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Abstract 
Although there is a large body of literature discussing the appropriate ways to design 
experiments in order to gain reliable, meaningful data, a factor that is often 
underestimated in experimental design is the external environment that animals 
experience prior to and during experimentation. This environment influences 
developmental factors as well as the ecological motivation animals have to respond to 
stimuli within the experimental setup. As a result, behavioural assays can measure 
behaviours that are not always ecologically relevant, or comparable with existing literature. 
We discuss the importance of the environment during the stages of development, housing 
and experimentation on expressions of personality traits, as well as the relationships 
between them. We offer a comprehensive overview of the advantages and disadvantages 
of a natural, semi-natural and laboratory setting for animal personality research, with the 
aim of providing researchers with an adequate way to make design decisions and 
anticipating the consequences of these decisions.  
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5.1. Introduction 
The field of behavioural ecology has seen a surge in interest over the last decade in 
consistent individual differences in behaviour, outside of normal differences across 
ontogeny, sex, or context and analogous to personality in humans (Sih et al 2004; Bell and 
Stamps 2004; Stamps and Groothuis 2010; Dingemanse et al 2010). Such differences are 
thought to arise through individual differences in past experimental conditions 
(experience), differences in genetic make-up and the interactions of those factors (Piersma 
and Drent 2003; Dingemanse and Wolf 2013). Behavioural syndromes, defined as 
consistent individual differences in behaviour across ecological contexts, have so far been 
shown in a diversity of animal species, including fish (Dingemanse et al 2007), birds 
(Nicolaus et al 2012), voles (Lantová et al 2011), and social insects (Jandt et al 2014), and 
involve behaviours such as aggression (Verbeek et al 1999), exploration of unfamiliar 
environments (Minderman et al 2009) and adaptation to novelty (Gross et al 2010). 
Important questions in this field at the moment address the causes of individual differences 
from a mechanistic point of view (Koolhaas et al 2010; Coppens et al 2010) and the 
consequences for ecological and evolutionary processes (Réale et al 2007; Bolnick et al 
2011; Dall et al 2012; Sih et al 2012; Stamps et al 2012; Wolf and Weissing 2012; 
Dochtermann and Dingemanse 2013).  

As researchers develop experiments to address these questions, they are faced with several 
design decisions, including some environment-related issues that are not commonly 
considered in the literature (Johnson and Besselsen 2002): when should work be conducted 
in a natural setting and what experiments are better suited to a semi-natural or laboratory 
setting? Should stock animals with a long research history be used or do these particular 
experiments require animals from the wild? Does the animal need to be isolated for 
testing, or observed in a group setting? Each of these design questions affects not only the 
successful outcome of the experiment and whether or not there will be enough statistical 
power available to test for interesting effects (Wilson et al 2010), but also the context 
within which the results can be translated and interpreted (Toms et al 2010), and the 
degree to which comparison with other work can be made. A growing body of evidence 
shows that personality traits such as boldness, exploration of novelty and response to 
conspecifics can vary, often predictably, between developmental stages (Bell and Stamps 
2004) and between populations of the same species that differ in ecological conditions (Bell 
2005; Dingemanse et al 2007; Brydges et al 2008; Herczeg et al 2009). 

Although every scientist is aware of the importance of the choice of experimental 
parameters, most do not have a clear expectation in advance of how such parameters 
affect the experimental proceedings and the context within which they have to place their 
data. This is particularly the case for environmental parameters, which are often 
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disregarded in methodological papers (Johnson and Besselsen 2002). Decisions regarding 
environmental setting used in experiments are often heavily influenced by availability of 
the necessary equipment. Most experimental scientists will be familiar with situations 
where experimental settings are dictated by material necessities or time constraints, rather 
than thoroughly researched design - only to realize after all the hard work is done and 
outcomes are to be interpreted, that small changes in the design could have added 
significantly to the relevance and impact of their research.  

This stasis was motivated by a short exploratory study of a model species, three-spined 
stickleback (Gasterosteus aculeatus), in which we performed behavioural comparisons for 
five datasets gathered under different environmental settings, and showed that that 
experimental design decisions can affect the interpretation of the behaviours measured, as 
well as comparability across contexts (Chapter 4). In many cases, behaviours cannot be 
translated across environmental contexts or experimental setups, and similar questions, 
when studied under different circumstances, may provide fundamentally different answers. 
In order to facilitate prevention of comparability problems for researchers, we provide here 
a literature overview of important factors in designing the environment in which 
behavioural experiments take place, and detail the advantages and disadvantages of 
natural, semi-natural and laboratory settings when designing rearing and experimental 
environments. Finally, to assist researchers in selecting the most appropriate experimental 
environment for their particular research questions, we provide a practical overview of the 
way the choice for a natural, semi-natural and laboratory setting affects various important 
behavioural parameters.  

5.2. Designing the environment 
In this section, we discuss how environmental factors determine whether animals display 
ecologically relevant behaviours, and in what ways different aspects of experimental design 
such as rearing, housing and experimental setup are sensitive to environmental influences 
on behaviour.  

5.2.1 Environmental effects 
Awareness of environmental conditions is essential to any study aimed at better 
understanding animal behaviour and adaptive mechanisms, as the interplay between 
organism and its surroundings lies at the heart of all evolutionary processes (Réale et al 
2007; Dall et al 2012). Animals constantly tune their responses to the environment that 
surrounds them, as environmental conditions directly impact survival and reproduction. 
The state an animal is in (such as hunger, social position, reproductive cycle, fear of 
predation) can strongly affect its behaviour and expression of different personality traits 
(Harcourt et al 2009b). State variables can include aspects of physiology, morphology or life 
history, information state, skills, or social status (Sih 2011). Environmental factors that are 
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important in shaping behavioural responses include (but are not limited to) food availability 
and diet quality (Kyriazakis et al 1999), environmental variation (Mathot et al 2012), 
territory size and quality (Garamszegi et al 2009), predation pressure (Bell et al 2011), 
group size (Lantová et al 2011) and other social circumstances (Kilgour and Brigham 2013). 
Each of these factors can affect the animals’ state (Kyriazakis et al 1999; Dall et al 2004), 
which in turn may affect the behavioural choices they make (Jandt et al 2014). For example, 
a very hungry individual is more likely to enter a dangerous area than a well sated 
individual, and an individual looking to establish a territory or attract a mate may be more 
likely to show aggression. There are many possible positive feedback loops between the 
behaviour and the state of an individual at any given moment, leading to behaviours with 
low repeatability (reviewed in (Dingemanse and Wolf 2013). Assumptions made on the 
state or history of the animals included in an experiment are often shaky, and results may 
vary based solely on these design decisions. 

Given that behavioural syndromes are defined as consistent individual differences in 
behaviour across time and context, as a result of differences in genetic make-up, state and 
past experiences (Dingemanse et al 2010), it is important to understand the environmental 
factors contributing to present state and past experiences. In response to both past and 
present environmental factors (Dingemanse and Wolf 2013), animals may plastically adjust 
a variety of responses, such as foraging strategies, energy expenditure, growth rate (Bell et 
al 2011), mating behaviour, reproductive effort, as well as a variety of neuro- and 
biochemical responses (Koolhaas et al 2010; Coppens et al 2010). Practically, this translates 
to environmentally influenced variation in levels of activity, boldness, exploration, and 
social interactions both within and between individuals – exactly those behaviours that 
researchers of animal behavioural syndromes are often interested in studying. Without 
understanding the relevant environmental factors, interpretation of animal behaviour can 
be difficult.  

5.2.2 Ecologically relevant behaviour 
As a result of environmental effects, animals do not always show the ecologically relevant 
behaviours that scientists want to measure (Carter et al 2012b; Carter et al 2013). It is a 
challenge to all behavioural biologists to design experiments that elicit the types of 
responses they are interested in studying. Before discussing how such experiments can be 
designed, however, it is useful to consider what exactly is meant with ecologically relevant 
behaviours, and how to recognise undesirable behaviours.  

Most simply, ecologically relevant behaviours can be defined as the behaviours that 
animals give in response to the environmental cue one wants to measure, rather than be 
distorted by past or present circumstances irrelevant to the experiment. Ecologically 
relevant behaviours are generally important for understanding either evolutionary 
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mechanisms or consequences for adaptation to a changing world, and as such often have 
to do with exploration of novel objects or environments, predator-approach and avoidance, 
food acquisition, or sociality. There is a need for biological and ecological validation of 
behavioural tests in wild animals (Archard and Braithwaite 2010). Below we briefly discuss 
the ecological validity of some of the behaviours commonly measured to assess animal 
personality.  

Within animal personality research, an animal’s base aactivity is often measured as it gives 
an indication of an animal’s readiness to interact with its environment. Hunger levels and 
factors that influence an animal’s state can skew activity measures. Activity often strongly 
correlates with other behaviours (Carter et al 2013), and as such, factors that affect base 
activity tend to affect all other behaviours. The underlying assumption of eexploration 
behaviour, also measured sometimes as latency to emerge from a refuge (Brown et al 
2011a), is that it helps individuals gather ecologically relevant information. Yet tests of 
exploratory behaviour are rarely explicitly linked to information acquisition, while 
individuals have been shown to differ in their cognitive performance due to differences in 
age, sex, rearing conditions and experiences (Thornton and Lukas 2012). Sometimes 
exploration assays are used to measure response to  nnovelty (Dingemanse et al 2007) and 
willingness to approach novel areas or stimuli. In order to measure novelty accurately, the 
animal should perceive the stimulus being offered as novel and be in an ecological position 
to respond to this stimulus, rather than to a more pressing stimulus such as hunger or 
stress. Additionally, they should be encouraged not to respond only with general activity 
levels (Wilson et al 2010).  Most commonly used in personality literature, bboldness refers to 
the tendency of individuals to take risks across different situations, and has often been 
applied to foraging, exploration or resource competition (Ward et al 2004; Webster et al 
2007; Wilson et al 2010), but also to tendency to inspect predators or resume normal 
behaviour after predator presence (Ward et al 2004). Recent studies showed that many 
threat-directed behaviours traditionally considered boldness, are in fact expressions of 
anxiety (Carter et al 2012b). In sticklebacks, boldness was shown to be influenced by social 
context (Webster et al 2007). SSociality concerns the interactions an animal has with others 
of its kind, measured often as approach or inspection of models or trapped conspecifics. 
Different underlying motivations may play a role in why animals spend time with 
conspecifics, such as seeking protection, helping kin, impressing mates or competing for 
food. Sometimes overlapping with sociality, aaggression describes the tendency to attack 
conspecifics rather than tolerate or cooperate with them. Clear definition of these 
behaviours within the environment context is essential to measuring ecologically relevant 
behaviours, and assaying responses that represent ecologically different behaviours rather 
than expressions of a single factor (such as activity).  
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Stress is a common factor inducing non-ecologically relevant behaviour (Balcombe et al 
2004; Koolhaas et al 2006), as stressed animals often no longer respond to the ecological 
cue researchers present them with. For example, stressed animals are unlikely to respond 
to food with foraging behaviours, or to conspecifics with social behaviours, and as such 
their response no longer provides researchers with information about foraging or social 
behaviours. Stress is generally considered as a symptom resulting from exposure to a 
hostile environment (Stott 1981), and occurs in conditions where an environmental 
demand exceeds the natural regulatory capacity of an organism (Koolhaas et al 2011), 
causing displacement of the internal homeostasis and strain on internal systems. Animals 
tend to respond to stress either with escaping or avoidance behaviours, such as moving 
back and forth quickly and nervously. They may also display aggressive behaviours, bite at 
surroundings or show other redirecting behaviours such as feather-pecking (Blokhuis 1986). 
Animals may also stop responding entirely and freeze in place for the duration of the 
experiment, especially if they cannot escape the stressor, for example because they are 
kept in a small enclosure. For researchers not specifically studying stress, such behaviours 
are a common difficulty as they can cloud or even entirely replace the behaviour of 
interest. Since the stress response is fundamentally wired into the animal, and as such is 
quickly and strongly displayed when the animal is disturbed by experimental settings, it is 
unlikely that researchers can avoid stress entirely when doing research beyond purely 
exploratory, observational experiments (Balcombe et al 2004), but steps can and should be 
taken to minimise stress where possible.  

Animal personality is characterised as consistency in behaviours across time and across 
contexts (Dingemanse et al 2010; Réale et al 2010). When an experimental design involves 
multiple measurements of what can ecologically be considered the same behaviour (for 
example, activity or stress-sensitivity), conclusions may be drawn regarding the existence of 
stable personality where there is none. Similarly, conclusions may be drawn regarding the 
evolutionary or ecological relevance of sociality while functionally, the measured behaviour 
represents a very different strategy. Recent findings of individual differences in stress-
sensitivity and perception (Meaney 2001; Boyce and Ellis 2005a; Ellis et al 2011) have 
begun to unveil physiological reasons for differences in behavioural responses, and 
emphasise the importance of measuring behaviours that are ecologically relevant. Young 
animals with differential sensitivity to stress or differential perception of environmental 
cues, are likely to develop different behavioural strategies than their conspecifics even 
when exposed to similar conditions, and in addition may be differently affected by 
experimental environments.  
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5.2.3 Important environments for experimental design 
Eliciting ecologically relevant behaviour extends beyond designing optimal conditions in 
which the experiment is to be carried out, to the past experiences of the animal. For 
example, an animal who has never experienced predation may not display the appropriate 
predator avoidance responses, and an animal that has not learned its species-specific social 
displays may respond strangely to sudden interaction with conspecifics. Similarly, stress 
early in life may skew animal’s behaviour, as for example it has been shown to relate to 
animals’ ability to cope with novel conditions (Sih et al 2012). When the environment 
settings are not carefully designed, animals often do not display ecologically relevant 
behaviours. When designing the appropriate environment in which to conduct scientific 
experiments, the purpose is not to create completely homogeneous environments and to 
standardize animal behaviour, but rather to be aware of the relevant environmental 
conditions that may elicit behaviours, so that they can be used to better analyse and 
interpret the findings. Existing literature shows us that we have to take into consideration 
at least four different environmental effects: rearing, housing, and experimental 
environments, and where applicable, the transitions between them. The same 
measurement (for example, exploration or sociality) may functionally mean something 
completely different depending on the experimental conditions used in the study. For 
animals who are housed in solitude, being introduced to a conspecific is a very different 
experience than for animals housed in a group, and even if they both were to respond with 
orienting behaviours, such a response would have ecologically different implications. When 
the chosen environment does not match the experimental question, it creates a mismatch 
that influences the validity and interpretation of data.  

5.2.3.1 Rearing environment 

Environmental conditions at a certain phase in life history can set individuals onto a 
developmental trajectory that may lead to a fixed phenotype in adulthood, regardless of 
environmental conditions during adulthood (Dingemanse and Wolf 2013; Wismer et al 
2014), which is called either developmental plasticity (West-Eberhard 2003) or irreversible 
plasticity (Gabriel 2005). It is unclear precisely to what extent scientists are affecting the 
development of animals when rearing them under lab conditions and to what extent this 
affects behavioural measurements used for personality studies. Recent studies do indicate 
that parental effects (Bernardo 1996a) and social learning during ontogeny have important 
and lasting effects on the resulting behaviour and personality expression in adulthood 
(Naguib et al 2011b; Reddon 2012). For example, song birds learn how to sing from live, 
socially interactive tutors in the first few months of life (Nelson 1998), and personality traits 
can be transferred from foster parents to offspring in zebra finches (Schuett et al 2013). In 
addition, immune challenges experienced during ontogeny seem to be important in 
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shaping personality (Butler et al 2012), and cognitive performance has been found to 
depend on rearing conditions and previous experience (Thornton and Lukas 2012). 

It is possible that certain key behaviours never develop under lab conditions, as artificially 
hatched animals do not benefit from parental care, experience predation or the right 
environmental stimulation in the form of care enrichments (Simpson and Kelly 2011). 
Similarly, certain social- and mating behaviours may not develop fully outside the context of 
a stable social group (Groothuis and Mulekom 1991; Asaba et al 2014). Such effects may be 
carried over from one generation to the next, as lab-raised parents who never learned a 
behaviour cannot pass it on to their offspring even if they are allowed to provide parental 
care. A good example is the effect of social rearing in mice, who showed reduced anxiety-
like behaviour and improved maternal care when raised in a communal nest compared to 
standard conditions, effects that were still found in third generation offspring (Curley et al 
2009). Similarly, in pigs rearing environment affected hormonal modulation, and sows 
rearing offspring in nests showed greater maternal care and improved nursing performance 
compared to sows rearing offspring in crates (Yun et al 2013). 

This means that the environmental conditions under which animals are reared need to be 
considered carefully when designing an experiment (Thornton and Lukas 2012), as they can 
affect the ecological validity of behaviours as well as the ability to compare one behaviour 
with another (Nelson, 1998) and the extent to which behavioural syndromes develop at all 
(Stamps and Groothuis 2010; Sweeney et al 2013).  

5.2.3.2 Housing environment 

The environment animals are kept in prior to and in between experiments can affect the 
behaviour animals display during the experiments in several ways, as housing conditions 
may induce short-term or contextual plasticity (Stamps and Groothuis 2010). Important 
factors of the housing environment include familiarity with the environment, establishment 
of territory and social connections (Curley et al 2009), lack of predation, availability of 
nesting and territory enriching materials (Bolhuis et al 2006; Yun et al 2013) as well as 
abiotic factors such as temperature and light cycles (Bradshaw and Holzapfel 2010).  

In addition, certain housing conditions may affect the individual’s state. Differences in state 
are important, as for example differences in hunger can induce differences in behaviour 
beyond the individual differences in personality researchers are interested in measuring 
(Kyriazakis et al 1999). For this reason, researchers often train animals on a feeding regime. 
Rather than foraging continuously as in nature, this causes animals to become accustomed 
to daily feeding bouts dictated by the experimenter’s schedule, disrupting their natural 
time budgeting. Time budgeting is important as many behavioural assays measure time 
spent on specific activities (Korstjens et al 2010; Carter et al 2012a). Alternatively, 
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researches sometimes limit food intake for some time before experimentation, or provide 
ad lib feeding.  

5.2.3.3 Experimental environment 

Perhaps the most carefully considered environmental effect in experimental design is the 
environment in which the experiment itself takes place. This environment tends to be 
carefully planned. The experimental environment is essential for all decisions that 
individuals make based solely on current information, such as threat estimation and 
territory exploration. Behavioural assays testing for general activity levels, exploratory 
behaviour, or responses to novelty, commonly tested in animal personality research (Bell 
2005; Dingemanse et al 2007; Bell and Sih 2007), depends on such information. In three-
spined sticklebacks (Gasterosteus aculeatus), for example, fish become distracted and will 
not explore the experimental setting if cracks of light show through the enclosure (personal 
observation). In social animals, presence or absence of conspecifics during the test is 
important to measuring of activity and foraging behaviours (Webster et al 2007). Important 
questions to ask when designing the experimental environment is whether conditions 
match the prior environment that animals experienced, and whether the experiment 
measures behaviours that are ecologically relevant.  

Studies into environmentally dependent strategies are important in experimental design, as 
animal behaviour can differ significantly dependent on the environmental conditions they 
experience (Heuschele et al 2009), which may skew the behaviours displayed during 
behavioural assays (Piersma and Drent 2003). 

5.2.3.4 Transitioning effects 

Animals are generally not tested in the same environment that they were reared and 
housed in, for both practical and experimental reasons. However, transferring animals from 
one environment to another brings with it several concerns for experimental design, most 
notably stress. Translocation from one environment to another has no evolutionary 
precedent. While the physiological system has adapted to respond to specific, expectable 
and relatively quick stressors, it is not adapted to handle the multiple, continuous, 
unpredictable and novel nature of the stressors facing translocated individuals (Ewen et al 
2012). The amount of stress that translocated animals experience depends on the species, 
the method of transferring and the degree of novelty in the new environment. Strategies to 
minimize stress from moving animals to the experimental setup include giving them a 
certain amount of acclimating time. In addition to stress, animals that are transferred may 
experience negative effects from loss of social group, which for social animals can be very 
traumatic and should not be underestimated (Groothuis and Mulekom 1991; Curley et al 
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2009; Naguib et al 2011b). Finally, changing environments may cause loss of territory, 
social rank, dietary habits and more. When designing ways to minimise transitioning 
effects, researchers should consider species characteristics and determine the sensitivity of 
their animal model to such factors. If rearing and environmental conditions are 
mismatched, animals are adapted to an environment they are not in, while if both 
conditions are laboratory settings, they are adapted to something often not ecologically 
relevant. 

5.2.4 Examples of experimental impacts on behaviour 
In order to illustrate the importance of appropriate environment design, we briefly review 
known cases where behaviours were found to differ between wild and laboratory settings, 
or between wild and lab reared animals in Table 5-1. Where available from the literature, 
we also detail the consequences of such differences. 

 
 
 

Table 5-1 Recent examples across multiple species of cases where rearing, housing or experimental environment 
affected the expression of behaviour and animal personality traits 
Species  Study  

Angelfish  
(Pterophyllum 
scalare) 
 

Wild-caught and captive bred fish responded similarly under control conditions, 
but when exposed to a natural predator, wild-caught fish exhibited shorter 
freezing durations and took less time to resume normal behaviours than captive-
bred fish, indicating that domestication has implications for predator-behaviours 
that may be maladaptive in the wild (El Balaa and Blouin-Demers 2011). 

Lemurs   
(Lemur catta) 

Captive ring-tailed lemurs in zoos were found to be more inactive than wild 
lemurs, and the type of enclosure (indoor or outdoor) had an impact on their 
species-typical sunning behaviour (Shire 2012). This has been known to cause 
problems for describing and quantifying animal behaviours and comparing them 
across different institutions (Shepherdson et al 2004). 

Pigs   
(Sus domesticus) 

Rearing environment affected chewing, manipulative and play behaviours later in 
life, but less so for pigs who strongly resisted being restrained than those that 
resisted little. Housing conditions also affected gastric lesions, feed intake and 
weight gain differently depending on behavioural type. Behaviour patterns of pigs 
were largely determined by the presence or absence of straw bedding during 
housing, while pigs (Bolhuis et al 2006). 
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Species  Study  

Rainbow trout   
(Oncorhynchus 
mykiss) 

High and low responsive strains of rainbow trout appeared to appraise 
environmental cues differently, where low responsive fish were slower to adjust 
feeding behaviour after food relocation, less disturbed by novel objects, and 
feeding more quickly after translocation than high responsive fish. After stressful 
transport, high responsive fish changed in risk taking, feeding and social 
dominance behaviours, while maintaining hormonal characteristics. These 
findings imply that coping styles inherent to different strains of fish, affect 
responsiveness to environmental change and foraging efficiency in different 
situations, and that experimental experiences may modify such coping styles in 
some, but not other strains (Ruiz-Gomez et al 2008; Ruiz-Gomez et al 2011).  
Four to seven generations of domestication resulted in behavioural divergence of 
a hatchery population from its wild donor population, where hatchery fry were 
less aggressive but more dominant, and hatchery fry but not wild fry were more 
aggressive when exposed to low food rations or low group density (Berejikian et 
al 1996). 
Prior experience with emboldening or negative social experiences, in the form of 
watching conspecifics respond to novelty or engage in fights, affected personality 
traits in rainbow trout. Bold individuals that watched shy conspecifics became 
more shy, while why observers that watched bold conspecifics did not change 
their response. Shyness and boldness were also affected by winning 
confrontations or having negative experiences (Frost et al 2007).  

Rats   
(Rattus 
norvegicus) 

Housing rats in cages with limited nesting and building materials in the first 
twenty days after birth reduced growth, impaired spatial learning and memory, 
and increased depressive-like behaviour in juveniles. It also affected development 
of areas in the brain (Cui et al 2006). 
Early-life social isolation in rats caused increased anxiety-like behaviours in open 
field tests, and reduced social contact in social interactions tests. These effects 
were not found in a control group raised in a social setting during ontogeny 
(Lukkes et al 2009).  

Sea bass  
(Dicentrarchus 
labrax) 

Juvenile wild fish had higher angular velocity and greater distance from the 
startling point compared to juvenile domesticated (hatchery) fish, while decrease 
of total distance travelled and increase of immobility was similar. Authors 
concluded that domestication reduces flight response behaviour, and that 
onogenetic modifications of swimming response and startle behaviour are likely 
interplaying with effects of captivity (Benhaim et al 2012). 

Sheep   
(Ovis 
canadensis) 

Bold and shy behaviours in wild bighorn sheep differed during handling vs. 
behaviour in the field, suggesting that temperament is domain specific and 
expression of bold and shy traits depend on context (Réale et al 2000). 
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Species  Study  

Spiiders  
(Agelenopsis 
pennsylvanica) 

A behavioural syndrome was confirmed between foraging aggressiveness and 
boldness in wild spiders, which in experimental setting could be repeated for 
penultimate field-reared spiders, but not juvenile field-reared spiders, and not at 
all for lab-reared spiders, indicating that in this species, the boldness-
aggressiveness syndrome develops as a result of environmentally induced 
phenotypic plasticity, rather than correlated selection (Sweeney et al 2013). 

Stticklebacks  
(Gasterosteus 
aculeatus) 

Stickleback populations under high predation pressure show a positive genetic 
correlation between boldness and aggression, whereas this correlation is absent 
in populations with a history of low predation pressure  (Dingemanse et al 2007; 
Bell and Sih 2007). 

Zebra fish  
(Danio rerio) 
 

Social learning of risk assessment differed between wild zebra fish, who were 
timid but become emboldened after interacting with bold fish, and domesticated 
zebra fish, who did not differ in their boldness scores compared to controls. 
Changes in behaviour of the wild fish persisted after the non-focal groups were 
removed. This indicates that social learning from conspecifics plays a role in 
boldness behaviour in this species (Zala et al 2012). 

 

In contrast with these examples, exploratory tendency and neophobia of bblue tits 
(Cyanistes caeruleus) measured in captivity were found to be repeatable when the same 
birds were measured at feeding stations in the wild (Herborn et al 2010).  

These examples indicate that comparability between environmental settings and life stages 
should be considered trait, context and species dependent, a conclusion corresponding to 
findings from meta-analysis that repeatability of behaviour may depend on taxa, sex, age, 
environmental setting and experimental details, with an overall pattern that repeatability 
estimates were higher in the field than in the lab (Bell et al 2009). When the expression of 
animal behaviours, or correlations between those behaviours, differs in important ways 
between environmental setups, it signifies a potentially difficult problem for behavioural 
researchers, especially with regards to the interpretation of findings.  

5.3. Design Decisions and their Consequences 
Decisions made in the design phase often affect the degree to which the results may be 
compared to existing literature, and the degree to which they fit into a broader framework. 
In a field where all advances are made by building upon the work of those who came 
before, comparability is essential. 

Every choice researchers make in selecting the environmental settings for their 
experiments will have advantages and problems. The challenge is to select an environment 
that best suits the research question, the animal species and the type of behaviour being 
studied.  
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5.3.1 Advantages and limitations of three experimental settings 
When choosing an experimental environment for developmental, housing and 
experimental stages, there are of course many variations. Practically speaking, however, 
there are three important environments to choose from: natural, semi-natural and 
laboratory settings. For the purpose of this study, a natural environment is considered an 
outside, undisturbed area with in- and outflow of resources, a semi-natural environment 
one where animals experience outside conditions in a closed system that is to some extent 
controlled by the researcher, and a laboratory environment is considered an inside, fully 
controlled and monitored system. For each of these environments, we describe its 
advantages and limitations.  

Although there is some overlap, the rearing environment and the experimental 
environment affect fundamentally different aspects of animal research. The first affects the 
personality traits and behaviours that are available to the animal, while the second affects 
which of those traits come to expression and can be measured in response to experimental 
stimuli.  

5.3.1.1 Natural environments 

Field conditions are favoured by many behavioural biologists for the insight they provide in 
the complicated processes that shape animal behaviour. Natural rearing conditions are 
especially preferred when addressing ecological questions (Table 5-2A).Under natural 
conditions, young animals generally benefit from parental care, a varied diet, social 
interaction with conspecifics, and exposure to a variety of environmental challenges. The 
social environment adds social hierarchy, dominance behaviours, and mating into the 
behavioural equation. Such social factors have been shown to be important in the 
establishment of behavioural syndromes (Lantová et al 2011). Natural testing conditions 
are especially useful for exploratory questions where researchers try to understand 
behaviour as they are displayed within the animal’s ecological context. 

The main drawback for conducting personality research in the field is the lack of 
experimental control, both in rearing and experimental setting. Experiments in the field are 
conducted under conditions that are unique to the time and location of the work and 
cannot be easily replicated. One way researchers can address changing conditions during 
an experiment is to utilize a norm-of-reaction approach where individuals are tested across 
the natural range of environmental variation (Dingemanse et al 2010). However, in the 
field, habitat selection and other issues make it implausible that one would be able to 
attain behavioural observations of all individuals across this range. Another problem is 
uneven sampling. Individuals are not typically observed the same number of times; some 
animals are spotted and observed only once while others are observed repeatedly  
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Table 5--2 Comparison between natural, semi-natural and laboratory setups for both rearing environment (A) and 
testing environment (B). 

A. Rearing environment 

throughout the study. The number of observations might be related to the personality trait 
of interest, especially where bold individuals approach an experimental setup more readily 
than shy ones, or are more visible within their habitat and so more prone to trapping,  

Experimental parameters Natural Semi-natural Laboratory 

Type of question * ecological developmental evolutionary 

Environmental control low moderate high 

Breeding control none little extensive 

Measurability low – none variable high 

Ecological relevance high high low 

Financial cost low moderate - high high 

Maintenance time and costs none low high 

Maternal effects # yes yes some 

Parental care # yes yes usually not 

Social learning # yes yes variable 

Social interactions yes yes variable 

Territoriality yes, varying quality yes, small territories skewed to none 

Competition yes, for many factors yes, for some factors sometimes, for 
food 

Varied diet yes some rarely 

Environmental stimuli natural and variable natural but constant fabricated & static 

Immune challenges many some few 

Predation variable none none 

* Each environment can in principle be used for all types of experimental questions, but will be 
more suitable to some questions than to others. # The extent to which parental effects, parental 
care, social learning etc. are relevant will vary with the animal model used. 
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Table 5--2 Comparison between natural, semi-natural and laboratory setups for both rearing environment (A) 
and testing environment (B). 

A. Testing environment 

 Natural Semi-natural Laboratory 

Type of question * exploratory comparative mechanistic 

Experimental control little some total 

Measurability difficult limited easy 

Ecological relevance very high reasonable very low 

Financial cost moderate high moderate 

Statistical rigor moderate low high 

Sample size variable medium high 

Control groups difficult one on one controls cross-designs possible 

Individual recognition near impossible difficult easy 

Repeated measures very difficult difficult easy 

State differences high moderate-high low 

Environmental recognition high high low 

Available coping strategies many moderate few 

Stress low low high 

Social support yes yes no 

* Each environment can in principle be used for all types of experimental questions, but will be 
more suitable to some questions than to others. # The extent to which parental effects, parental 
care, social learning etc. are relevant will vary with the animal model used. 
 
causing a sampling bias (Dingemanse et al 2010) before experimental observations can 
begin. Finally, sampling in natural environment is more vulnerable to practical problems 
with experimental setup or external conditions, or measuring equipment that cannot be 
used on location. 

Although there are many methodological issues, using wild-reared populations for 
personality research is essential to shed light on the development and evolutionary 
implications of animal personality. Although ample support for personality research is 
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available from studies on captive or domesticated animals, we do not yet have a clear 
picture of animal personality under natural conditions (Adriaenssens and Johnsson 2011), 
and the need for repeatability and heritability measurements in the wild has been explicitly 
called for (Archard and Braithwaite 2010). Recent work in the wild shows that behavioural 
syndromes can emerge rapidly in trout (Oncorhynchus mykiss) (Adriaenssens and Johnsson 
2013), great tits (Parus major) (Nicolaus et al 2012) and starlings (Sturnus vulgaris) 
(Minderman et al 2009), possibly from interaction between natural selection and 
behavioural plasticity. 

5.3.1.2 Semi-natural environments 

Conducting experiments in a semi-natural setting can provide the researcher with a good 
balance of control over the environment while maintaining somewhat natural conditions. 
Semi-natural settings allow animals to be studied away from often primitive field conditions 
and in proximity of quality measuring and monitoring equipment. Depending on the details 
of the setup, animals generally live in stable social groups, establish territories and mate 
freely. They experience natural daylight cycles and weather conditions. With enough 
available means, parallel semi-natural experiments can be set up, allowing for control and 
experimental categories and introduction of novel stimuli. They are also extremely suitable 
for research into micro-evolution, plasticity and adaptation across generations, as it is 
relatively easy to monitor subsequent generations. Semi-natural rearing conditions are 
most useful when addressing developmental questions, as this allows the most accurate 
observation of development under reasonably natural conditions (Table 5-2Aa). Semi-
natural testing environments can be especially useful when trying to compare effects of 
different treatments or ascertain how particular environmental effects influence behaviour 
and behavioural syndromes (Table 5-2B). 

However, there are some significant drawbacks that make this environment challenging to 
work with. Preserving the ecological integrity of a semi-natural environment often goes at 
the cost of other important design factors, such as individual marking, repeated measuring 
and weighing of animals, sample size and breeding schemes. Similar to natural 
surroundings, semi-natural environments are sensitive to a “black box” effect, where it is 
unclear exactly what happens to animals’ development and reproduction while they are in 
the set-up. This leaves the experiment sensitive to stochastic effects and drift especially 
when conducted across multiple generations, and makes it difficult to generalise results as 
they are strongly situation dependent. The best way to buffer an experiment against the 
sometimes catastrophic uncertainty found in semi-natural settings is to maximize the units 
of replication in their study. For example when deciding whether to use larger enclosures 
vs. a greater number of enclosures (the space that a group of individuals lives in), one 
should generally choose more enclosures to increase their units of replication at the 
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enclosure level. The final sample size is only as large as the number of replicate enclosures 
used, rather than the number of individuals within those enclosures, especially if the aim is 
to compare behavioural correlations between groups. As a minimum amount of individuals, 
one should consult natural group size for the species in question, and approximate it to 
establish semi-natural social interactions. Territory size should be similarly estimated and 
related to the species natural group behaviour. 

Semi-natural environments are commonly used and studied in connection to agriculture 
research and commercial hatcheries (Madison et al 2013), where it has been shown that 
they can be very useful for personality research if the appropriate monitoring measures are 
taken into account. Due to its challenging experimental nature, not many empirical studies 
have been performed in this setting. 

5.3.1.3 Laboratory environments 

The laboratory environment is popular mostly because it allows for standardisation of many 
of the experimental parameters. In a lab setting, variation in state can be minimised, 
leading to less noise in the data, a clearer comparison of behaviours and more certainty 
that the behaviours are a result of the experiment. Another great advantage is that 
laboratory experimentation facilitates testing of theoretical predictions by easily allowing 
cross designs, control over and adjustment of most experimental parameters. Finally, 
monitoring and recording of behaviours are generally easier in a laboratory. Laboratory 
rearing is often used when evolutionary questions require extensive control over breeding 
(Table 5-2A), while laboratory testing is especially helpful for researchers interested in 
mechanistic questions (Table 5-2B).  

Personality studies conducted in the laboratory suffer because the ecological relevance of 
behaviours exhibited under laboratory conditions is questionable. While experiments that 
manipulate environmental variables under controlled conditions are key to understanding 
individual differences in behaviour, careful validation of the ecological relevance of, for 
example, predator cues must be conducted to show the relevance of any laboratory 
experiment. Behavioural responses like insensitivity to environment may not be an inherent 
property of a behavioural syndrome, but instead be intrinsic to lab lines and lab rearing 
under stable conditions without selective pressures (Ruiz-Gomez et al 2011). There is 
indication that such micro-evolution in laboratory settings can occur rapidly (Kinnison and 
Hendry 2002; El Balaa and Blouin-Demers 2011), see section 5.3.3 for examples. As such, 
the advantage of laboratory work, namely the stable, controlled environment, might also 
be a disadvantage depending on the type of question (see section 5.2.2). For example, 
voles under laboratory settings have been found to increase in extroversion, possibly due 
to good food, stable conditions and acclimation to strong social cues (Korpela et al 2011). 
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The laboratory is well-suited to research aimed at understanding intrinsic differences 
between individuals. However by placing all individuals in similar environmental 
surroundings, laboratory studies will not be able to capture the full extent of phenotypic 
variation that would be expressed in nature. 

5.3.2 Selection of design parameters 
In this section, we present an overview of the strengths, weaknesses and suitability of each 
environment to animal personality research for the developmental and experimental stages 
as described in sections 5.3.1.1-3. We compare natural, semi-natural and laboratory 
environments and indicate the type of question each is most suitable for, the level of 
control researchers have over the environment, the degree to which environmental factors 
and behaviours are measurable, and the ecological relevance and reliability of the 
behaviour. We assume that the housing situation is generally identical to either the 
developmental or the experimental setting. Transitioning between rearing environment 
and experimental environment can be done, for example if one wants to use a semi-natural 
or natural rearing condition in order to provide a relevant developmental context and then 
test behaviours in the lab in order to control experimental settings and standardise 
measurements. However, in such cases one should take precautions to minimise stress in 
transfer, allow for sufficient acclimation time, and consider that animals will be responding 
to environments different than experienced during ontogeny.  

With this overview, it is our aim to facilitate and allow researchers to make informed 
decisions more easily, and to anticipate the consequences of these decisions. Researchers 
should be able to go over the parameters below and tick the ones important to their 
experiment, and in this way end up with a clear picture of the rearing and experimental 
environments most suited to their needs. 

In addition to being useful in choosing a an experimental design appropriate for the 
research questions and behaviours of interest, Table 5-2 can be useful in discussions of 
results obtained through any of these measures. Often in empirical work, animals respond 
to an experimental set up in ways that are not immediately interpretable: behaviours may 
not match previous findings, or may not conform to expectations. For example, many 
behavioural assays relay on approach or avoidance of a presented stimuli. When animals 
fail to approach or avoid stimuli in predicted ways, table 5-2 may serve as a check list for 
finding an ecological explanation. 

5.4. Final remarks 
As is evident from the literature discussed above, the rearing, housing and experimental 
environment all influence the behaviour that animals display in important ways. Below, we 
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discuss implications for experimental design in general and make some recommendations 
for future work. 

5.4.1 Implications for existing research 
Behavioural ecologists use measurements of animal behaviour to achieve a clearer 
understanding of the processes underlying animal functioning, mechanisms through which 
behaviours express, the ways in which animal are adapted to their environments, and how 
behaviours evolve over generations (Tinbergens’ four questions). It is often assumed that 
experimental assays conducted in controlled laboratory settings estimate natural 
behaviours, as least closely enough to advance our understanding in animal functioning. 
When these measurements are found to be functionally different, however, from 
behaviour displayed in the wild, it challenges us to revise at least some of our conclusions 
built on laboratory work. For example, an animal refusing to approach a model of 
conspecifics under a laboratory setting may be scored as not social, while functionally, the 
animal could be stressed by the experimental confinement and its separation from its social 
group. Similarly, an animal scored as being shy, may simply be very sensitive to 
environmental information, and as such be comparatively more disturbed by a laboratory 
setting than its less sensitive conspecifics, who approach novel stimuli or predators more 
readily. In a natural setting, such a sensitive individual might actually explore more. Given 
the increasing experimental and theoretical evidence that environmental factors modulate 
the establishment and maintenance of epigenetic influences on gene expression and 
phenotype (Feil and Fraga 2012), the use of laboratory lines may cause skewed 
interpretations, and erroneous conclusions with regards to evolution and development of 
behaviour.  

While such reasoning is relevant when considering all lab-measured behaviours, it becomes 
especially important when considering correlations between behaviours, or groupings of 
behaviours as commonly used in principal component analyses. Studies on sticklebacks 
have suggested that correlations between behaviours can be formed relatively quickly in 
response to predation or stress (Bell et al 2009), and it is not uncommon for behavioural 
correlations to differ between empirical studies (Dingemanse et al 2007; Bell and Sih 2007). 
Most field researchers are currently well aware that the behaviours they measure are to 
some extent situation dependent. This is, after all, the reason for standardising tests under 
laboratory settings. However, given the recent insights in the effect of experimental 
environment, and the notion that environmental setting may affect individuals differentially 
(Bolhuis et al 2006), scientists are challenged to reconsider both experimental methods, 
and conclusions based on assays with a potential miss-match between relevant 
environmental settings and experimental requirements.  
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5.4.2 Recommendations 
As researchers working with field data know from experience, it is very difficult for 
experimental work to be added, repeated or changed in hindsight as experiments are often 
seasonally sensitive or dependent on the animals’ life cycle and availability. This makes a 
solid, well thought-out design especially important in animal behaviour research, while at 
the same time limiting the available possibilities. Doing field experiments with wild animals 
is not always an option, extensive laboratory space is not always available, and good 
surveillance equipment for semi-natural settings is expensive. Based on our findings and 
the literature reviewed in this chapter, we recommend that in such cases where the ideal 
design is not feasible, researchers make every effort to document the environmental 
circumstances of their research, put their findings in the appropriate context, and where 
necessary discuss the ecological relevance of their lab-based findings. Care should be taken 
that behaviours that are measured represent distinct behaviours rather than expressions of 
general responsiveness as in the case study. In the same line of reasoning, we recommend 
caution when drawing ecological or even behavioural conclusions from laboratory studies.  

While there is a large body of literature concerning appropriate experimental design 
(Johnson and Besselsen 2002), most such work focusses on choosing the correct animal 
model, defining control groups, reducing the number of animals used, and obtaining 
sufficient statistical power to do meaningful analyses. However, obtaining a workable 
dataset and using animal models is fundamentally always in service of creating data of 
sufficient quality for publication in well-respected, peer-reviewed journals. A perfectly 
defined experiment that measures ecologically non-relevant behaviour, or cannot be 
compared to other studies due to inappropriate rearing or testing environment, can still fail 
to provide useful answers. As such, there is a need to test which environmental 
circumstances matter the most in getting animals to show their natural behaviours, which 
may differ by species, and find new ways to introduce those circumstances in laboratory 
work – as well as spend more time studying the natural setting in more reliable ways than 
are currently available.   

5.5. Conclusions 
Expression of animal behaviour is complicated and highly context dependent. 
Oversimplification can cause researchers to miss important and interesting biological 
patterns that will contribute to our understanding of individual differences in behaviour. 
Measuring behaviours under lab conditions is likely to skew the behaviour strongly in ways 
that are currently still mostly unexplored, and therefore rarely considered in the literature. 
As such, some of our ideas and understandings of animal personality may be equally 
skewed, as they tend to get interpreted within an inappropriate evolutionary context (no 
animal species evolved to optimize behaviours in a lab setting, findings in the lab may be 
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artefacts of underlying more fundamental motivations). We may not be measuring the 
behaviours and strategies that we think we are. To remedy this problem, we need to more 
carefully consider the rearing, housing and experimental environment during experiments, 
and choose natural, semi-natural or laboratory environments for each in ways that are 
appropriate to the species and research question of interest. 

 

    


