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Chapter 9:  
General Discussion: Struggling and thriving in a 

changing world 
M. Rohaa Langenhof 
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9.1. Aims of the thesis  
Animals – including humans – respond to challenges in their environment first and 
foremost through their behaviour. They may avoid the challenge entirely if they can, they 
may boldly confront the challenge or shyly wait it out, or express any number of other 
behavioural strategies that are available to their species. Different behaviours are 
appropriate for different situations, and as such animals generally have a range of 
behaviours available. However, even in a group of animals from the same species facing the 
same challenge, individuals tend to behave differently (Sih et al 2004; Dall et al 2004; Bell 
2005; Jandt et al 2014). Such differences develop through an interplay of the individuals’ 
genotype and their experiences (Sih et al 2004; Stamps and Groothuis 2010; Nederhof et al 
2010), in which especially the circumstances during the first years of development play an 
important role in directing canalisation of behaviour (see Chapter 7).  

Environmental change conveys an important challenge to animals. When the environment 
that surrounds individuals differs so much from previous situations that their habitual 
behaviours are no longer sufficient to sustain basic needs for food, shelter, safety, mates, 
territory and so forth, they will have to adapt in order to continue functioning healthily. 
When change is predictable, the animal phenotype is often equipped to handle it well, for 
example changes in seasonality and the day/night cycle (Bradshaw and Holzapfel 2010; 
Chown et al 2010). However, when change ranges beyond the expected or the tolerable, 
the individual may not be able to give an appropriate behavioural response and may suffer 
from stress or maladaptation (see Chapter 2).  

In this thesis, I set out to study the effects of the early-life environment on different aspects 
of coping with change in humans and other animals, in order to better understand adaptive 
and maladaptive responses to the massive alterations happening in our world. In this, I paid 
special attention to transference of behaviour and personality traits from the previous 
generation to the current, and the available behavioural plasticity to respond in new ways.  

9.2. Main findings 
In Chapter 2, I showed that, while environmental change is a pressing concern to both 
animal and human adaptation and a topic of extensive research across many scientific 
fields, its consequences are studied often without an awareness of the inherent attributes 
of change that are involved. I considered change as a process in which an event affects 
individuals’ position in relation to their physical or social surroundings, and described 
event-related properties of onset, duration, magnitude, scale, and novelty, as well as 
individual-related properties of perception, prediction, tolerance, and direction, in order to 
better understand the impact of different types of change on individuals. In addition, I 
categorised behavioural responses (migration, conditional strategies, behavioural plasticity, 
ecosystem engineering), physical responses (developmental plasticity, morphological 
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plasticity) and generational responses (maternal effects, natural selection) that animals 
have available to cope with environmental change, and indicated for which properties of 
change each of these are most successful. Together, the results suggest that behavioural 
plasticity is most useful in situations with high novelty but low predictability, while maternal 
effects are most useful in situations with a long-term change moving in a similar direction 
as other selective pressures, but not in situations where the change has a fast onset, or 
when the individual has a low tolerance to the change. 

Considering change as consisting of distinct properties, both on the event and individual 
level, will allow researchers to gain a clearer understanding of the ways in which 
environmental change affects the individual, which coping responses they are likely to 
provide, and when such responses are likely to be (mal)adaptive.  

In the following three chapters, I focussed especially on behavioural plasticity, 
developmental plasticity and maternal effects, as I was interested in the adaptability of 
behaviour to environmental circumstances, either on a short or longer term.  

In Chapter 3, I presented an empirical study in a model species known for its high levels of 
plasticity, the three-spined stickleback (Gasterosteus aculeatus), where I showed that the 
coping response of animals may already be significantly affected by small, naturally 
diversified variation in environment in which they were raised. Individuals reared in 
different semi-natural ponds varied significantly in their ability to navigate through a novel 
obstacle during feeding. While the mechanisms through which behaviours differed 
between populations or the environmental factors were not isolated in this study, it 
provided insight in the effects of the magnitude of a change, and illustrated that this 
magnitude does not have to be large in order for animals to adjust their behaviour to the 
changed conditions. Even small fluctuations in the environment can alter adaptive 
strategies in a population, and those fluctuations cannot always be easily understood in 
terms of measurable parameters. In this study, obvious parameters such as density and 
water turbidity, both of which we expected to be of importance to the selective landscape, 
did not explain differences in behaviour. 

I followed this empirical study with two chapters on the methodology of measuring animal 
personality under different environmental settings. In Chapter 4, we considered five small 
datasets on three-spined stickleback to illustrate that the environment during the stages of 
development, housing and experimentation affects the expression of ecologically relevant 
behaviours, and as such the results of behavioural studies measured under these 
conditions. In Chapter 5, I described how rearing and testing environment can affect the 
behaviours displayed during experimentation, and the degree to which such behaviours can 
be used to answer evolutionary questions. Behaviours from animals that were raised in 
very restrictive laboratory conditions, without receiving maternal care and other important 
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early-life stimuli, may not represent ecologically relevant behaviours, and the behavioural 
measurements taken under such circumstances may give a skewed image of adaptive 
evolutionary processes. In other words, the early-life conditions experienced by the animals 
need to be taken into consideration when reporting on correlations between behaviours. 
We discussed the relevance of this for existing studies in animal personality and coping 
strategies, and provided an overview to facilitate matching experimental design decisions 
to different types of research questions.  

Together, results from Chapters 3, 4 and 5 show that the behaviour that (young) adults 
display when faced with challenges and changes in their environment is influenced strongly 
by experiences with the environment prior to adulthood. Furthermore, they imply that 
stressful or poor circumstances during the early-life period can limit the development of 
behaviour. I explored this subject further by considering the development of human 
behavioural strategies, as operationalized by the Big Five personality model. In particular, I 
considered how development is associated with behavioural similarity between 
generations. This question is relevant in light of fast changing environments, because 
behaviours that have evolved under more stable life conditions and the processes that 
transmit them between generations may no longer have adaptive value for individuals 
trying to meet modern world requirements.  

In order to study behavioural similarity between generations, I compared six personality 
facets between biological parents and their adolescent offspring: anger-hostility, 
impulsiveness, vulnerability, assertiveness, excitement-seeking, and self-discipline. I found 
significant parent-child correlations for all personality facets, yet the correlations 
themselves were relatively weak (r= 0.13 – 0.19) and overall resemblances were small (0.4 
– 1.0 on a 1 – 5 scale). We found no significant difference between overall personality 
resemblance with fathers or mothers, although girls resembled both their parents 
somewhat more than boys. Within the six personality facets, there were some differences 
in the ways in which boys and girls resembled their fathers and mothers, indicating that the 
processes responsible for parent-child behavioural similarity operate trait dependently.  
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In order to better understand how such parent-child similarities develop in relation to 
positive and negative influences from their immediate family, I analysed perceived parental 
warmth and rejection at age 11, and found that parenting experienced during early 
adolescence was related to the degree and direction in which adolescents resembled their 
parents five years later. The results are summarized in Figure 9-1 (left part). Rejection, 
especially from fathers, significantly predicted a smaller resemblance to both parents. Girls 
were more strongly affected by parental warmth and rejection than boys, and there was 
some indication that adolescents responded in opposite ways to parenting from mothers 
and fathers. These findings are reported in Chapter 6.  

Subsequently, to test the theory that resembling the behavioural strategies of the previous 
generation may not be adaptive in environments undergoing great change, I analysed 
whether adolescents who resembled their parents more closely would be less happy or 
have more depressive symptoms in Chapter 7. Unexpectedly, I found the opposite effect: a 
closer resemblance with parents was related to greater overall well-being and fewer 
depressive problems (see Figure 9-1, blue part). Although depressive history of the parent 
predicted depressive symptoms in adolescents, adolescents who resembled the personality 
traits of parents with a depressive history did not report more depressive problems than 
adolescents who resembled non-depressed parents. Resembling parents in the personality 
facets anger-hostility and self-discipline was predictive of higher well-being three years 
later, while resemblance in vulnerability and self-discipline was negatively associated with 
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Figure 9-1 Overview of results from Chapter 7 (green) and 8 (blue) using the TRAILS study. The average age of the 
adolescents was 11 years (SD = 0.6) at T1, 16 years (SD = 0.7) at T3, and 19 years (SD = 0.6) at T4. Statistics 
represent Beta values from Table 7-2, model 3 and Table 8-1, model 3.  
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depressive symptoms. I found no interaction effects between parental gender and 
resemblance. 

Chapters 3 and 4 provided empirical evidence that adult behaviour towards challenges and 
changing environments is influenced by environmental factors experienced during 
development, and Chapters 7 and 8 showed, through behavioural analyses, that inter-
generational resemblance is related to both early-life experience and adaptive ability later 
in life. These chapters revealed noteworthy patterns, but did not provide insight into 
several relevant questions, such as: Through which processes does the early-life 
environment affect the development of behaviour? Which kind of environmental 
influences are especially important in these processes? To what extent do such processes 
transmit behaviours from one generation to the next? Does such transmission of 
behavioural strategies benefit individuals living in fast changing environments?  

In chapter 6, I attempted to answer these questions by reviewing the literature on the 
relationship between early-life experience and later-life coping from an animal and human 
developmental angle. I detailed several biological processes ((epi)genetic, maternal and 
paternal effects, imprinting and social learning) through which early-life environment 
influences may impact later life coping skills and personality traits, and discussed how such 
biological processes may transmit early life influences to the next generation through 
intergenerational effects, which may or may not provide an adaptive advantage under 
certain circumstances.  

9.3. Discussion of results 

9.3.1 Plasticity and the early-life environment 
Whether an animal struggles or thrives within its environment differs per individual, and 
the potential for successful or unsuccessful coping behaviours seems to be created for a 
large part during development (Dufty Jr et al 2002; Skinner and Zimmer-Gembeck 2007b). 
Developmental environment has been shown to influence phenotypic expressions such as 
behaviour and personality traits through developmental plasticity, the ability to develop 
along different behavioural pathways (West-Eberhard 2003). Developmental experiences 
influence the way neurochemical processes canalise behaviours and personality traits 
within the individual (Cui et al 2006; Simpson and Kelly 2011), which can be disrupted by 
negative influences, such as stress (Anderson et al 2011), insufficient nurturing or 
deprivation of stimuli (Bolhuis et al 2006; Yun et al 2013). When developmental 
experiences limit or damage development of neurochemical processes, the animal is more 
likely to struggle than thrive in their adult environment. Evolutionary biologists expect 
young animals to have a lot of phenotypic plasticity, as it allows juveniles to tune their 
development closely to the environmental conditions in which they find themselves (Dufty 
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Jr et al 2002; West-Eberhard 2003; Leimar et al 2006; Uller 2008; Beldade et al 2011). 
Indeed, such plasticity in behaviour and physiological traits is found across many species 
(Baker and Foster 2002; Gross et al 2010; Nederhof et al 2010; Dingemanse et al 2012; 
Torres-Dowdall et al 2012; Handelsman et al 2013). Developmental cues seem to be of 
importance in affecting not only the direction in which behaviour canalises, but also the 
amount of plasticity in behaviour that adult animals show (Lande 2009; Dingemanse et al 
2012), which is an important factor in adaptation (Crispo 2008; Dingemanse et al 2010; 
Torres-Dowdall et al 2012).  

In Chapter 2, I postulated that behavioural plasticity is most useful in situations with high 
novelty that are difficult for the individual to predict. The literature shows that plasticity is 
found most in fluctuating (Ord et al 2010) and novel environments (Gross et al 2010), and 
both developmental and activational plasticity have recently been considered especially 
useful in extraordinary (Lande 2009; Snell-Rood 2013) and changing environments (Grether 
2005; Chevin et al 2010; McIntyre and Strauss 2014). Populations under threat of 
predation, a predictable and important selective pressure, have consistently been shown to 
have less behavioural plasticity, and more canalised behavioural syndromes (Bell and Sih 
2007; Brydges et al 2008; Bell et al 2011) than predator-naïve populations. I also suggested 
that the magnitude of an environmental event does not need to be large in order to trigger 
an adaptive response: under certain conditions, small fluctuations can already induce 
adaptations in individual behaviours. In support of this, Chapter 3 showed that first 
generation sticklebacks, whose parents all originated from the same lake and who 
experienced sixteen diverging semi-natural ponds that were ecologically similar, displayed 
different behaviours when faced with environmental novelty, depending on their rearing 
environment. Such developmental plasticity presents a problem for empirical work into 
animal personality and behavioural flexibility, as outcomes of behavioural measurements 
and the relationship between them depend on rearing, housing and experimental variables, 
as illustrated in Chapter 4 and reviewed in Chapter 5.While we suggested some 
methodological improvements to address these problems and create a closer environment-
experiment match, there are as of yet no straightforward ways to measure ecologically 
relevant behaviours under sufficiently controlled laboratory circumstances. 

Similarly, there are of yet no clearly defined plasticity measurements for individuals or 
populations. While repeatability describes the degree to which an animal will be consistent 
in its behaviour across various contexts, it neither measures individuals’ ability to respond 
in different ways, nor whether those ways are adaptive. Quantifying plasticity in a 
meaningful way is difficult, however, for at least two reasons: (1) even within a species 
population, the level of plasticity displayed by adults depends on the early-life conditions 
they experienced, and (2) within individuals, there is a plethora of situations to be tested in 
order to establish a range within which plasticity can be assessed. As a result, there is no 
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overarching measure of plasticity potential, like there is for repeatability and heritability 
(Dingemanse et al 2002), and there is limited understanding of the extent to which animals 
can adjust their behavioural strategies when needed.  

9.3.2 Coping, personality traits and behaviour 
Coping research in the field of psychology knows a long history, throughout which several 
models have been developed. Two conceptual frameworks are widely used to classify 
coping behaviours: problem- vs. emotion-focused coping (Folkman et al 1986), and 
approach vs. avoidance coping (Roth and Cohen 1986). In animal biology, coping (Wechsler 
1995; Koolhaas et al 1999). The way humans and animals respond to challenging situations 
in their every-day environment is essential, as failure to respond effectively can result in 
stunted growth, loss of territory, reduced feeding and mating opportunities, and injury or 
even death in animals; and in physical and mental/emotional health problems, relationship 
stress, and impaired social participation in humans. The biological definition of coping 
implies a behaviour that is intended to let the individual to face a possibly dangerous 
situation and make it less difficult or dangerous. In the literature, coping is often used to 
indicate “responses given by an animal in reaction to a stressor” (Langrock et al 2002; 
Compas et al 2004; Holahan et al 2005; Koolhaas et al 2007). Such use of the term coping is 
misleadingly broad. Terminology is useful when defined tightly enough to meaningfully 
distinguish it from related terms that differ in important ways. If coping is to include any 
response to external or internal stimulus, it becomes near analogous with behaviour. There 
is a need, at least within animal biology, to narrow down the definition of coping and to 
carefully check which behaviours, in which situations, are coping, and what the coping 
behaviour is geared towards. Important concepts here are “stressor”, “adaptive”, and 
“environment”. In line with reasoning in recent behavioural studies (Koolhaas et al 2011), I 
would propose coping in general be used as the adaptive behavioural responses aimed to 
resolve or lessen challenging external situations, where a challenge is any situation in the 
external environment that affects the individual’s fitness, either positively (“How do I get to 
that food”) or negatively (“How do I escape that predator”), and adaptive behaviour is any 
behaviour aimed to improve fitness in this situation. Following that, there is a need to 
distinguish between coping (behavioural responses to address environmental challenges) 
on one hand, and stress-mediation, (responses aimed to lessen internal stress) on the other 
(McEwen 1998). This relates at least to some extent to the concept of problem- vs. emotion 
coping in psychology, which with adaptations may be applied to animal biology.  

Stress resulting from (partially) unsuccessful coping is a major concern in both animal 
research (Koolhaas et al 1999; Gabriel 2005; Dickens et al 2010; De Miguel et al 2011) and 
human health research and care (Cicchetti 2010; Folkman 2010; Del Giudice et al 2011), as 
it has been linked to depressive problems (Holahan et al 2005; Bouma et al 2008), alcohol 
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and drug dependence (Enoch 2011), avoidance behaviours (Roth and Cohen 1986; Holahan 
et al 2005), aggression (Benus et al 1991; Veenema et al 2006; Coppens et al 2014), 
impulsivity (Coppens et al 2014) and asociality (Aguilar et al 2000; Möller 2002; Jandt et al 
2014). Environmental challenges do not necessarily need to be met with stress, and 
responses aimed solely at resolving internal stress do not address the external challenging 
situation. For example, avoidance is commonly considered a coping behaviour (Roth and 
Cohen 1986; Benus et al 1989; Holahan et al 2005; Toms et al 2010), yet procrastination 
behaviours or refusal to address important problems in relationships, while mediating the 
immediate feeling of being stressed, do not serve to cope with the situation. Similar 
reasoning can be applied to binge eating, anger and violence, anxiety-related behaviours 
like nail biting, and to some extent addiction. Although behaviours to mediate stress have 
been shown to benefit the individual through a variety of biochemical responses (Koolhaas 
et al 2010), they do not in any way constitute a response to the environmental stressor. 
Stress-mediation is useful when coping fails, that is, when the individual continues to 
perceive a threat that cannot be removed or lessened in any way.  

When considering different ways in which the term coping is used, the question arises 
which behaviours and traits we are actually measuring with behavioural assays and 
personality questionnaires, and how we should be measuring coping in order to answer 
important questions about adaptation and wellbeing. Some animal researchers argue that 
different coping behaviours used by an individual should be treated as a “package”, rather 
than isolated units, in cases where those behaviours are correlated (Sih et al 2004), as is 
now commonly done in studies on behavioural syndromes, the shy-bold axis (Ward et al 
2004), or an individual’s stress responsiveness (De Miguel et al 2011). However, I found 
important differences in the development, expression and plasticity of different personality 
and behavioural traits even within the small set of stickleback and adolescent behavioural 
traits studied in this thesis, a pattern also observed by (Adriaenssens and Johnsson 2013), 
suggesting that coping behaviours should not be automatically considered as a single 
construct. Although measurements of animal personality, personality traits and behavioural 
strategies are without argument useful in many ways, and have allowed a closer 
understanding of behaviour, much of them are aimed only at outward expressions of that 
behaviour, and at emotions that are consequences of internal processes. Figure 9-2 
introduces a simple way to consider biological concepts, and perception of such concepts, 
by distinguishing between surface, structure and fundamental levels. The surface level 
concerns direct expressions, while the structural level addresses underlying patterns from 
which the surface behaviours stem, and the fundamental level – often simpler and more 
abstract – addresses the principles from which those patterns stem. This figure illustrates 
that constructs (which may signify behaviours, physical traits, syndromes etc.) may appear 
to be closely related at the surface level, like a and b, but still be part of different constructs 
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at the structural level. In contrast, constructs may also appear very different on the surface, 
like b and c, but share many features at the structural level. Finally, a construct may appear 
closely related to others on the surface, like d, but differ importantly from all other 
constructs on the structural and fundamental level. Most current behavioural estimates, 
including self-report questionnaires, behavioural observations and neuro-imaging of 
responses in the brain, describe the surface of the behaviour, and try to categorise those 
perceptions and generalise across categories.  

 

While such an approach is not inherently wrong, as a metaphor it is a bit like categorising 
types of animals by the sounds that they make, rather than by kingdom, phylum, class, and 
species. Such categorisation may allow us to conclude that this kind of animal makes a 
chirping sound similar to that one, and that animals that make chirping sounds are overall 
less likely to be predatory than those that make growling sounds, but it completely misses 
the more structural perception that one animal is a bird and the other is a lizard, nor does it 
explain why an animal may chirp in one situation and growl in another. While perceptions 
at surface, structural and fundamental levels are valid, perceptions at the structural and 
fundamental level give a deeper understanding of the animal’s functioning and behaviour 
than perceptions at the surface level, and the distinction can be helpful to better examine 
and understand natural processes. In this thesis, I have attempted to further knowledge of 
animal and human behaviour towards a more structural level by providing a review of 
developmental processes and how surface level behaviours stem from such developmental 
influences, and by indicating how such knowledge can be used to understand struggling 
and thriving. I have attempted to describe the evolutionary reasons for resemblance, and 

Figure 9-2 Perceiving surface, structure and fundamental levels. Letters indicate surface expressions of 
underlying patterns. While perceptions on each level are valid, perceptions on deeper levels provide a clearer 
understanding of underlying patterns and motives and allow for extrapolation across contexts. 
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how such structural causes for resemblance conflict with demands and challenges posed by 
the current day environment.  It is my understanding that through an in-depth study of the 
structures and eventually the fundamentals underlying the surface behaviours that we 
perceive, science can advance to a much deeper and richer understanding of the natural 
world, its workings, and human’s place within it.  

9.3.3 The implications of inter-generational resemblances 
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 gives insight in behavioural transitions from one generation to the next, 
and allows scientists to predict and address problems that stem from maladaptation to the 
modern environment children are currently growing up in. To this end, I considered parent-
child resemblance in Chapters 7, 8, and 9 of this thesis – empirically in the first two, and 
from an evolutionary perspective in the last. Whereas Chapter 6 concerned associations 
between early-life parental care and resemblance, Chapter 6 considered the possible 
adaptive advantage of that resemblance by focusing on well-being and depressive 
symptoms. The studies on parent-child resemblance in Chapters 5 and 6 are interesting 
because, unlike most other studies on resemblance, they addressed resemblance in 
personality traits rather than in intelligence or physical cues, and because they measured 
actual similarity (through self-report questionnaires) rather than how that similarity is 
perceived by the parent, as has been done in most prior studies (Apicella and Marlowe 
2004; Alvergne et al 2010).  

Understanding parent-child resemblance in behaviour from personality assays is difficult, as 
there are many factors involved that are either nebulous to describe, or require extensive 
studies to analyse appropriately, or both. Important factors in studying this resemblance 
include the age at which the personality traits are measured, as adolescents are in a 
different stage of development than adults, and will have higher levels of personality traits 
like excitement-seeking (see Chapter 6). While personality measures as such represent a 
surface perception of individual’s behaviours (see Figure 9-2), findings in Chapters 6 and 7 
are important for our understanding of intergenerational transmission of behaviour, as 
they suggest that the type of nurturing that young individuals receive from their parents 
influence their coping behaviours (measured here as coping-related personality facets), in 
ways that affect later-life ability to adapt effectively to the surrounding environment 
(measured here as happiness and depressive symptoms).   

As discussed extensively in the third hypothesis of Chapter 8, it makes sense, from an 
evolutionary perspective, for juveniles to acquire the coping behaviours of their parents – 
successful individuals who managed to reproduce viable offspring – as early as possible in 
ontogeny, while at the same time still allowing for those behaviours to be tuned to existing 



GENERAL DISCUSSION 

176 
9 

environmental conditions rather than being constrained by genetic factors. That is, coping 
behaviours are most effectively acquired quickly and early in life, and the most suitable 
candidates from which to acquire such behaviours are the parents. Recent literature 
suggests sexual imprinting as a mechanism for resemblance between parents (Witte and 
Sawka 2003; Bereczkei et al 2004; Rantala and Marcinkowska 2011; Kozak et al 2011b), and 
in Chapter 8 I suggest filial imprinting as a mechanism for resemblance between parents 
and offspring (Bolhuis 1991; Bolhuis and Honey 1998). For animals living in the wild under 
relatively unchanging conditions, theory predicts that acquiring coping behaviours in such a 
way constitutes a stable and adaptive strategy. For humans, however, living in modern 
societies where the success of parental coping behaviours can no longer be measured by 
their ability to produce viable offspring, such strategies may not provide an advantage. 
Through intergenerational transmission, and within that especially filial imprinting, humans 
(and animals) today may be using coping behaviours that were established in response to 
environmental conditions multiple generations ago.  

As Chapter 6 and several other studies suggest (Solomon et al 1988; Langrock et al 2002; 
Yehuda et al 2008; Berkowitz et al 2011), negative experiences have a stronger effect on 
the transmission of stress responses and behaviour than neutral or positive experiences. 
The implication is that the behaviours, emotional sensitivities and stress responses that are 
transmitted from previous generations, are especially those factors influenced by negative 
experiences in the past. This likely involves influences of ancestral early-life stress 
(Veenema et al 2006; Enoch 2011), but may extend to harmful relationship patterns, abuse 
and other traumatic experiences, if such experiences induced sufficiently strong patterns of 
coping behaviours. It is possible to take this line of reasoning one step further, and consider 
that the processes underlying intergenerational transmission as explained in Chapter 8 do 
not just apply to behavioural traits and coping behaviours, but extend to cultural ideas, 
ideologies and belief systems (McCrae 2000; Hofstede and McCrae 2004) – especially since 
coping behaviours are, at least to some degree, linked to the ideas and beliefs that people 
hold (Allik and Realo 2009). For example, an ideology that encourages violence may be 
accepted more readily by people with a tendency to use aggression, and vice versa. Just like 
a closer understanding of intergenerational transmission of coping behaviours provides 
motivation for people to re-evaluate their own behaviours in the light of what is adaptive in 
their current situation, rather than following behaviours passed down through the familial 
line, the possibility of intergenerational transmission of ideology both provides insight in 
the current day existence of maladaptive ideas, and opens the door to a re-evaluation of 
ideologies from this perspective. 



CHAPTER 9 

177 
9 

9.4. Integrating evolutionary biology and developmental psychology 
Evolutionary understanding is as valid for human as for animal behaviour. As evolution 
works only slowly to adapt to novel environmental conditions (Kinnison and Hendry 2002; 
Rundle et al 2006), and natural selection processes are skewed by modern standards of 
health care and family planning (Byars et al 2010; Stearns et al 2010), modern humans are 
still largely dependent on the biological systems that evolved over the past ten thousand 
years. The fields of evolutionary biology and animal ecology are uniquely qualified to 
address these questions, through their long history of study on the evolution and 
development of animal behaviour in relation to environmental conditions. Understanding 
human coping behaviours as a product of evolutionary history opens the door to questions 
regarding the extent to which biological mechanisms can compensate for the rigidity in 
developmental mechanisms and evolutionary adaptations to stability. These questions 
would benefit greatly from a joint approach of researchers working on animal and human 
systems (Delgado et al 2006; Neumann et al 2011). Because the environment, as this thesis 
has illustrated, is instrumental in shaping the way behavioural plasticity in infancy unfolds 
into adult personality traits and ways of relating to the surrounding environment, 
integration of evolutionary biology, developmental psychology and adjoining fields seems 
the best way to find clinical methods that will allow modern humans to thrive under 
change.  

When trying to answer evolutionary questions, most biologists focus on animal systems, in 
order to understand the fundamental underlying mechanisms. Animal models give the 
advantage of experimental manipulation, which is essential in determining causality. In 
addition, the faster reproductive rate of several animal species allows for multiple 
generations to be studied within the span of a research project, and for better 
understanding of the evolutionary pressures that affect the survival and adaptation of 
organisms. In this thesis, I attempted to bridge the fields of evolution and animal behaviour 
to the fields of human personality development and family functioning. Specifically, I aimed 
to contribute to the understanding of the developmental processes that shape coping 
behaviour. In this multi-disciplinary approach, I found several difficulties especially with 
regard to defining concepts such as coping, personality, behaviour, and what constitutes 
adaptive or healthy behaviours. In biology, adaptive and healthy are terms commonly used 
in relation to animal survival, illness, immune response and reproduction, while in 
psychology, such terms also include social participation and subjective experiences such as 
well-being. The methodology used in both disciplines tends to differ as well, with regard to 
both statistical methods and the inclusion of control and predictor variables. The inclination 
in biology is to include as many variables as possible in order to discover and explain 
complex biological processes while psychologists in general rather aim to find generalizable 
patterns and to predict future behaviours. Differences in the interpretation of results exist 
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in the biologist’s tendency to ask “why” and the psychologist’s tendency to ask “how?” In 
order to overcome such difficulties, there is a need for thorough and frequent 
communication between experts in both fields, aimed at finding common ground in 
definitions of important concepts. While bridges can be built across these disciplines, and 
such efforts are increasingly being made, both fields will have to extend their canalised 
ways of thinking in order to find common ground. 

9.5. Strengths and limitations 
In Niko Tinbergen’s famous work “On aims and methods of ethology” (Tinbergen 1963), he 
posed four questions that he believed should be asked of any animal behaviour: 1) 
Causation (mechanism): what is the cause of the behaviour in question? What stimuli elicit 
the response? 2) Development (ontogeny): how does the behaviour change with age, and 
what early behaviours are necessary for the behaviour to be shown? Which behavioural 
steps and environmental factors play a role? 3) Function (adaptation): how does the 
behaviour impact on the animals’ chances of survival and fitness? 4) Evolution (phylogeny): 
how does the behaviour compare with similar behaviours in related species, how may it 
have evolved in this way and not otherwise? To some extent, this thesis addresses each of 
these questions with regard to the behavioural responses to environmental change. 
Causation of change responses was covered extensively in Chapter 2, where I consider 
which environmental stimuli should trigger adaptive responses in animals and why. 
Development of such responses was studied empirically in sticklebacks and human 
adolescents in Chapters 3 and 7, function was considered in Chapter 8, and finally the 
evolutionary background of responses to change was studied through the literature in 
Chapters 2 and 6. Considering animal responses to change from such a rounded 
perspective allows for a clearer understanding of the behaviour and identification of the 
gaps in our understanding. 

With regards to the stickleback work, the problems encountered included strong 
diversification of the ponds, and difficulties in separating possible causal effects that lead to 
inter-pond variation in coping behaviour. The very nature of using semi-natural 
environments for behavioural assays means that it is very difficult to properly monitor the 
animals, or to tag them individually and so study individual differences and repeatability of 
behaviour. This hampers the distinction between noise and individual variation in the data. 
There is an inherent trade-off between non-disturbance of the population on one hand and 
exerting a level of monitoring and control on the other hand. Data on individual fitness, 
genetic pedigrees, and fluctuations in population density throughout the year would have 
been a valuable addition to this research. 

With regards to the TRAILS work, strengths are the large sample and multi-wave data of 
adolescents, as well as identical parent and child personality data. Some limitations exist in 
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the availability of only six personality facets, from three different domains: emotional 
stability (3 facets), extraversion (2 facets) and conscientiousness (1 facet), which does not 
allow for making a composite measure for each of the three domains. In addition, some of 
the facets are “positive” characteristics (i.e. self-discipline) while others are “negative” 
characteristics (i.e. vulnerability), which makes interpretation of the sum score a little 
confusing. 

Overall, I am limited in drawing large-scale conclusions by having studied only two species 
that were used to tackle somewhat different questions, partly due to the characteristics of 
the species involved. This hampers, for instance, direct comparison of Chapters 3 and 6. 
Some of the questions raised in the thesis, while important to understand (limitations in) 
available behavioural responses to cope with change, could not be answered satisfactorily 
using the empirical studies in this project. Chapters 2 and 8 describe an attempt to rectify 
part of this gap by compiling answers from the literature, but a lot is still waiting for further 
exploration in the future.  

9.6. Struggling and thriving in a changing world 
While there has been much attention in both science and the media for climate change, 
much less attention has been given to rapid change in general, and humans’ behavioural 
response to it. Most such work has been done either from an animal adaptation 
perspective (Nelson et al 2007; Bell and Collins 2008; Chevin et al 2010), or in service of 
facilitating changes in a corporate or economic setting (Gibson et al 2000; Choi and Ruona 
2011). Yet, as I attempted to show in Chapter 2 and Box 2, the changes that have been 
going on in the world over the past decades, as well as the ones expected to happen in the 
coming decades, affect everyone on a very fundamental level of functioning, and coping 
with them can be difficult.  

As a growing body of literature indicates, perception of environmental cues is an important 
factor in accurately estimating and predicting environmental circumstances and responding 
with the appropriate coping behaviour (Kuzawa 2005; Wingfield and Mukai 2009; 
Warkentin 2011; Arran et al 2014). In situations where environments are subject to great 
physical or social changes, accurate moment-to-moment perception of the environment 
and evaluation of coping behaviours becomes increasingly important (Boyce and Ellis 
2005a). Naturally, the ideal strategy would be to perceive the environment as 
comprehensively as possible, were it not for the costs inherent in such sensory ability, and 
the demands it would place on processing ability. In the light of this trade-off between 
perception and processing, many coping behaviours have become governed by 
subconscious sensory and decision making processes that the conscious mind rarely is 
aware of (Marková and Berrios 2011; Aron et al 2012). This is why the literature about 
coping often emphasises that, despite terminology like “the individual decides” and 



GENERAL DISCUSSION 

180 
9 

“chooses”, such decision making is generally not conscious but a result of complex internal 
processes (Pike and Laland 2010). Change blindness or inattentional blindness, which has 
been linked to attention bias (Jensen and Simons 2010), impairs the ability to perceive and 
predict what is occurring in the surrounding world. Any mechanisms that impair the ability 
to perceive clearly, especially when the environment is changing frequently and in 
unpredictable ways, carry the risk of a decreased ability to respond effectively to situations 
that require attention. Simpler said: if individuals do not perceive a threat to their well-
being, they will have difficulty responding appropriately, and their well-being will likely 
decrease (Brewer et al 2007). 

Combining the principles of change blindness with subconscious sensory and processing 
mechanisms, allows a problem to emerge: through mechanisms originating in our 
evolutionary past, a time that was much more stable, individuals are aware of and respond 
to environmental clues largely on a subconscious level, following internal processes that 
are out of their conscious control. To some extent, these subconscious processes may 
cause them to fail in perception of important events that are happening in their 
environment. 

Although humans may be consciously aware of changes in cultural norms, lifestyles or 
technical advances, a subconscious stress response will often still be elicited on a biological 
level by the processes that provided an advantage in our evolutionary past and helped 
successful behavioural strategies to remain stable and be transmitted across generations 
throughout times of environmental fluctuations (McEwen 1998). Such a stress response 
may express as fear of change, depressive symptoms, obsessive behaviours and social 
difficulties, to name a few (Solomon et al 1988; Compas et al 2004; Folkman 2010; Enoch 
2011). From a societal perspective, such signs of mal-adaptation are costly to treat, and 
prevent otherwise healthy people from participating in the economy as well as they might. 
From an individual perspective, help that can be given to people in need is valuable on its 
own merit. It may be informative to understand that several of the problems faced by 
adults in modern societies are biological responses to situations of great change, which 
their instinctive coping strategies, developed decades ago and evolved possibly tens of 
thousands of years ago, are not equipped to handle. With that awareness, new methods 
can be developed that address the problem on a more structural or even fundamental 
level, to facilitate coping behaviours in response to change and to moderate environment-
behaviour mismatches to a manageable level. Such methods should, in order to address the 
problem on a more-than-surface level, involve approaches to prevent (in young) and 
reverse (in adults) early-life programming of stress responses and maladaptive coping, as 
discussed in Chapter 7. For this, a closer understanding of the reversibility of epigenetic 
programming as well as clearer mapping of the imprinting process is required. Intervention 
methods targeted at these levels have the potential to not only alleviate stress-related 
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problems on a symptomatic level, but address biological causes of such problems as well, 
and may facilitate moving towards a healthy (re)development of coping behaviours, thus 
increasing the ability to thrive in a changing world. 

9.7. Directions for future research 
The work in this thesis has uncovered several areas in the field of environmental change, 
especially in relationship to behavioural strategies and coping, in which there are important 
questions still left open. How does the adaptive landscape differ for modern humans 
compared to previous generations, and compared to our evolutionary past? Is behavioural 
plasticity more useful in current situations than in the past? What is the trade-off between 
behavioural stability and flexibility, and is there a balance between them?  Do processes 
that irreversibly canalise behavioural patterns or transmit them across generations 
decrease individuals’ ability to respond adaptively to the modern environment, or do 
benefits for such mechanisms still outweigh potential costs? What are the underlying 
mechanisms that drive processes of behavioural canalisation and transmission? How can 
knowledge on the development of coping strategies practically be applied to improve the 
situation for individuals struggling with adapting to the modern ways of living?  

Although these are important questions to understanding animal and human behaviour, 
now and in the upcoming decades, currently scientific literature does not offer a satisfying 
answer to them. Below, I have detailed several avenues of research that I feel would be 
useful in the areas of phenotypic plasticity, personality and coping, and change research in 
general.  

9.7.1 Focus points for research on phenotypic plasticity 
The study of phenotypic plasticity is promising, and some of the recent theoretical work in 
this area has provided new insights into fast animal adaptation to changing environments 
(Lande 2009; Reed et al 2010; Reed et al 2010; McIntyre and Strauss 2014), the costs and 
benefits inherent in such adaptation (DeWitt et al 1998; A. Relyea 2002; Steiner and Van 
Buskirk 2008; Auld et al 2010), and its possibility to lead to microevolution on a very short 
term (Price et al 2003; Miranda et al 2013b), and more (Boyce and Ellis 2005a; Utz et al 
2014). There is an important niche for empirical study in this field, especially with regards 
to phenotypic plasticity versus canalization as a result of environmental influences during 
different stages of the animal life cycle (Baker and Foster 2002; Steiner and Van Buskirk 
2008; Torres-Dowdall et al 2012; Handelsman et al 2013). Although many studies have 
studied the effects of individual experience on behaviour, and some have shown that 
plasticity can be reversed (Gabriel 2005; Steiner and Van Buskirk 2008), few have asked 
whether phenotypic plasticity can influence an existing behavioural syndrome (Sih et al 
2004).  
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Due to practical limitations, I was not able to perform the empirical work on sticklebacks 
that I originally planned: to provide ecologically relevant change stimuli (for example, 
exposure to street light or traffic noise) to wild or semi-naturally reared sticklebacks during 
their early development, with variations in onset, duration and magnitude of the stimuli 
between sample groups. Such an experiment would be interesting to show the ways in 
which juveniles can adapt phenotypically and behaviourally to changing circumstances, to 
what extent this depends on the type of stimuli received during ontogeny, and whether 
such adaptations are carried to the next generation even in the absence of the stimuli. 
Moreover, since the theory predicts that later experiences can mould or dissolve a 
behavioural syndrome (Sih et al 2004), I would like to see empirical experiments – both in 
animals and in humans – to investigate to what extent phenotypic variation in behavioural 
traits is stably reversible (i.e. individuals can be induced to give a new, perhaps more 
adaptive behaviour) even if developmental pressures previously induced another 
behavioural phenotype. 

9.7.2 Focus points for research on personality and coping 

In general, based on my work and current trends in the literature, I expect future lines of 
research to develop on the border between psychology and biology, to begin with 
integrating important work on personality development and exploring a more structural 
way of mapping individual motivation and response behaviours in both animals and 
humans. Within biology, there is a need for re-evaluation of empirical studies on lab-raised, 
lab-housed animals, as developmental processes may have limited or canalised the 
behaviour of these animals to such a degree that the data collected from them does not 
represent ecologically valid behaviour. Experiments designed with the developmental 
period in mind, along with careful comparison of (semi-) natural studies with lab based 
experiments, can provide a clearer understanding of important developmental processes, 
as well as what goes wrong when juveniles are deprived of essential cues during 
development, and what those cues are.  

It would be useful to analyse the relationship of parent-child resemblance with stressful 
experiences and important changes in early childhood, in order to dovetail with the study 
of adaptive responses to change presented in this thesis. Such a study would help to 
improve understanding of the type of early life experiences that relate to intergenerational 
transmission of behaviour, and bring the areas of psychology and ethology another step 
closer together. In addition, I would have liked to do more thorough analyses on 
personality resemblance between family members, especially siblings within the stable 
family units studied in Chapters 5 and 6. The same personality facets of anger-hostility, 
impulsiveness, vulnerability, assertiveness, excitement-seeking, and self-discipline were 
recorded in siblings of the focal adolescents, who grew up in a very similar environment 
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and were raised by the same parents. Comparing the personality traits of these full-sibs, 
who share some genetic makeup as well as parental influences, can give more clarity on the 
differences in personality traits within families, and allows researchers to perform more 
complete family analyses on phenotypic plasticity or canalisation during the developmental 
period.  

On the longer term, it would be worthwhile to repeat the NEO-PI-R personality 
questionnaires when the adolescents are at the same age class as their parents when they 
filled out the questionnaires, when they have families of their own, jobs and careers and a 
life independent from their parents’ immediate influence. Given the long term nature of 
the TRAILS study, it is possible that these data will be collected in the future. If so, it would 
be interesting to compare the personality information at adolescence with that at mid-
adulthood, and with that of their parents at mid-adulthood. Although for most adolescents 
personality traits have already become canalised to some extent around age 16, 
fundamental personality changes still happen in early adulthood, among other things 
because of a change in social roles. It is conceivable that the resemblance with parents will 
become more obvious over the years. It would also be interesting to compare personality 
measurements of their chosen spouses with those of their parents to study the effects of 
imprinting on mate choice. Of course, the issue I raised before regarding surface 
description of regular personality measurements is still a concern, and alternative, more 
structure-based ways of estimating personality traits would be of help in understanding the 
patterns of personality flexibility and transference across generations.  

Finally, empirical work mapping human behavioural plasticity, the extent to which 
behavioural patterns can be reversed or altered, and the methods through which this can 
most effectively be accomplished, is unfortunately scarce, although some attempts have 
recently been reported (Nederhof et al 2010; Laceulle et al 2012; Jeronimus et al 2013), see 
also (Ormel et al 2013). More studies on the processes through which human behavioural 
responses develop would give insight in behavioural and emotional problems following the 
need to adapt to more change than has been required of individuals in human evolutionary 
history. Specifically, I predict an important role in the process of imprinting – where very 
young children pattern on and copy phenotypic patterns directly from their parental 
figures. Unfortunately, although sexual imprinting has received a lot of attention in recent 
years, very little is known about the workings of filial imprinting. The few studies available, 
as well as the parent-child personality comparisons reported in this thesis, suggest that 
imprinting does not happen similarly across Big Five domains or shy-bold axes. Through 
some very simple observational studies and analyses of behavioural constructs of infants, 
parents and grandparents, I expect that intergenerational transmission of complex 
behavioural patterns can be shown through imprinting which cannot be explained through 
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other mechanisms, yet are fundamental in determining individual responses to challenging 
situations such as sudden and extreme change. 

9.7.3 Focus points for research on change  
Change is often mapped with a simple mechanistic approach (machine model) (Sowell et al 
2003; Rosvall and Bergstrom 2010). Snapshot images show how an area looked fifty years 
ago versus now, and graphs and tables show the increase or decrease over time of a factor 
of interest, much the same way a business would map its annual growth. A better way to 
study change would be to consider change as a much more fluid, natural process (garden 
model), and apply biological theory to understanding its growth, change and evolution over 
time. Since people are organic, the ideas that come from people and the chances induced 
by people can much more effectively be mapped with an organic approach. One way to 
accomplish this would be to use a system comparable to a phylogenetic diagram, of 
commonly held cultural or ideological ideas across time, with a density indication of the 
number of people adhering to it. This would allow researchers to apply the precision of 
mathematics, overlaid across social boundaries and an extended time period, and to more 
accurately visualise and understand the process of change. Clade maps of change, 
comparable to clade maps commonly used in phylogeny, would allow researchers to 
calculate and visualise the mass “speciation” of new ideas and mass extinction of ideas that 
have existed for a very long time in human history. Of course the same garden model can 
be applied to many different fields of study, including the rise and fall of the internet, 
memes, religions, and even technology itself.  

Some may argue that modern humans do not experience problems adapting to their 
environment as has been suggested throughout this thesis (see Box 1: Change blindness), 
because they have comfortable houses to protect them from harsh weather conditions and 
predation, supermarkets to provide them with a wide variety of healthy food, and medical 
care to prevent and treat most illnesses that used to be common a few hundred years ago. 
It is true that on a strictly physical survival level, most modern human populations are 
thriving more than at any point in our evolutionary history. However, although such 
physical safety may have sheltered humans from environmental stressors such as predation 
and starvation, it also prevented much natural selection on coping behaviours, while at the 
same time rapidly introducing a large number of novel environmental conditions for which 
no previous coping behaviours exist. In other words, while many people are well able to 
cope physically to date, they may be challenged in their ability to cope emotionally and 
mentally. The high levels of stress experienced in modern societies are indications that the 
internal processes responsible for threat detection in many humans perceive a continuous 
failure to cope with dangerous, challenging situations. In order to thrive, rather than 
struggle, in a changing world, there is a need to address the causes of struggling in addition 
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to the symptoms, and to increase scientific understanding of the processes involved in 
adaptation to challenging environment. A part of this is to apply understanding of biological 
requirements for successful coping (perception of a difficulty, estimating an effective 
response, being able to give that response and paying the cost). Another part is to facilitate 
perception of environmental parameters as well as acquisition of new coping behaviours, 
and to investigate which behaviours transmitted from past generations are affecting the 
internal ability to respond with such new coping behaviours – while limiting the cost of such 
actions both in time and investment.   

9.8. Concluding remarks 
In this thesis, I set out to study the effects of the early-life environment on different aspects 
of coping in humans and other animals, to better understand adaptive and maladaptive 
responses to the huge amounts of change happening in our world. I paid special attention 
to intergenerational transference of behaviour and personality traits, and the available 
behavioural plasticity to respond in new ways.  

First, I introduced the idea that the adaptive responses that (human) animals give when 
confronted with change – a process that hitherto forth has been poorly defined - depend 
on properties of both the individual and the event, as well as the interplay between them. 
Second, I provided data indicating that even under relatively similar environmental 
conditions, semi-naturally reared sticklebacks developed differences in coping strategies 
between ponds, and argued that animals reared under laboratory conditions may not 
develop important neurological and behavioural systems, preventing them from showing 
ecologically relevant coping strategies when tested in behavioural assays. Third, analysis of 
a longitudinal study on human adolescents showed that parental warmth but especially 
rejection from fathers predicted less resemblance with fathers, suggesting an important 
role of early-life parenting in not only the formation of personality traits, but also in the 
behavioural resemblance between generations. This resemblance in turn predicted 
increased well-being and fewer depressive symptoms, supporting the hypothesis that there 
are advantages for offspring in resembling their parents, but not the hypothesis that 
resemblance under changing conditions is detrimental. These results seem to indicate that 
the advantages of resembling parents outweigh the disadvantages at a stage where 
adolescents are still dependent on their parents, at least in the stable and relatively high-
SES families used in this study. Fourth, I reviewed processes contributing to development of 
coping behaviours, and intergenerational transmission of such behaviours.  

Throughout this work, I hope I have illustrated the fundamental premise of this thesis, that 
the environment, especially the one experienced early in life but also the environment 
experienced by parents, is essential in creating behavioural and emotional responses later 
in life – whether these responses make individuals happy or not – and that when 
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environmental conditions are radically different than the ones experienced by previous 
generations, having the ability to change behaviour to the new circumstances makes the 
difference between struggling and thriving. Evidence of intergenerational transmission of 
behaviour provides the awareness that at least some of the maladaptive responses in 
current day individuals stem from early-life canalisation into behavioural patterns that may 
have been beneficial in the past but are no longer useful in modern society, while evidence 
of behavioural plasticity and reversibility of canalisation serve to encourage current 
generations that the restrictions created by the early-life environment can be overcome.   

  


