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7
General discussion

Movement is integral to to the life of virtually all animals, and we see a baffling diversity
in the types, scales and patterns of movement across taxa, across populations of the
same species and even within populations. However, the diversity of patterns, especially
within populations begs an explanation. Why do some animals migrate while others do
not? Why are some animals sit-and-wait predators while others chase and pursue their
prey? It is generally thought that the answer lies in the state of the animal (muscular
strength related to food resources, hunger levels, having different energetic demands,
being male/female). But some of these differences in movement tendencies occur even
in the absence of such obvious state-differences. How can we then explain why the
differences exist and how can we predict them?
The potential answer to these questions relates to the currently booming field of animal personality, which brought to attention the fact that individuals can have inherent
general tendencies different from one another. Some individuals show more risk-prone
behaviours than others (Wolf et al. 2007), some are more optimistic and others more
pessimistic (Bateson 2016), some are able to detect and respond actively to environmental change while others passively accept the change and cope with it (Koolhaas
et al. 2010). Movement is often a response to environmental changes and integrates
multiple aspects of an animal (sensory capabilities, risk-reward assessment, motivation, social competence and responsiveness etc.) and therefore may be expected to be
intimately related to the personality of an animal.
In this thesis, I set out to answer whether there are behaviours associated with movement tendencies forming a ‘syndrome’ in an integrative eco-evo-devo framework. To
this end, I used empirical studies (three-spined stickleback system) and theoretical
modelling studies. In this final chapter, I close my thesis first with some reflections
on the trajectory that led to the thesis, especially with regard to the empirical study
system as this was the pioneering work on the stickleback system regarding (partial)
migration in the Netherlands. Second, I proceed to summarise our main findings using
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the system. Third, I summarise the main modelling approach that I used within and
outside this thesis before reflecting on some of the future directions.

What we started out to do
Partial migration in sticklebacks
An excellent example for understanding the causes and consequences for syndromes
is the migration syndrome, which found in many species (Dingle 2006). In many
animal populations, individuals differ considerably in their migration tendency. The
extreme case is ‘partial migration,’ where only a fraction of the population migrates
while the others stay back as residents. Migrants often represent a non-random subset
of the population that differ consistently in suites of phenotypic features (morphology,
physiology, behaviour). Thus, partial migration is ideal to study the emergence of
individual variation within populations from both a mechanistic and an evolutionary
perspective.
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To reach that aim we decided to use the three-spined stickleback as a study system.
The system of waterways in the Netherlands is highly fragmented, owing to water management measures, by the implementation of barriers to fish migration. Sticklebacks
in open waters are often partially migrating populations, with a subset of the population migrating to the North Sea where the migrants overwinter, while the others
(‘residents’) stay at their freshwater site throughout the year. In addition, man-made
barriers to migration have imposed a resident lifestyle to several populations. Thus,
the ‘natural experiments’ in this field system led to stickleback populations forming
different ecotypes namely, (1) migrants in open waters (facultative/ obligate?) (2) residents in open waters (facultative residents) at different distances to the sea and (3)
land-locked residents in freshwater (obligate residents). The well-dated human intervention measures give rise to natural replicates, and the excellent field system of RFID
antennas (see Chapter 1, Fig. 1.1) that are being set up by the water authorities of
Groningen (Waterschap Hunze en Aa’s) makes this system particularly unique. Furthermore, early growth conditions have been shown to influence migratory behaviour
as well as personality (i.e. consistent individual differences that are consistent across
contexts). For example, individuals born late in the season are smaller and have a
higher migration tendency than individuals born early (Kitamura et al. 2006), and
there is considerable evidence that personalities and behavioural syndromes can be
shaped by environmental conditions during development (Bell and Sih 2007; Langenhof et al. 2016). Moreover, the extensive paternal care of sticklebacks can allow to
disentangle maternal and paternal effects (Giesing et al. 2010; Stein and Bell 2014;
Hellmann et al. 2021).
With such a field system, we set out to answer the following questions aimed at an
integrative eco-evo-devo overview of migration syndrome:
1. Under which conditions of spatiotemporal variation of the environment should
we predict partial migration? (eco)

What we started out to do

117

2. Which factors determine differences in migration tendency between populations?
(eco–evo)
3. Which individuals in a partially migrating population migrate and which individuals stay? (evo)
4. When is the migration decision taken (early in development vs later in life) and
by whom (the migrant itself vs its parents, via parental effects)? (devo)
5. What are the eco-evolutionary implications of partial migration? (eco–evo)
However, the original plans of comparing different populations were soon found to be
extremely difficult to execute for a variety of reasons. Most importantly, it proved to be
challenging to find evidence for partial migration. Despite huge catching effort in 2018
and 2019, including electrofishing, outside the migratory period (September – October)
when we expected to find residents, we caught only 5 sticklebacks from different open
freshwater rivers that were similar to resident phenotypes. The years 2018 and 2019,
where we wanted to firmly establish our new field system, turned out to be extreme
and not representative in their weather conditions: the beginning of the year 2018
(following the winter of 2017), was marked with extreme cold and frost lasting up to
March, leading to very late arrival of migrants and also very low catching success. The
following summer was one of the worst heatwaves experienced in Western Europe (Yiou
et al. 2020), leading to many side arms of the river getting completely dried up. This
led to drastic effects in land-locked populations, in terms of reproduction and survival
such that, in 2019, some of our sample populations faced extirpation. These effects
also posed a logistical challenge to our catching efforts during migratory period.
A compromise: migrant – resident system
It is possible that partial migration does exist in this system but the densities of
facultative residents were too low to allow formal conclusions. However, the stickleback
system still is quite unique, and I could collect valuable information on migration
syndromes by comparing migrants and the artificially land-locked resident populations
of sticklebacks in the Dutch waterways. However, one needs to keep in mind that
these comparisons are not made within a single population with partial migration, but
between populations that may differ in other aspects than the decision to migration or
stay residents. Hence, we instead phrased the questions differently as follows:
1. Are populations of migrant and resident sticklebacks different in movement tendencies?
2. If so, are there suites of morphological and behavioural traits (migration syndromes) associated with the two life cycles?
3. What determines the migration tendency and migration syndromes in threespined sticklebacks?
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Apart from these challenges, we also faced hurdles that are expected from any pioneering research. While lab-based assays gave us valuable insights, we were aware that a
semi-natural system, with larger scales and a more realistic setting would be better
for eliciting behaviours comparable to a wild settings. We thus had to secure multiple
grants and set up a state-of-the-art mesocosm system, shown in Fig. 1.4, which led
to considerable delays in the starting of the project. However, the mesocosm system
is now well-equipped with a radio-frequency identification system and has offered insights regarding the stickleback system that were not obvious using only lab studies,
as detailed below. Answering these questions formed a major part (empirical part) of
my thesis.

What can we learn from the sticklebacks?
Migrants and residents: in a nutshell
In this thesis, we tried to take an integrated view to investigate migration and associated personality. Although, as previously mentioned, the integrative eco-evo-devo
overview with the partial migration system would have been ideal but we still uncovered interesting differences between migrant and resident populations of sticklebacks,
as a first step towards understanding this system.
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We found that migrants and residents of different replicate pairs of populations differ
consistently in phenotypic characteristics, indicating that these differences are related
to divergent lifestyles (Chapter 2). With a common-garden experiment, we showed
that some behavioural traits related to migration (movement and shoaling tendencies)
have a heritable component. We found that differences in predator-inspection and
exploratory tendencies were not recovered in F1 of various origins. In addition, the
magnitude of differences in movement tendencies and shoaling in F1 offspring were
much less compared to the differences in wild-caught parents. These insights indicate
that these behavioural traits are crucially influenced by the developmental environment
of sticklebacks (Chapter 3). Furthermore, using the mesocosm system, we were able
to establish cross-context consistency in movement tendencies of migrant and resident
sticklebacks over ecological contexts (flow, social group composition and group size).
An interesting pattern was also that the scales of testing movement tendencies impacted
the pattern of differences we found and hence can influence potential explanations we
attribute to differences (Chapters 4 & 5). Thus we obtained insights on the use of
semi-natural and methods incorporating appropriate scales for improved testing. See
Fig. 7.1 for an overview of the results.
Is there a migration syndrome in sticklebacks?
In our studies, we tried to understand whether there exists a migration syndrome by
comparing migrant and resident populations. On the whole, we may say conclusively
that migratory sticklebacks are more active in larger-scale movements across ponds,
shoal more and these formed a syndrome across migrant and resident populations.
The other behaviours such as predator inspection, exploration, boldness, smaller scale
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Figure 7.1 – Studies on sticklebacks in this thesis, in a nutshell. In the flow
chart, we present the current situation of stickleback migrant and resident in the wild
along with the main results oh behaviours in both wild-caught and lab-bred migrant
and residents in lab and mesocosm. When we find differences between migrants and
residents, they are represented by the triangles showing the direction of differences.
Rectangles indicate lack of differences between the two origins.
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activity did not show a conclusive pattern across lab and mesocosm and hence provide
ambiguous pattern on syndromes.
Despite the drastic differences in several behaviours between migrant and resident populations and ‘syndrome’ across populations, there was little evidence of stable syndrome
within populations, that is, in one year, we found evidence for exploration and predator inspection in migrants and in another, activity and exploration in residents. We
find this interesting as the previous studies have extensively reported that sticklebacks
often show evidence for personality, especially in the form of boldness-aggressiveness
syndrome(or viewed broadly as risk-taking personality).
Predation pressure is thought to have an organisational effect on behaviours in sticklebacks and has been implicated in the existence of boldness-aggressiveness syndrome
(Bell and Stamps 2004; Dingemanse et al. 2007). It is often hypothesised that predation pressure differs between sea (with high threat of predators, especially ones that
pierce the skin of prey) and freshwater conditions (lower threat, mostly invertebrate
predators; Reimchen 1994). This explanation has also been attributed to differences
in morphological and behavioural variation in marine vs freshwater sticklebacks (Bell
et al. 2004). Upon a closer inspection in our system, we find that the system of freshwater that harbour stickleback populations have not only avian threat but also piscivorous
fish (European Perch, Perca fluviatilis and European eels, Anguilla anguilla) and the
densities of predators varied between the years as well. Furthermore, in the freshwaters, the water levels, salinities and other abiotic factors fluctuated drastically within
years and seasonally due to water management and the requirement of farmers (Pers.
obs.). Hence we think the behavioural tendencies in individual residents could be quite
flexible in response to an unpredictable and changing environment. However, the nonexistence of syndromes in migrants is still puzzling. It is possible that by limiting
ourselves to testing within the migratory period and in lab-based assays, we provided
very peculiar conditions, especially for migrants. In the future, we may better use the
semi-natural mesocosm to gather more data on both migrants and residents and test
this in detail.
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A notable pattern that we uncovered in Chapter 2 is that we were able to disentangle
the effect of morphology from other behaviours, i.e., we could rule out the confounding effects of morphology on behaviour. In the F1 sticklebacks, all fish of different
origins were of similar size (lateral plates were usually small and undifferentiated even
after one year of development, pers. obs.), potentially because they were all raised
entirely in freshwater in larger densities. But we still uncovered systematic differences,
with migrants having higher activity, shoaling tendencies and larger-scale movement
tendencies with hybrids in-between and residents having lowest activities, shoaling tendencies, and larger-scale movement tendencies. It is thus interesting that these traits,
could potentially form a syndrome between movement tendencies and shoaling across
the different origins, in the absence of clear morphological differences, when raised in
similar environmental conditions. In the wild, these differences can be exaggerated by
interaction with different developmental conditions as well.
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What happens when populations are reconnected?
The current conservation efforts in the Netherlands aim to reconnect the river systems
to the sea by bypassing barriers via fishways (Fig. 7.2). From my viewpoint, we can
address (1) fundamental questions of what happens when the two ecotypes, migrants
and residents, come into secondary contact and (2) application-oriented research on
this system can inform water management authorities about the efficiency of the conservation efforts.
Reconnecting migratory and genetically differentiated land-locked populations can be
viewed as a large-scale eco-evolutionary experiment that raises exciting questions such
as: will migratory and resident sticklebacks interbreed and introgress in sympatry
(Ravinet 2021)? Will hybrids be selected against (as in the lake-stream sticklebacks,
Berner et al.)? Or will we have incomplete gene flow and partial migration in these
populations (weak assortative mating, Ingram et al. 2015; weak reproductive barriers
and no selection against hybrids, Hanson et al. 2016)? From our studies, residents
and hybrids show lowered migratory and shoaling tendencies. This divergence may
be maintained or enhanced by size-assortative mating of migrants and residents as
size difference at maturity has been detected in the wild (Ramesh et al. 2021) or by
phenotype-dependent microhabitat choice (Maciejewski et al. 2020; Dean et al. 2021).
Irrespective of the mechanisms involved in the observed phenotypic differentiation between migrants and residents, whether the migrant-resident ecotype divergence will
persist in the absence of migration barriers needs to be investigated.
It is now recognized that the conservation of behavioural diversity (or ‘ethodiversity’,
Cordero-Rivera 2017) is an important issue. The development of effective conservation
methods taking ethodiversity into account is still in its infancy and currently most
conservation methods do not consider how lack of ethodiversity may potentially bias
their evaluation criteria. Focusing the conservation efforts on the population level while
ignoring individual differences can have unintended and potentially negative side effects
on the population structure as a whole. Recently, there has been renewed focus on the
selectivity of conservation measures such as fishways on certain behavioural types,
which can lead to negative effects on a population in the long term (e.g., bolder and
more active individuals perform better at fishway passage attempts; Lothian and Lucas
2021). Furthermore, there is mounting evidence that personality-dependent habitat
choice may exist leading to personality - environment correlation (Holtmann et al.
2017b). Hence, habitat alterations and restorations without complete understanding
of individual differences (and differences between migrants and residents in our case)
in habitat use may lead to favouring of only limited behavioural types potentially
leading to loss of diversity, which goes against the conservation efforts. Awareness
that between-individual differences in movement tendencies or migration can exist is
important in these cases. In light of this, it may be crucial to study the behaviour
types of fish that pass through the fish way.
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Figure 7.2 – Fishway at a pumping station. This is a pictorial representation of
a fishway that was constructed recently in Hongerige Wolf, Groningen. The pumping
station at Hongerige wolf poses as a migration barrier to incoming migrating sticklebacks. The fishway bypasses the pumping station and connects the main river channel
to the downstream polders. Picture credits: Hunze en Aa’s
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In this section, I would like to reflect on the theoretical modelling studies I have used
as part of my thesis and during my PhD. These have proven to be indispensable tools
in the understanding of concepts and have the potential to be very useful when used
complementary to empirical studies. I will discuss the models included in the thesis
and also briefly touch upon additional models that I developed on the evolution of
partial migration the emergence of a migration syndrome.
At present, there seem to be two main ways in which behavioural ecologists use modelling approaches to aid their studies. In the first, models are used as a tool for a
deeper conceptual understanding of an idea or verbal argument. In the second, models
are tailored to a specific empirical system, with the aim of deriving testable, quantitative predictions. In my PhD trajectory, I have gained some experience with both
approaches, which I will detail below.

Perspectives on theoretical modeling
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Conceptual models
My thesis includes one modelling chapter (Chapter 6) and a critique of a theoretical
modelling study (Intermezzo). Both parts centre on conceptual models that aim to
further our understanding of how individual differences affect the movement decisions
of foragers. Both models make the assumption that the individuals are ‘ideal’ (fully
informed about the environment and the distribution of their conspecifics) and ‘free’
(not constrained in any way in their movement). These assumptions are obviously a
caricature of reality, but they allow a complete analysis of a complex system. Chapter
6 illustrates that a highly simplified conceptual model can give rise to interesting predictions, which in principle can be tested in various empirical systems. In particular,
we derive the following testable predictions:
1. strong and weak competitors differ systematically in their habitat preferences;
2. strong competitors will accumulate on resource-rich habitat patches;
3. in stable environments, heritable differences in competitive ability cannot persist;
4. spatiotemporal variation in the environment foster the coexistence of strong and
weak competitors;
5. strong competitors flourish in periods of environmental stasis; weak competitors
flourish in periods of environmental change.
Moreover, the model provides some surprising new insights. For example, the spatial
distribution of competitors crucially depends on how individuals make patch choice
decisions and the process of movement to reach IFD itself. Additionally details of
individual patch occupation matters: whether individuals fill up an initially empty
habitat or whether they are already present and later redistribute according to their
preferences. This implies that virtually all current ideal free models have to be treated
with care, as they make the simplifying assumptions on how the distribution is obtained
and even when they do, usually consider only two patches. These insights may be
viewed as a word of warning: the insights obtained from conceptual models may look
general and robust, but they can easily be overturned by a new generation of slightly
more sophisticated conceptual models.
From a more general perspective, the model in Chapter 6 provides a new mechanism
for the evolutionary emergence and stability of individual (personality) differences.
Spatiotemporal variation in the environment has often been cited as a potential driver
of personality variation, both from a theoretical (Dingemanse et al. 2010; Wolf and
Weissing 2010; Dall et al. 2012) and an empirical perspective (Duckworth et al. 2015;
Nicolaus et al. 2022). But to my best knowledge, our model in Chapter 6 is the first
demonstration that (and how) such variation can induce personality differences. Yet, in
view of the underlying assumptions of ‘ideal’ and ‘free’ individuals, care should be taken
when interpreting the results. Before extrapolating the results, it seems imperative to
first consider more realistic variants of the model that consider limited information on
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the environment and the whereabouts of other individuals and constraints on (or costs
of) movement.
Models tailored to empirical systems
The second modelling approach not so much strives for general insights but rather
aims at a sound understanding of a particular empirical system. The starting point is
often a simple conceptual model that is expanded in a step-wise manner, thus tailoring
the model more and more to the system under scrutiny. While conceptual models
strive for general, qualitative predictions, the aim is now to derive detailed quantitative
predictions. Often this is done for a whole suite of models; subsequently, model selection
techniques (Burnham and Anderson 2002) are applied to find out which model explains
the empirical data best.
In the initial phase of the project, I employed such a step-wise modelling approach to
obtain a better understanding of partial migration and migration syndromes. To this
end, I developed a suite of eco-evolutionary models of increasing complexity, which
were studied by means of individual-based evolutionary simulations (as in Chapter
6). As this part of my work has never been finalized, I here briefly sketch the approach
taken and my main findings.
1. In the simplest model, the individuals only differed in their decision on whether
to migrate or to stay at home; in all other respects, they were identical. The
probability to migrate was an inherited (and, hence, evolvable) strategy. Technically speaking, this is a mixed strategy (corresponding to a bet-hedging strategy).
We hypothesised that partial migration is driven by competition avoidance in the
winter months due to seasonal reduction in resource availability. The presence
of migrants makes selection frequency-dependent: if the number of migrants is
small, competition ‘at home’ will be intense, making migration advantageous; if
most individuals migrate, it may be advantageous to stay at home, as there are
only a few competitors left. Under these circumstances, one would expect the
evolution of a single mixed strategy, leading to a fixed proportion of migrants
and residents. This is exactly what I found in my simulation.
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2. Individuals in a population are rarely identical. Furthermore, in sticklebacks and
other fish, migrating individuals tend to have a larger body size. In a second
model, we therefore considered a population of fish differing in body size. In this
model variant, body size variation was purely environmental and not heritable.
We assumed that, all other things being equal, larger fish have a higher probability to survive migration than smaller fish. Now, we allowed for the evolution
of condition-dependent strategies, where the migration decision of an individual
is made dependent on the individual’s body size. In the individual-based simulations, such strategies did indeed evolve: large individuals had a high tendency to
migrate, while small individuals had a low tendency to migrate. This is the first
step toward the evolution of a migration syndrome, as body size gets associated
with migration tendency.
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3. In a third model, the distribution of body sizes was not random but determined by
a growth strategy. Fast-growing individuals reached on average a larger body size
than slow-growing individuals. Faster growth comes with enhanced risks related
to acquiring more resources and hence exposure to risks, but the resulting larger
body size provides the survivors with a migration advantage or a competitive advantage when staying at home. In addition to the growth strategy, the individuals
also harboured a migration strategy (as in model (2)). In this model variant, a
mixed growth strategy evolved (with a fixed proportion of fast-growers), together
with a condition-dependent migration strategy (where the larger individuals had
a higher tendency to migrate).
4. In model variant (3), the growth decision comes first, and the migration decision
is then based on the implications of the growth decision. There are some indications that in real populations, the situation may be different: the migration
decision can be taken very early in life, and it determines the developmental trajectory (including the growth rate), which is very different for migrants than for
residents (e.g., body size and threshold to migrate are both potentially genetically determined in Atlantic salmons, Salmo salar, Páez et al. 2011). To model
this, we now considered the evolution of two-stage strategies: in the first stage
an evolvable mixed strategy determined the migration decision (as in model (1)),
and in the second stage two growth strategies (one for the migrants and one for
the residents) determined the growth trajectory. Again, partial migration and
migration syndromes emerged in the evolutionary simulations. A fixed proportion
of the population decided early in life to migrate, and these individuals tended
to take the fast-growth option, leading to larger body size.
5. Finally, we combined models (3) and (4), in order to see whether one of the two
types of strategy (model (3): decide first on growth, later on migration; model
(4): decide first on migration, later on growth) is advantageous. To our surprise, all simulations resulted in a type (4) strategy, where the migration decision
is more basal than the growth decision. We do not have a good explanation
for this outcome. Yet, this prediction is interesting, as it may be testable by
systematically manipulating the developmental environment.
Although the modelling outcomes are intriguing from a conceptual perspective, we
never reached the point to actually test the model predictions with our stickleback
system (as we did not get sound evidence for partial migration in our field populations).
We therefore abandoned our study and never completed it.
Modeling moving forward
Moving forward, I think both modelling strategies are important as they help us get a
strong foundational and conceptual footing and enable us to test hypotheses flexibly in
an empirical system. I am especially fascinated by the second strategy of confronting
suites of specifically tailored models with empirical data. A similar approach is taken
when analysing empirical data using statistical models. However, the mathematical
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framework underlying statistical models is much more simplistic than the more ‘biological’ model structures sketched above. In particular, statistical models cannot easily
incorporate mechanistic detail, and they cannot easily cope with tailored null models
and complex alternatives. For instance, a null model for the density-dependent movement of animals between patches cannot easily be implemented by the inclusion of a
parameter determining the degree of density dependence, as the local density changes
with each movement decision of an animal. For comparing null models of such dynamical processes, one would better use a theoretical modelling approach and parametrise
them using empirical data to have tailored predictions. In a project with MSc student
Tirza Moerman, we used such an individual-based simulation approach to create null
hypotheses and employed model fitting and model selection techniques, to test whether
stickleback habitat preference depends on individual personality and the current density of competing conspecifics.

Closing remarks
This thesis is titled ‘Animal personalities on the move’ to indicate two general insights
I obtained over the course of my PhD.
1. Animal personalities emerge readily in the context of movement. The
puzzling characteristics that form the core of enquiry in animal personality research are individual variation, consistency of these variation over time and behavioural syndromes leading to integrated suites of behaviours. In a movement
context, studies including this thesis show that personalities readily emerge.
(a) Individual variation in movement emerges through bet-hedging(as explained
in Chapter 1) from competition avoidance (density-dependent selection as
in the case of our model (1) above) and from negative frequency dependent
selection in a spatiotemporally varying environment (Chapter 6).

7

(b) Consistency in movement, not explicitly tested in this thesis, can emerge if
certain types of movement (for eg. in the context of foraging) are associated
with space-use and search strategies associated with foraging movement that
are honed by frequent use. In such a situation, frequent and repeated movements may increase familiarity and experience (reducing costs of movement
over time), leading to a consistent movement strategy.
(c) Syndromes also arise naturally, as different require a different degree of ’responsiveness’ to the environment, different ways and degrees of information
gathering and processing, and different physiological (e.g. metabolic) states.
Moreover, they expose the animal to different challenges and different types
of environment, which require different strategies for coping with them. All
these other factors, associated with differences in movement, can then feedback on movement, potentially enhancing variation in movement strategies.
2. The field of animal personality itself is on the move. In this thesis, we
have attempted to study animal personalities through an integrative approach,
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regarding (a) research questions (eco - evo - devo) and (b) research methodologies (field, lab, mesocosm, theory). This is in part due to the fact that the
different disciplines within behavioural sciences have embraced and incorporated
’personality-thinking’ leading to to seemingly diverging developments that require reunification. For example, behavioural physiology interprets a variety of
behaviours related to stress responses as facets of a ’coping style’ syndrome (?);
similarly, life history theory views risk-related behaviour as part of a syndrome,
because the principle of life-history consistency predicts that individuals that
are risk-prone (resp. risk-averse) in one context should also be risk-prone (resp.
risk-averse) in other contexts (Wolf et al. 2007). An interesting and inevitable intersection is if life-history strategies shape risk-related behaviours by also having
impact on the underlying coping style mechanisms. In such a way, personality
can be approached different perspectives, and integrating these perspectives is
moving the field forward. Such an attempt was made in this thesis, but my trajectory also shows that many more years and PhD theses are required to fully
capture the many facets of animal personality.
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