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Abstract

Social dominance influences many aspects of the life of animals living in social groups,
including fitness. Recent work suggests that individuals occupying different positions in a
dominance hierarchy may differ in their behavioural and cognitive traits. The first
objective of this thesis was to determine whether personality (i.e. consistent behavioural
differences between individuals) is correlated with dominance in natural groups of black-
capped chickadees (Poecile atricapillus) in the wild. Dominance relationships within
these groups were highly asymmetrical and transitive, which is typical of linear
dominance hierarchies. None of the measured personality traits (i.e. aggressiveness in
hand, exploration, activity and neophilia) were significantly correlated with dominance.
These results suggest that personality does not contribute to the formation of black-
capped chickadee hierarchies and add to the growing body of evidence that inherent
attributes of individuals are not sufficient to explain the structure of linear dominance
hierarchies observed in the wild. The second objective of this thesis was to investigate
how dominance and correlates of competitive ability (i.e. sex, age and body condition)
are related to novel problem-solving performance, which is a proxy for innovativeness,
the invention of new behavioural patterns or the modification of an existing behaviour in
a novel context. Problem-solving performance was not significantly associated with sex,
age or body condition, but dominants were more efficient problem-solvers than
subordinates. This finding suggests that efficiency when solving a novel problem might
be driven by cognitive capacity instead of the necessity induced by the social position of
an individual. Overall, results of this thesis help to better understand dominance

hierarchies in wild groups of animals.



Résumé

La dominance sociale influence plusieurs aspects de la vie des animaux vivant en groupes
sociaux, incluant I’aptitude phénotypique. Des travaux récents suggerent que les traits
comportementaux et cognitifs des individus pourraient influencer leur position dans une
hiérarchie de dominance. Le premier objectif de cette thése était de déterminer si la
personnalit¢ (des différences comportementales constantes entre les individus) est
corrélée a la dominance au sein de groupes sauvages de mésanges a téte noire (Poecile
atricapillus). Les relations de dominance a I’intérieur de ces groupes étaient hautement
asymétriques et transitives, ce qui est typique de hiérarchies de dominance linéaires.
Aucun des traits de personnalité mesurés (agressivité en main, exploration, activité et
néophilie) n’était significativement corrélé a la dominance. Ces résultats suggérent que la
personnalité ne contribue pas a la formation des hiérarchies chez la mésange a téte noire
et s’ajoutent au nombre croissant de preuves suggérant que les attributs intrinséques des
individus ne sont pas suffisants pour expliquer la structure linéaire d’un bon nombre de
hiérarchies de dominance observées dans la nature. Le second objectif de cette thése était
d’investiguer la fagon dont la dominance ainsi que d’autres corrélats de la capacité
compétitive (sexe, age et condition corporelle) étaient reliés a la performance de
résolution d’un nouveau probléme, qui est un indicateur de I’innovation, I’invention de
nouveaux comportements ou la modification de comportements existants dans un
nouveau contexte. La performance lors de la résolution de probléme n’était pas
significativement associée avec 1’age, le sexe ou la condition corporelle des individus,
mais les oiseaux dominants résolvaient le probléme significativement plus efficacement
que les subordonnés. Ce résultat suggere que I’efficacité lors de la résolution d’un
nouveau probléme pourrait étre influencée par la capacité cognitive plutot que par la
nécessité induite par la position sociale d’un individu. En conclusion, les résultats de
cette thése aident a mieux comprendre les hiérarchies de dominance des groupes

d’animaux dans la nature.



Acknowledgements

First I would like to thank my supervisor, Julie Morand-Ferron, for her guidance, support,
advice and time, which allowed me to create something much better than I thought I was
capable of. I would also like to thank my committee members, Gabriel Blouin-Demers

and Jean-Guy Godin, for their helpful comments throughout this project.

Many thanks to the “ACE” lab members (aka bird lab) as well as to all the
students who helped out at some point in the field, in captivity or with watching videos.
The vast data collection implied in this thesis would not have been possible without your
help. Further thanks to people from Innis Point Bird Observatory for their good advice on
aging chickadees, to Steve Perry’s laboratory to let me use their centrifuge, to Fran
Bonier’s laboratory at Queen’s University for the DNA sexing analyses, to Daniel
Mennill from the University of Windsor for the discriminant function for sexing

chickadees and to the machine shop at the University of Ottawa.

A big thank you to the grad students from Antoine Morin’s laboratory, who
welcomed me in their lab when I was the only one in mine. I would have been quite lost
without you! To all my official and unofficial labmates, thanks for your camaraderie,

enriching conversations and work breaks!

I am grateful for the funding provided by scholarships from the University of

Ottawa and the Fonds de recherche du Québec — Nature et technologies.

Finalement, un grand merci a ma famille pour votre support et vos

encouragements; je n’y serais pas arrivée sans vous.



Statement of contributions

Chapters 2 and 3 of this thesis are manuscripts in preparation for submission to journals.
As such, some content may overlap between chapters. The pronoun “ we ” is used as
manuscripts will be submitted with more than one author; however this thesis was written

by myself.

Chapter 2: Measurements of personality traits for this chapter were performed in
collaboration with MSc student Teri Jones. Honours students Chloé Montreuil-Spencer
and Jessica Marie Cloutier, as well as UROP student Phil Angel, also participated in the

coding of personality videos.

Chapter 3: The empirical work in this chapter was designed and executed in
collaboration with postdoctoral fellow Maxime Cauchoix. Honours students Ethan
Hermer and Jean-Michel Charbonneau participated in the collection of data related to

innovation and dominance, respectively.

NB: This study was conducted under scientific and banding permits from Environment
Canada (SC-42) - Canadian Wildlife Service (10854), and the protocol was subject to

ethical review by the Animal Care committee of the University of Ottawa (BL-274).



Table of contents

F N1 ] 1 i T S PSS ii
RESUME ...ttt e st e e e tb e e e aaeeestaeeessaeesssaeessseeennsaeenns iii
ACKNOWIEAZEMENLS ........c..ooiiiiiiiiiieiiiee e ettt e et e e e st e e s aeeesbeeenes iv
Statement of CONtrIDULIONS .............ccooiiiiiiiiiii e v
LSt 0f €aDIES. ......oooniiiiiieeee e e et vii
LSt Of FIGUIES ..ottt e et s e e e e eeenanee s viii
Chapter 1: General introducCtion.............ccoccooiiiiiiiiiiiiiie e 1

Chapter 2: Personality does not predict social dominance in wild groups of black-

capped chickadees, Poecile atricapillus ...........................ccooeeueeieiiiuiieeeeiieeeeeeiieeeeeereeen 9
ADSTFACE ..ottt et ettt sttt ettt e bt e e h e e et e et e e bt e bt e bt e shtesateenteentean 10
THEPOAUCTION ...ttt ettt ettt ettt e a et e bt e st e teese et e sneeneentesneans 11
MEIROAS ...ttt ettt a et e ettt et et e s bt e e bt e satesateeate e beeebeeeaaeeaneea 16
RESUILS ..ottt ettt e a et h ettt a et a e et e teen e et ne et e eaeetesaeeneen 26
DIESCUSSION ettt ettt e e bt e st e s bt e e s ab e e s bt e e sabeesabteebteeeabeeenanes 28

efficiency in the black-capped chickadee (Poecile atricapillus).................................... 41
ADSTFACE «..vveveeveecieeetie ettt e st s et e b e et e b e e te e s aae s abessbeesbeasbeesbeasbessseasbeasbeesseesstesaensbesrseerras 42
TREPOAUCTION ...ttt e et e et e e st e e etb e e s ab e e e taeesaaeeeaseeesseeenreeennas 43
MEIROAS ...ttt sttt e ettt e bt e s tbessbessbeesb e e b e e seessbessbessbeasbeenseesseessnensneans 46
RESUILS .ottt et et e et e e et e bt e e e e e e ab e e et e e e ta e e s ereeereeeaaeeereeenans 51
DIESCUSSION oottt e ettt e et e et e e st e e taeessbeessseeessaeesssaeassseeasseeansaeessseeanseeensseennseesnsses 52
Chapter 4: General conCIUSION ..............ccooiiiiiiiiiiiiie e 64
REfCIENCES ...t 68

Vi



List of tables

Table 2.1 — Correlations between pairs of personality traits.

Table 2.2 — Predictors of (a) aggressiveness in hand; (b) exploration; (c) activity; and (d)

neophilia from four linear mixed models including random intercept ‘group’.

Table 3.1 — Review of innovative problem-solving findings in relation to sex, age, body
condition and dominance. Studies reporting significant results supporting predictions
from the ‘necessity drives innovation’ hypothesis, no significant relationships, and
significant results contrary to predictions are listed. General predictions are that females,
juveniles, individuals in poor body condition and subordinates should be more likely to
innovate. Numbers refer to the studies cited below and letters to the vertebrate group
(bird, mammal or fish). Brackets (i.e. [ ]) point out results significant only in some

contexts or a non-significant trend. Studies are listed in chronological order.

Table 3.2 — Results of linear mixed models including one of the two novel problem-
solving latencies (seconds, log-transformed) as response variable, and group as a random

intercept. Sex, age and body condition were included as fixed factors.

Vi



List of figures

Figure 2.1 — Configuration of transitive and cyclic (intransitive) triads among individuals

A, Band C.

Figure 2.2 — Schematic presentation of the open-field test used for personality assays,
modified from Kluen et al (2012). The numbers in the cage indicate: (1) perch, (2) novel
object (pink box), (3) zone for approaches to the novel object, (4) corners for exploration

measurement and (5) black-capped chickadee.

Figure 2.3 — Dominance score (i.e. David’s score) in relation to (a) score of
aggressiveness in hand, (b) exploration latency (seconds), (c) activity (number of

movements), and (d) neophilia latency (seconds). See text for additional information.

Figure 3.1 Problem-solving apparatus. The lever-pulling device consisted of a
transparent plastic rectangular container, containing a platform supported by a lever,
above a feeding dish. Two mealworms were inserted on the platform as food rewards,

and a freely accessible mealworm was placed in the dish to assess feeding motivation.

Figure 3.2 — Total latency to solve (seconds, log-transformed) against latency to solve

excluding interruptions (seconds, log-transformed).

Figure 3.3 — Relationships between (a) total latency to solve (seconds, log-transformed),
(b) latency to solve excluding interruptions (seconds, log-transformed), and social
dominance (David’s score) of individual birds. Only birds from the forest habitat were

included in the model.

viii



CHAPTER 1

GENERAL INTRODUCTION



Social dominance is an important feature in many group-living animals (Wilson, 1975;
Piper, 1997), which may strongly affect individual fitness (Arcese and Smith, 1985;
Huntingford and Turner, 1987; Ellis, 1995). Dominance hierarchies are social structures
established by dyadic interactions between group members, with all dyads interconnected
in a network of relationships (Drews, 1993; Preuschoft and van Schaik, 2000; Chase et
al., 2002; Beacham, 2003). Considering the advantages of social life, such as reduced
predation risk and enhanced feeding efficiency (Krause and Ruxton, 2002; Davies et al.,
2012), dominance hierarchies can reduce costs associated with intraspecific interactions
and competition (Piper 1997; Preuschoft and van Schaik, 2000). Social organizations
range from loosely defined structures to rigid linear hierarchies (Chase, 1980). Linear
dominance hierarchies arise in small groups in particular, and are characterized by stable
membership as well as asymmetry and transitivity of dominance relationships (Landau,
1951; Chase, 1980; Appleby, 1983). Asymmetry takes place when there is a clear
dominance-subordination relation between dyad members, whereas transitivity arises
when an individual A dominates all others, an individual B dominates all but A, and so
on down to the last individual who dominates no one (A > B > C) (Chase, 1980;
Appleby, 1983). Several examples of dominance hierarchies are found in Parids, with
many species spending their non-breeding season wintering in flocks organized in linear

dominance hierarchies (Ekman, 1989; Hogstad, 1989).

Pioneering theoretical work has focused on the formation of linear dominance
hierarchies (Landau, 1951; Chase, 1980; Appleby, 1983), originally introduced as ‘peck-
right order’ by Schjelderup-Ebbe (1922). These hierarchies may be generated by

differences in the intrinsic attributes of animals (‘prior attributes’ hypothesis), or by the



processes of social interaction among group members (‘social dynamics’ hypothesis)
(Chase et al., 2002). Although the influence of physical attributes such as sex, age, and
body size on dominance status is well established, a significant portion of the variance in
dominance remains to be explained (e.g. Piper and Wiley, 1989). The acquisition of
dominance positions may also be influenced by prior differences in individuals’
behavioural traits, such as personality (i.e. consistent behavioural differences between
individuals; Gosling, 2001; Sih et al., 2004; Réale et al., 2007). Following the ‘proactive-
reactive’ axis (Koolhaas et al., 1999), individuals with proactive personality type exhibit
high aggressiveness, high activity, boldness, and superficial exploration, whereas
‘reactive’ individuals are characterized by low aggressiveness, low activity, shyness and
thorough exploration (Koolhaas et al., 1999). Proactivity has been positively linked with
life-history traits, for instance fast growth rate and high food intake (Biro and Stamps,
2008). Proactive individuals are thus suggested to exhibit a fast lifestyle (Réale et al.,
2010). For instance, by facilitating access to and monopolization of resources, proactive
personality traits (e.g. high levels of aggressiveness) may have coevolved with high
metabolic rates (Réale et al., 2010). Because proactivity may positively correlate with
competitive ability, we would expect positive relationships between proactive traits and
dominance rank. Indeed, some studies have reported a correlation between dominance
outcomes from pairwise confrontations of isolated dyads in captivity and personality
traits such as boldness (Dahlbom et al., 2011), aggressiveness (Riebli et al., 2011), and
exploratory behaviour (Verbeek et al., 1996; Beauchamp, 2000; Fox et al., 2009; Favati

et al., 2014).



Working with dyads however excludes the potential influence of social dynamics
on the relationship between dominance and behavioural traits. Because dominance
hierarchies may not simply result from the addition of conflicts among separate pairs of
individuals, relationships derived from isolated pairwise interactions may not be the
proper unit of analysis to understand dominance behaviour in groups (Chase et al., 2002,
2003). Studies on social groups have reported conflicting findings on the link between
social dominance and personality (see Chapter 2 for details): some found significant
relationships (Verbeek et al., 1999; Dingemanse and de Goede, 2004; David et al., 2011;
Cole and Quinn, 2012) and others no significant association (Boogert et al., 2006;
Kurvers et al., 2009; Riebli et al., 2012; Funghi et al., 2015). Furthermore, only a few
studies have investigated this relationship in natural groups in the wild (Réale et al.,
2000; Dingemanse and de Goede, 2004; Cole and Quinn, 2012) and none with an avian
species exhibiting a linear dominance hierarchy. This predominance of research
conducted in captivity may be especially problematic if the social organization differs
from the one exhibited in nature. For instance, group size in captivity is often small
compared to the wild (e.g. great tits Parus major: group size of 5 to 8 individuals in
captivity (Verbeek et al., 1999) vs. over 50 in the wild (Dingemanse and de Goede, 2004;
Aplin et al., 2013a); other species: see Boogert et al., 2006; David et al., 2011; Riebli et
al., 2012; Funghi et al., 2015). Moreover, most of the above-cited studies in captivity also
used same-sex groups (Verbeek et al., 1999; Boogert et al., 2006; David et al., 2011;
Funghi et al., 2015), although this does not reflect the groups’ composition in nature.
Another difference between captivity and natural conditions is that individuals cannot

leave the group (e.g. Verbeek et al., 1999), and therefore captivity artificially induces a



stable membership in species which do not necessarily exhibit stable group membership
in the wild (e.g. great tits exhibit a fission-fusion social organization; Ekman, 1989; Aplin

etal., 2012).

In the second chapter of this thesis, I investigate the relationship between animal
personality and dominance measured in the wild, in natural groups of black-capped
chickadees (Poecile atricapillus). Black-capped chickadees are small resident Paridae
widespread in North America, and their winter flocks are organized into distinct linear
dominance hierarchies (Smith, 1991; Ratcliffe et al., 2007). The black-capped chickadee
is an ideal species to study this relationship for many reasons. For instance, dominance
has been well-studied in this species (Hartzler, 1970; Glase, 1973; Smith, 1976,
Desrochers et al., 1988; Mennill et al., 2004; also reviewed in Smith, 1991 and Ratcliffe
et al., 2007), and its social organization is thus fairly well-known. Black-capped
chickadees are distributed across diverse geographical ranges and temperate habitats, and
inhabit the same area year-round, which allows conducting field studies both during the
breeding and the nonbreeding season (Smith, 1991; Ratcliffe et al., 2007). They readily
use feeders and dominance hierarchies are consistent whether at or away from feeders
(Smith, 1976); therefore dominance data are easily obtainable. Little research has been
done on personality in black-capped chickadees, with a few studies examining
exploratory behaviour (Guillette et al., 2009, 2011a,b, 2015) or neophobia (An et al.,
2011). Only one study investigated the link between dominance and a personality trait
(i.e. neophobia) in this species, using encounters between isolated dyads in captivity (An
et al.,, 2011). In Chapter 2, I test the ‘prior attributes’ hypothesis by investigating the

relationship between dominance and four personality traits within natural groups of



black-capped chickadees. I predict that dominant individuals would be more aggressive,

exploratory and active, but less neophilic, than subordinates.

Social dominance may strongly affect fitness-related attributes, and its costs and
benefits are not equally distributed among group members (see reviews by Ekman, 1989;
Hogstad, 1989; and Ratcliffe et al., 2007). Whereas dominant individuals may benefit
from higher reproductive success (Otter et al., 1998, 1999; Mennill et al., 2004; Doucet et
al., 2005; Schubert et al., 2007) and enhanced survival (Smith 1984; Ekman and
Askenmo, 1984; Desrochers et al., 1988) compared to subordinates, they may also
experience increased costs such as fighting (Rohwer and Ewald 1981; Ficken et al., 1990)
and energetic expenses (Roskaft et al., 1986; Hogstad, 1987; Bryant and Newton, 1994).
An important characteristic of a dominance hierarchy is that it may determine the priority
of access to limited resources. Whereas dominants can control preferential access to food
owing to their greater competitive ability, subordinates often have to wait until high-
ranking individuals have fed (Ficken et al., 1990; Boisvert, 1999). The use of different
foraging tactics may thus be expected in relation to an individual’s hierarchical position

within a group.

To obtain food when foraging in groups, individuals can actively search for
resources themselves (‘produce’) or exploit the resources discovered by others
(‘scrounge’) (Barnard and Sibly, 1981; Giraldeau and Caraco, 2000). Dominance status
has been found to affect these social foraging strategies, with higher-ranking individuals
tending to produce less and scrounge more than low-ranking individuals (Barta and
Giraldeau, 1998; Stahl et al., 2001; Liker and Barta, 2002; Lendvai et al., 2006; but see

Beauchamp, 2006 and Jolles et al., 2013). Additionally, dominants have been shown to



cache more food than individuals of inferior ranks (Lahti et al., 1998; Boisvert, 1999;
Pravosudov et al., 2003), whereas subordinates carried larger body reserves than group
members with higher ranks, possibly to mitigate the effects of more uncertain foraging
success and increased perceived risk of starvation (Ekman and Lilliendahl, 1993; Gosler,
1996). Because of their limited access to established resources, subordinate individuals
may also be forced to search for alternative solutions and thus be more likely to innovate
(‘necessity drives innovation’ hypothesis; Laland and Reader 1999a; Reader and Laland,

2003).

Animal innovation can be described as the invention of new behaviour patterns or
the modification of an existing behaviour in a novel context (Kummer and Goodall, 1985;
Lefebvre et al., 1997; Reader and Laland, 2003). Innovation is commonly studied using
the performance of individuals presented with novel food-motivated problems (Webster
and Lefebvre, 2001; reviewed in Griffin and Guez, 2014). The °‘necessity drives
innovation’ hypothesis predicts a negative relationship between competitive ability and
innovativeness (Laland and Reader 1999a,b; Reader and Laland 2003). Poor competitors,
usually juveniles, females, subordinates and individuals in poor body condition, should
thus be good problem-solvers. However, empirical findings are not always consistent
with predictions from this hypothesis (see Table 3.1 for detailed findings). For instance,
in meerkats Suricata suricatta, adult male subordinates were more likely to innovate,
with no effect of body condition (Thornton and Samson, 2012). In pigeons Columba
livia, neither sex nor dominance rank was associated with problem-solving performance

(Bouchard et al., 2007).



In the third chapter of this thesis, I revisit the ‘necessity drives innovation’
hypothesis by examining the relationship between problem-solving performance and
correlates of competitive ability in individual black-capped chickadees presented with a
novel food-motivated task in captivity. Chickadees are a good choice for this work
because Paridae is a highly innovative family (Overington et al., 2009; three cases of
innovations in nature reported specifically for black-capped chickadees). According to
the ‘necessity drives innovation’ hypothesis, I predict that females, juveniles, individuals
in poor body condition as well as subordinates should be better problem-solvers than
males, adults, individuals in good condition and dominants, respectively. Dominance was
measured within natural groups in the wild, which has been done only in a few empirical
studies examining the link with innovative problem-solving (Gajdon et al., 2006 with
keas, Nestor notabilis; Benson-Amram and Holekamp, 2012 with hyenas, Crocuta
crocuta; Thornton and Samson, 2012 with meerkats; see also Cole and Quinn, 2012 using

competitive ability as proxy of dominance in great tits).

Overall, my general aim in this thesis was to investigate potential behavioural and
cognitive correlates of social dominance in wild animal groups. In Chapter 2 I address
dominance in relation to personality, whereas in Chapter 3 I focus on innovative

problem-solving.



CHAPTER 2

PERSONALITY DOES NOT PREDICT SOCIAL DOMINANCE
IN WILD GROUPS OF BLACK-CAPPED CHICKADEES,
POECILE ATRICAPILLUS



Abstract

Dominance hierarchies characterize social groups of various species and can significantly
influence individual fitness. In previous studies, individual differences in attributes, such
as personality traits (i.e. consistent behavioural differences between individuals),
accurately predicted the outcomes of dominance encounters in isolated dyads in captivity.
However, findings from social groups of animals are less clear and suggest that these
differences in attributes may not accurately predict dominance in groups, especially
within linear hierarchies. Here, we investigated the relationship between four personality
traits (i.e. exploration, activity, neophilia and aggressiveness in hand) and dominance in
wild groups of black-capped chickadees (Poecile atricapillus), a resident passerine bird
that winters in flocks characterized by linear dominance hierarchies. We predicted that if
dominance is linked to personality within these social groups, dominant individuals
should be more exploratory, active and aggressive, but less neophilic, than subordinates.
Dominance relationships in our groups of black-capped chickadees were highly transitive
and asymmetric, which is typical of linear hierarchies. However, none of the personality
traits were significantly correlated with each other or with dominance. These results
suggest that personality does not contribute to the establishment of black-capped
chickadee hierarchies in the wild. We discuss the growing body of evidence suggesting
that individual attributes are not sufficient to explain the linearity of many dominance

hierarchies found in nature.
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Introduction

Social dominance has key implications for fitness in group-living animals, and
individuals with high dominance rank may benefit from their status in various ways. For
instance in Parids wintering in dominance-structured groups, high-ranking flock members
have been found to benefit from priority of access to resources, including food (Glase
1973; Hogstad, 1989; Ficken et al., 1990), breeding territories (Smith, 1976, 1994;
Desrochers et al., 1988), and locations safest from predators (Ekman and Askenmo, 1984;
Ekman, 1987; Hogstad, 1988, 1989; Desrochers, 1989). Dominant individuals thus
exhibit enhanced survival (Smith 1984; Ekman and Askenmo, 1984; Desrochers et al.,
1988) and greater reproductive success (Otter et al., 1998, 1999; Mennill et al., 2004;

Doucet et al., 2005; Schubert et al., 2007) than subordinates.

Two main hypotheses have been proposed to explain the formation of dominance
hierarchies: dominance ranks could be predetermined by differences in the intrinsic
attributes of animals (‘prior attributes’ hypothesis), or they could be generated by the
processes of social interaction among group members (‘social dynamics’ hypothesis)
(Chase et al., 2002). While much work has focused on the association of hierarchical
relationships with physical attributes of individuals such as body size, sex and age (see
Smith, 1991 and Ratcliffe et al., 2007 for review on Paridae species), the influence of
behavioural attributes on dominance is less clear. Some studies suggest that animal
personality (i.e. consistent behavioural differences between individuals; Gosling, 2001;
Sih et al., 2004; Réale et al., 2007), may play a role in the establishment of social status
(e.g. in avian species: Verbeek et al., 1996, 1999; David et al., 2011; Favati et al., 2014;
in fish species: Colléter and Brown, 2011; Dahlbom et al., 2011).

11



Personality has been reported for a wide range of species across the animal
kingdom, including mammals, fishes, birds, reptiles, amphibians, arthropods, and
molluscs (reviewed by Gosling, 2001 and Réale et al., 2007). These consistent individual
differences in behaviour may affect animal life-history traits and interactions with the
environment in several ways, for instance by impacting growth, fecundity, response to
predators, food sources or habitat, and social or sexual interactions with conspecifics
(Réale et al., 2007; Biro and Stamps, 2008). Examples of personality traits include
boldness, an individual’s reaction to any risky situation, but not new situations;
exploration, an individual’s reaction to a new situation; activity, the general level of
movement of an individual; and aggressiveness, an individual’s agonistic reaction
towards conspecifics (Gosling, 2001; Réale et al., 2007). Aggressiveness during handling
is also a trait which has been measured in different species (Overington et al., 2011;
Brommer and Kluen, 2012; Réale et al., 2000). This measure is indicative of the way
animals respond to handling by humans (Overington et al., 2011) and is thus not
equivalent to aggressiveness towards conspecifics. Other well-studied personality traits
are neophilia and neophobia. Neophilia, a positive response to novelty, can be defined as
attraction towards an object simply because it is unfamiliar (Greenberg, 2003). Neophilia
and neophobia (fear of novelty) are thought to be independent responses to novel stimuli,
with different motivations and selective factors (Greenberg and Mettke-Hofmann, 2001;

Mettke-Hofmann et al., 2002; Greenberg, 2003).

When personality traits are correlated with each other they are said to form a
behavioural syndrome, which may be defined as a suite of correlated behaviours in

different contexts (Sih et al., 2004; Réale et al., 2007; Wolf and Weissing, 2012).

12



Behavioural syndromes allow individuals to be characterized on main axes summarizing
several personality traits such as the proactive-reactive axis (Koolhaas et al., 1999).
Proactivity implies positive associations with boldness, aggressiveness and exploration
(Koolhaas et al., 1999), as well as competitive ability and fast lifestyle (Réale et al.,
2010). Indeed, studies have reported that dominant individuals tend to be more
exploratory (Verbeek et al., 1996; Cole and Quinn, 2012; Favati et al., 2014), bold
(Dahlbom et al., 2011), aggressive towards conspecifics (Verbeek et al., 1996; Riebli et
al., 2011), proactive (David et al., 2011), and also more neophobic (Robertson, 1982; An

et al., 2011) than subordinates.

Many studies of correlations between dominance and personality used dominance
relationships established within isolated pairs of individuals, by conducting staged dyadic
contests in captivity (Robertson, 1982; Verbeek et al., 1996; Beauchamp, 2000; Mettler
and Shivik, 2007; Fox et al., 2009; An et al., 2011; Dahlbom et al., 2011; Riebli et al.,
2011; Favati et al., 2014; Kozlovsky et al., 2014). The relevance of experiments on
isolated pairs for understanding dominance in animals groups has been questioned (e.g.
Chase et al., 2003). For instance, dominance status from pairwise contests may not reflect
the social hierarchical position of an individual in the group as a whole, as this status is
likely to be “dyad-specific” (i.e. depend on the identity of the two dyad members).
Accordingly, rearranging dyads of zebra finches Taeniopygia guttata led to several
changes in dominance and leadership status (Beauchamp, 2000). Furthermore, studies on
the same species found different relationships between dominance and behavioural traits

when testing animals under dyadic versus social conditions (great tits Parus major:
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Verbeek et al., 1996, 1999; cichlid fish Neolamprologus pulcher: Riebli et al., 2011,

2012).

Experiments investigating social dominance and personality in group settings
report conflicting results, with some having found significant correlations (Verbeek et al.,
1999; Dingemanse and de Goede, 2004; David et al., 2011; Cole and Quinn, 2012), and
others no significant effects (Réale et al., 2000; Boogert et al., 2006; Kurvers et al., 2009;
Riebli et al., 2012; Funghi et al., 2015). Contrary to expectations from findings obtained
with isolated dyads, individual differences in prior attributes may not be sufficient to
explain the outcomes of dominance encounters in groups of animals, especially those
forming linear hierarchies (see below) (e.g. Chase and Seitz, 2011). Moreover, with only
a few noticeable exceptions (Réale et al., 2000; Dingemanse and de Goede, 2004; Cole
and Quinn, 2012), all of these studies were conducted with groups created experimentally
in captivity. While acknowledging that captivity allows for well-controlled experiments
and that the use of captive social groups is closer to natural situations than isolated dyads,
several differences still exist between captive and natural social settings (e.g. possibility
of escaping from the group and the context of introduction of members in the group;
Verbeek et al., 1999). There is thus a need for studies investigating the association
between dominance and personality in natural groups of animals in the wild, especially

with species characterized by linear hierarchies.

Linear dominance hierarchies occur predominantly in small social groups, and
their two main criteria are asymmetry of dyadic relationships and transitivity of
dominance relationships (Chase, 1980; Appleby, 1983; Shizuka and McDonald, 2012).

Asymmetry occurs when there is a clear dominance-subordination relation between dyad
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members (i.e. one individual consistently wins over the other). Transitivity occurs in a
hierarchy when an individual A dominates all others, an individual B dominates all but A,
and so on down to the last individual who dominates no one (A > B > C; Figure 2.1)
(Chase, 1980; Appleby, 1983). In contrast, if within a set of three individuals A > B > C
but C > A, then the dominance is not transitive but rather said to be circular (Figure 2.1)

(Chase, 1980; Appleby, 1983).

In this study, we aimed to examine the relationship between social dominance in
natural animal groups and the personality traits of aggressiveness in hand, exploration,
activity and neophilia. We used the black-capped chickadee (Poecile atricapillus), a
small resident Paridae widespread in North America, as our study species. Black-capped
chickadees form non-breeding flocks in fall and winter, with an average group size of
eight individuals (Odum, 1942; Smith, 1991; Ratcliffe et al, 2007). These flocks are
typically characterized by a stable membership and are organized into strict linear
dominance hierarchies, the so-called “peck-right dominance hierarchies” (Hartzler, 1970;
Smith, 1976, 1991; Ratcliffe et al., 2007). In black-capped chickadee hierarchies, males
are usually dominant over females, and adults tend to dominate young birds (Desrochers
et al., 1988; Smith, 1991; Odum, 1942; Ratcliffe et al., 2007); dominants also have been
found to be leaner than subordinates (Schubert et al., 2007), but the impact of personality
traits on dominance rank is not well understood. Following findings from previous
studies in other species (see above), we predicted that dominant birds should be more

aggressive, exploratory and active, but less neophilic, than subordinate individuals.
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Methods

Study sites and catching procedures

This study was part of a broader project examining the potential effects of urbanization
on the behaviour of birds, and therefore the field sites included different types of habitat
that is treated here as a potential confounding variable. Our 16 study sites were located
within the vicinity of the cities of Ottawa (ON) and Gatineau (QC), and were distributed
over four habitat types along an urbanization gradient: forest (N = 5), rural park (N = 4),
urban park (N = 4) and city (N = 3). Forest sites were situated in the Gatineau Park, a
large protected forest area of 361 km?* and were at least 2 km away from any house.
Rural parks were natural forest patches located at least 15 km from Ottawa city centre,
with the nearest house at least 200 m from our feeding platform (see below). Urban parks
were situated within the city of Ottawa, less than 200 m from houses. Finally, city sites
were located in the backyards of homes within the city, representing the maximum urban
criterion. Forest and city sites were studied during the year 2013-2014, and rural and
urban parks during the year 2014-2015. All sites were separated from each other by a
distance of at least 2 km, to prevent any overlap between flocks’ homes ranges (about 10
to 20 hectares; reviewed in Smith 1991). We defined a group based on the interactions

observed at one feeding location per site, and site is here equivalent to group.

Birds were caught using a mist-net from November 3 to December 6, 2013 and
from September 26 to December 9, 2014. They were fitted with a unique metal leg-ring, a
colour ring and a unique passive integrated transponder (PIT tag). We recorded body

mass (g), as well as wing, tail and tarsus lengths (mm). Body condition (Jakob et al.,
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1996) was calculated for each bird by extracting the residuals from a regression of body
mass against wing length (measure of body size) and the time of day birds were caught
(e.g. Cole et al., 2011; Cole and Quinn, 2012) to take into account the well-known daily
cycle of body mass in wintering passerines (Blem, 1976; Lehikoinen, 1987). Birds were
aged as adult or juvenile using shape and colour of rectrices (Meigs et al., 1983; Pyle,
1997). Although black-capped chickadees are not strongly dimorphic (Pyle, 1997), a
good proportion of individuals (e.g. up to 94%; Desrochers et al., 1988) can be
successfully sexed with a discriminant function using the following biometrics: body
mass, wing and tail lengths (Desrochers et al., 1988; Desrochers, 1989; Mennill, pers.

comm.; see also chapter 3 of this thesis), which is what we used here.

Personality assays

We measured four personality traits in the field: aggressiveness in hand, exploration of a
new environment, activity and object neophilia. Aggressiveness in hand was scored
during banding and measurement, and the other traits were recorded immediately after
using an open-field test modified from Kluen et al. (2012). Each bird was tested
individually in a standard commercial bird cage (40 cm x 60 cm x 40 cm) which had
three perches positioned at the bottom, middle and uppermost levels (Figure 2.2). Birds
were introduced to the cage through a front door and were released at the bottom left of
the cage. The open-field assay was videotaped for subsequent analyses, with no observer
around the cage during the test. The assay lasted 14 minutes and was divided in three
phases, respectively measuring exploration (first 10 minutes), activity (2 minutes), and

neophilia (2 minutes).
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Repeatability of each personality trait in our study population has been calculated
in related work. Repeatability is defined as the proportion of behavioural variation that is
accounted for by differences between individuals (Bell et al., 2009). We calculated
adjusted repeatability (i.e. repeatability controlling for confounding effects as random or
fixed effects; Nakagawa and Schielzeth, 2010) of the traits using linear mixed-effects
models (LMM; using R package ‘lme4’) with the personality measure as the response
variable, individual identity and group as random intercepts, and Julian date, time,
method of capture (i.e. net or trap), observer (if applicable) and year (if applicable) as
fixed factors. We estimated variance components from the LMM with restricted
maximum likelihood (REML) and we calculated repeatability estimates (R) following
Nakagawa and Schielzeth (2010). Statistical significance of the repeatability estimates
was tested by likelihood ratio testing (LRT) using a model with and without the random
intercept ‘individual identity’ (see Bolker et al., 2009; Nakagawa and Schielzeth, 2010):
aggressiveness in hand (LRT: x*= 3.54, N = 50 birds measured twice, three or four times;
R = 0.24, P = 0.060), exploration behaviour (LRT: ¥* = 6.60, N = 20 birds measured
twice; R = 0.53, P = 0.010; Jones, pers. comm.), activity (LRT: x2 = 2.61, N = 20 birds
measured twice; R = 0.32, P = 0.106; Jones, pers. comm.), and neophilia (LRT: x2 = 3.66,
N = 20 birds measured twice; R = 0.40, P = 0.056; Jones, pers. comm.). These P-values
from the y? distribution are conservative, because variances components are constrained
to be positive and are thus on the ‘boundary of the parameter space’ (Self and Liang,
1987; see also Bolker et al., 2009; Zuur et al., 2009). By adjusting the P-values for the
test by halving them (Self and Liang, 1987; Bolker et al., 2009; Zuur et al., 2009; Bates,

2010), the values of three out of four traits would be smaller than the 0.5 threshold
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(aggressiveness, P = 0.030; exploration, P = 0.005; and neophilia, P = 0.028) and one
would be near the traditional threshold for significance (activity, P = 0.053). Coupled
with the finding that our repeatability estimates (R = 0.24-0.53) are in the range of those
reported for similar behaviours in other species (reviewed in Bell et al., 2009), we are

confident that our measures reflect consistent individual behavioural differences.

Aggressiveness in hand

We scored each individual for its aggressiveness during banding and measurement
(Overington et al., 2011; Brommer and Kluen, 2012; see also Réale et al., 2000 for
docility in bighorn sheep Ovis canadensis). According to the criteria from Overington
and collaborators (2011), the score ranged from a minimum of 0 to a maximum of 5. We
gave a score of 0 for a bird that did not move at all during measurements, 1 for a bird that
moved but did not resist handling, 2 for a moderately agitated individual that resisted in
hand, 3 for an agitated bird that tried to escape and that used beak or claws on the bander,
4 for a very agitated individual that used claws and beak, and 5 for a very aggressive bird
that resisted and tried to escape, using both claws and beak (e.g. pecking and pinching

bander’s fingers repeatedly) (Overington et al., 2011).

Exploration behaviour

During the first phase of the open-field assay, considered to be the “novel environment
test” (Verbeek et al., 1994), we recorded the time needed to visit the four corners of the
cage (in seconds) (see Figure 2.2). We considered this measure to be analogous to the
classical test in an observation room using the time required to visit a certain number of

artificial trees (Verbeek et al., 1994; Drent et al., 2003). The novel environment
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exploration period was fixed at 10 minutes (Verbeek et al., 1994; Drent et al., 2003;
Kurvers et al., 2009; Kozlovsky et al., 2014). Birds that did not visit all four corners
within the maximum duration of 10 minutes were given a maximum latency of 600

seconds (i.e. 10 minutes; Verbeek et al., 1994).

Activity

After the first 10 minutes, we considered that birds were habituated to the cage (Kluen et
al., 2012; Kluen and Brommer, 2013; see also Verbeek et al., 1994; Drent et al., 2003;
Kurvers et al., 2009; Kozlovsky et al., 2014 for an exploration period of up to 10
minutes). With the environment no longer considered as “novel”, we then recorded the
birds’ activity level for 2 minutes. We used the number of movements through the cage,
by counting hops or short flights, as an estimate of overall activity level (Overington et
al., 2011; Bokony et al., 2012; Kluen et al., 2012). This behaviour was scored using the

software JWatcher Video version 1.0 (see Blumstein and Daniel, 2007).

Neophilia

We quantified neophilia as the latency to approach a novel object in a familiar
environment (Mettke-Hofmann et al., 2002; Greenberg, 2003; Miranda et al., 2013).
During the third phase of the open-field assay, we introduced a novel object (a small pink
box) and hooked it to the roof of the cage (Figure 2.2). We chose a pink-coloured object,
following Kluen et al., 2012 (see also Verbeek et al., 1994; Fox et al., 2009; Herborn et
al., 2010), because this colour is not often encountered in nature and is thus not likely to
have been previously associated with any stimulus. We then recorded the latency of an

individual to approach within one body-length of the object (in seconds). Whenever a
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bird did not approach the object, its latency to approach was set to the duration of the trial
(Miranda et al., 2013), namely 120 seconds (i.e. 2 minutes). Following Mettke-Hofmann
et al. (2002) and Miranda et al. (2013), we assumed that latency to approach was a
measure of neophilia, although a certain influence of neophobia could not be completely

excluded.

Dominance

To assess dominance hierarchies, we recorded dyadic interactions between banded birds
at feeding platforms (30 x 30 cm) (e.g. Ratcliffe et al., 2007), from January 9 to March
26, 2014 and from February 9 to March 24, 2015. These platforms were installed during
the banding period in the fall, to familiarize birds with them. Platforms were baited with
sunflower seeds and recorded with a camera to videorecord dominance interactions. An
individual was considered the winner of an interaction when it: (i) supplanted or chased
an opponent, (ii) resisted an attack by an opponent, (iii) elicited a submissive posture in
an opponent, or (iv) fed while an opponent waited to take a seed (Ficken et al., 1990;

Otter et al., 1998; Ratcliffe et al., 2007).

To construct hierarchies with the recorded interactions, we calculated a David’s
score for each individual of a group (David, 1987; Gammell et al., 2003). Similarly to
many ranking methods, this score is based on the paired comparisons paradigm (David,
1987). An important advantage of the David’s score compared to other dominance
ranking methods is that it takes into account repeated interactions between group
members and relative strengths of opponents (Gammell et al., 2003). Moreover, it will

not be disproportionally affected by minor deviations from the main dominance direction
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within dyads (Gammell et al., 2003). We calculated a David’s score for every individual
in our groups that interacted with at least two banded conspecifics (Dingemanse and de
Goede, 2004; Cole and Quinn, 2012), regardless of their sex (i.e. male, female or

unknown).

To calculate the David’s score, we used the procedure from Gammell et al. (2003)
with correction from de Vries (1998, 2006). The first step was to calculate the dyadic
proportions of wins (P;;) by individual i during its interactions with another individual j,
which is the number of times that i defeats j (a;) divided by the total number of
interactions between i and j (n;); thus P; = a;/n;. The proportion of losses by i in
interactions with j is P;= 1 — P;. However, using this proportion of wins P; may induce a
problem owing to the possibility that some individuals of a group may interact
preferentially with, or actively avoid, other individuals. This situation could lead to
variation in interaction frequency between dyads and break the David’s score assumption
that every dyadic interaction is independent of every other dyadic interaction (de Vries,
1998; Gammell et al., 2003). To deal with this possibility, we used the dyadic dominance
index (Dj) in our calculation instead of observed Py, correcting for the chance occurrence
of an outcome (de Vries, 1998, 2006). This dyadic dominance index D;; has been found to
be a better estimator of the win probability (de Vries, 2006). It is defined as D;; = P; —
{(Pj — 0.5) x Prob[P;]}, where Prob[P;] is the probability that the observed proportion
will occur by chance and equals to: 1 / (n; + 1) (de Vries, 2006). The David’s score for

each member i of a group was then calculated with the formula:

DS:W+W2—I—12,
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where w = Y Dj;, w» = Y>w (weighted by the appropriate D;; values of those individuals
with which 7 interacted), / = > P;; and 1, = }/ (weighted by the appropriate D;; values of
those individuals with which i interacted). We did not proceed with normalization of the
David’s score as proposed by de Vries (2006) because we had multiple flocks with
different group size (N ranging from 3 to 12; mean £+ s.e. = 6.9 + 0.8). With
normalization, some dominants and subordinates from flocks of different group sizes
were obtaining equivalent normalized scores (i.e. equivalent scores for dominants of
smaller groups and subordinates of bigger groups). The adjusted David’s score, hereafter
“dominance score”, was calculated using the R package Steepness 2.2 (Leiva and de
Vries, 2011). To assess the robustness of our findings, we repeated all analyses using
individual ranks weighted by flock size (i.e. individual rank / flock size; rank assigned
following the ordered linear hierarchy) as an alternative dominance measure (Lewden et

al., 2012).

The degree of linearity of dominance hierarchies often has been measured using
Landau’s /# (Landau, 1951) and de Vries’s corrected index 4’ (de Vries, 1995). However,
a major limitation of these linearity indices is that they become biased when some pairs
of individuals do not interact or when group size varies (Klass and Cords, 2011; Shizuka
and McDonald, 2012). The presence of unknown dyadic relationships is a common
problem in empirical studies, especially when studying natural social groups of animals
in the wild. In this study, we could not calculate the Landau’s linearity index because
unknown dyadic relationships were present and group size varied between flocks. A
potential explanation for the absence of interactions between some pairs of individuals is

that a dominance-subordination relationship was already established between them, and
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thus subordinates would keep a safe distance from the dominant to prevent agonistic
outcomes (de Vries et al., 2006). This situation is likely to have occurred in our study,
because we observed birds waiting for others to leave before approaching the feeding
platform (i.e. ‘avoiding at a distance’; de Vries et al., 2006). Unfortunately, we could not
include these behaviours in our analyses because they were not recorded by videos of the
feeding platforms. Therefore, we carried out quantitative analyses on the two main
criteria characterizing linear dominance hierarchies: (1) asymmetry of the relationships
between all pairs of individuals, and (2) transitivity of dominance relationships (Chase,
1980; Appleby, 1983; Shizuka and McDonald, 2012). First, to quantify the degree of
asymmetry of interactions within dyads and how consistently one individual won against
another individual, we calculated the ‘directional consistency index’ (DCI; van Hooff and
Wensing, 1987). This index has been used in studies on a variety of species to quantify
the asymmetry of wins within pairwise relationships (e.g. Coté, 2000; Vervaecke et al.,
2000, 2007; Chiarati et al., 2010). The DCI is measured by dividing the total number of
interactions in the most frequent direction (H) minus the number of interactions in the
less frequent direction (L) by the total number of interactions in the group: DC = (H —
L)Y(H + L). It ranges from 0 (equal exchange) to 1 (completely unidirectional).
Interactions by ‘tied” dyads (see below) were not included in DCI calculation because
there is by definition no ‘most frequent direction’ in these cases. As another descriptive
measure, we counted the number of dyads expressing different types of relationships:
‘one-way’ (wins only for one individual), ‘two-way’ (interactions at least once in each
direction but more wins for one individual) and ‘tied’ (i.e. mutual; same number of wins

for both dyad members) (Vervaecke et al., 2000, 2007; Chiarati et al., 2010). Secondly,
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we quantified the transitivity of dominance relations among triads (i.e. sets of three
individuals that all interacted with each other). We calculated the proportion of transitive
triads (Figure 2.1) relative to all triads (P;) and triangle transitivity metric () using the
methodology provided by Shizuka and McDonald (2012, 2014). This measure of
hierarchy structure is equivalent to linearity when relationships among all pairs of
individuals are known but does not become biased when dyads do not interact (Shizuka

and McDonald, 2012).

Statistical analyses

We first examined the predictive value of known determinants of dominance (age, sex,
body condition, body size; Smith 1991; Ratcliffe et al., 2007) in a linear mixed model
(LMM) including a random intercept for group and either David’s score or weighted
ranks as the response variable. We then investigated the presence of correlations between
pairs of personality traits using pairwise correlations with Bonferroni correction for
multiple testing (Rice, 1989). Because some birds could not be sexed (29%) or aged
(9%), including these variables when examining the relationship between dominance and
personality traits would have caused the loss of a third of the data points. We therefore
decided to first investigate the effect of potential confounding variables (sex, age, body
condition, body size, date, time and habitat) on each personality trait, and to include these
variables in the dominance vs. personality analyses only if significant. For this analysis
we used a LMM with each personality trait as the response variable, group as a random
intercept, and the potential confounding variables as fixed factors. For the analyses of
dominance vs. personality, we carried out a LMM with dominance score or weighted

rank as the response variable, group as a random intercept, and the following fixed
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factors: one of the personality traits and significant confounds among sex, age, body
condition, body size, date, time, and habitat. The term ‘bander’ (i.e. observer) was forced
in the model with aggressiveness in hand, because inter-observer reliability could not be
determined. The term ‘observer’ was not included in models with the behavioural traits
exploration, activity and neophilia, because all correlation coefficients (7), expressing
inter-observer reliability (Martin and Bateson, 2007), were more than 0.95. We fitted
linear mixed models using the Imer function in the Ime4 package. All analyses were

conducted in R version 3.2.1 (R Core Team, 2014).

Ethical note

This study was conducted under scientific and banding permits from Environment
Canada (SC-42) - Canadian Wildlife Service (10854), and the protocol was subject to

ethical review by the Animal Care committee of the University of Ottawa (BL-274).

Results

Dominance

Dominance hierarchies in our black-capped chickadees social groups fulfilled the
criterion of linearity, with large asymmetries in dyadic relationships (i.e. interactions
were directionally consistent within dyads) and transitivity of triadic relationships. The
average DCI was 0.94 £ 0.016. Out of 256 known dyads, 244 were asymmetric with 216
(84.4%) exhibiting ‘one-way relationships’ and 28 (10.9%) showing ‘two-way
relationships’, whereas 12 (4.7%) did not show a clear dominance-subordination relation.

All triads were transitive (P, = T = 1) in seven groups, whereas six other groups were
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significantly more transitive than expected by null models (mean P, = 0.94, mean t,; =

0.77, P <0.05); data were insufficient to calculate triangle transitivity in three flocks.

A dominance score was calculated for 101 individuals from 16 groups. Sex had a
strong significant influence on dominance (David’s score: LMM Fj6; = 36.28, P <
0.0001; weighted ranks: LMM F 6; = 55.95, P < 0.0001), with males dominating females
in more than 95% of the cases. Within males, there was a marginally non-significant
tendency for larger individuals to have higher dominance scores (LMM F 3= 4.08, P =
0.051), but this trend was not visible using weighted ranks (LMM Fj3c = 2.14, P =
0.152). Dominance was not significantly affected by age (David’s score: LMM F ¢ =
0.672, P = 0.416; weighted ranks: LMM F¢; = 1.49, P = 0.227) or body condition
(David’s score: LMM F 6= 0.668, P = 0.417; weighted ranks: LMM F ;= 0.003, P =

0.955).

Characterization of personality traits

There was no evidence for a behavioural syndrome in our data, with no significant
correlation between any of the personality traits (Table 2.1). Moreover, none of the
personality traits were significantly associated with sex, age, body condition, wing

length, date, time, or habitat (Table 2.2).

Dominance and personality traits

Our results showed no significant relationship between dominance and any of the
personality traits: aggressiveness in hand (David’s score: LMM F g4 = 0.543, P = 0.463;
Figure 2.3a; weighted ranks: LMM F 94= 0.272, P = 0.603), exploration (David’s score:
LMM Fi76=0.001, P = 0.971; Figure 2.3b; weighted ranks: LMM F 76 = 0.998, P =
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0.321), activity (David’s score: LMM Fj gy = 0.164, P = 0.686; Figure 2.3c; weighted
ranks: LMM F 30= 0.208, P = 0.650), and neophilia (David’s score: LMM F 79 = 0.801,
P =0.374; Figure 2.3d; weighted ranks: LMM F 79=1.52, P = 0.221). The forced term

‘bander’, for aggressiveness in hand, was not significant (P-values > 0.5).

Discussion

The main aim of this study was to investigate the relationship between behavioural traits
and dominance measured in wild flocks of black-capped chickadees, a bird species
showing strictly linear dominance hierarchies. We indeed found that hierarchies in our
study groups were linear, with transitive and asymmetric dominance relationships.
However, our results did not reveal any significant correlations between pairs of

personality traits, or between personality and dominance measures.

Dominance relationships within our groups of black-capped chickadees were
highly transitive and asymmetrical (i.e. directionally consistent), and our flocks were thus
characterized by the same linearity of hierarchies repeatedly demonstrated in this species
(Hartzler, 1970; Glase, 1973; Smith, 1976; Desrochers et al., 1988). Our results showed
no significant effect of age, body condition or body size on dominance measures.
However, there was a significant effect of sex on dominance, with males dominating over
females. This finding is also consistent with those of other studies on black-capped

chickadees and Parids in general (Odum, 1942; Smith 1991; Ratcliffe et al., 2007).

We found no significant correlations between pairs of behavioural traits, and thus
no evidence of a behavioural syndrome in our data. The extent to which personality traits

may form or not form behavioural syndromes is still unclear (see Réale et al., 2007). In
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birds, for example, some studies reported evidence for syndromes (in house sparrows
Passer domesticus: Evans et al., 2010; Bokony et al., 2012; in zebra finches: David et al.,
2011) whereas others did not (in parrot species: Mettke-Hofmann et al., 2002; in barnacle
geese Branta leucopsis: Kurvers et al., 2009). Within close relatives of the black-capped
chickadee, the same inconsistencies have been reported. While studies on great tits
showed positive correlations between exploratory behaviour and aggressiveness (Verbeek
et al., 1996) or boldness (van Oers et al., 2004), other studies on mountain chickadees
Poecile gambeli and blue tits Cyanistes caeruleus found no correlation between
exploratory tendency and object neophobia (Fox et al., 2009 and Herborn et al., 2010,
respectively). Together with discrepancies in trait correlations between populations of the
same species (e.g. in three-spined sticklebacks Gasterosteus aculeatus: Bell, 2005; Bell
and Sih, 2007; Dingemanse et al., 2007), these results collectively suggest that
behavioural syndromes may be population- or context-dependent, for instance owing to

different selective factors.

Our results showed no significant relationship between dominance in natural
groups of black-capped chickadees and personality traits, namely aggressiveness in hand,
exploration of a new environment, activity and object neophilia. Despite our use of two
different measures of dominance (David’s score and weighted ranks) to reduce the
probability that the results would be influenced by our choice of measure, we cannot rule
out the possibility that these dominance measures contain some uncertainty or bias. Some
studies have reported that personality traits can predict social dominance, although most
such studies used status derived from contests between dyads in captivity (Verbeek et al.,

1996; Fox et al., 2009; An et al., 2011; Dahlbom et al 2011; Riebli et al., 2011; Favati et
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al., 2014). However, it appears that differences in personality and attributes in general do
not have the same ability to predict the outcomes of dominance encounters for animals
within social groups. For instance in great tits, opposite relationships between exploratory
behaviour and dominance were found in different social contexts, namely staged pairwise
confrontations versus groups (Verbeek et al., 1996, 1999). Similarly, Riebli and
collaborators (2011, 2012) found different trends between aggressive behavioural types
of cichlid fish and the likelihood of obtaining a dominant position when tested in staged
dyadic encounters or in group settings. Moreover, Chase and collaborators (2003)
reported that several aspects of dominance relationships were different depending on
whether dyads were observed in isolation or within a group. The stability of relationships
over time, the replication of relationships in successive meetings, and the extent of the
loser effect (i.e. individuals losing earlier contests having increased probability of losing
later ones; Chase et al., 1994; Hsu and Wolf, 1999) found in isolated pairs either
disappeared or were significantly reduced when examining pairs within social contexts
(Chase et al., 2003). This observation may explain why, by looking at individuals within
their social groups rather than only dyads, we did not find an influence of personality

traits on dominance, as has been reported in studies based on staged pairwise encounters.

Previous experiments carried out in social settings also have yielded conflicting
results. For the most part, no significant association was found between dominance and
various behavioural traits: docility and boldness in bighorn sheep (Réale et al., 2000);
neophobia in starlings Sturnus vulgaris (Boogert et al., 2006); exploration, activity and
novel object response in barnacle geese (Kurvers et al., 2009); aggressive propensity in

cichlid fish (Riebli et al., 2012); and exploration, neophobia, fear and sociability in
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common waxbill Estrilda astrild (Funghi et al., 2015). A few studies found a significant
correlation between dominance and personality: activity, neophobia, exploratory
tendencies and risk-taking behaviour in zebra finches (David et al.,, 2011), and
exploratory behaviour in great tits (Verbeek et al., 1999; Dingemanse and de Goede,
2004; Cole and Quinn, 2012). It is interesting that these last three studies used the great
tit, a close relative of the black-capped chickadee, because while both species belong to
the Paridae family, they express quite different social organizations. Whereas black-
capped chickadees live in stable tight social units and form highly linear dominance
hierarchies (Hartzler, 1970; Ekman, 1989; Smith, 1976, 1991; Ratcliffe et al., 2007; also
the present study), great tits live in a more loosely organized system of fission-fusion
flocks (Ekman, 1989; Aplin et al., 2012). Among other characteristics, these flocks
express unstable membership and site-dependent social dominance (Ekman, 1989).
Similarly, the social structure of zebra finches studied by David et al. (2011) is not likely
to be linear; this species is highly gregarious and lives in large congregations in the wild,
during both breeding and non-breeding periods (Zann, 1996). It thus appears that the type
of social organization, whether “loose” or “strictly linear” hierarchies, could influence the
link between behavioural traits and dominance. Accordingly, findings from a study on
mountain chickadees (Fox et al., 2009; however using dyadic contests), a species also
characterized by linear hierarchies (Ekman, 1989), are similar to our results on black-
capped chickadees. Although the social status derived from pairwise encounters was
significantly associated with exploration score, this status was not correlated with any of

the other personality measures: exploration time, activity in the novel room and novel
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object approach (Fox et al., 2009), respectively similar to our measures of exploration,

activity and object neophilia.

Overall, there is increasing evidence that differences in intrinsic individual
characteristics (physical and behavioural) are not the only force generating linear
hierarchies, and that social dynamics may be crucial for their formation (e.g. Chase et al.,
2002; Correa et al., 2013). Indeed, theoretical and modelling work found that individual
attributes were not sufficient to account for hierarchy linearity observed in groups of
animals (Landau, 1951; Chase, 1974, 1980; Beacham, 2003). Furthermore, Verbeek et al.
(1999) showed in a study on the formation of great tits dominance hierarchies that stable
organization resulted from a gradual process and was only established after a first
dynamic phase of several days characterized by a peak in the frequency of interactions
between individuals as well as many dominance shifts. Formation of hierarchies was thus
not instantaneous, based only on individuals’ attributes, but also required social dynamics
within the flocks. Chase and collaborators (2002) similarly found in cichlid fish that,
although variation in attributes played a significant role in an individual’s position within
a hierarchy, social interaction was necessary to generate high proportions of groups with
linear hierarchies. It thus appears that ‘prior attributes’ and ‘social dynamics’ are not
mutually exclusive and may both contribute simultaneously to the establishment of linear

hierarchies (Chase et al., 2002; Valderrabano-Ibarra et al 2007; David et al., 2011).

In a new process-based approach, Chase and Seitz (2011) proposed that
dominance hierarchies may also be self-structuring, and that linear structures could
emerge from different behavioural processes or sequences of interaction. For instance,

the different types of sequences for the formation of the first two dominance relationships
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within a triad (e.g. double dominance or double subordination) have different
implications for the formation of linear hierarchies depending on their probability of
leading to transitive relationships (Chase and Seitz, 2011, see also Shizuka and
McDonald, 2015). However, individual-based and process-based approaches (sensu
Chase and Seitz, 2011) are not mutually exclusive when studying dominance hierarchies.
Indeed, Dey and Quinn (2014) reported that pukeko (Porphyrio melanotus melanotus)
dominance networks were influenced both by prior attributes (sex and status ornamental
signal) and self-organizational processes (structural dependence between ties, with ties
representing dominance interactions). New approaches using network methods and
behavioural processes (Chase and Seitz, 2011; Dey and Quinn, 2014) are an exciting

avenue for future research.

In summary, the current study is to our knowledge the first to address the potential
relationship between social dominance and personality in wild avian groups exhibiting a
linear dominance hierarchy. We found no significant relationships between dominance
and four personality traits, suggesting that personality does not contribute significantly to
the establishment of black-capped chickadee hierarchies in the wild. This finding adds to
the increasing body of evidence showing that individual differences in attributes are not
sufficient for explaining the structure of linear dominance hierarchies. We agree with the
concern expressed by Chase et al. (2003) more than a decade ago, on the relevance of
experiments using isolated dyads to understand dominance behaviour in groups of
animals. Therefore, future studies should examine the effect of personality on the

structure of dominance hierarchies within groups of freely-interacting animals, with a
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special call for studies on natural groups in the wild. Finally, it may be interesting to
determine whether different patterns of association between dominance and personality

arise under diverse types of social organization.
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Table 2.1 — Correlations between pairs of personality traits.

Behaviours pairs Pearson r DF P

Exploration — Neophilia 0.05 76 0.646
Exploration — Activity -0.19 75 0.090
Exploration — Aggressiveness in hand -0.02 76 0.834
Neophilia — Activity —0.06 78 0.596
Neophilia — Aggressiveness in hand -0.20 79 0.068
Activity — Aggressiveness in hand —-0.02 80 0.865

P-value of each correlation before Bonferroni correction is presented.
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Table 2.2 — Predictors of (a) aggressiveness in hand; (b) exploration; (c) activity;
and (d) neophilia from four linear mixed models including random intercept

‘group’.

Fixed terms Estimate =+ SE T DF P

(a) Aggressiveness in hand

Sex 0.085 +£0.472 0.180 49.28 0.858
Age 0.091 £0.276 0.330 43.38 0.743
Body condition -0.025 +0.218 -0.114 46.44 0.910
Wing length 0.044  £0.096 0.457 49.19 0.650
Date 0.003  £0.008 0.375 50.35 0.709
Time 0.083 £0.109 0.764 51.96 0.448
Habitat

Forest 1.768  +£1.183 1.494 11.55 0.162

Rural Park 2466 +1.156 2.133 11.40 0.055

Urban Park 1.814 +£1.253 1.447 14.80 0.169
(b) Exploration
Sex 39.848 +£98.206 0.406 42.52 0.687
Age 5.140  +£60.187 0.085 42.22 0.932
Body condition 16.225 +£45.372 0.358 42.79 0.722
Wing length —7.537 +19.638 -0.384 42.46 0.703
Date 2.408 +1.379 1.746 9.46 0.113
Time 16.334 £20.659 0.791 40.61 0.434
Habitat

Rural Park 36.758 +£85.027 0.432 6.32 0.680

Urban Park 115.88 +£108.04 1.073 18.47 0.297
(c) Activity
Sex 5558 +£8.354 0.665 45 0.509
Age -6.145 +40915 —-1.250 45 0.218
Body condition 2.752  +£3.896 0.706 45 0.484
Wing length -1.335 +1.683 —0.793 45 0.432
Date -0.139  +0.111 —1.253 45 0.217
Time 1.373 £ 1.711 0.803 45 0.426
Habitat

Rural Park -9.859 +6.809 —1.448 45 0.155

Urban Park —10.025 +8.568 -1.170 45 0.248



(d) Neophilia

Sex 0.545
Age 14.021
Body condition -3.150
Wing length —2.289
Date 0.145
Time 0.557
Habitat

Rural Park —1.740

Urban Park 2.600

+ 18.954
+11.718
+ 8.736
+3.816
+0.260
+4.006

+15.866
+20.519

0.029
1.197
—0.361
—0.600
0.556
0.139

—0.110
0.127

44
44
44
44
44
44

44
44

0.977
0.238
0.720
0.552
0.581
0.890

0913
0.900

Reference categories with estimates set to 0 are sex: female; age: adult; habitat: (a)

city and (b)-(d) forest.
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Transitive Cyclic

Figure 2.1 - Configuration of transitive and cyclic

(intransitive) triads among individuals A, B and C.
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Figure 2.2 — Schematic presentation of the open-field test used for personality assays,
modified from Kluen et al (2012). The numbers in the cage indicate: (1) perch, (2) novel
object (pink box), (3) zone for approaches to the novel object, (4) corners for exploration

measurement and (5) black-capped chickadee.
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Figure 2.3 — Dominance score (i.e. David’s score) in relation to (a) score of
aggressiveness in hand, (b) exploration latency (seconds), (c) activity (number of

movements), and (d) neophilia latency (seconds). See text for additional information.
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CHAPTER 3

REVISITING THE ‘NECESSITY DRIVES INNOVATION’
HYPOTHESIS: PROBLEM-SOLVING EFFICIENCY IN THE
BLACK-CAPPED CHICKADEE (POECILE ATRICAPILLUS)
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Abstract

Innovation, the invention of new behavioural patterns or the modification of an existing
behaviour in a novel context, is an important aspect of behavioural flexibility in animals.
The ‘necessity drives innovation’ hypothesis predicts a negative relationship between
competitive ability and innovativeness, because monopolization of limited resources by
good competitors should force poor competitors to search for alternative solutions. In the
current study, we presented individual black-capped chickadees (Poecile atricapillus)
with a novel lever-pulling task in captivity and recorded both total latency to solve this
problem (first contact to solution) and problem-solving efficiency (latency to solve
excluding interruptions in the solving process). The two problem-solving latencies were
not significantly correlated with each other, nor with sex, age, or body condition. Total
latency to solve the problem was not significantly related to dominance score, whereas
dominant individuals were significantly more efficient problem-solvers than subordinates
(i.e. shorter problem-solving latency excluding interruptions). We suggest that different
traits may drive the likelihood vs. efficiency of solving a novel problem, highlighting the
importance of carefully choosing a metric that is relevant to the process studied.
Necessity could increase the likelithood of solving new problems, whereas cognitive
capacity could increase problem-solving efficiency. Moreover, if problem-solving
efficiency and social dominance are both influenced by cognitive skills, this may explain
the observed positive relationship between these two traits. Overall, our results do not

support the ‘necessity drives innovation’ hypothesis.
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Introduction

Animal innovation can be defined as the invention of new behaviour patterns or the
modification of an existing behaviour in a novel context (Kummer and Goodall, 1985;
Lefebvre et al.,, 1997; Reader and Laland, 2003). Well-known examples of animal
innovation often occurred in the context of extraction, preparation and processing of food
(Reader and Laland, 2003; Overington et al., 2009). These examples include washing of
potatoes by Japanese macaques (Macaca fuscata: Kawai, 1965), opening of milk bottles
by British titmice (Parus spp.: Fisher and Hinde, 1949; Hinde and Fisher, 1951), lobtail
feeding in humpback whales (Megaptera novaeangliae, Weinrich et al., 1992), drinking
from tails in ring-tailed lemurs (Lemur catta; Hosey et al., 1997), and predation of great
tits (Parus major) on hibernating pipistrelle bats (Pipistrellus pipistrellus: Estok et al.,
2010). Innovation may have key implications for ecology and evolution; for instance,
innovative bird taxa display higher species richness and better ability to establish
themselves in novel environments (Nicolakakis et al., 2003; Lefebvre et al. 2004; Sol et

al., 2005a,b).

Because innovations are rare, a commonly-used method to study them is to
examine the performance of individuals presented with a novel food-motivated problem
(Webster and Lefebvre, 2001; reviewed in Griffin and Guez, 2014). It is generally
recognized that individuals differ in their problem-solving performance and propensity to
innovate (reviewed by Reader, 2003 and Griffin and Guez, 2014). The initial
development of a novel behaviour is thus usually expressed in a few innovators, and this
new behaviour may afterwards spread in the population by social transmission (Reader,
2003; Reader and Laland, 2003). Individual differences in innovation propensity are
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important as they may impact fitness, and have been linked with reproductive success
(Keagy et al., 2009; Cole et al., 2012; Cauchard et al., 2013). As reported by Reader
(2003), individual characteristics such as age, sex, competitive ability and social rank

may influence the likelihood of innovation.

The ‘necessity drives innovation’ hypothesis states that innovation occurs
predominantly when established behaviours are unsuccessful, which drives individuals to
search for alternative behaviour patterns (Laland and Reader 1999a; Reader and Laland,
2003). This hypothesis thus predicts that, by monopolizing access to limiting resources,
good competitors should force poor competitors to innovate, resulting in a negative
relationship between competitive ability and innovativeness (Laland and Reader 1999a,b;
Reader and Laland 2003). Therefore, poor competitors, for example subordinates,
juveniles, smaller individuals or individuals in poor body condition, should be more
likely to innovate and should exhibit higher problem-solving performance than good
competitors, e.g. dominants, adults and large individuals (Reader and Laland, 2003). For
example, Reader and Laland (2001) found that the incidence of innovation was higher in
low-ranking chimpanzees (Pan troglodytes), and a study on guppies (Poecilia reticulata)
reported that females and smaller individuals were more likely to innovate than males
and larger individuals (Laland and Reader, 1999a). Similarly, juvenile great and blue tits
(Parus major and Cyanistes caeruleus, respectively) were more likely to solve a foraging

problem than adults (Morand-Ferron et al., 2011).

Relationships reported in other studies are not all consistent with the ‘necessity
drives innovation’ hypothesis (Table 3.1). Cole and Quinn (2012) found that although

dominant great tits performed poorly in a problem-solving task, which supports this
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hypothesis, there was no effect of sex even though females in this species are invariably
subordinate to males. In their review of work on wild primates, Reader and Laland (2001)
also revealed, contrary to expectations, that adults exhibit more innovations than
juveniles and that female chimpanzees are not more innovative than males. Research on
captive families of callitrichid monkeys (Kendal et al., 2005) reported as well a positive
relationship between age and problem-solving success. Other studies reported no effect of
social dominance (kea Nestor notabilis, Gajdon et al., 2006; spotted hyenas Crocuta
crocuta, Benson-Amram and Holekamp, 2012) or body condition (great tit, Cole et al.,
2011; Carib grackle Quiscalus lugubris, Overington et al., 2011; meerkat Suricata
suricatta, Thornton and Samson, 2012) on the propensity to innovate. Overall, although
variation in novel problem-solving is sometimes accounted for by state-dependent
factors, such as sex, size or competitive ability (Reader and Laland, 2003), studies to date
provide conflicting evidence for the ‘necessity drives innovation’ hypothesis. Moreover,
most of previous studies only compared ‘innovators’ to ‘non-innovators” (Gajdon et al.,
2006; Cole et al., 2011; Overington et al., 2011; Benson-Amram and Holekamp, 2012;
Cole and Quinn, 2012; Thornton and Samson, 2012), thereby removing fine-scale

variation such as difference among innovators in efficiency to solve the novel problem.

In the current study, we presented individual black-capped chickadees (Poecile
atricapillus) with a novel problem-solving task, and recorded latency to solve this
problem. We then examined the relationship between problem-solving performance and
sex, age, body condition, as well as dominance score of the individuals. According to the

‘necessity drives innovation’ hypothesis, we predicted that females, juveniles, individuals
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in poor condition as well as subordinates should be more efficient problem-solvers than

males, adults, individuals in good condition and dominants, respectively.
Methods
Study species

Black-capped chickadees are common small resident Paridaec of North America. They
live in an alternating social system, forming monogamous, territorial breeding pairs
during the spring and summer, and non-breeding flocks in fall and winter (Smith, 1991).
Winter flocks are organized into distinct, linear pecking orders, or dominance hierarchies
(Smith, 1991; Ratcliffe et al., 2007). Males are dominant over females (Smith, 1991,
Ratcliffe et al., 2007), adults tend to dominate over juveniles (Smith, 1991; Ratcliffe et
al., 2007), and dominants tend to be leaner than subordinates (Schubert et al., 2007;
Ratcliffe et al., 2007). In addition to being a great choice to study dominance (see
Chapter 2; Smith, 1991; Ratcliffe et al., 2007), the black-capped chickadee is a good
model species to study innovation because Paridae is a highly innovative family

(Overington et al., 2009).
Study sites and housing

This study was part of a broader project, and therefore our field sites included two types
of habitat, urban and rural. Three urban sites were located in the backyards of homes
within the city of Ottawa (ON), and six rural sites were located in Gatineau Park (QC), a
protected forest area of 361 km? for a total of nine sites. The sites were separated from
each other by a distance of at least 2 kilometers to prevent any overlap between flocks’

home ranges (which average about 10 to 20 hectares; reviewed in Smith 1991). We

46



defined a group (i.e. flock) based on the interactions observed at one feeding location per

site, and site is here equivalent to group.

Birds were caught using a mist-net and fitted with a unique metal leg-ring, a
colour ring and a unique passive integrated transponder (PIT tag). From January 16 to
March 5, 2014, individuals were kept in captivity for one week for problem-solving tests.
They were housed singly in wire cages (40 cm x 60 cm x 40 cm) and were visually, but
not acoustically, isolated from each other. Each cage contained three perches, a small
rattan nest in which the bird could hide and rest, bowls containing fresh water, unshelled
and shelled sunflower seeds, as well as a petri dish with mealworms. Ad libitum food was
provided except during the test (45 minutes) and the preceding fasting period (15
minutes). The individuals were kept under a natural light regime (12L:12D) using

automated timers, with 30 minutes of gradual transition for dusk and dawn.

At the end of the week in captivity, on the day before release, a blood sample was
collected and used for DNA sex identification (Griffiths et al., 1998). Blood samples (up
to 60 uL) were obtained by puncturing the left brachial vein with a needle and collecting
the blood with heparinized capillary tubes. We used red blood cells to determine sex.
Birds were also sexed with a discriminant analysis based on body mass, wing length and
tail length (Desrochers et al., 1988; Desrochers, 1989; Mennill, pers. comm.; 60% of the
individuals could be sexed this way in the present study). Out of 29 individuals with sex
results from both the discriminant function and DNA sexing analyses, 28 (96.6%) were
sexed accurately. The remaining individual was only sexed unsuccessfully one out of
three times with the discriminant function, and was coded as “unidentified” the other two

times. We thus concluded that the discriminant function was sufficiently conservative and
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can be used to sex birds in our population. Birds were aged as adult or juvenile (hatched-
year) based on plumage, more specifically, the shape and colour of rectrices (Meigs et al.,
1983; Pyle, 1997). Body condition was calculated for each bird by extracting the residual
from a regression of body mass against body size (Jakob et al., 1996). We used wing
length as a body size measure (e.g. Cole et al., 2011; Cole and Quinn, 2012; Aplin et al.,
2013b), and did not include time of day in the model as all birds were weighed within the
same one-hour period. Body condition was measured four days after the problem-solving
trial; birds were not weighed on testing days to avoid interference from handling stress.
Body condition at capture was missing for three individuals; an additional analysis on

this restricted dataset returned qualitatively equivalent results (not shown).

Problem-solving assay

The problem-solving test was carried two days after capture and transfer to captivity. The
trial lasted 45 minutes, following a food-deprivation period of 15 minutes. The novel
problem-solving task consisted of a lever-pulling device. Lever-pulling is a problem-
solving task commonly used to study innovation in passerine birds, such as house
sparrows (Passer domesticus) (Bokony et al., 2014), blue tits (Morand-Ferron and Quinn,
2011; Morand-Ferron et al., 2011) and great tits (Cole et al., 2011; Morand-Ferron and
Quinn, 2011; Morand-Ferron et al., 2011; Cole and Quinn, 2012). The test apparatus
consisted of a transparent plastic rectangular box, containing a platform supported by a
lever (Figure 3.1). To access the two mealworms placed on the platform, the individual
had to pull the lever, causing the platform and mealworms to fall in a feeding dish. A
‘free’ mealworm was placed in the feeding dish below the container when initiating the

trial (Cole et al., 2011; Aplin et al., 2013b) to ensure that all individuals had sufficient
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motivation (i.e. the individuals that did not eat the ‘free’ mealworm were removed from

the analyses).

As the lever-pulling device had not been placed into the cage prior to the test, the
birds were not familiar with it. We thus began recording problem-solving latency after
the initial physical contact of the bird with the device, thereby controlling for potential
differences in motivation and/or neophobia (Overington et al., 2011). The complete
latency between first contact with the task and solution is hereafter referred as “total
latency to solve”. We also recorded latency to solve excluding interruptions in the solving
process (Morand-Ferron et al., 2011). To do so, we summed all times when the bird was
within one body length from the task, from the first contact until solution.. This latency to
solve excluding interruptions therefore comprises only working bouts instead of the
complete duration between first contact with the device and solution. The problem-
solving assay was video-recorded for subsequent analysis, with no observer present in the

testing room during trials to minimize any external disturbances.

Dominance score

Dominance hierarchies within flocks were assessed by tabulating pairwise interactions
between banded birds at feeding platforms (30 x 30 cm) in the field(see Ratcliffe et al.,
2007), from January 9 to March 26, 2014. The platforms had been installed in the
previous fall during banding to familiarize birds with them. Platforms were baited with
sunflower seeds and a camera was left on site to videorecord all observations so as to
avoid any potential interference from the presence of an observer. Four types of

interactions were noted from videofiles. An individual was considered to be the winner of
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an interaction when it: (i) supplanted or chased an opponent, (ii) resisted an attack by an
opponent, (iii) elicited a submissive posture in an opponent, or (iv) fed while an opponent
waited to take a seed (Ficken et al., 1990; Otter et al., 1998; Ratcliffe et al., 2007). Using
the recorded interactions, we then calculated a David’s score for each individual of a
group (David, 1987), using the procedure from Gammell et al. (2003) with corrections
from de Vries (1998, 2006) (see Chapter 2 for details). The David’s score, hereafter
“dominance score”, was calculated using the R package Steepness 2.2 (Leiva and de

Vries, 2011).

Statistical analyses

As outlined above, the position of an individual in a dominance hierarchy may correlate
with other variables including sex, age and body condition (for chickadees, see reviews
by Smith, 1991 and Ratcliffe et al., 2007). Therefore, we decided to proceed with two
distinct series of linear mixed models. The fixed factors were respectively sex, age and
body condition for the first ones, and dominance score for the second set of models.
Group was included as a random intercept in all models, and the response variable was
either total latency to solve (first contact to solution) or latency to solve excluding
interruptions (both in seconds, log-transformed to improve normality). We also needed to
control for habitat type (urban and rural) and Julian date of capture for captivity, because
these variables may correlate with problem-solving performance (e.g. habitat: Liker and
Bokony, 2009; date: Cole et al., 2011). However, owing to unexpected events during the
course of the experiment, most urban birds were tested at later dates and relative effects
of habitat and date could thus not be teased apart. Because of our small sample size (N =

24), we decided to initially include these two variables in the models as potential
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confounding variables, and remove them if non-significant. We fitted linear mixed
models (LMM) using the Imer function in the Ime4 package. All analyses were conducted

in R version 3.2.1 (R Core Team, 2014).

Ethical note

The protocol for this study was subject to ethical review by the Animal Care committee
of the University of Ottawa (BL-274). This study was conducted under scientific and
banding permits from Environment Canada (SC-42) - Canadian Wildlife Service (10854).
During captivity, all individuals were closely monitored for any changes in health or
behaviour. No more than one week following the date of capture and transfer to captivity,
the birds were released at least three hours before sunset at their respective site of

capture, where supplemental food was provided by feeders filled with sunflower seeds.

Results

Almost all birds (25/27) ate the ‘free’ mealworm in the dish of the test apparatus. The
two individuals that did not eat this mealworm were excluded from analyses because they
were likely not motivated by the food reward. Data from another individual were
excluded as we discovered a minor injury to one foot at the time of the problem-solving
trial. All birds (N = 24) solved the problem successfully within the 45 minutes allocated
to the trial, with mean times to solve (+ standard deviation): mean total latency to solve =
375.92 sec. + 236.95, and mean latency to solve excluding interruptions = 21.75 sec. +
20.44. Mean number of interruptions (£ standard deviation) was 2.83 + 2.04. Total
latency to solve the problem and latency to solve excluding interruptions were not

significantly correlated (Pearson’s r = -0.099; N = 24; P = 0.64; Figure 3.2). Neither
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problem-solving latency was significantly affected by habitat (total latency: LMM F; 69
= 0.069, P = 0.80; latency excluding interruptions: LMM F; ;= 0.45, P = 0.51) or date
(total latency: LMM F 1350= 0.89, P = 0.36; latency excluding interruptions: LMM F i¢
= 1.46, P = 0.24); both procedural variables were consequently removed from the final
models. These models showed no significant effect of sex, age or body condition on

problem-solving latencies (Table 3.2).

Out of 13 individuals for which we had both problem-solving and dominance
data, only one was from the urban habitat. We thus excluded this individual from the
analysis, keeping only birds from the forest habitat (N = 12) in the second model. Again,
there was no effect of date on either problem-solving latency (total latency: LMM F g 76=
0.97, P = 0.35; latency excluding interruptions: LMM F;¢ = 1.00, P = 0.34) and this
variable was thus removed from final models. There was no significant relationship
between dominance score and total problem-solving latency (LMM estimate + SE =
0.00059 £ 0.0096; F; g 37=0.004, P = 0.95; Figure 3.3a). However, we found a significant
negative relationship between dominance and problem-solving latency excluding
interruptions (LMM estimate + SE = -0.021 £+ 0.0094; F; 0= 5.24, P = 0.045; Figure

3.3b).

Discussion

The main aim of this study was to revisit the ‘necessity drives innovation’ hypothesis, by
examining fine-grained individual differences in novel problem-solving efficiency, rather
than success or failure as often used in the literature. In our study, two different measures

of problem-solving performance did not correlate significantly with each other, and
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neither was predicted by sex, age, or body condition. There was no relationship between
dominance and total latency to solve the problem, but individuals with higher dominance
scores had significantly shorter latencies to solve excluding interruptions (i.e. were more

efficient problem-solvers).

Problem-solving performance was not significantly related to sex, age, or body
condition. A limitation of our study is small sample size, and for the age factor in
particular, the unbalanced number of juveniles (N = 18) vs. adults (N = 4). Some caution
is thus needed when interpreting these results. For instance, the small sample size might
have prevented us to detect an effect of sex, age, or body condition, on problem-solving
performance. Although our results do not support predictions from the ‘necessity drives
innovation’ hypothesis, they are not inconsistent with the literature. Indeed, most studies
on problem-solving success found no significant relation with body condition (Cole et al.,
2011; Overington et al., 2011; Thornton and Samson, 2012), sex (Seibt and Wickler,
2006; Cole et al., 2011; Morand-Ferron et al., 2011; Benson-Amram and Holekamp,
2012), or age (Keagy et al., 2009; Biondi et al., 2010; Morand-Ferron et al., 2011;
Benson-Amram and Holekamp, 2012; also reviewed in Griffin and Guez, 2014).
Moreover, latency to solve in pigeons Columba livia was not significantly associated
with sex (Boucahrd et al., 2007), and neither sex nor age significantly influenced the
ability of chimpanzees to retrieve food rewards from novel foraging puzzles (Hopper et
al., 2014). Together with our results, these findings suggest that neither likelihood nor

efficiency of novel problem-solving depend on state factors.

Dominance score was not significantly correlated with total latency to solve, but

was significantly negatively related to problem-solving latency excluding interruptions,
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which represents problem-solving efficiency. Owing to our small sample size, we cannot
rule out the possibility that these results may be an artefact of using a potentially non-
representative sample. Both results are opposite to the a priori prediction that
subordinates, through necessity induced by their low social position, should be better
problem-solvers. Taken together with evidence from the literature, the influence of
competitive ability and social rank on the likelihood of problem-solving seems quite
weak (see Table 3.1; also reviewed in Griffin and Guez, 2014). For instance, previous
studies reported that subordinate individuals were more likely to innovate than dominant
ones (Reader and Laland, 2001; Cole and Quinn, 2012; Thornton and Samson, 2012),
whereas other studies did not find an effect of social status on success (Kothbauer-
Hellmann, 1990; Gajdon et al., 2006; Benson-Amram and Holekamp, 2012; Benson-
Amram et al., 2013). Interestingly, all of these studies examined the outcome of problem-
solving as either solving or not solving the task. In contrast, Bouchard and collaborators
(2007) measured latency to solve the novel task and found no association with dominance
rank, which is consistent with what we found using the same measure (i.e. total latency).
In groups of starlings Sturnus vulgaris, social ranks significantly predicted which birds
were the first to solve novel extractive foraging tasks, with dominants exhibiting a higher
innovative propensity (Boogert et al., 2008). Moreover, Hopper et al. (2014) used the
proportion of possible parts of the apparatus removed as a measure of problem-solving
success (total of eight rewards in different holes), and found a positive correlation with
dominance in chimpanzees. These findings are more similar to what we found with
problem-solving efficiency, with a better performance of dominants compared to

subordinates. Coupled with the non-significant correlation between our two
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measurements for problem-solving latency, it therefore appears that solving success
(solving or not), total latency to solve and efficiency when solving (i.e. latency excluding

interruptions) could reflect different processes involved in innovative behaviour.

A hypothesis that remains to be tested is that necessity could influence the
likelihood to engage in novel problem-solving and to successfully solve a novel problem,
perhaps owing to greater perseverance or exploration, but not problem-solving efficiency.
There is consistent evidence for an important role of persistence in the likelihood of
problem-solving (reviewed in Griffin and Guez, 2014). For instance, in wild meerkats,
persistence was critical in novel food extraction tasks (Thornton and Samson, 2012). In
comparison to other group members, innovators essentially always persisted longer when
interacting with the apparatus, and the successful individual within a group was the
member that spent most time manipulating the task (Thornton and Samson, 2012).
Juveniles were more likely to interact with the tasks than adults, but rarely solved them
(Thornton and Samson, 2012). Spotted hyenas that were successful at solving novel food-
motivated problems also exhibited more persistence and diversity in their exploratory
behaviours (Benson-Amram and Holekamp, 2012; Benson-Amram et al., 2013). In
captive Carib grackles, innovators had higher exploration scores than non-innovators and,
when they contacted the correct part of the problem-solving device, they continued to do
so until they solved the problem (Overington et al., 2011). Morand-Ferron and
collaborators (2011) found that juvenile tits were more likely to solve a novel problem
than adults in the field, but that this age effect disappeared when controlling for total

duration of problem-solving attempts. Juveniles thus seemed to be more innovative
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because they persevered longer, and not because of increased efficiency (Morand-Ferron

et al., 2011; see also Biondi et al., 2010 with caracaras Milvago chimango).

An alternative to the ‘necessity’ hypothesis is the hypothesis of ‘capacity’, which
predicts a positive influence of cognitive skills on innovation (e.g. Bokony et al., 2014).
Positive correlations between innovation rate and relative brain size in both birds and
primates at the interspecific level (Lefebvre et al., 1997; Reader and Laland, 2002)
support this prediction of an influence of cognitive capacity on innovative propensity. At
the intraspecific level, performance of male spotted bowerbirds (Ptilonorhynchus
maculatus) in a problem-solving task loaded positively, along with performance in other
cognitive tests, onto a principal component representing general cognitive ability (Isden
et al., 2013). Moreover, by measuring variables such as corticosterone (a stress hormone),
glutathione (a key antioxidant) and coccidian parasites, Bokony and collaborators (2014)
recently pointed out that individuals in better physiological state exhibited higher
problem-solving performance, which was measured as latency to solve the task. Thus,
superior physiological condition may ensure a greater cognitive capacity and problem-
solving performance. Coming back to our results, dominant individuals could potentially
exhibit higher cognitive capacity due to priority access to resources such as high quality

food (e.g. priority access in Parids: Glase 1973; Hogstad, 1989; Ficken et al., 1990).

Social dominance may therefore affect cognitive performance, or vice versa.
Acquisition of dominance status has been found to affect maze learning ability in
laboratory mice, with two paired individuals expressing differences in learning only after
the establishment of aggressive rank relationships between them (Barnard and Luo,

2002). Benefiting from a higher cognitive capacity could also allow individuals to obtain
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a better position in a dominance hierarchy. Intrinsic differences (‘prior attributes’; Chase
et al., 2002) in individuals’ cognitive skills may partly determine their “social success”
and dominance status (‘social intelligence’ hypothesis; Jolly, 1966; Humphrey, 1976;
Byrne and Whiten, 1988; Seyfarth and Cheney, 2002). Indeed, complexities of group
living and contingencies of interactions in social groups may require important cognitive
faculties (Jolly, 1966; Humphrey, 1976; Byrne and Whiten, 1988). Greater cognitive
skills could thus help some individuals achieve higher hierarchical ranks. Although
additional empirical work would be required to firmly assess the direction of the
relationship and infer causality, there is undoubtedly increasing evidence for a positive
association between cognitive ability and social dominance. For instance, in captive
groups of starlings, individuals occupying the highest competitive ranks were both better
learners (Boogert et al., 2006, 2008) and the firsts to solve novel food-motivated tasks
(Boogert et al., 2008). Additional support is provided by laboratory work on mountain
chickadees (Poecile gambeli) demonstrating that subordinate individuals had less
efficient cache retrieval ability, inferior spatial memory performance and lower rates of
hippocampal cell proliferation compared to dominants (Pravosudov et al., 2003;
Pravosudov and Omanska, 2005). If cognitive capacity affects both dominance and
problem-solving efficiency, this may explain the positive association found here between

these two traits.

In conclusion, we found no significant relationship between the two measured
problem-solving latencies as well as between these latencies and sex, age, or body
condition. There was also no significant correlation between total latency to solve and

dominance score, but dominant individuals were significantly more efficient problem-
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solvers (shorter latency to solve excluding interruptions) than subordinates. Overall, our
results do not support the ‘necessity drives innovation’ hypothesis, and suggest that
problem-solving efficiency may be essentially independent of state-dependent factors.
We suggest that necessity may act on the probability of encountering, engaging in, and/or
successfully solving a novel problem, for instance by increasing exploratory behaviours
and persistence when trying to solve the problem. However, efficiency when solving a
novel problem may be driven by different forces, such as cognitive capacity. Testing the
effect of necessity and capacity on both the likelihood of success and the efficiency at

novel problem-solving would be an interesting avenue for future studies.
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Table 3.1 — Review of innovative problem-solving findings in relation to sex, age, body
condition and dominance. Studies reporting significant results supporting predictions
from the ‘necessity drives innovation’ hypothesis, no significant relationships, and
significant results contrary to predictions are listed. General predictions are that females,
juveniles, individuals in poor body condition and subordinates should be more likely to
innovate. Numbers refer to the studies cited below and letters to the vertebrate group
(bird, mammal or fish). Brackets (i.e. [ ]) point out results significant only in some

contexts or a non-significant trend. Studies are listed in chronological order.

Significant support No significant relationship Significant opposite

Sex 2¢; [17b] 6a; 7a; 11a; 12a; 14b; 18b 3b; 5a; 16b
Age [11a]; [12a] 9a ; 10a; 14b; 18b 3b; 4b; 5a; 16b; 17b
Body condition - 11a; 13a; 16b -

Dominance or

Competitive ability -0 198 160 1a; 5a; 7a; 14b; 17b 8a; 18b

a: bird; b: mammal; c: fish; [ ]: only in some contexts or non-significant trend

1-Kothbauer-Hellmann, 1990; 2-Laland and Reader, 1999a; 3-Reader and Laland, 2001;
4-Kendal et al.,2005; 5-Gajdon et al., 2006; 6-Seibt and Wickler, 2006; 7-Bouchard et al.,
2007; 8-Boogert et al., 2008; 9- Keagy et al 2009; 10-Biondi et al., 2010; 11-Cole et al.,
2011; 12-Morand-Ferron et al., 2011; 13-Overington et al., 2011; 14-Benson-Amram and
Holekamp, 2012; 15-Cole and Quinn, 2012; 16-Thornton and Samson, 2012; 17-Benson-
Amram et al., 2013; 18-Hopper et al 2014

59



Table 3.2 — Results of linear mixed models including one of the two novel problem-
solving latencies (seconds, log-transformed) as response variable, and group as a random

intercept. Sex, age and body condition were included as fixed factors.

Fixed effect Estimate + SE DF F P

Total problem-solving latency

Sex 0.060 +0.120 13.683 0.25 0.625
Age -0.217 +0.154 14.260 2.00 0.179
Body condition 0.029 +0.085 14.038 0.11 0.743

Problem-solving latency excluding interruptions

Sex -0.195 +0.184 16.965 1.12 0.305
Age -0.156 +0.233 17.352 0.45 0.511
Body condition 0.202 +0.130 17.260 242 0.138

Reference categories are female (sex) and adult (age), with estimates set to 0.
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Plastic rectangular
container

Platform

Feeding dish -. __

Mealworm

Figure 3.1 Problem-solving apparatus. The lever-pulling device consisted of a
transparent plastic rectangular container, containing a platform supported by a lever,
above a feeding dish. Two mealworms were inserted on the platform as food rewards,

and a freely accessible mealworm was placed in the dish to assess feeding motivation.

61



=
[ab] - -
L ]
L
- . L
a L ]
e o *e*
L) [Tg] : L]
g o .y
@D
= »
o
i - L ]
_.9 L ]
a_‘ ]
C L ]
o )
T o .
&
[a]
[
L ]
o
I I I I I
0.0 0.5 1.0 1.5 20

Latency to solve excluding interruptions (log sec.)

Figure 3.2 — Total latency to solve (seconds, log-transformed) against latency to solve

excluding interruptions (seconds, log-transformed).

62



o
©
(a)
w0
—_ T *
I
2 *
w
o w
S A .
o) . *
=
o .
[T
o o
e
= .
E ]
L oo
L o] .
™
o .
=
™~ *
w |
—
I I I I I
-20 -10 0 10 20
Dominance score
- o
[&] o L
i)
o (b)
m
L o |
1)) - S [
o .
(&) "
= ~.
g o | N .
E - .
7] .
-— -
= L S
m S
~ .
% - ..
AT
= .
$ - - . . v
= L] T L]
(] e
[12] “\‘
o o -
+— ‘_ — -~
c .
L
@ @
| =
I I I I I
-20 -10 0 10 20

Dominance score

Figure 3.3 — Relationships between (a) total latency to solve (seconds, log-transformed),
(b) latency to solve excluding interruptions (seconds, log-transformed), and social
dominance score (David’s score) of individual birds. Only birds from the forest habitat

were included in the model.
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CHAPTER 4

GENERAL CONCLUSION
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The objectives of this thesis were to investigate the behavioural and cognitive correlates
of social dominance in natural groups of animals in the wild. In Chapter 2, the results
showed no significant relationship between four personality traits and dominance within
linear hierarchies of black-capped chickadees (Poecile atricapillus). This finding
suggests that personality does not contribute significantly to dominance outcomes in
groups of animals and adds to the growing body of evidence that intrinsic attributes of
individuals are not sufficient to explain the structure of linear dominance hierarchies.
Although this hypothesis was not tested here, social processes may instead be the
predominant factor underpinning hierarchy formation. In Chapter 3, the results
demonstrated that novel problem-solving performance was not significantly related to
sex, age, or body condition of birds. Total latency to solve the problem was not
significantly correlated with latency to solve excluding interruptions, which more likely
reflects individuals’ efficiency at solving. Total latency was not significantly linked to
dominance score, but there was a significant relationship between latency excluding
interruptions and dominance. Dominant individuals were significantly more efficient
problem-solvers than subordinates, a finding that does not support the ‘necessity drives
innovation’ hypothesis. An alternative hypothesis would be that greater cognitive

capacity may lead to both higher problem-solving efficiency and higher dominance ranks.

Social living and the formation of dominance hierarchies are associated with an
array of cognitive abilities (Jolly, 1966; Humphrey, 1976; Byrne and Whiten, 1988), such
as individual recognition and transitive inference (e.g. see Chase and Seitz, 2011).
Thereby, the positive relationship found in Chapter 3 between dominance and problem-

solving performance could be explained by a shared influence of cognitive capacity.
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Likewise, greater cognitive skills of dominant individuals could be associated with an
efficient management of social processes, which have been suggested in Chapter 2 to
influence the formation of linear hierarchies. Both chapters therefore complement each
other for a better comprehension of the factors that influence, or that do not influence, the

position of individuals within natural dominance hierarchies.

Findings from this thesis also highlight the importance of researchers carefully
considering which methods and measures they are using and how this choice may affect
their conclusions. In Chapter 2, we emphasized that animals should be studied within
social groups to truly understand which factors influence dominance in these groups,
instead of drawing conclusions based on observed encounters between isolated dyads.
Furthermore, research in natural conditions, instead of captive settings, should be
prioritized. In Chapter 3, we pointed out that different measures of problem-solving may
reflect different underlying processes. For instance, necessity induced by poor
competitive ability might increase the likelihood of solving a novel problem, whereas
cognitive capacity might increase problem-solving efficiency. Methods used in this thesis
can also be helpful for future work as they allow measurements of dominance and
personality traits to be collected directly in the field, without the need to bring birds into
captivity. These methods are interesting from an ethics point of view as they minimize
the time an individual is removed from its environment. Moreover, these methods are
also flexible, for instance by allowing the study of free-ranging animals in remote areas
or in different ecological contexts such as breeding season, wintering season and

migration.
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The results of this thesis enhance our understanding of dominance hierarchies that
structure wild groups of animals. Overall, these results suggest that personality traits are
not contributing to the structure of linear dominance hierarchies, but that cognitive skills
may influence the position of individuals within these hierarchies. It would be interesting
for future studies to investigate how behavioural and cognitive processes may influence
social interactions and dominance, and especially how these processes may differ

between species with contrasting social organizations.
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