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Chapter 1: 
General introduction: Change, coping and the 

early-life 
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Effectively dealing with change is perhaps the most important challenge for our current 
generation. Mainly due to concerns about the impact of human expansion and innovation 
on the environment, change has recently become an intensely studied topic in the scientific 
community. Journals such as Nature Climate Change, Global Environmental Change, 
Climate Research and Global Change Biology focus exclusively on global change and the 
effects it has on natural systems and the animals (including humans) that inhabit them. 
Outside such specialised journals as well, scientists from various fields have reported great 
amounts of change within their area of research, concerning for example environmental 
change (O’Brien 2011), the effects of globalisation (Matthew et al 2010), land use change 
(Lambin and Meyfroidt 2011), and the massive use of internet (Merchant 2001) and video 
games (Ferguson 2010; Baranowski et al 2011) in the upcoming generation. In addition, the 
invention of new technological methods and new ways of interacting with the public have 
significantly changed the way scientific research is being done and the type of questions 
that are being asked (Schnittka and Bell 2011; Etzkowitz 2011). It seems clear to experts 
across many fields that the rate of change in our world is increasing, and that a better 
understanding of the consequences of environmental change for both the animal and 
human ability to adapt is needed. 

In this thesis, I combine evolutionary biology and behavioural ecology with developmental 
psychology, and use a multidisciplinary approach to study the adaptive ability of animals 
(including the human animal) to respond effectively to the environmental challenges 
presented to them in times of change, and the reasons why they might fail to do so. 

1.1. Unprecedented change 
When we talk about change on a global scale and across academic fields, the obvious 
question is: “What is changing?” The answer seems to be: “everything”. The environmental 
changes that have been happening across the world in the last half century differ from 
previous changes in rate, frequency, magnitude, scale and novelty (Turner II et al 1990; 
Vitousek 1997; Hendry et al 2008; Brook et al 2008). This is largely due to the rapid 
expansion of human society and its subsequent effects on surrounding natural systems 
(Vitousek 1997; Bell and Collins 2008; Candolin 2009) such as habitat fragmentation 
(Crooks et al 2011), physical and chemical pollution (Lürling and Scheffer 2007), and 
overfishing (Bascompte et al 2005). But that is not all. Whereas in the past, human 
influence on natural systems were confined to urban landscapes and agricultural fields, 
these days many ecosystems are dominated directly by humans, between one-third and 
one-half of the land surfaces have been transformed by human action, and no ecosystem 
on Earth’s surface is entirely free of human influence (Vitousek 1997). Through various 
increases, including but not limited to increases in populations, energy use, gas emissions 
and economic activity, humans have now reached the stage where they are capable of 
planetary-scale disruptions of the very ecosystems that sustain them (Gleick 2010). 
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Encountering a foreign, invading species is now a much more likely occurrence for a 
population than before, forcing species to compete more and adapt faster, or be out-
competed (Phillips and Shine 2004; Carroll 2007). Other environmental disturbances, 
especially abiotic ones such as soil composition, light and nutrient availability, but also 
biotic ones such as habitat destruction, increased drastically as well (Candolin 2009). Not 
just the physical and social environments are different, but also the accessibility of 
information through modern media, and by extension the ideas that are being generated. 
Many fields are going through a paradigm shift (see Box 2).  

Much of the research concerning environmental change has involved change across large 
and complex contexts, often entire ecosystems, or even the global climate system (Shaver 
et al 2000; Adger 2010; Matthew et al 2010; Gleick 2010). Even where population 
dynamics, social interactions, behavioural responses, or physiological aspects are 
considered, it is often done in the setting of global, human induced change, which is both 
intricate and large scaled in nature. Understanding processes of change on such a level is a 
complicated mission, and it is no surprise that most journals advocate an integration 
between different scientific fields in order to pool their knowledge and understanding of 
fundamental natural processes (Réale et al 2007; Koski 2011; Sih 2011; Ewen et al 2012). 
Creating a clearer understanding of the effects of such unprecedented change is especially 
important since animals, including humans, are now forced to adapt more and more rapidly 
(Hendry et al. 2008) than ever before. Failure to do so may lead to behaviour-environment 
mismatches (Raubenheimer et al 2012), population decline (Both et al 2006), and even 
species extinctions (Bell and Collins 2008; Brook et al 2008; Keith et al 2008; Chevin et al 
2010).   

1.2. Coping, struggling and thriving 
An animal can give many possible behavioural responses when faced with environmental 
change. Together, these behavioural responses are referred to as coping. Depending on 
whether or not coping is adaptive, it can be labelled either struggling or thriving.  

1.2.1 Coping 
Coping is commonly considered as any behaviour that animals display in response to 
challenging situations in their environment (Wechsler 1995). Coping can be either 
successful, in which case the animal adjusts some relevant factor of its phenotype or 
behaviour, or unsuccessful, in which case the animal suffers damage to its resources or its 
health (Olff et al 1993). This is true even when the environmental challenge does not 
provide an immediate threat to the animal’s life, as unsuccessful coping can result in stress 
(Anderson et al 2011; Koolhaas et al 2011) or loss of social status (Folkman et al 1986; De 
Miguel et al 2011). Whether coping is successful or not depends highly on the 
controllability and predictability of the stressor (Wechsler 1995; Koolhaas et al 1999). 
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Coping research has a long history, and across fields comparable concepts have been 
referred to as, for instance, emotion regulation (Phelps and LeDoux 2005), temperament 
(Archard and Braithwaite 2010), coping styles (Koolhaas et al 1999), or coping strategies 
(Wechsler 1995).  

1.2.2 Struggling and Thriving 
If we consider coping as the response individuals give when faced with an environmental 
challenge, then unsuccessful coping may be considered struggling, and successful coping 
may be considered thriving (Carver 1998; Nordén et al 2013). Distinguishing between 
struggling and thriving allows us to better evaluate the adaptive value of coping strategies, 
and consider the evolutionary processes that underlie their development.  

Struggling happens when there is an imbalance between challenges and ability to cope with 
them, which causes short- and/or long-term stress (Folkman et al 1986; Koolhaas et al 
2011). Thriving occurs when individuals can adapt to the changes in environmental 
conditions or even use these changes to their advantage (O’Leary and Ickovics 1994). For 
example, a bird can thrive in the face of an invader insect species that is competing with its 
regular prey if it can adapt to eating the invader, but it will struggle and face a restricted 
food resource if it cannot.  

The coping behaviours used by individuals can make the difference between struggling and 
thriving. Rather than the physical characteristics of a challenging stimulus, it is the cognitive 
appraisal of that stimulus, i.e. the (sub)conscious awareness of the challenge, as well as the 
ability to evaluate a stimulus as such, that determines whether the individual experiences a 
situation as a challenge and responds with a coping strategy (Koolhaas et al 1999; Ruiz-
Gomez et al 2008). An inappropriate behaviour implies struggling. Another reason for 
struggling is failure to give the appropriate response quickly enough. Both factors are 
influenced by an individual’s coping style (Mikulincer and Florian 1995; Anshel and Kaissidis 
1997; Zalewski et al 2011) and personality traits (Kaiseler et al 2012; Goryńska et al 2014). 
For example, in a study on athletes, neuroticism predicted higher stressor intensity and 
lower perceived stressor control, and was associated with more avoidance coping 
strategies and less problem-focused strategies (Kaiseler et al 2012). Coping mechanisms 
can hence be seen as behavioural modulators of the effects of a stressful environment, and 
are instrumental in making the difference between struggling and thriving.  

Even when the pressure to adapt is strong, change is not always easy to deal with 
effectively. Successful adaptation depends on perceiving a need to adapt, estimating the 
correct response, being able to give that response, and paying the cost for that response 
(see Chapter 7). As mentioned above, part of failing to cope effectively with change is the 
inability to notice and interpret the environmental cue correctly. Change blindness can limit 
an individual’s ability to accurately perceive a change (Jensen and Simons 2010), see Box 1. 
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Estimating the correct response is prone to error especially when the situation is novel (Bell 
et al 2010; Eriksen et al 2011; Carter et al 2012b) and no physiological or behavioural 
template exists – there is a larger chance of  choosing an unfavourable strategy. 
Furthermore, the optimal response is not always possible due to phenotypic constraints 
(Leichty et al 2012; Dochtermann and Dingemanse 2013). Even when the optimal response 
is possible, there is generally a cost associated with adjusting physiology or behaviour 
(DeWitt et al 1998; Moran et al 2010; Auld et al 2010). For example, moult in birds is a 
costly phenotypic change with carryover effects on other processes such as reproduction 
(Dietz et al 2013). In short, change is risky, and it is easy to understand, from an 
evolutionary perspective, why humans, among other animals, are so instinctively nervous 
about changes in their environment. Especially with rapid and novel change, it is usually not 
possible to estimate how long the new situation is going to last, and individuals have to 
make the choice to wait it out, or to adapt (see Box 2). A second consequence of rapid 
change is that different change stimuli are likely to overlap. While under slow-change 
circumstances, individuals and populations have time to adapt to changes in community 
composition or nutrient availability, in case of rapid changes they may need to deal with 
multiple relevant changes in their environment at once.  

1.3. Behavioural flexibility and canalisation 
As coping involves responses to diverging challenging environmental situations, animals in 
rapidly changing environments may be expected to thrive best if they are able to flexibly 
choose and adjust their responses depending on what is estimated as optimal in the 
situation at hand. Yet, recent work on behavioural syndromes (see below) indicates that 
individual animals are often consistent in their behaviours across contexts, even if that 
behaviour is not the most adaptive choice, or fails to effectively deal with the situation 
entirely. This has brought up the perspective that behavioural syndromes can be 
considered as evolutionary constraints (Dochtermann and Dingemanse 2013) prohibiting 
that individuals exhibit the optimal behaviour in all contexts, and implying a limit to the 
range of possible behaviours for an individual (Sih et al 2004). 

1.3.1 Individual differences 
Animals have to react continuously to their environment to maximise their fitness 
(Charmantier and Garant 2005; Nussey et al 2007; Réale et al 2007). There is consistent 
inter-individual variation in response to the same stimuli (Olff et al 1993; Koolhaas et al 
1999; Bell and Stamps 2004; Bell 2005; Dingemanse and Wolf 2013). Some animals are bold 
and explorative when faced with a novel environment, while others react shyly and hide. 
Similarly, animals have different ways of responding to predator pressure.  

Such individual differences in behaviour, rather than being noise around an optimal 
strategy, have been shown to be repeatable and heritable (e.g. Dingemanse et al. 2002, 
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Réale et al. 2007), and are often correlated across different behavioural contexts (e.g. 
aggression, exploration, foraging), creating behavioural “syndromes” comparable to how 
humans differ in personality (see below for a brief overview of both). These behaviours are 
quantitative, continuous traits rather than categorical types. Individuals differ not only in 
the coping strategies they use when faced with environmental challenges, but also in the 
level of plasticity they show when responding to these challenges (for an overview, see 
(Dingemanse et al 2010).  

Individual differences in behaviour and coping strategies are interesting from both an 
evolutionary and a behavioural point of view. Not only do such behaviours have a huge 
impact on several aspects that influence fitness like growth, survival, and production of 
offspring, as well as on other individuals within their social structure, they are also 
important in understanding and predicting the different ways in which individuals deal with 
stress, adapt to their environment and handle change. 

1.3.2 Phenotypic plasticity 
Phenotypic plasticity is defined as the ability of individuals (or genotypes) to alter 
phenotypic trait values as a function of their environment (Dingemanse and Wolf 2013). 
The phenotype consists of many factors, such as morphology, growth rate and biochemical 
properties, of which behaviour is only one. As the adaptive response to environmental 
challenges is given first and foremost on a behavioural level, understanding the 
mechanisms of behavioural phenotypic plasticity is important for predicting how organisms 
will respond to rapidly changing and novel environments (Snell-Rood 2013).  

Plasticity can evolve when plastic individuals have a fitness advantage over less plastic 
individuals. For example, natural selection should favour individuals that adjust their 
activity levels in response to changes in predation risk (Krebs and Davies 1997; Piersma and 
Drent 2003) whenever the fitness benefits associated with such a flexible adjustment 
outweigh the costs associated with that strategy (Auld et al 2010). Hence, changing 
environments may imply a fitness benefit for plastic individuals. However, plasticity alone is 
not sufficient to have a fitness benefit in such circumstances; individuals should also 1) be 
capable of reliably predicting changes in environmental conditions, and 2) respond within a 
behavioural timeframe (DeWitt et al 1998; Gabriel 2005). Given that errors in the ability to 
predict and perceive are unavoidable, it may be better to be less plastic (Sih et al 2004). 
Low plasticity can also be favoured if there are large costs of plasticity, for instance because 
gathering the information required to make decisions requires much effort. 

Recent work has differentiated between activational behavioural plasticity (Gabriel 2005; 
Crispo 2008; Auld et al 2010) and developmental behavioural plasticity (Dufty Jr et al 2002; 
Kuzawa 2005; Beldade et al 2011). The most important difference between the two is that 
in the first, individuals express various phenotypes throughout their lives, while in the 
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second, genotypes canalise into different developmental trajectories, depending on the 
environments (Snell-Rood 2013)(see figure 1-1). An example of activational plasticity is 
hiding or foraging behaviour of an animal in the presence or absence of predators, while an 
example of developmental plasticity is individuals developing into relatively shy or bold 
behavioural types in the presence or absence of predators (Snell-Rood 2013). In many 
species, especially mammals, young are born with a lot of flexibility in the way they can 
respond to situations. As they develop, some individuals will canalise their behaviour into 
very stable patterns, whereas others remain more flexible and will choose behaviour 
depending on the situation (see chapter 6). The extent to which individuals canalise their 
behaviour depends in part on the care they are exposed to early in life (Fleming et al. 
2002). 

 

 
Examples of phenotypic plasticity in behaviour include adjustment of parental investment 
based on variation in their offspring’s needs (Smiseth et al 2008), and the finding that black 
birds (Turdus merula) from an urban population were less likely to approach an object in a 
familiar setting than black birds from a nearby rural area (Miranda et al 2013a). When 
environments are variable or show a lot of novelty, both activational and developmental 
phenotypic plasticity can increase the match between the phenotype and the environment 
(Moran et al 2010), thereby increasing fitness (DeWitt et al 1998) and, in case of humans, 
well-being (Adger 2010; Luhmann et al 2012).  

Figure 1-1 An illustration of a neural network underlying behaviour (= motor output), showing (a) activational 
behavioural plasticity, that is, differential activation of the underlying neural network, and (b) developmental 
behavioural plasticity, that is, the development of different neural networks in different environments. Thick lines 
here indicate which parts of the network are developed (Snell-Rood 2013). Motor output corresponds to 
behavioural output in the context of this thesis. 
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Box 1.1 Change Blindness 
Although current times are characterised by change across fields, people (including scientists) do not always 
notice it. While in the middle of great change, most people have trouble actually perceiving the changes going on 
around them. This is a phenomenon called change blindness, sometimes used synonymously with inattentional 
blindness: it describes the tendency of people fail to detect large changes to scenes (Shapiro 2000; Simons et al 
2000). Change blindness is relevant in a work on coping with change as it limits the capacity to encode, retain and 
compare visual information from one glance to the next and diminishes awareness of environmental surroundings 
(Simons and Ambinder 2005), and as such to respond appropriately to a change (see chapters 2 and 7).  

One of the most well-known examples of change blindness involves a video of a handful of people playing ball, 
released on YouTube in 2010 as part of a social experiment (figure B1). Some players wear white shirts, others 
wear black shirts. Viewers are asked to count the number of times that the players in white pass the ball… and 
about half completely miss the gorilla that strolls into view, bumps its own chest and wanders back out (Simons 
and Chabris 1999). This experiment went a long way to convince people that they can miss something new and 
unexpected even if it is right in front of their eyes. Most people are unaware of the limits of their attention. As dr. 
Simons put it: “We consciously only see a small subset of our visual world, and when our attention is focused on 
one thing, we miss the other. We may talk on the phone and drive and go about our busy lives, and remain 
mistakenly convinced that we would notice important events going on around us.” (smithsonian.com). 

Change blindness has been shown especially when large environmental changes occur during a distracting 
disruption, although experimental work indicates that the disruption is not a necessity (O’Regan et al 1999; Simons 
et al 2000). When changes are sufficiently gradual, the change signal does not seem to draw attention, and even 
large changes can go undetected (Simons et al 2000). Counter to the general idea that unpleasant stimuli are 
noticed sooner as part of threat perception mechanisms, there has also been some indication that people are 
slower to notice unpleasant stimuli (Dunning and Hajcak 2009). Individual differences have been found in 
susceptibility to failures of change awareness, although this susceptibility was not predicted by individual 
differences in perceptual and attentional abilities (Jensen and Simons 2010), and may in part be culturally biased 
(Masuda and Nisbett 2006). Change blindness may be induced artificially and as such has been used as a tool to 
uncover aspects of visual function (Turatto et al 2003). More recently, change blindness has been linked to choice 
blindness, where participants in a test did not just fail to notice pictures being switched during choice assays, but 
believed that the manipulated choice was in fact their own (Johansson et al 2008). Ability to choose an effective 
behaviour is another factor important in effective coping (chapter 7). 

Change blindness extents to the scientific community (Poplin 1987; Levin et al 2000). Although there is a strong 
focus on climate change, with an enormous body of literature being produced the last decade, emerging theory 
on change blindness challenges scientist to take a closer look at their own field, and question which important 
changes both within the scientific field and outside it are barely receiving any attention (Shapiro 2000). They are 
the gorillas walking through the game, obvious and mostly unnoticed.   

 

 

  

Figure B1 But did you see the gorilla? By Daniel J. Simons 2010.The video on which these images are 
based was a huge internet sensation, because about half of the viewers, when asked to count the 
number of times the players in white passed the ball, completely missed the gorilla. 
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Box 1.2 Canalisation and paradigm shift 
In order for animals to respond to the environment optimally within the 
niche they exploit (that is, maximally accurate in relation to 
environmental challenges), they must canalise their physical and 
behavioural development. Animals that are most adapted to an available 
niche survive and reproduce, and a population over time becomes more 
specialised to that niche. The same is true for the canalisation of 
behavioural processes in humans, and extends to canalisation of ideology 
and beliefs. Paradigms can be considered canalised ideology, models 
from which to perceive or approach a situation. This closely resembles 
canalisation of animal behaviour, and happens for much the same 
reason.When the environmental niche shifts strongly through changes in 
external conditions, both behavioural and social (Adger et al 2009) 
canalisation can provide limits to the ability of individuals and societies to 
respond appropriately to their new surroundings. The canalised track 
individuals are caught in may not allow them to adapt quickly or radically 
enough to match the sudden shift in conditions, and especially strongly 
canalised individuals may incur important fitness costs. A way to 
represent adaptive problems in the face of canalised behaviour is through 
the fish-in-the-pipe metaphor depicted in figure B2, which illustrates that, 
in the face of sudden change, individuals who are plastic and flexible in 
their behaviour have an advantage (Grether 2005; Reser and Swim 
2011a; Tuomainen and Candolin 2011) over individuals who are strongly 
canalised. The large blue arrow indicates the track in which a population 
is canalised, whereas the bend circled in orange indicates a significant 
and sudden change in the system. Individuals b and c, who move in the 
new direction during such a change, are successful in adaptation from 
context 1 to context 2. Individuals that adapt prematurely (a) or do not 
adapt at all (d) face contextual problems, which can express as stress and 
other fitness consequences of maladjusted behaviour. As the principle of 
canalisation and shifts in behavioural or ideological tracks is the same 
across fields, this depiction can refer equally to a physical, behavioural, 
cultural, or ideological canalisation.  

A good example of ideological canalisation and one relevant to all 
researchers is a scientific paradigm, which dictates how experiments 
should be conducted, what should be observed, what kind of questions 
should be asked, and how the results should be interpreted. Although the 
term is sometimes used loosely, many scientific disciplines have reported 
paradigm shifts within their field over the past two decades, within areas 
such as forensic science (Saks and Koehler 2005) and criminology (Cooper 
et al 2010), techno-social or cyber-physical ecosystems (Ulieru and 
Doursat 2011), molecular recognition (Lavigne and Anslyn 2001), cancer 
stem cells (Wicha et al 2006) and personalised cancer medicine (Thangue 
and Kerr 2011), medical drug discovery (Pérot et al 2010) and delivery 
(Lakhal and Wood 2011), ecology (Wu and Loucks 1995), evolutionary 
biology (Koonin and Wolf 2012), developmental biology (Skinner 2011) 
and psychology (Ellis et al 2011). Although this list represents by no 
means an exhaustive overview, and these topics do not (yet) include 
science wide paradigms, they illustrates recent changes in the way 
scientific fields conceptualise and experiment within their own topics. 
Paradigm shifts represent radical change in a previously established way 
of perceiving and thinking, and as such are often subject to the same 
unease and fear as experienced with environmental change (Reser and 
Swim 2011a; Tuomainen and Candolin 2011; Horn et al 2013), illustrating 
that in a changing world, scientists also have to cope with important 
changes within their respective disciplines. 

Figure B2 Fish in the pipe metaphor for 
canalisation and paradigm shifts. Large 
arrow indicates the direction of the 
canalised flow, medium arrows indicate the 
direction of the population, small dashed 
arrows indicate the direction of individuals 
a, b, c, and d during a shift in 
environmental conditions, represented by 
an orange circle; orange stars indicate 
maladjusted individuals a and d 
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1.3.3 Behavioural syndromes 
Coping tends to come in sets of closely correlated suits of behaviours, called behavioural 
syndromes in animals and personality in humans. Consistent individual differences in the 
average level of behaviour across time and contexts explains more than 30% of the 
phenotypic variance within populations (Briffa et al 2008). In juvenile animals, behavioural 
syndromes can influence dominance and competition for food, dispersal, and settlement 
choices, while in adults, they influence local competition, partner choice, reproductive 
success and survival (Conrad et al 2011; Sih and Giudice 2012; Jandt et al 2014), to name a 
few. In recent years, much empirical work has been done to improve understanding of 
correlations between behavioural traits (Sih et al 2004; Dingemanse et al 2007; Réale et al 
2007) and fluctuating selection pressures (Dingemanse et al 2004). For example, 
personality studies in western blue birds (Sialia mexicana) have shown that aggressive 
individuals are more successful in establishing new areas than milder tempered ones 
(Duckworth 2006). Theoretical biologists have made a start in explaining how behavioural 
syndromes could have evolved, a discussion which navigates between the cost of plasticity 
(Steiner and Van Buskirk 2008; Auld et al 2010) and the inherent adaptive value of 
personalities (Wolf et al 2007a; Dingemanse and Wolf 2010).  

Results of a series of experiments in the past two decades suggest the existence of at least 
two coping styles that appear reasonably consistent across species. While some 
researchers talk about active versus passive coping strategies or the shy-bold axis (Ward et 
al 2004), others advocate using the terms proactive coping versus reactive coping instead 
(Koolhaas et al 1999). Proactive individuals are both aggressive and bold. They actively 
explore their environment, manipulate environmental challenges and readily form 
persistent routines (Harcourt et al 2010). By contrast, reactive individuals pay careful 
attention to external stimuli, and adjust cautiously to changes in the environment 
(Adriaenssens and Johnsson 2011). They seem to be more adaptive and flexible, responding 
only when absolutely necessary. These two coping styles are both thought to represent 
coherent and adaptive strategies (Koolhaas et al 1999; Sih et al 2004; Mathot et al 2012). 
The relative stability of these coping styles does not imply that individuals are completely 
consistent over time and always show exactly the same behaviours (Dingemanse and Wolf 
2013), for an excellent review, see (Jandt et al 2014). 

The existence of behavioural syndromes implies limited behavioural plasticity and 
behavioural carryovers across situations, rather than optimal plasticity in each isolated 
situation. Behavioural syndromes can explain behaviours that appear non-adaptive in an 
isolated context (Sih et al 2004), such as inappropriately high activity when predators are 
present or sexual cannibalism (Kralj-Fišer et al 2013), but that make sense in the light of 



CHAPTER 1 

17 

1 
canalised evolutionary development and adaptation to a wider range of contexts than the 
one in which the puzzling behaviour is displayed.   

1.3.4 Personality 
Just like animals with behavioural syndromes, humans show consistent differences in the 
expression of behavioural traits. Human personality is easier to observe and assess than 
animal personality, but harder to pin down. According to a commonly used definition, 
personality reflects the dynamic organisation of psychological and physical systems in a 
person underlying their patterns of actions, thoughts and feelings (Allport 1961).  

Much research regarding personalities is based aspects of personality defined by the so-
called Big Five model (McCrae and Costa 1997), which distinguishes between five 
personality traits, namely, neuroticism, extraversion, openness to experience, 
agreeableness, and conscientiousness. There has been some discussion on the question to 
what extent personality is stable across a lifetime. While the literature is not completely 
consistent with regard to the details, there is converging evidence which suggests that 
personality is at least partly plastic during life (Akse et al 2007; Ruiz-Gomez et al 2008; 
Laceulle et al 2012), particularly up until the age of thirty (Costa Jr. and McCrae 1994; 
Terracciano et al 2010). The likelihood of stability and change is trait dependent (McGue et 
al 1993). For a review on specific personality traits and their sensitivity to change, see 
(Caspi et al 2005). 

1.3.5 Behavioural reaction norm 

The behavioural reaction norm is a commonly used concept in recent evolutionary papers. 
It refers to the set of phenotypes that a single genotype produces in a given set of 
environments. Behavioural reaction norms allow researchers to consider behavioural 
syndromes/personality and plasticity as complementary aspects of the individual 
phenotype, and to combine them in a single theoretical framework (Dingemanse et al 
2010). 

 

 

 

 

 

Figure 1-2 Linear reaction norm plots. The lines represent types of 
individuals; multiple lines represent individual variation within the 
population. X-axis represents different environmental contexts. From: 
Dingemanse et al. 2010. 
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In a behavioural reaction norm plot (figure 1-2), individual behavioural responses are 
described across an environmental gradient (set of contexts) rather than as single 
behaviours, and labelled the reaction norm (Sarkar 1999)(Sarkar, 1999)(Sarkar 1999; 
Dingemanse and Wolf 2013). Each behavioural reaction norm can statistically be 
characterized by an intercept, typically referring to the mean-centred environment (Nussey 
et al 2007). The reaction norm in the mean-centred environment corresponds to the 
‘personality’ or ‘behavioural syndrome’ in recent behavioural ecology literature 
(Dingemanse et al 2010). The linear slope, that is the variation of responses across 
contexts, reflects the level of plasticity. 

The terminology on coping strategies, animal behaviour, behavioural syndromes, and 
personality is confusing, and often used inconsistently within the literature. Whereas 
behavioural syndromes and animal personality can be considered synonymous, the same is 
not true for coping styles and personality (Connor-Smith and Flachsbart 2007; Kaiseler et al 
2012). Although there is some evidence that people have habitual coping tendencies (Moos 
and Holahan 2003) that are stable over time (Gil et al 1997), some argue that coping and 
personality should be highly correlated before they can be considered parts of the same 
construct, and they are not (Connor-Smith and Flachsbart 2007). Coping styles are only 
moderately heritable, and the genetic bases for personality and coping do not overlap 
strongly (Jang et al 2007). Personality does influence coping in many ways, including the 
frequency of exposure to stressors, the type of stressors experienced, and the decision 
making process (Vollrath 2001). For a review on the way individual personality traits affect 
coping, see (Carver and Connor-Smith 2010a). For a short overview of terms used in this 
thesis, see the glossary at the end of this introduction.  

1.4. The Essential Early-life Environment 
If thriving under change depends on coping strategies, where did the coping strategies 
come from? Given that coping styles are only moderately heritable, genes do not seem to 
provide the sole answer to this question. Aristotle believed that the environment sculpted 
the phenotype of individuals and that these effects were represented in their descendants. 
Now, 2400 years and an enormous body of scientific literature later, we are beginning to 
recognise, through recent work on epigenetics (Feil and Fraga 2012; Burris and Baccarelli 
2013; Jablonka 2013), that there is truth to that.  

1.4.1 Early-life effects 
The environment that animals experience, especially during development, is increasingly 
shown to be an important factor in establishing later life personality (Asbury et al 2003; 
Belsky and Pluess 2009a; Groothuis and Trillmich 2011a). Environmental conditions can 
have a range of effects on the behavioural phenotype, spanning from short- to long-term, 
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such that many phenotypic features, including coping strategies (Archard and Braithwaite 
2010), can be a function of both current and past experiences with environmental 
conditions (Dingemanse and Wolf 2013). 

Social and environmental experiences early in ontogeny have been demonstrated to have 
profound long-lasting effects on behaviour and physiology (Groothuis et al 2005; LaFreniere 
and MacDonald 2013). For example, early life adversity in the form of childhood abuse has 
been associated with increased risk for the development of disorders (Caspi et al 2004; 
Reilly et al 2005; Enoch et al 2010), although some theories suggest that early life stress can 
be of adaptive value as individuals might use the experience of past stressors to adaptively 
respond to future stressors (see Trillmich and Hudson (2011a); Doelen et al (2013).  

Studying development is uniquely important for understanding proximate and ultimate 
aspects of personality. Yet there is still much unknown about developmental processes that 
lead to canalised behavioural strategies, and the influence of the environment on such 
processes (Groothuis and Trillmich 2011a), although approaches to studying personality 
have broadened recently (Stamps and Groothuis 2010).  

1.4.2 Intergenerational effects 

Understanding causation, fluidity, and consequences of personality resemblance with the 
previous generation is key in predicting the upcoming generation’s response to changing 
environments. It provides insight in behavioural transitions from one generation to the 
next, and allows researchers to predict and address problems that stem from 
maladaptation to the modern environment children are currently growing up in. To this 
end, I consider parent-child resemblance in chapters 5, 6, and 7 of this thesis – empirically 
in the first two, and mechanistically in the last.  

The most obvious mechanism to create parent-offspring resemblance is through the 
transmission of genes. Offspring resemble their parents because they share genes and 
therefore physical characteristics and behavioural predispositions (reviewed in (Goldsmith 
1983; Saudino 2005). However, recent work is beginning to show more and more clearly 
that much of this resemblance is affected by the environment through a variety of 
environmentally-driven mechanisms, such as maternal effects, defined as the direct effect 
of a mother’s phenotype on that of her offspring (Broadhurst 1961; Bernardo 1996a; 
Mousseau and Fox 1998), filial imprinting, which concerns the preference of offspring to 
approach a stimulus to which they have been exposed early in their development (Bateson 
1966; Bolhuis and Horn 1992; Bolhuis and Honey 1998), and epigenetics, understood as 
heritable changes in gene expression not caused by genomic differences  (Feil and Fraga 
2012; Burris and Baccarelli 2013; Jablonka 2013).  
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1.5. Multi-disciplinary approach to personality development 
Many scientists work on the borders between evolution and human behaviour, integrating 
two fields with each a rich and elaborate history and with its own methodology and 
experimental procedures. Of all the many avenues in which biology and psychology meet, 
what specifically is so interesting about the border between evolutionary biology and 
developmental psychology? While animal behaviour is interesting on a fundamental level, 
as it reflects the workings of a natural system and the underlying processes that shape life, 
links to human behaviour will always remain interesting to scientists as it concerns their 
own functioning. Biology has much experience with animal life-history and its effects on the 
phenotype, a good understanding of animal instincts and how these serve to help animals 
adapt to their environments, and the evolutionary reasons for variation in behaviour; 
psychology has a much more detailed understanding of how individuals deal with change, 
the different behavioural strategies they use and how this relates to personality aspects. 
While biology is ahead in its understanding of canalised development, the adaptive 
advantage of using behavioural strategies and the evo-devo workings of biological 
mechanisms; psychology has dealt with the questions that biology is currently facing on 
individual differences in personality and coping styles, over thirty years ago.  

Although both fields employ different research techniques, tend to ask different types of 
questions, and emphasise the importance of different factors, they also both seem to hold 
important pieces of the puzzle. Through intense collaboration, the combination of these 
fields can paint a more complete picture of the development, individuality and plasticity of 
animal behaviour than either could provide on its own. For example, developmental 
psychologists frequently consider the effects of life experience on development but rarely 
consider how these effects have been structured by natural selection (Ellis and Boyce 
2008), and animal models of fear and anxiety have been translated to human behaviour 
(Delgado et al 2006). Depending on the type of evolutionary questions asked, collaboration 
with colleagues in the humanities can be a very useful tool in better understanding the 
development of our own human nature, and our ability to deal with our environment. 
Evolutionary biology helps us to understand the processes that drive animal development. 
Developmental psychology, on the other hand, has decades of experience in studying and 
understanding human behaviour, development, and the way in which the early-life 
environment affects late-life behaviours, although they do not usually consider how such 
effects have been structured by natural selection. The field of evolutionary psychology has 
advanced our understanding on topics like human responses to environmental change 
(Chown et al 2010). 

Despite the rich research history in coping strategies, and the great interest from both sides 
in understanding the workings of animal and human personality and its interaction with the 
environment, there are still some rather large gaps in our understanding of how such 
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coping strategies and personalities are developed in interaction with the environment as 
experienced by the individual. One such gap, and the one this thesis aims to address, 
concerns the developmental processes that lead to the established behavioural strategies 
and personality traits shown in adults. Although everybody seems to agree that the 
developmental period is essential and that environmental factors in early-life affect later-
life behavioural traits, there is as yet little known about the development of personality 
(Groothuis and Trillmich 2011a), and why individuals end up with the personality traits they 
possess. In a world facing a great amount of change across many fields, where a large 
portion of the population is having difficulty thriving in their current environmental 
conditions, it is important to have a clearer understanding of the processes that shape 
coping behaviour, and explore ways to improve upon them. 
1.6. Aims of the thesis 
This thesis is dedicated to the study of change, and individuals’ ability to develop 
behavioural strategies that allow them not only to cope with change, but also to thrive 
under new and unfamiliar conditions, by studying the process rather than the effects of 
change, by using a semi-natural rather than wild or laboratory populations, and by 
connecting different scientific disciplines. I focused especially on the environment that 
juveniles experience in the first stages of life, in the form of their primary caregivers and 
role models, and on the ways in which the environment during ontogeny can positively or 
negatively affect the development of the coping skills and personality traits used to deal 
with change later in life. My aims are threefold:  

 to better understand the nature of change, the challenges that individuals face 
when presented with change and the adaptive behaviours they have available in 
response; 

 to study the development of such behaviours, and emphasise the importance of 
the early-life environment in canalising developmental processes and affecting 
behaviour, coping skills and personality traits later in life; 

 to explore how unfavourable conditions during early ontogeny and 
intergenerational effects may restrict adaptive strategies later in life, and 
introduce a new perspective to overcome those restrictions. 

In order to realise these aims, I integrated theory and practise from several different fields 
of science that all in their own way, study individuals’ responses to change: (1) evolutionary 
biology, which addresses the biological mechanisms that have evolved to facilitate 
behavioural plasticity and adaptation; (2) behavioural ecology, which studies behavioural 
strategies used to cope with environmental challenges; and (3) developmental psychology, 
which studies, among other things, family processes and the development of human 
personality traits.  
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1.7. Study species 
As a result of these varied fields of science, I have used data from two very diverging study 
settings, the first being a stickleback study in a semi-natural setting that I conducted myself, 
and the second an ongoing large human population survey, of which I selected multiple 
variables for analysis.  

1.7.1 Three-spined sticklebacks (Gasterosteus aculeatus) 
Ever since Niko Tinbergen first started using this small fish as a model species for 
behavioural studies over 50 years ago, the stickleback has been hugely popular in a large 
range of biological fields (McKinnon and Rundle 2002; Ostlund-Nilsson et al 2006; 
Huntingford and Ruiz-Gomez 2009). The stickleback has been used as a model species in 
behavioural ecology, evolutionary biology, ecotoxicology and aquaculture industry 
(Huntingford and Ruiz-Gomez 2009). As a result, a wealth of information is available about 
stickleback life history, ecology, behaviour, and genetic makeup.  

What makes sticklebacks so interesting for research in the area of environmental change – 
both on an individual and population level (Candolin 2009) – is their high level of 
phenotypic plasticity (McKinnon and Rundle 2002; Candolin 2009; Bell et al 2010) and the 
extent to which they adapt to their (social) environment. Sticklebacks have been known to 
adapt morphology, resource use, physiology, life history, mating behaviour and parental 
care in response to their local circumstances (Bell et al 2010). Because they respond so 
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Figure 1-3 Overview of stickleback experimental setup. A: twenty 2x2m semi-natural ponds at Zernike,
University of Groningen (The Netherlands); B: sexual dimorphism, where the male is brightly coloured; C: young 
sticklebacks schooling in one of the semi-natural ponds; D: regular feeding regime through a food cup; E: 
transparent obstacle with holes for sticklebacks to navigate through. 
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readily and measurably to stressors in their habitat, sticklebacks have been used in the last 
few years as ecological “canaries” in the field of ecotoxicological research (McKinnon and 
Rundle 2002).  

Environmental conditions during ontogeny, whether social, biotic or abiotic, have a great 
effect on the further development of a young stickleback. A recent study in nine-spined 
sticklebacks (Pungitius pungitius) showed that the social environment in which sticklebacks 
are raised affects the development of different areas and sensory neural centres in the 
brain. Pond fish raised in a group developed smaller brains, larger tecta optica and smaller 
bulbi olfactorii than fish raised alone, which may be related to the costs of sociality (Gonda 
et al 2009). Early exposure to stressors can have long-term consequences for stress 
reactivity and behaviour later in life (Meaney 2001), and early experiences such as duration 
of parental care by the father may contribute to ability to deal with unexpected or 
uncomfortable situations later in life (Bell et al 2010).   

The approximate lifespan of a stickleback is one year, with the breeding seasons starting in 
early May. Mate choice in this sexually dimorphic species, where the male is brightly 
coloured in blue and red while the female is a textured brown, happens through both visual 
and olfactory cues. In sticklebacks, the male will build a nest, and then attract a female and 
hope to impress her enough with his own suitability and the quality of the next that she 
spawns her eggs in his nest. He will then fertilise the eggs, guard them constantly, and 
provide intense parental care for the young once they hatch. In this system, the males bear 
most of the cost of child rearing, while females are the ones doing the choosing. (Ostlund-
Nilsson et al 2006). In addition to female choice, male sneaking occurs (Vlieger & Candolin 
2009). An average clutch of 200 eggs hatches to some 20-50 surviving juveniles (Ostlund-
Nilsson et al 2006). Sticklebacks are not picky about food. In their natural habitats, they will 
eat just about anything, and in return they get eaten by just about anything. This makes 
them an important species in natural food webs (Barber and Dingemanse 2010). 

I used sticklebacks which I imported from a single population in a small lake in Anglesay, 
Wales (UK) in 2011. This population has been previously studied for its fifty year-long 
history of non-predation and non-disturbance by Dingemanse et al. (2007), who found 
heritable and individual variation in levels of boldness, activity, exploration, sociability and 
aggression (Dingemanse et al 2007). First generation offspring were born in small, semi-
natural ponds at the University of Groningen (the Netherlands), where they lived with 40-
140 conspecifics, and were tested in the same environment upon reaching adulthood (see 
figure 1-3). Their natural and measurable responsiveness to their environment, the clearly 
demonstrated importance of the social environment in shaping behaviour in this species, 
and the fact that standard laboratory tests for personality traits have already been 
developed makes the three-spined stickleback an excellent model system to research 
behavioural plasticity (Huntingford and Ruiz-Gomez 2009).  
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1.7.2 Humans (Homo sapiens) 
The human species is interesting to study first and foremost because of an inherent 
fascination with the way our own species functions and responds, but also relevant 
because of the huge impact humans have on the natural world. The way human beings 
cope with change in their surroundings does not just affect themselves, but other species 
they come in contact with as well.  

I used data on adolescents originating from several locations in the North of the 
Netherlands, who participated in a large longitudinal study into the development of 
emotional and behavioural problems between childhood and adulthood, called TRAILS 
(TRacking Adolescents’ Individual Lives Survey). For a more comprehensive description of 
TRAILS, as well as of the subsample and the questionnaires used in this thesis, see Appendix 
1.  

While on the surface, sticklebacks and humans seem like very different organisms, at a 
closer glance they have some important things in common. Both are social animals who live 
in families, provide parental care, establish territories that they defend from conspecifics 
and show clear behavioural syndromes. And perhaps most importantly, both sticklebacks 
and humans have a large degree of phenotypic plasticity and can quickly adjust a variety of 
behavioural traits in response to their environmental surroundings, making them 
interesting for a study into adaptive responses to change.  
1.8. Outline of the thesis 
I start in CChapter 2 by  proposing an inclusive definition of change that can be applied across 
contexts, in which I take our understanding of “change” from an event to an interaction 
between a physical occurrence and an individual’s state. I discuss event- and individual 
based attributes of change, and how they relate to behavioural, physiological and cross-
generational responses.  

In CChapter 3, I report on an experiment performed on three-spined sticklebacks 
(Gasterosteus aculeatus), aimed at measuring individual responses to a novel obstacle in 
their otherwise familiar environment. In this chapter, I suggest that even relatively small, 
naturally diversified variation in environment can significantly affect the behavioural 
response of the three-spined stickleback to novel objects. 

This is followed by a small-scale comparison of several stickleback datasets in CChapter 4, 
and a  subsequent  methodological review in CChapter 5, which together express concern for 
the fact that in experimental design of personality assays, effects of the environment that 
animals experience are often underestimated. As a result, experiments measure behaviours 
that are not always ecologically relevant, or comparable with existing literature. I compare 
several behaviours gathered and tested under different circumstances in one chapter, and 
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Figure 1-4 Overview of variables studied in chapter 5 (light) and 6 (dark) using the TRAILS study. The 
average age of adolescents was 11 years old at T1, 16 years old at T3, and 19 years old at T4.  

discuss effects of developmental, housing and experimental environment on the expression 
of behaviour in the other. 

In CChapter 6, I review literature on the biological processes through which the early-life 
environment influences the coping behaviours that animals display when they are 
challenged to deal with their environment later in life. I attempt to integrate ultimate and 
proximate lines of research, and discuss six developmental processes and their adaptive 
value, as well as several types of environmental influences. In this, I put a special focus on 
intergenerational transmission of behaviours.  

After this review, I transition to a more human oriented focus, and consider the 
development of human behaviour using the TRAILS study. Appendix 1 explains more closely 
why the TRAILS study is an excellent target for an evolutionary approach to the study of 
human development, and how the TRAILS study was established. It also provides an 
explanation of the questionnaires used in this thesis for a biologist audience. 

Mirroring, in a way, the earlier study showing effects of environment on stickleback 
adaptive responses, CChapter 7 concerns parent-child resemblance across six key personality 
traits, and the extent to which this resemblance is related to the warmth and rejection that 
children experienced from their parents earlier in life. This is followed by an attempt to find 
the adaptive value of parent-child resemblance in CChapter 8, where I use the same 
population sample to analyse the relationship between parent-child resemblance in mid-
adolescence with two measurements approximating adaptive success later in life: 
depression and well-being (see figure 1-4).  
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