned the test aviary lengthwise in two, and the
subject was placed in the right half of the aviary
(126  54 cm and 176 cm high). Thus, the individual
found itself in a ‘novel environment’ socially (i.e. it was
alone) as well as physically (i.e. it was in an unfamiliar aviary). After 90 min of food deprivation, the test subject received one mealworm in its usual food dish and we
recorded its latency to feed. If the test subject did not
feed within 10 min, the dish was removed and presented
again after a 2-min interval, up to nine trials per day for
4 consecutive days.

Control latency to feed
Upon its ﬁrst feed in the novel environment, the test
subject was presented repeatedly with the usual food dish
containing one mealworm in daily blocks of three 10-min
trials with 2-min intertrial intervals, until (i.e. after N ¼ 1e8
trials) latency to feed was observed to oscillate around a
certain value. The mean of these oscillatory or ‘equilibrium’ values (N ¼ 6e11 trials) was deﬁned as the control
latency to feed and used in subsequent analyses.

Object neophobia
Each object neophobia test consisted of three 10-min
trials with intertrial intervals of 2 min. Trial numbers
1 and 3 of each test were used to control for feeding motivation: we presented the starling with its usual food
dish containing one mealworm and recorded latency to
feed. In trial number 2, the test subject received both its
usual dish containing one mealworm and one of the novel
objects (described above) placed 2 cm to the right of the
dish. We recorded latency to feed near the novel object
(Greenberg 1983, 1984). If a bird did not feed within
10 min, it was assigned a ceiling value of 601 s. Birds
were tested on one novel object per day for up to six novel
objects, depending on the number required to distinguish
between individuals within groups such that they could

be ranked. Thus, the number of novel objects presented
to each individual was the same for all members of
a group, but differed between groups. Within each group,
initial order of birds tested was random but kept constant
across days. Order of the novel objects presented was randomized across individuals (Webster & Lefebvre 2001).

Individual learning performance
The test subject was presented with the learning task
apparatus containing one mealworm and the petri dish lid
placed next to it. The learning test was initiated only after
the test subject fed within its control latency to feed from
this ‘opened’ learning task apparatus. In this way, test
subjects were habituated to the task apparatus before the
test, thus minimizing interindividual differences in object
neophobia to the task apparatus. The difﬁculty of the task
varied across ﬁve levels. At level 1, a quarter of the dish
was covered by the lid, half was covered at task level 2,
three-quarters at level 3, ﬁve-eighths at level 4 up to task
level 5 where the dish was completely covered. We
adopted a systematic shaping procedure that progressively
led the subject through the levels of the task (Carlier &
Lefebvre 1996; Seferta et al. 2001). When the starling
managed to reach and eat the mealworm on two subsequent trials, it passed on to the next level of difﬁculty
on the next trial. Conversely, when a bird failed to eat
on two subsequent trials at a given level, it returned to
the previous level of difﬁculty. As a measure of individual
learning performance, the trial number and latency at
which each starling passed each task level were recorded,
with a maximum of 70 10-min trials distributed over daily
blocks of 10 10-min trials with 1-min intertrial intervals.

Ethical Note
Starlings were caught under a Scottish National Heritage
Bird Scientiﬁc Licence. They were caught as juveniles in
January and April 2004 with walk-in traps baited with lard
containing a mixture of seeds. Within 15 min of capture
the birds were transferred to the aviaries of the bird house
at the University of St Andrews with water and food
available ad libitum, and after the experiments were
successfully released at their capture locations. Starlings
maintained their weights and were generally in good
health throughout the experiments, as certiﬁed monthly
by the university vet and regularly by the local Home Ofﬁce representative who approved all procedures. Agonistic
physical interactions consisted of pecking and tugging of
tail feathers, but were infrequent, always of very short duration and never caused any physical injury. The presence
of dominant birds did not impede subordinates’ access to
the regular dog food and water dishes as these did not
cause agonistic interactions outside the experimental context, being available continuously.

Analyses
Agonistic rank order
David’s scores. David’s scores use the outcomes of agonistic interactions between group members to calculate
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agonistic ranks, while taking the relative strengths of the
opponents into account (Gammell et al. 2003): the proportion of wins by individual i in his interactions with another individual j (Pij) is the number of times that i defeats
j (aij) divided by the total number of interactions between
i and j (nij), thus Pij ¼ aij/nij. The proportion of losses by i
in interactions with j, Pji ¼ 1  Pij. Subsequently, the David’s score (DS) for each member, i, of a group is calculated
P
with P
the formula DS ¼ w þ w2  l  l2, where w ¼ Pij ;
w2 ¼ w, weighted by the appropriate Pij values,
P of those
individuals
with
which
i
interacted;
l
¼
Pji ; and
P
l2 ¼ l, weighted by the appropriate Pji values, of those
individuals with which i interacted (Gammell et al.
2003). A correction of Pij, termed dij, should be used
when interaction frequency varies substantially between
dyads (de Vries 1998), as was the case in our study. However, de Vries et al. (2006) have recently developed a simpler correction to Pij and the latter was adopted here:
dij ¼ ðaij þ 0:5Þ=ðnij þ 1Þ. David’s scores were calculated
for displacements, pecking, tugging of tail feathers and
threats.
Directional Consistency index. According to Vervaecke
et al. (2000), a behavioural variable should be a predominantly unidirectional interaction expressed in most dyads
in the group to justify its use in a dominance model. Degree of unidirectionality can be calculated with the Directional Consistency index (DC; Vervaecke et al. 2000); the
total number of times the behaviour occurred in the direction of the higher frequency (H ) minus the number of
times in the less frequent direction (L) is divided by the total frequency: DC ¼ (H  L)/(H þ L). This index varies between 0 (performance of behaviour completely
bidirectional) and 1 (completely unidirectional; Vervaecke
et al. 2000). DC was calculated for displacements, pecking,
tugging of tail feathers and threats.

Competitive rank order
The time that each bird monopolized the opaque cup
(test 1) and the water dish (test 3) was summed over the 10
10-min trials of each measure. Ranks were assigned
accordingly, with the individual observed to monopolize
the cup or dish the least occupying the lowest rank (rank 5).
The bird that fed ﬁrst and/or ate most of the mealworms
presented in the normal food dish (test 2) was given
rank 1 and so forth. Individuals not spending any time
probing the cup’s gravel, feeding on the mealworms in
the normal food dish or bathing were assigned tied
bottom ranks. A composite competitive rank order was
determined by summing the individuals’ relative ranks
in each of tests 1, 2 and 3.

for subsequent parametric tests. Where these assumptions
were not met, the transformed data were analysed with
nonparametric tests. To correct for individual motivation
and/or feeding speed, latency to feed ﬁrst in a novel
environment and latencies to feed next to each of the
different novel objects were separately regressed against
mean log-transformed control latency to feed. Residuals
were taken and converted into Z scores for each group
(Lefebvre & Giraldeau 1996).

Object neophobia
Feeding latencies in trials 1 and 3 were compared to
feeding latencies in trial 2 across all objects and birds, to
certify the validity of trial 2 as a measure of object
neophobia. To this end we used a two-tailed nonparametric Wilcoxon signed-ranks test for two related samples. To test individuals’ consistency in their responses to
different novel objects we used two-tailed Pearson correlation tests. Subsequently, we computed for each bird the
mean of the Z scores of all object neophobia residuals,
resulting in a single measure of object neophobia per
individual.

Individual learning performance
As only eight of 15 birds (53%) passed level 5 of the
individual learning task, whereas 12 (80%) passed level 4,
we used the cumulative number of trials required to pass
level 4 (with nonsolvers awarded a ceiling score of 70
trials) as a measure of individual learning performance in
subsequent analyses, after natural log transformation and
conversion into Z scores for each group.

Pooling data across groups
When not signiﬁcantly different, data from the three
groups were pooled for subsequent analyses on the relations between individual variables. To compare groups
for signiﬁcant differences, we used the parametric oneway ANOVA when the transformed data of the three
groups met the assumptions of normality and homogeneity of variance; the parametric independent-samples
t test was conducted when these assumptions were met
but data were available for two groups only, and the nonparametric KruskaleWallis test was used to compare the
three groups when the data, after transformation, remained not normally distributed. The relations between
object neophobia, latency to feed in a novel environment
and individual learning performance across the three starling groups were analysed with two-tailed Pearson correlation tests.

Social rank orders
The association between competitive rank order measures 1e3 and the relation between the agonistic and
composite competitive rank orders were analysed with
two-tailed Spearman correlation tests.

Individual variables
All feeding latencies were log-transformed to meet
assumptions of normality and homogeneity of variance

Social rank orders versus individual variables
The relations between agonistic and competitive rank
orders versus individual variables were analysed per
group with two-tailed Spearman rank correlations. We
conducted a meta-analysis on the relation between
competitive rank and individual learning performance,
using Fisher’s combination technique (Sokal & Rohlf
1998).
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RESULTS

15
Group 1

Social Rank Orders

Group 2

To determine agonistic rank orders, we ﬁrst evaluated
which type of agonistic interaction was most suitable
according to Vervaecke et al. (2000)’s criteria (see above).
In each group, the bulk of agonistic interactions observed
were displacements, followed by pecking and then the relatively rare tail feather tugging and threats (Table 1). Directional Consistency indexes (DC’s) varied across types
of agonistic interactions and between groups (Table 1).
As displacements were by far the most frequently observed
agonistic interactions and were performed with arguably
sufﬁcient unidirectionality, they were used to compute
David’s scores for determining agonistic rank orders.
The competitive rank order measures 1 and 2 correlated
signiﬁcantly with each other (Spearman rank correlation:
rS ¼ 0.66, N ¼ 15, P ¼ 0.008) and these feeding data combined correlated with measure 3 on priority of access to
water (rS ¼ 0.59, N ¼ 15, P ¼ 0.02). However, no signiﬁcant correlation was found between composite competitive rank orders based on these feeding/bathing data and
agonistic rank orders based on displacements
(rS ¼ 0.35, N ¼ 15, P ¼ 0.20; group 1: rS ¼ 0.80, N ¼ 5,
P ¼ 0.10; group 2: rS ¼ 0.10, N ¼ 5, P ¼ 0.87; group 3:
rS ¼ 0.40, N ¼ 5, P ¼ 0.51; Fig. 1).

Object Neophobia
Across all objects and groups, both feeding latencies in
trial 1 (i.e. before presentation of the novel objects) and
feeding latencies in trial 3 (i.e. upon removal of the novel
objects) were signiﬁcantly shorter than latencies to feed
near the novel objects (Wilcoxon signed-ranks tests: trial 1
versus trial 2: Z ¼ 6.89, N ¼ 65, P < 0.001; trial 3 versus
trial 2: Z ¼ 6.89; N ¼ 65, P < 0.001). Thus, the presence
of novel objects slowed initiation of feeding signiﬁcantly,
justifying our usage of residual latency to feed near the
novel objects as a measure of object neophobia.
Interindividual differences in object neophobia were
apparent after birds had been tested on three novel objects

Table 1. Directional Consistency indexes (DC’s) for each type of agonistic interaction for each group of starlings, and percentages of the
total number of interactions, summed across groups, of the four
types of agonistic interactions observed to determine agonistic
rank orders
Group
Agonistic
interactions*

1

Displacements
0.42
Pecking
0.37
Tugging of tail feathers 0.73
Threats
0.62

2

3

% All interactions
(X  SD, N ¼ 3)

0.78
0.70
0.79
0.87

0.80
0.39
0.77
NC

58.34.75
31.63.12
5.12.09
3.12.06

NC: Not computed because of small sample size (N ¼ 4).
*N ¼ 459  118 observed in a mean  SD of 549  81 min for three
groups.

10

Group 3

5
David's score

1234

0

–5

–10

–15

1

2
3
4
Competitive rank

5

Figure 1. The relation between David’s scores of displacements as
a measure of agonistic dominance and competitive rank orders
based on feeding/bathing data in starling groups 1, 2 and 3. Each
datum represents one bird. High David’s scores represent dominant
individuals.

(Styrofoam objects, clothes pins and reﬂective band) in
group 1, four novel objects (þ white tube cap) in group 2
and six novel objects (þ white tube cap þ spool of wire þ
green opaque pen cap) in group 3. We pooled the data per
novel object across groups for subsequent analyses, since
the three starling groups did not differ signiﬁcantly in latency to feed near the same novel objects (one-way
ANOVA log-transformed residual latency to feed near
Styrofoam objects: F2,12 ¼ 0.00, P ¼ 1.00; Levene’s test of
homogeneity of variances: F2,12 ¼ 1.43, P ¼ 0.28; KruskaleWallis test log-transformed residual latency to feed
near clothes pins: c22 ¼ 0:26, P ¼ 0.88; independentsamples t test (N ¼ 2 groups) log-transformed residual
latency to feed near white tube cap: t8 ¼ 0.00, P ¼ 1.00;
Levene’s test for equality of variances: F8 ¼ 2.75, P ¼ 0.14).
Birds showed individual consistency in their responses
to the different novel objects. The correlation between
residual latencies to feed near Styrofoam objects and
clothes pins was highly signiﬁcant (Pearson correlation:
r13 ¼ 0.88, P < 0.001), as was the correlation between residual latencies to feed near Styrofoam objects and the
white tube cap (r8 ¼ 0.72, P ¼ 0.02) and clothes pins versus the white tube cap (r8 ¼ 0.85, P ¼ 0.002).

Latency to Feed in a Novel Environment
Latency to feed in a novel environment did not differ
signiﬁcantly between groups (one-way ANOVA log-transformed residual latency to feed in a novel environment:
F2,12 ¼ 0.00, P ¼ 1.00; Levene’s test of homogeneity of variances: F2,12 ¼ 0.85, P ¼ 0.45).
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Object Neophobia Versus Latency to Feed in
a Novel Environment
No signiﬁcant relation was found between mean residual latency to feed near all novel objects (i.e. object
neophobia) and residual latency to feed in a novel
environment (Pearson correlation: r13 ¼ 0.35, P ¼ 0.20;
power ¼ 0.20 when calculated with Cohen’s (1988) medium effect size of r ¼ 0.30 and a ¼ 0.05. Thus the statistical power of this test was low. The same effect size and
a were assumed for the power analyses that follow).

Individual Learning Performance
Birds varied substantially in learning performance
ðX  SD ¼ 32  26 trialsÞ. All birds interacted with the foraging task apparatus and passed level 1, and all but one individual solved the task at level 2. Three birds passed level 4
within the smallest possible number of eight trials,
whereas three other starlings were given a ceiling score of
70 trials. As the results across groups did not differ signiﬁcantly from each other (one-way ANOVA log-transformed
cumulative number of trials to pass level 4: F2,12 ¼ 0.86,
P ¼ 0.45; Levene’s test of homogeneity of variances:
F2,12 ¼ 0.20, P ¼ 0.82), data were pooled for subsequent
analyses on associations between individual variables.

Individual Learning Performance Versus
Neophobia
No signiﬁcant relation was found between individual
learning performance and object neophobia (Pearson
correlation: r13 ¼ 0.01, P ¼ 0.97; power ¼ 0.20), suggesting that individual differences in the learning test reﬂect
variation in learning ability rather than in neophobia to
the task. Learning performance did correlate signiﬁcantly
with latency to feed in a novel environment (r13 ¼ 0.54,
P < 0.05): individuals quickest to feed in the novel environment required the fewest trials to pass level 4 of the individual learning task.

Social Rank Orders Versus Individual Variables
Correlations between social rank orders and individual
variables differed between groups (Table 2). With the exception of the relation between competitive rank and latency to feed in a novel environment in group 3, none
of these correlations remained signiﬁcant when a was adjusted to control for familywise error rate (a* ¼ a/no. of
tests conducted per variable ¼ 0.05/3 ¼ 0.017; Table 2). A
sequential Bonferroni technique (Rice 1989) gave the
same ﬁnding. Only one relation between social ranks
and individual variables was consistent across the three
groups: a positive association was found between competitive rank orders and individual learning performance. Individuals occupying the highest competitive ranks (i.e. the
dominants) required the fewest trials to pass level 4 of the
individual learning task (Fig. 2). The strength and consistency of this relation justiﬁes combining the P values of

the three groups with Fisher’s technique (Sokal & Rohlf
1998), resulting in c26 ¼ 19:78 with P < 0.005.

DISCUSSION
Our most interesting ﬁnding regarding the relations
between dominance, neophobia and learning in starlings
is the strong and positive correlation between individuals’
competitive rank and their learning performance in the
absence of groupmates, in all three starling groups
studied. To our knowledge, this is the ﬁrst study reporting
competitively high-ranking animals mastering an individual learning skill faster than lower-ranking groupmates
outside the context of the group, although Barnard & Luo
(2002) reported a similar ﬁnding for pairs of mice.
Humphrey (1976) hypothesized that ‘intellectual prowess’ would be correlated with ‘social success’. However, the
few studies that have addressed this hypothesis in gregarious species by testing individuals outside the wholegroup context suggested that subordinate and dominant
rhesus macaques have similar capacities to learn (Drea &
Wallen 1999) and that subordinate longtailed macaques
are superior learners (Bunnell & Perkins 1980; Bunnell
et al. 1980). Furthermore, in the latter studies, changes
in individuals’ social ranks were frequent and followed
by changes in performance on the individual learning
task; a drop in an animal’s relative rank was accompanied
by improved performance relative to the rest of the group,
and a rise by poorer performance, leading the authors to
assert that there did not seem to exist an ‘inherent negative relationship between some hypothetical generalized
learning ability and social rank’ (Bunnell & Perkins
1980, page 522). However, methodological factors might
have been of paramount importance in Bunnell et al.’s experiments, as rank was determined at the same time as the
individual learning tests were carried out. An animal’s
maintenance of high rank might have been complicated
by the continual removal of individuals from the group
for learning test sessions and their subsequent return.
Bunnell et al. (1980) proposed that these removals created
chronic social pressure for dominants that may have carried over to the individual testing situation in the laboratory and disrupted their performance.
Insights into the mechanisms underlying the social
rankelearning correlation may be acquired by altering
group membership and thus individuals’ positions in the
competitive rank order. (Such a method may be preferable
to rearing animals in isolation and then placing them in
a group, which would eliminate any effect of group living
on learning performance but carries the disadvantages of
isolation rearing.) If competitive rank affects performance
on the individual learning task, changes in relative rank
should be accompanied by changes in learning performance. Acquisition of dominance status has already been
found to affect maze learning in mice (Barnard & Luo
2002). In contrast, if individual learning performance of
the starlings does not change with changes in group composition, it may be used to predict competitive ranks
within the new groups. This would support the ‘prior
attributes’ hypothesis (Chase et al. 2002), one of the
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Table 2. Spearman rank correlation coefficients between social rank orders and individual variables
Group
Rank order

Individual variable

1

2

Agonistic

Latency to feed in
novel environment
Latency to feed in
novel environment
Object neophobia
Object neophobia
Individual learning
Individual learning

0.30 (0.62)

0.80 (0.10)

0.00 (1.00)

0.50 (0.39)

Competitive
Agonistic
Competitive
Agonistic
Competitive

0.30
0.20
0.90
0.90

(0.62)
(0.75)
(0.04*)
(0.04*)

0.90
0.20
0.20
0.90

3

(0.04*)
(0.75)
(0.75)
(0.04*)

0.40 (0.51)
1.00 (<0.01**)
0.10
0.20
0.00
0.90

(0.87)
(0.75)
(1.00)
(0.04*)

P values are in parentheses. The same pattern of results is found if object neophobia is calculated as the difference in time to feed between trials
2 and 3 rather than with a residual measure, except that the agonistic rankeobject neophobia correlation in group 2 becomes weaker
(rS ¼ 0.60, N ¼ 5, P ¼ 0.29). The two methods of calculating object neophobia correlate strongly (Pearson correlation object neophobia residuals versus difference in time to feed: r13 ¼ 0.85, P < 0.001). Correlation statistically significant after correction for familywise error rate
is shown in bold. P values below a* ¼ 0.017 are considered significant.
*P < 0.05; **P < 0.01.

explanations proposed by Wilson et al. (1994) for the relation between boldness and dominance. (See Chase 1980
for discussion of hierarchy formation in small groups.)
The correlation coefﬁcient of 0.9 between individual
learning performance and competitive rank that we obtained in this study meets Chase’s (1974) stringent mathematical condition for linear dominance hierarchies to be
determined by individuals’ characteristics. This might suggest learning performance is a causal determinant of competitive rank, as suggested by Humphrey’s (1976) social
intelligence hypothesis. Alternatively, dominance interactions within the group may carry over to affect individual
performance when tested in isolation. A third possibility is
that rank and individual learning performance are not directly related, but are mediated by a third variable, such as
motivation to acquire desired resources. Clearly, further
studies are necessary to determine which variable is the
cause and which the effect in the strong and positive association between social rank and individual learning performance reported here in starlings.
Our second hypothesis concerning the lack of an
association between social rank and neophobia when
tested in individuals in the absence of their groupmates
was also supported, for both agonistic and competitive
social rank orders versus both object neophobia and
latency to feed in a novel environment. Furthermore, in
each starling group, no signiﬁcant relation was found
between competitive rank order (based on monopolization of limited resources) and agonistic rank order (based
on displacements). Although the small sample size in the
present study warrants caution in interpreting these
negative ﬁndings, a similar low correlation between
agonistic and competitive rank orders has been reported
for a wide variety of other species such as cats, rats, mice,
frogs and monkeys (Syme 1974), and more recently in bonobos, Pan paniscus (Vervaecke et al. 2000) and domestic
fowl (Cloutier et al. 2004). In contrast, agonistic and competitive rank orders were shown to agree in other studies
of some of the aforementioned and other species (e.g.
Richards 1974; Syme et al. 1974; Vervaecke et al. 1999;
Wittig & Boesch 2003). Whether different types of social
rank orders agree with each other thus seems to depend

on the particular species under study and the speciﬁc
methods of assessment. The scarcity of studies adopting
a multidimensional approach to dominance makes it difﬁcult to draw any general conclusions. Furthermore, various researchers have noted problems with the concept of
dominance, both operational, when rank order is assumed
to govern the social interactions within a group (Syme
1974), and theoretical, when attempts are made to analyse
the relevant agonistic interactions data in a satisfactory
2
Group 1
1.5

Group 2
Group 3

1
Individual learning
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Figure 2. The relation between individual learning performance
(Z scores log (cumulative number of trials to pass level 4)) and
competitive rank for starling groups 1, 2 and 3. Each datum
represents one bird. - - -: Group 1: Y ¼ 0.47X  1.82, R2 ¼ 0.65;
dd: group 2: Y ¼ 0.58X  1.35, R 2 ¼ 0.85; ——: group 3:
Y ¼ 0.57X  1.72, R2 ¼ 0.82. Note that the R2 values relate to the
regression lines and therefore do not match the Spearman rank
correlation coefficients in Table 2.
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way (de Vries 1998; Gammell et al. 2003; Langbein &
Puppe 2004). Unfortunately, these concerns appear to be
rarely taken into account in studies that adopt dominance
rank as an explanatory variable. The discordance between
agonistic and competitive rank orders observed here in
starlings, and reported elsewhere for other species, underlines the importance of both deﬁning exactly the speciﬁc
measurements taken and analysing relations with other
variables for each dominance measure separately, rather
than treating dominance as a one-dimensional concept.
Latencies to feed near a variety of novel objects were
consistent within individuals, but did not correlate with
individuals’ latency to feed in a novel environment. Thus
both measures were in the foraging context, where context
is ‘a functional behavioural category’, but in different
situations (Sih et al. 2004). The low power of this analysis
means that a signiﬁcant correlation might have been
found with more starlings at our disposal. None the less,
these results, combined with previous ﬁndings (Coleman
& Wilson 1998), suggest that novelty responses may not
be a simple unitary trait that is consistent across situations
(Greenberg 2003). Our ﬁnding of consistent object neophobia suggests this can be considered a temperament
trait, as in other bird species (Drent et al. 2003).
Object neophobia did not correlate with individual
learning performance, which implies that skill at solving
the foraging task was not an artefact of individual
differences in neophobia to the task. In apparent contrast,
object neophobia did correlate with ﬂexibility in problemsolving attempts in ﬁve opportunistic avian species on
Barbados (Webster & Lefebvre 2001). Furthermore, both
feral pigeons, Columba livia, and Zenaida doves, Zenaida
aurita, that were slow to feed from a novel apparatus
were also slow at learning to open it (Seferta et al. 2001).
This discrepancy may reﬂect methodological differences.
In contrast to our experiments, the test subjects in the
studies by Seferta et al. (2001) and Webster & Lefebvre
(2001) were never habituated to the foraging task apparatus to the extent that they fed from it within their normal,
or ‘control’, latency to feed. Indeed, the research literature
supports Greenberg’s (2003) remark that animals shying
away from unfamiliar situations, as reﬂected by, for example, their object neophobia, are unlikely to assess the costs
and beneﬁts of a novel foraging opportunity such as ﬁnding the solution to a novel foraging task. Thorough familiarization with the task to be solved in our study before
assessment of individuals’ learning performance, with
the aim of minimizing interindividual differences in object neophobia as a confounding variable, may explain
the discrepancy with previously reported ﬁndings.
Latency to feed in a novel environment did correlate
with individual learning performance such that the
starlings least hesitant to feed were also the fastest
learners. At ﬁrst glance, this is surprising as the starlings
had habituated to the test cage (through establishment of
a control latency to feed) before they were presented with
the individual learning task. Powell (1974) noted both
considerable variation in surveillance scan frequency between individual foraging starlings and increases in surveillance behaviour as group size was decreased.
Scanning tendencies may plausibly correlate with latency

to feed in a novel environment, as both behavioural variables seem to reﬂect a certain ‘alertness’ to the wider environment. Solution of the individual learning task in our
study required the test subject to engage repeatedly in exploratory bouts of the apparatus, presumably hampering
surveillance (although see Fernández-Juricic et al. 2005).
If it is assumed that (1) problem solving and vigilance cannot be performed simultaneously (reminiscent of Giraldeau & Caraco’s 2000 assumptions for the adoption of
either a ‘producer’ or a ‘scrounger’ strategy), and that (2)
individuals’ vigilance is positively correlated with their
latency to feed in a novel environment, it follows that individuals less hesitant in a novel environment would
spend less time performing vigilant behaviour and thus
have more time available to engage in problem solving.
In summary, our experiments on three groups of wildcaught starlings suggest: (1) fast individual learners occupied high competitive ranks; (2) neophobia was not
related to social rank outside the context of the group;
(3) fast individual learners were fast to feed in a novel
environment; and (4) social ranks and individual neophobia were dependent on the speciﬁc methods of
assessment. These variables necessitate a multidimensional
approach when adopted as explanatory factors.
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