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Dominant individuals differ from subordinates in their
performances on cognitive tasks across a suite of taxa. Previous
studies often only consider dyadic relationships, rather than
the more ecologically relevant social hierarchies or networks,
hence failing to account for how dyadic relationships may
be adjusted within larger social groups. We used a novel
statistical method: randomized Elo-ratings, to infer the social
hierarchy of 18 male pheasants, Phasianus colchicus, while
in a captive, mixed-sex group with a linear hierarchy. We
assayed individual learning performance of these males on a
binary spatial discrimination task to investigate whether inter-
individual variation in performance is associated with group
social rank. Task performance improved with increasing trial
number and was positively related to social rank, with higher
ranking males showing greater levels of success. Motivation to
participate in the task was not related to social rank or task
performance, thus indicating that these rank-related differences
are not a consequence of differences in motivation to complete
the task. Our results provide important information about how
variation in cognitive performance relates to an individual’s
social rank within a group. Whether the social environment
causes differences in learning performance or instead, inherent
differences in learning ability predetermine rank remains to be
tested.

1. Background

Characterizing variation in cognitive performances is pertinent
to our understanding of the evolution of cognition [1,2].
An individual’s cognitive performance may correspond to
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their social rank. Social rank arises from interactions between dominant and subordinate individuals
in groups [3], and can influence an individual’s access to resources [4], stress [5], and opportunities for
learning [6,7], all of which may influence an individual’s performance on a cognitive task.

Dominant individuals typically perform more efficiently on operant learning (starlings, Sturnus
vulgaris [8]), spatial learning (mice [9,10]; meadow voles, Microtus pennsylvanicus [11]) and spatial
memory tasks (mountain chickadees, Poecile gambeli [12]). However, such studies have relied on dyadic
relationships between pairs of individuals, or concentrated on small groups, which may be simplistic and
hence not reflect the network of relationships naturally observed in larger social groups [13]. Therefore,
we are lacking an understanding of how variation in cognitive performance may be manifested in
relation to real-world social dynamics.

When learning performance has been considered in the context of a group, results have been found
that are contrary to the prediction that the more dominant individuals would be better learners.
Subordinate individuals outperformed dominant individuals by making fewer errors on complex
problem solving (long-tailed macaques, Macaca fascicularis [14]) and reversal learning tasks [15]. It is
possible that this switch in the direction of the relationship is due to the difference in tasks deployed.
For example, reversal learning and inhibitory control tasks can be used to assay cognitive/behavioural
flexibility [16,17]. The ability to flexibly respond to changes when contingencies are altered is governed
by separate neuronal pathways to acquisition learning [18]. Alternatively, the relationship between
cognitive performance and social rank reported in the Bunnell et al.’s studies may have been complicated
by the experimentally induced instabilities in social structure. Individuals were continually removed
and re-introduced to the social group during the study period, therefore increasing social pressure for
dominants who were attempting to maintain their rank [15], thus confounding the relationship between
social rank and cognitive performance.

Our understanding of the relationship between social rank and cognitive performance can also be
confused by the use of inappropriate methods to construct hierarchies, particularly those that don’t
consider whole groups of individuals or which rely on the outcomes of small numbers of interactions.
This may explain why a number of studies failed to find a relationship between social rank and learning
performance [19-21]. Critically, there are few guidelines for assessing the reliability of an inferred
dominance hierarchy [22]. In order to understand how an individual’s social rank relates to their
cognitive performance, it is necessary to remove these confounds of variable test design and consider
social status in more naturalistic multi-individual groupings.

The pheasant, Phasianus colchicus, provides a suitable system to explore the relationship between
group social rank and variation in learning performance. In the wild, pheasants exhibit non-resource
defence polygyny in which males compete for territories to attract females. Competition for territories
takes the form of agonistic interactions and territorial display [23-25], and begins as early as December
[26]. Females preferentially choose dominant males (see [27] for review), and non-harem holding males
sexually harass females and achieve copulations through force [25,28]. Breeding season begins in March.
Pheasants exhibit variation in spatial memory [29], although it is unclear whether this may be more
important for territory holding males who know a specific area and its neighbouring areas in detail, or
for satellite males who fail to command a territory and so utilize a much larger area more ephemerally.
In captivity, males form stable dominance hierarchies for short periods (three months) but which are
somewhat flexible, especially at the start of the breeding season [30]. Male dominance in captivity has
been found to reflect the situation in the wild [31].

We tested adult male pheasants on a spatial discrimination task while they were members of a captive,
multi-individual social hierarchy during the breeding season. We expect that measures of social rank
are more meaningful during the breeding season while competition for resources is intense, compared
with the winter months in which males aggregate [32] and measures of social rank may be more
difficult to detect. We included the time it took individuals to begin the task as a measure of motivation
to participate; a factor that may differ between individuals of different ranks. Males tend to occupy
particular areas of the pen and so complete mixing does not always occur (E.J.G.L. 2015, personal
observation). This may result in sparse interaction data, a problem when inferring social hierarchies
[33,34]. To account for this we used a novel method of hierarchy inference which allowed us to determine
the reliability of our inferred social hierarchy [22]. Previous studies compared the task performances
of dyads (mice [9,10]; mountain chickadees [12]; meadow voles [11]) and show that the dominant
individuals outperform the subordinate individuals. If we extend these findings, then we expect that
spatial learning performance will be positively related to social rank in a complex, established and more
realistic social environment.
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2. Methods

2.1. Subjects and housing

In March 2015 at North Wyke Rothamsted Research Farm, Devon (50°77'N, 3°9’ W), we caught wild
adult pheasants and housed 18 males and 16 females in a large pen (20m x 20m) to give a sex
ratio approximately mimicking that observed in the wild [35]. This pen contained refuges, branch
shelters, perches and multiple feeders and drinkers. Individuals were identifiable by numbered patagial
wing tags.

2.2. Cognitive testing

From 9 to 13 April 2015, 15 males completed the ‘left-right tunnel” cognitive task; one male did not
engage with the task and two males were deliberately not tested because we expected their participation
in a different experiment to influence their performance on this task. The task assayed discrimination
learning in which individuals learned to associate a location (left or right) with the reward of leaving
the testing arena (4 m x 4m, figure 1). The testing arena was located within the housing pen but was in
visual isolation from the regular housing. The testing arena comprised a main chamber which contained
a pair of tunnels (arch shaped; H 20cm, W 28 cm, L 60 cm), one on the left and right sides, 3.4 m apart,
equidistant from a centre ‘starting point’. One tunnel was consistently blocked on the exit end (incorrect)
while the other returned the individual to a holding area (correct), away from the experimenter and from
which males could return to their regular housing at will. This chamber was novel to all individuals.
During a trial, individual males were caught with a mesh net and placed on the starting point and
oriented forwards. These procedures may have caused stress to the birds; however, upon placement
on the starting point individuals did not exhibit behavioural indicators of stress such as panting or flight
behaviour (inclusive of running). We recorded time to leave the starting point (t1), but due to lost data,
only consider t1 from the first six trials as a measure of motivation to participate in the task. Males were
unable to see the far end of either tunnel without lowering their head and individuals were considered
to have made a choice when either: (1) they were within 1 m of the tunnel and lowered their head; or (2)
when a part of their body entered the tunnel. The correct tunnel (left or right) was designated randomly
for each individual. When individuals entered inside the incorrect tunnel they could return to the main
testing chamber by their own volition and a trial was finished when the male exited through the correct
tunnel. Therefore, males experienced exiting through the correct tunnel on every trial. For analyses, we
only considered an individual’s initial choice. Each individual received 14 trials in total. The first seven
trials were conducted within one day; individuals were randomly selected for the first trial and then this
order of testing was maintained for the remaining trials. The second seven trials were carried out four
days later, following the same protocol as above. Therefore, inter-trial intervals were consistent between
individuals.

2.3. Dominance interactions

From 20 to 28 May, we observed 367 agonistic interactions between males (table 1) via ad libitum
sampling conducted by four visually concealed observers. This method of sampling is suitable to capture
event behaviours, such as aggressive interactions [36]. Interactions had a clear winner and loser. Each
observer focused their efforts on one quarter of the pen and communicated via two-way radio when
interactions occurred across these quarters to ensure observations were not duplicated. During the first
day of observations we watched the birds for 2.5h and on the remaining seven days, we conducted two
observation sessions of 30 min each (a.m. and p.m.). To generate the social ranks we used an extension of
the Elo-rating method. In the original Elo-rating method, individuals begin with the same start rating and
this is updated after each agonistic interaction [34,37]. The value each rating is updated by is dependent
on the outcome of the interaction (won or lost) and the probability of that outcome occurring, relevant
to both individuals’ current Elo-rating. From these ratings individuals are organized into a hierarchy,
allowing one to conduct parametric statistics if necessary because individuals’ social ranks are associated
with a continuous variable. The extension of this method; the randomized Elo-rating method [22], then
allows one to assess whether an adequate number of interactions were recorded to infer a social hierarchy
and quantify uncertainty in the inferred hierarchy from the generation of randomized interaction data.
Due to the subjects participating in other separate experiments, there was a gap of approximately five
weeks between cognitive testing and recording of dominance observations, but based on previous work
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Figure 1. Aerial view of the left-right tunnel task testing arena.

Table 1. Ethogram of agonistic interactions between male pheasants.

agonistic

chase aggressor (winner) runs towards opponent and opponent flees (loser)

threat\lunge aggressor (winner) steps forwards and makes a sharp movement towards opponent, opponent flees or avoids
(loser). Similar to the start of a chase but aggressor does not continue to run

contact aggressor (winner) pecks opponent (loser) with the bill, usually directed at the head or neck, or aggressor
(winner) jumps at opponent feet first to direct spurs at opponent (loser)

submissive

avoid an individual (loser) rapidly changes trajectory while walking and is within 3 m of another individual (winner)
that is not showing any apparent signs of aggression

[30] we expect that the social hierarchy remained relatively stable within the breeding season. We believe
that by conducting observations while the group size was constant (and birds were not removed for brief
periods because of cognitive testing) and there was no interference from researchers, interactions would
be more representative of natural dominance relationships.

2.4. Statistical analysis

All analyses were conducted using R v. 3.1.1 [38]. Using the aniDom package [39] we generated
‘randomized Elo-ratings” and assessed hierarchy uncertainty using the two methods described in
Sanchez-Tojar et al. [22]: we firstly estimated repeatability of the individual Elo-ratings generated from
replicated datasets (1 =1000) using the rptR package [40], with high repeatability scores indicating a
steep hierarchy (high probability that a dominant individual wins a contest); secondly, we split the
interaction dataset into two halves, computed 1000 individual ranks for each half using the randomized
Elo-rating method and calculated the Spearman’s Rank Correlation rs between the ratings generated by
the two halves. We report the mean rs and 95% confidence interval range of the correlation values. These
results indicated low levels of uncertainty in the data, therefore we used the mean of the randomized
Elo-ratings from the full dataset in subsequent analyses, hereby referred to as ‘mean Elo-rating’. We used
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the rptR package [40] to assess whether males were repeatable in the time they took to engage in the task
(t1). If individuals are consistent in the time taken to begin the task over multiple presentations, we can
conclude that this assay is a meaningful measure of their motivation. Individuals exhibited a significant
level of repeatability (R=0.231+0.104, p=0.005). Therefore mean t1, which was log-transformed to
normalize the distribution, was used in subsequent analyses. The inclusion of mean t1 rather than t1
per trial also reduced the complexity of the subsequent model, which was necessary given the small
sample size. We fitted a generalized linear mixed model (GLMM) with a binomial error structure and
a logit link function using the Ime4 package [41] to assess whether social rank could explain learning
performance with ‘Correct” (1 yes/0 no) as the response variable, and trial, mean Elo-rating, first trial
performance (correct: 1 yes/0 no) and mean time taken to begin the task (log mean t1), as explanatory
variables. This model was fitted on 13 trials, after performance on the first trial was removed from the
Correct variable and included as a separate explanatory variable. An interaction term between mean
Elo-rating and trial was included to assess whether individuals of different social rank differ in their
rate of learning. We included the first trial performance as an explanatory variable because the outcome
of this trial was prior to the opportunity for learning but may affect subsequent performance on the
task. The inclusion of mean t1 (log) controlled for motivation to participate in the task. The model
failed to converge, this was resolved by standardizing mean Elo-rating and trial by converting them
to z scores [42]. Trial was nested within individual as a random effect to control for repeated choices
of individuals, and to allow the explanatory variables to vary randomly between individuals (random
intercepts and random slopes model). The minimum adequate model was reached by comparing models
based on log likelihood using backward stepwise deletion of non-significant variables. Results of the
full model are provided at http://doi.org/10.24378 /exe.21. We calculated odds ratios (OR) from the
exponential of b; and deduced confidence intervals (Cls) for variables in the minimum adequate model.
To visualize results we plotted curves predicted from binary logistic regression models for each third
of the hierarchy. To ensure that we were capturing variation in cognitive performance rather than other
factors, we attempted to fit subsequent GLMMs using a binomial error structure and logit link function.
Firstly, we fitted a model to check whether individuals of varying rank differed in their motivation to
participate, with Correct (1 yes/0 no) as the response variable and an interaction term between mean
Elo-rating with time to begin the task (log mean t1) as explanatory variables. Second, we fitted a model to
check there were no rank-related biases; individuals of higher rank were more likely than lower ranking
individuals to choose correctly on the first trial, with Correct as the response variable and an interaction
term between mean Elo-rating and first trial performance (correct: 1 yes/0 no). The models, however,
failed to converge. Therefore, we conducted a Spearman’s rank correlation between mean Elo-rating and
mean t1 (log); and used binary logistic regression models, fitted with a binomial error structure and logit
link function with Correct (1 yes/0 no) as the response variable and trial as an explanatory variable to
generate learning curve coefficients. The model outputs are provided at http://doi.org/10.24378 /exe.
21. From the coefficients of each model we calculated the predicted probability that individuals would
choose correctly on the first trial (X=1) using the formula 1/(1 +EXP(—(bg + b1))). We conducted a
Spearman’s rank correlation between mean Elo-rating and X =1.

3. Results
3.1. Sodial hierarchy

Our observations were sufficient to produce a steep, reliable hierarchy. The repeatability score of
our randomized Elo-ratings was 0.978 and the mean correlation coefficient obtained by splitting the
interaction data was 0.751 (95% CI: 0.554, 0.909).

3.2. Spatial learning performance

The percentage of correct choices per individual on the 13 trials ranged from 21 to 100% correct.
The interaction between social rank and trial was not significant (table 2 and figure 2), indicating
that individuals of different social rank did not learn the spatial discrimination task at different rates.
However, social rank and trial number were significant main effects in the model (table 2 and figure 2).
Specifically, higher ranking males were more likely to choose correctly and the probability of choosing
correctly increased with trial number, indicative of learning. Performance on the first trial was a
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Figure 2. Predicted probability of choosing correctly on a spatial discrimination task with increasing trial number for male pheasants.
Curves were drawn using a binary logistic regression model; for the three males that achieved a mean Elo-rating in the upper third (H);
the five males that achieved an Elo-rating within the middle third (M); and the seven males that achieved an Elo-rating within the lower
third (L), of the mean Elo-rating range. Mean Elo-ratings were deduced from 1000 randomized Elo-ratings. The shaded areas indicate
95% confidence intervals for each curve.

Table 2. Minimum adequate model from generalized linear mixed model on the effects of performance on first trial (correct: Tyes/0
no), social rank (mean Elo-rating z-score) and trial (z-score) on success on a spatial discrimination task by male pheasants tested
individually but while housed in a social group, with odds ratios (OR), lower (Lo CI) and higher confidence intervals (Hi Cl). Individual
(variance = 1.353) and trial (variance = 0.128) were included as random effects to allow explanatory variables to vary randomly between
individuals (random slopes model).

estimate s.e. Wald x2 p OR Lo Cl Hidl
explanatory variable
........ i ntercepto9390364
s L T e o o S
s e T e oo T o e
 meanBorating (1 0309 0% 0002 s 0360 1686

significant main effect in the model (GLMM: first trial, Wald x2=4.956, p=0.026); males that chose
correctly on their first trial were more likely to choose correctly on subsequent trials (table 2). Motivation
to engage in the task did not affect the probability that a male would choose correctly (GLMM: mean t1
(log), Wald x?=1.815, p=0.178).

The motivation to engage in the cognitive task, deduced from mean t1, was not significantly related
to social rank (Spearman’s rank correlation: mean Elo-rating with mean t1 (log), rs = —0.042, n=15,
p =0.887). The predicted probability of an individual choosing correctly on the first trial was not related
to social rank (Spearman’s rank correlation: mean Elo-rating and X =1, rs =0.176, n =15, p =0.531).

/b1 Psuado 205y BioBusiqndAraposieforsos:


http://rsos.royalsocietypublishing.org/

Downloaded from http://rsos.royalsocietypublishing.org/ on February 14, 2018

4. Discussion

The higher a male pheasant’s social rank, the better their performance on a spatial discrimination task.
Social rank was not related to the rate at which males chose correctly, but males’ performances improved
with experience, suggesting that the task captured capacities for spatial learning. Motivation to engage
in the task was not related to social rank, nor did it relate to learning performance. There was no
relationship between social rank and performance on the first trial, but individuals that chose correctly
on their first trial had better performance overall. This suggests that in pheasants, the ability to learn
to discriminate between spatial locations corresponds positively to an individual’s social rank while in
a group, rather than to differences in motivation or rank-related biases for a location. By considering
the social hierarchy of a large group, these findings provide us with a broader view on how cognitive
performances correspond to complex social systems, in which individuals have multiple relationships.

Our results complement findings from other species in which high levels of aggression and
competitive ability exhibited by an individual have been positively linked to their learning and memory
performance [8-12]. Contrary to these studies which concentrated on dyads [9,10,12] or small groups
[8], we considered a range of rank positions in a social hierarchy, providing more information. We
may envisage that consistently winning or consistently losing contests effects cognitive performance
positively and negatively, respectively. There is very little information, however, on how the intermediate
ranks, which are those individuals that experience both winning and losing contests, may vary in their
cognitive performance. Furthermore, studies of pairs or small groups neglect important social effects
such as the role of bystanders on outcomes of social interactions [13]. Therefore, these social ranks
and their associated cognitive performances may not be fully representative of how this relationship
manifests in natural situations. It is possible that the social hierarchy we inferred from the dominance
observations had changed since the cognitive testing was conducted. However, previous work on
pheasants shows that when group composition is held constant, hierarchies become well established
[24,43], and although Mateos et al. do not comment explicitly on the duration of hierarchy stability, other
Galliformes demonstrate stable hierarchies when housed over similar periods to our study (up to 20
weeks in domestic chickens, Gallus gallus domesticus [44]; at least three weeks in jungle fowl, Gallus gallus
[45]).

In contrast to our findings, Bunnell et al. report the opposite relationship between rank and cognitive
performance, in which lower ranking macaques, Macaca fascicularis, were more proficient on reversal
learning tasks [15]. This finding, however, may be due to the unnatural and frequent changes made to
the macaques’ group composition, the added stressor of which may have had a more adverse effect on
higher ranking individuals’ cognitive performance than that of lower ranking individuals. Alternatively,
the reversal test faced by the macaques may better indicate cognitive flexibility or inhibitory control;
abilities important for lower ranking individuals as they regularly experience negative repercussions
from those of higher rank [46]. It would be interesting to investigate if reversal learning is negatively
related to social rank within our group system.

The positive relationship between performances on the cognitive task with social rank in our
pheasants may be a consequence of our testing paradigm and not a result of differences between social
ranks in cognitive ability. Individuals may have differed in their motivation to leave the testing chamber
(e.g. whether they have preferential access to females). We assume that higher ranking males may have
had less contested access to females in the communal pen, as females have been found to prefer dominant
males [28]. Although this is not something that we quantified, it is possible that higher ranking males
habitually guarded females in the communal pen, causing them to be more motivated to choose the
correct tunnel. Additionally, low ranking males may have been less motivated to return to the communal
pen where they could be subject to aggression. However, the probability of choosing the correct tunnel
generally increased with each trial for males of all social ranks so we suggest that males valued this
reward equally.

Higher ranking individuals may have been more likely to choose correctly on their first trial, just by
chance, and thus had an advantage for the remainder of the task. However, the predicted probability of
making a correct choice on the first trial was not related to social rank, suggesting that males of different
rank were equally likely to choose correctly on the first trial. Furthermore, after choosing incorrectly
on the first trial, individuals experienced the correct tunnel as they exited the main testing chamber.
Therefore, we can rule out that individuals of higher rank had an advantage on this task.

Alternatively, low ranking males may have had poorer memory for the correct tunnel or were slower
to learn its location because of the stress associated with living as a subordinate in a hierarchy [5,47]
which impedes cognitive performances [48]. It is likely that the lower ranking pheasants were in receipt
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of a higher level of aggression from conspecifics than higher ranking males [23] and consequently, their
performance on the task was impaired. Future research could explore whether pheasants differ in stress
levels according to their social rank and if this mechanism explains variation in learning performance.

In an ecologically relevant, multi-individual mixed-sex social environment, we found that, for
male pheasants, variation in accuracy but not rate of individual learning performance on a spatial
discrimination task was correlated positively with their social rank. Perhaps male pheasants that were
inherently good at learning about space become dominant because they are better able to recall spatial
features and so more efficiently establish and hold a territory. Alternatively, males may establish their
dominance position independently of their performance in spatial memory tasks, but once they attain a
dominant position, they may express better spatial learning because they have had more opportunity to
learn spatial cues in a reliable and consistent territory (i.e. they are able to learn to learn). Whether social
rank drives differences in cognitive performance or instead inherent differences in cognitive performance
predetermine rank remains to be explored.

Ethics. All husbandry adhered to the DEFRA Code of Practice [49]. The work was conducted under Home Office licence
number PPL 30/3204 to J.R.M.

Data accessibility. Datasheets supporting this manuscript are available at the Open Research Exeter repository: http://
doi.org/10.24378/exe.21.

Authors” contributions. E.J.G.L. conceived the study, collected behavioural data, conducted analyses and drafted the
manuscript. J.O.v.H. designed and carried out cognitive testing, collected behavioural data and commented on
the manuscript. M.A.W. collected behavioural data and helped draft the manuscript. J.RM. coordinated the study,

/b1 Psuado 205y BioBusiqndAraposieforsos:

collected behavioural data and helped draft the manuscript. All authors gave final approval for publication.
Competing interests. We have no competing interests.
Funding. An ERC Consolidator Award (616474) to J.R.M.

Acknowledgements. Many thanks to Philippa Laker and Rachel Peden for assisting with the collection of behavioural

data. We are grateful to the editor and three anonymous reviewers for their helpful comments.

References

1. Thornton A, Isden J, Madden JR. 2014 Toward wild 10. Francia N, Cirulli F, Chiarotti F, Antonelli A, Aloe L, columbiana, Aphelocoma californica). J. Comp.
psychometrics: linking individual cognitive Alleva E. 2006 Spatial memory deficits in Psychol. 121, 372-379. (doi:10.1037/0735-7036.
differences to fitness. Behav. Ecol. 25,1299-1301. middle-aged mice correlate with lower exploratory 121.4372)

(doi:10.1093/beheco/aru095) activity and a subordinate status: role of 17. Tebbich S, Sterelny K, Teschke 1. 2010 The tale of the

2. Thornton A, Lukas D. 2012 Individual variation in hippocampal neurotrophins. Eur. J. Neurosci. finch: adaptive radiation and behavioural flexibility.
cognitive performance: developmental and 23,711-728. (doi:10.1111/j.1460-9568.2006. Phil. Trans. R. Soc. B365,1099-1109. (doi:10.1098/
evolutionary perspectives. Phil. Trans. R. Soc. B 367, 04585.x) r5th.2009.0291)

2773-83. (d0i:10.1098/rstb.2012.0214) 1. Spritzer MD, Meikle DB, Solomon NG. 2004 The 18. Ghahremani DG, Monterosso J, Jentsch JD, Bilder

3. Drews C.1993 The concept and definition of relationship between dominance rank and spatial RM, Poldrack RA. 2010 Neural components
dominance in animal behaviour. Behaviour ability among male meadow voles (Microtus underlying behavioral flexibility in human reversal
125, 283-313. (doi:10.1017/CB09781107415324.004) pennsylvanicus). J. Comp. Psychol. 118, 332. learning. Cereb. Cortex 20, 1843-1852. (doi:10.1093/

4. Whitehead H, Dufault S. 1999 Techniques for (d0i:10.1037/0735-7036.118.3.332) cercor/bhp247)
analyzing vertebrate social structure using 12. Pravosudov VV, Mendoza SP, Clayton NS. 2003 The 19. Bouchard J, Goodyer W, Lefebvre L. 2007 Social
identified individuals: review and relationship between dominance, corticosterone, learning and innovation are positively correlated in
recommendations. Adv. Study Behav. 28, 33-74. memory, and food caching in mountain chickadees pigeons (Columba livia). Anim. Cogn. 10, 259-66.
(doi:10.1016/50065-3454(08)60215-6) (Poecile gambeli). Horm. Behav. 44, 93-102. (doi:10.1007/510071-006-0064-1)

5. Creel SR. 2001 Social dominance and stress (doi:10.1016/50018-506X(03)00119-3) 20. Christensen JW, Ahrendt LP, Lintrup R, Gaillard C,
hormones. Trends Ecol. Evol. 16, 491-497. 13. Chase ID. 1982 Dynamics of hierarchy formation: the Palme R, Malmkvist J. 2012 Does learning
(doi:10.1016/50169-5347(01)02227-3) sequential development of dominance performance in horses relate to fearfulness,

6. Bunnell BN, Kenshalo DP, Czerny P, Allen JD. 1979 relationships. Behaviour 80, 218—239. (doi:10.1163/ baseline stress hormone, and social rank? Appl.
Performance correlates of social behavior and 156853982X00364) Anim. Behav. Sci. 140, 44-52. (d0i:10.1016/
organization: effects of group formation on operant ~ 14. Bunnell BN, Perkins MN. 1980 Performance j-applanim.2012.05.003)
performance in rhesus monkeys (M. mulatta). correlates of social behavior and organization: social 21 Croney CC, Prince-Kelly N, Meller CL. 2007 A note on
Primates 20,197-210. (doi:10.1007/BF02373373) rank and complex problem solving in crab-eating social dominance and learning ability in the

7. Chalmeau R, Gallo A. 1993 Social constraints macaques (M. fascicularis). Primates 21, 515-523. domestic chicken (Gallus gallus). Appl. Anim. Behav.
determine what is learned in the chimpanzee. (doi:10.1007/BF02373840) S¢i. 105, 254-258. (doi:10.1016/j.applanim.2006.
Behav. Process. 28, 173-179. (d0i:10.1016/ 15. Bunnell BN, Gore WT, Perkins MN. 1980 05.001)
0376-6357(93)90090-E) Performance correlates of social behavior and 22. Sanchez-Téjar A, Schroeder J, Farine DR. 2017 A

8. Boogert NJ, Reader SM, Laland KN. 2006 The organization: social rank and reversal learning in practical guide for inferring reliable dominance
relation between social rank, neophobia and crab-eating macaques (M. fascicularis). Primates 21, hierarchies and estimating their uncertainty. J.
individual learning in starlings. Anim. Behav. 72, 376-388. (d0i:10.1007/BF02390467) Anim. Ecology (online early view).

1229-1239. (doi:10.1016/j.anbehav.2006.02.021) 16. Bond AB, Kamil AC, Balda RP. 2007 Serial reversal (doi:10.1111/1365-2656.12776)

9. Barnard CJ, Luo N. 2002 Acquisition of dominance
status affects maze learning in mice. Behav. Process.
60, 53-59. (doi:10.1016/50376-6357(02)00121-3)

learning and the evolution of behavioral flexibility
in three species of North American corvids
(Gymnorhinus cyanocephalus, Nucifraga

3.

Mateos C, Carranza J. 1997 Signals in intra-sexual
competition between ring-necked pheasant males.
Anim. Behav. 53, 471-485.


http://doi.org/10.24378/exe.21
http://doi.org/10.24378/exe.21
http://dx.doi.org/10.1093/beheco/aru095
http://dx.doi.org/10.1098/rstb.2012.0214
http://dx.doi.org/10.1017/CBO9781107415324.004
http://dx.doi.org/10.1016/S0065-3454(08)60215-6
http://dx.doi.org/10.1016/S0169-5347(01)02227-3
http://dx.doi.org/10.1007/BF02373373
http://dx.doi.org/10.1016/0376-6357(93)90090-E
http://dx.doi.org/10.1016/0376-6357(93)90090-E
http://dx.doi.org/10.1016/j.anbehav.2006.02.021
http://dx.doi.org/10.1016/S0376-6357(02)00121-3
http://dx.doi.org/10.1111/j.1460-9568.2006.04585.x
http://dx.doi.org/10.1111/j.1460-9568.2006.04585.x
http://dx.doi.org/10.1037/0735-7036.118.3.332
http://dx.doi.org/10.1016/S0018-506X(03)00119-3
http://dx.doi.org/10.1163/156853982X00364
http://dx.doi.org/10.1163/156853982X00364
http://dx.doi.org/10.1007/BF02373840
http://dx.doi.org/10.1007/BF02390467
http://dx.doi.org/10.1037/0735-7036.121.4.372
http://dx.doi.org/10.1037/0735-7036.121.4.372
http://dx.doi.org/10.1098/rstb.2009.0291
http://dx.doi.org/10.1098/rstb.2009.0291
http://dx.doi.org/10.1093/cercor/bhp247
http://dx.doi.org/10.1093/cercor/bhp247
http://dx.doi.org/10.1007/s10071-006-0064-1
http://dx.doi.org/10.1016/j.applanim.2012.05.003
http://dx.doi.org/10.1016/j.applanim.2012.05.003
http://dx.doi.org/10.1016/j.applanim.2006.05.001
http://dx.doi.org/10.1016/j.applanim.2006.05.001
http://dx.doi.org/10.1111/1365-2656.12776
http://rsos.royalsocietypublishing.org/

24,

25.

26.

27.

2.

29.

30.

31

32

Downloaded from http://rsos.royalsocietypublishing.org/ on February 14, 2018

Mateos C, Carranza J. 1997 The role of bright
plumage in male-male interactions in the
ring-necked pheasant. Anim. Behav. 54, 1205-1214.
Ridley MW, Hill DA. 1987 Social-organization in the
pheasant (Phasianus colchicus): harem formation,
mate selection and the role of mate guarding.

J. Zool. 211, 619-630. (d0i:10.1111/).1469-7998.
1987.th04475.x)

Whiteside MA, van Horik JO, Langley EJG,
Beardsworth CE, Capstick LA, Madden JR.
Submitted. Patterns of association at feeder
stations for pheasants released into the wild: sexual
segregation by space and time.

Mateos C. 1998 Sexual selection in the ring-necked
pheasant: a review. Ethol. Ecol. Fvol. 10, 313-332.
(doi:10.1080/08927014.1998.9522846)

Mateos C, Carranza J. 1995 Female choice for
morphological features of male ring-necked
pheasants. Anim. Behav. 49, 737-748.
(doi:10.1016/0003-3472(95)90048-9)

Whiteside MA, Sage R, Madden JR. 2016 Multiple
behavioural, morphological and cognitive
developmental changes arise from a single
alteration to early life spatial environment, resulting
in fitness consequences for released pheasants.

R. Soc. open sci. 3,160008. (doi:10.1098/rs05.160008)
Mateos C, Carranza J. 1999 Effects of male
dominance and courtship display on female choice
in the ring-necked pheasant. Behav. Ecol. Sociobiol.
45, 235-244. (d0i:10.1007/5002650050558)

von Schantz T, Goransson G, Andersson G, Froberg |,
Grahn M, Helgée A, Wittzell H. 1989 Female choice
selects for a viability-based male trait in pheasants.
Nature 337,166-169. (doi:10.1038/337166a0)
Robertson P. 1997 A natural history of the pheasant.
Shrewsbury, UK: Swan Hill Press.

3.

34.

35.

36.

37.

38.

39.

40.

4.

Gammell MP, de Vries H, Jennings DJ, Carlin CM,
Hayden TJ. 2003 David's score: a more appropriate
dominance ranking method than Clutton-Brock et
al.'sindex. Anim. Behav. 66, 601-605. (d0i:10.1006/
anbe.2003.2226)

Neumann Cet al. 2011 Assessing dominance
hierarchies: validation and advantages of
progressive evaluation with Elo-rating. Anim.
Behav. 82, 911-921. (d0i:10.1016/j.anbehav.
2011.07.016)

Grahn M, Goransson G, von Schantz T. 1993 Spacing
behaviour of male pheasants, Phasianus colchicus,
in relation to dominance and mate acquisition.
Anim. Behav. 45, 93-103. (doi:10.1006/anbe.
1993.1009)

Altmann J. 1974 Observational study of behavior:
sampling methods. Behaviour 49, 227-266.
(doi:10.1163/156853974X00534)

Albers PCH, de Vries H. 2001 Elo-rating as a tool in
the sequential estimation of dominance strengths.
Anim. Behav. 61, 489-495. (d0i:10.1006/anbe.
2000.1571)

R Core Team. 2015 R: A language and environment
for statistical computing. The R Foundation for
Statistical Computing, Vienna, Austria. See https://
www.R-project.org/.

Farine DR, Sanchez-Tojar A. 2017 aniDom: inferring
dominance hierarchies and estimating uncertainty.
See https://cran.r-project.org/package=aniDom.
Schielzeth H, Stoffel M, Nakagawa S. 2016 rptR:
repeatability estimation for Gaussian and
non-Gaussian data. See https://rdrr.io/cran/rptR/.
Bates D, Maechler M, Walker S. 2016 Package ‘Ime4":
linear mixed-effects models using ‘Eigen’ and 4.
CRAN Repository, v. 1.1-12,1-113.
(doi10.18637/jss.v067.i01)

4.

3.

45.

46.

47.

48.

49.

Gelman A, Hill J. 2007 Data analysis using regression
and multilevel/hierarchical models. Cambridge, UK:
Cambridge University Press.

Mateos C. 2005 The subordination stress paradigm
and the relation between testosterone and
corticosterone in male ring-necked pheasants.
Anim. Behav. 69, 249-255. (doi:10.1016/j.anbehav.
2004.03.010)

. Rushen J. 1982 The peck orders of chickens: how do

they develop and why are they linear? Anim. Behav.
30, 1129-1137. (doi:10.1016/50003-3472(82)80203-0)
Chappell MA, Zuk M, Johnsen T.1999 Aerobic
performance does not affect social rank in female
red jungle fowl. Funct. Ecol. 13,163-168.
(doi:10.1046/j.1365-2435.1999.00265.x)

Strayer F. 1976 Learning and imitation as a function
of social status in macaque monkeys (Macaca
nemestrina). Anim. Behav. 24, 835-848.
(doi:10.1016/50003-3472(76)80014-0)

Blanchard DC, Sakai RR, McEwen B, Weiss SM,
Blanchard RJ. 1993 Subordination stress: behavioral,
brain, and neuroendocrine correlates. Behav. Brain
Res. 58, 113-121. (doi:10.1016/0166-4328(93)
90096-9)

de Kloet RE, Qitzl MS, Joels M. 1999 Stress and
cognition: are corticosteroids good or bad guys?
Trends Neurosci. 22, 422-426. (doi:10.1016/50166-
2236(99)01438-1)

DEFRA. 2009 Code of practice for the welfare of game
birds reared for sporting purposes. London, UK:
DEFRA. https://www.gov.uk/government/news/
code-of- practice-for-the- welfare- of-gamebirds-
reared-for-sporting- purposes (accessed 28
February 2015).

/b1 Psuado 205y BioBusigndiraposieforsos:


http://dx.doi.org/10.1111/j.1469-7998.1987.tb04475.x
http://dx.doi.org/10.1111/j.1469-7998.1987.tb04475.x
http://dx.doi.org/10.1080/08927014.1998.9522846
http://dx.doi.org/10.1016/0003-3472(95)90048-9
http://dx.doi.org/10.1098/rsos.160008
http://dx.doi.org/10.1007/s002650050558
http://dx.doi.org/10.1038/337166a0
http://dx.doi.org/10.1006/anbe.2003.2226
http://dx.doi.org/10.1006/anbe.2003.2226
http://dx.doi.org/10.1016/j.anbehav.2011.07.016
http://dx.doi.org/10.1016/j.anbehav.2011.07.016
http://dx.doi.org/10.1006/anbe.1993.1009
http://dx.doi.org/10.1006/anbe.1993.1009
http://dx.doi.org/10.1163/156853974X00534
http://dx.doi.org/10.1006/anbe.2000.1571
http://dx.doi.org/10.1006/anbe.2000.1571
https://www.R-project.org/
https://www.R-project.org/
https://cran.r-project.org/package=aniDom
https://rdrr.io/cran/rptR/
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1016/j.anbehav.2004.03.010
http://dx.doi.org/10.1016/j.anbehav.2004.03.010
http://dx.doi.org/10.1016/S0003-3472(82)80203-0
http://dx.doi.org/10.1046/j.1365-2435.1999.00265.x
http://dx.doi.org/10.1016/S0003-3472(76)80014-0
http://dx.doi.org/10.1016/0166-4328(93)90096-9
http://dx.doi.org/10.1016/0166-4328(93)90096-9
http://dx.doi.org/10.1016/S0166-2236(99)01438-1
http://dx.doi.org/10.1016/S0166-2236(99)01438-1
https://www.gov.uk/government/news/code-of-practice-for-the-welfare-of-gamebirds-reared-for-sporting-purposes
https://www.gov.uk/government/news/code-of-practice-for-the-welfare-of-gamebirds-reared-for-sporting-purposes
https://www.gov.uk/government/news/code-of-practice-for-the-welfare-of-gamebirds-reared-for-sporting-purposes
http://rsos.royalsocietypublishing.org/

	Background
	Methods
	Subjects and housing
	Cognitive testing
	Dominance interactions
	Statistical analysis

	Results
	Social hierarchy
	Spatial learning performance

	Discussion
	References

