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Chapter 4:  
The effects of experimental design on reliability 

and comparability of stickleback personality 
measures: An exploratory study

M. Rohaa Langenhof and Simon Pearish 
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Abstract 
Animal personality research focusses on expressions of behaviour across different contexts, 
in order to better understand the development of individual differences and the 
implications of personalities for ecology and evolution. However, consideration of 
methodology leads to concerns that researchers may in fact be measuring different 
behaviours depending on the environment animals experience before and during 
experiments. To test whether natural, semi-natural and laboratory settings during rearing 
and testing did indeed cause problems for comparability of studies, and by extension the 
conclusions for animal personality based on those studies, we compared five independent 
datasets on stickleback (Gasterosteus aculeatus) personality traits gathered under different 
environmental conditions. Comparisons indicated that behavioural correlations in one 
setting or measured in one condition do not necessarily translate to other settings or 
experimental conditions, and that social behaviour measured in the wild does not 
straightforwardly translate to sociality as commonly measured under laboratory conditions. 
Despite the limited number of comparisons we were able to report, findings in these 
datasets indicate a need to carefully consider testing environment when measuring both 
individual behaviours. 
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4.1. Introduction 
A growing body of evidence shows that animal 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). 

Sticklebacks (Gasterosteus aculeatus) have often been used as a model system in the fields 
of animal personality (Bell and Stamps 2004; Wingfield and Mukai 2009; Dingemanse et al 
2010), animal behaviour (Bell and Stamps 2004; Harcourt et al 2010), ecology (Svanbäck 
and Schluter 2012), and speciation (McKinnon and Rundle 2002). They live one to two years 
under natural circumstances with a mating season in early spring, during which the male 
develops bright red and blue colours and builds a nest to entice the female to mating 
(Ostlund-Nilsson et al 2006). Personality traits like boldness, aggression, and sociality have 
been extensively studied, and shown to affect information use (Harcourt et al 2010) and 
fitness (Adriaenssens and Johnsson 2011). Environmental conditions during ontogeny, 
whether social, biotic or abiotic, have been shown to affect the further development of a 
young stickleback. For example, a recent study in nine-spined sticklebacks (Pungitius 
pungitius) showed that the social environment in which sticklebacks are raised affects the 
development of different areas and sensory neural centres in the brain. Pond fish raised in 
a group developed smaller brains, larger tecta optica and smaller bulbi olfactorii (Gonda et 
al 2009). Early exposure to stressors can have long-term consequences for stress reactivity 
and behaviour later in life (Meaney 2001), and early experiences such as the duration of 
paterntal care may contribute to the ability to deal with unexpected or uncomfortable 
situations later in life (Bell et al. 2010). Exposure to predation has been linked to the 
emergence of personality within this species (Bell and Sih 2007), behavioural plasticity has 
been shown to be related to habitat and niche (Gonda et al 2009; Garduño-Paz et al 2010; 
Svanbäck and Schluter 2012), and personality has been shown to vary predictably between 
populations (Dingemanse et al 2007).  

For researchers working on sticklebacks, the strong effects of environmental conditions on 
development and expression of behaviour pose a concern for ecological interpretation of 
behaviours measured under laboratory conditions. Although the stickleback is largely 
interesting exactly because of its well-studied potential to plastically adjust both its 
behaviour and physiology (Huntingford and Ruiz-Gomez 2009; Bjærke et al 2010), such 
plasticity inherently means that behaviours shown under artificial conditions may be far 
from natural behaviours, and as such the patterns perceived in a laboratory setting do not 
represent the natural processes of interest. To address these concerns, we compared five 
independent datasets from studies performed on the three-spined stickleback 
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(Gasterosteus aculeatus). In each study, the sticklebacks were exposed to different rearing 
and experimental circumstances, which could vary between lab, semi-natural and wild 
environments. We aimed to answer two questions: (1) Do sticklebacks in the lab behave 
similarly to those in (semi-) natural conditions with regards to general activity levels,  

behavioural syndromes, and consistency (as measured by repeatability, reviewed in Bell et 
al., 2009)? And (2) To what extent do circumstances experienced during ontogeny affect 
the behaviours shown during testing later in life? We expected differences among both 
rearing and testing environments, especially with regards to sociality behaviours and 
exploration of novelty. Specifically, we expected that a highly ‘social’ (i.e., spending a lot of 
time with conspecifics) individual in the field is not necessarily “social” in the lab, as it does 
not recognise lab models as a social context, but rather responds with behaviours in the 
boldness/activity spectrum. Furthermore, we expected higher repeatabilities when rearing 
and testing environment were similar than when they differed. Following the evidence that 
exposure to predation generates personality (Bell and Sih 2007), we expected behavioural 
correlations in animals from the wild but not from a lab, as there are no selection pressures 
in laboratory settings.  

4.2. Methods 

4.2.1 Experimental Designs 
We considered 5 datasets for this study (Table 4-1). Each of these datasets was gathered 
independently, for different studies, but all with the purpose of shedding light on 
personality and behavioural development. All wild populations from which the (ancestors 
of) these fish originated were predator-naive populations in which no syndromes were 
found (Bell 2005; Dingemanse et al 2007).  

4.2.2 Data acquisition 
In dataset 1, laboratory assays were conducted to test for the presence of behavioural 
syndromes. Fish randomised from 28 fertilised clutches in the lab were housed in twelve 
tanks holding 50 juveniles each. Individuals were transferred to solitary tanks for 
experimentation, and left to acclimate overnight. A number grid was placed under the tank 
to record movements through the tank. Exploration was measured as the distance travelled 
within a foreign tank in which 5 rocks had been placed reaching up to the water surface; 
activity was measured as base activity after acclimation in the tank overnight; boldness was 
measured as response to startling by a simulated avian predator; sociality was measured as 
the orienting and approaching response towards conspecifics in a glass flask (figure 4-1a). 
Of  
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the original dataset, only individuals from the control group, that did not receive any 
experimental treatment, were included here. 

For dataset 2, snorkel surveys were conducted to assess the social behaviour of individuals 
in their natural habitat during the summer of 2011. Fish were noted to be either alone (>10 
cm from nearest conspecific) or in a group, and then caught to be used for lab experiments 
(dataset 5).  

In dataset 3, sticklebacks born and housed in 12 out of 20 semi-natural ponds were 
measured for behaviour during feeding. Precise temperature, algae content and density 
were allowed to vary naturally between replicas. The experimental setup consisted of a 
transparent obstacle around a feeding cup, with nine entrances through which the fish had 
to enter the feeding area. Sub-adults were trained on the feeding setup without the 
obstacle for three weeks prior to testing. Feeding occurred three times a week at random 
times in the form of thawed bloodworms, during which behaviour within the enclosure was 
video recorded. Exploration was measured as the latency to manoeuvring through the 
obstacle around the feeding area; activity was measured as the number of switches 
between spatial locations in the enclosure; foraging was measured as the number of bites 
directed at the ground, food cup or both; sociability was measured as the average number 
of conspecifics within a body length of the individual; and neuroticism was measured as the 

Table 4--1 Characteristics of five studies on stickleback behaviour with different environmental designs. For 
descriptions of behaviours, see the text. Datasets with matching symbols were compared, and behaviours marked 
with X are included in analyses. Therefore behaviours marked with O are not included. 

 1^ 2 * 3 ^# 4 ^# 5 * 

Dataset characteristics 

Raising environment Lab Wild Semi Semi Wild 
Testing environment Lab Wild Semi Lab Lab 

N 590 (12 tanks) 47 652 (12 ponds) 254 47 
Age juvenile juvenile sub-adults sub-adults juvenile 

Origin California California Anglesey-A Anglesey-B California 
Date experiments 2008 2011 2011 2011 2011 

Status unpublished unpublished Chapter 3 unpublished published 

Behaviours recorded 

Activity X  X X  
Exploration X  X X  

Boldness O     
Sociality X X X X X 
Foraging   O   

Neuroticism   O   
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number of intervals at which the individual was found biting the enclosure (see also 
Chapter 3).  

In dataset 4, sticklebacks from similar semi-natural ponds to those of of dataset 3 were 
transferred to solitary plastic tanks and left to acclimate overnight. Exploration and activity 
were measured similar to dataset 1 and similar to (Dingemanse et al 2007), where activity 
was calculated as the total distance travelled and exploration as the area of the tank 
covered, averaged over four trials; sociality was measured by a choice experiment between 
a cospecific presented in a flask, or a rock similar to those in the exploration experiment. 
Individuals were measured for 10 minutes each assay. Assays were replicated four times for 
each individual. 

In dataset 5, the same individuals from dataset 2 were tested for sociality under lab 
conditions in a circular plastic pool (1 m diameter, 10 cm water depth) was filled with fresh 
river water. The testing area was similar to that used in (Wark et al 2011).  Three acrylic 
models cast from preserved stickleback from this population were suspended by wires at a 
depth of 3 cm (Figure 4-1b). The wires were hung from a modified bicycle wheel 30 cm 
above the surface of the water. A belt around the wheel was connected to a hand crank, 
which the experimenter used to move the school of models in a circle. Models were placed 
one body length apart. At the start of each schooling assay, a focal individual was placed in 
the pool and allowed to acclimate for 5 minutes. After this, the stickleback models were set 

Figure 4-1 Environmental setups for activity and sociality in dataset 1 (a), shoaling behaviours in 
dataset 2 (b), semi-natural environments from dataset 3 (c), and exploration of novel 
environments in dataset 4 (d) 
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in motion (7.5 cm/sec) for ten minutes. During this time we recorded how much time the 
focal fish spent moving within one body length of the models (time schooling). Each 
individual was tested three times with a recovery time of at least 1 hour between trials. 
Sociality was measured through latency to shoaling, average time spent shoaling, average 
acclimating latency to orient, and average acclimating latency to shoal. 

4.2.3 Possible comparisons 

Results of behaviours that, after careful consideration and deliberation by the authors 
regarding the exact methodology used in each of the assays, were found to be sufficiently 
comparable are presented as comparisons between 1) activity, exploration and sociality 
correlations from datasets 1, 3 and 4, comparing both rearing and testing environment; 2) 
sociality from datasets 2 and 5 comparing testing environment; and 3) sociality and activity 
from datasets 3 and 4 comparing testing environment. Pairs are indicated in Table 4-1 
through matching symbols. Within the included comparisons, there are still important 
methodological issues, which are covered in the discussion. 

4.3. Results 

4.3.1 Behavioural correlations 
For this comparison, made to ascertain whether behavioural correlations develop similarly 
in lab and semi-natural conditions, we analysed correlations between three behaviours 
commonly used in animal personality studies: activity, exploration and sociality. For 
sticklebacks reared and tested in the lab, activity was strongly positively correlated with 
exploration, but none of the other behaviours were significantly correlated. For sticklebacks 
reared in a semi-natural setting and tested in a lab setting, activity was correlated positively 
with exploration but also with sociality (Table 4-2). Conversely, for sticklebacks reared and 
tested in semi-natural settings, activity was negatively correlated with exploration and 
sociality. 

Table 4--2 Comparison of behavioural correlations between activity, exploration and sociality measurements for 
sticklebacks from different rearing and testing environments: dataset 1, lab(reared)-lab(tested) (N=101); dataset 4, 
semi-lab (N=254); dataset 3, semi-semi (N=652). Statistics represent Pearson correlations. 

 Lab-lab Semi-lab Semi-semi 
 dataset 1 dataset 4 dataset 3 

Activity-exploration 0.71, p=0.01 0.78, p=0.01 -0.14, p=0.01 
Activity-sociality -0.18, p=0.07 0.17, p=0.01 -0.14, p=0.01 

Exploration-sociality -0.19, p=0.06 0.11, p=0.09 0.07, p=0.10 
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4.3.2 Sociality 
Datasets gathered on wild-raised sticklebacks were studied to determine whether social 
behaviour in nature was predictive of schooling in a laboratory setting. The same fish were 
measured in both datasets.  Compared to fish that were observed alone in the wild, fish that 
were observed in groups in their natural habitat did not spend significantly more time 
schooling with models in the lab (Figure 4-2). Schooling in the lab was consistent within 
individuals over multiple trials (R = 0.41, 0.11, and 0.63).   
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Figure 4-2 Fish that occurred in shoals in nature (N = 25) did not differ from fish that occurred alone (N = 22) in 
time spent schooling with schooling models in the laboratory, F1,45 = 0.51, p = 0.47. 
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4.3.3 Sociality and activity 
This comparison was conducted to determine the correlation between sociality and activity 
from sticklebacks reared in the same semi-natural environment and tested for the same 
behaviours, but under different experimental circumstances. Dataset 4 used a random 
subset of the sample pools used in dataset 3; datasets were part of different experiments 
and not paired by individual. We found a negative relationship between activity and 
sociability in the data collected from observations in a semi-natural environment (Figure 4-
3), and the opposite patternin the data collected in the lab, where fish that chose to 
approach a conspecific were more active than fish that chose to approach a stone (Figure 
4-4).  
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4.4 Discussion 
4.4.1 Discussion of results 
Findings from the comparisons of activity, exploration and sociality indicate that 
behavioural correlations in one setting or measured in one condition do not necessarily 
translate to other settings or experimental conditions. Especially behaviours measured 
under semi-natural conditions deviated considerably from behaviours measured in 
laboratory conditions. Given the strong correlation between activity and exploration in 
dataset 1 and 4, which used near-identical experimental setups, it is likely that these assays 
in fact measured the same behaviour – individual responsiveness – rather than ecologically 
different types of behaviours. This measuring of multiple expressions of identical ecological 
responses may in fact be true for many behavioural assays, a matter that was already a 
concern at initial analyses of both datasets, and as such the strong activity-exploration 
correlation was unsurprising. Some studies have linked animal responsiveness to the 
animal’s state-dependent condition and susceptibility to disturbance, and suggested that 
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Figure 4-4 Laboratory tested fish that approached conspecifics first were more active compared to fish that 
approached the stone first (N=238), F1,236 = 1.94, p = 0.014. 
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animals with little response may lack the ability to do so, while animals with more options 
open to them are more responsive (Gill et al 2001; Beale and Monaghan 2004). 

Comparing of the datasets involving wild-reared sticklebacks showed that social behaviour 
of sticklebacks in the wild cannot be directly translated to measurements commonly used 
in laboratory settings to estimate social behaviour. This supports the initial hypothesis we 
made based on experience that the testing environment has important effects on the 
behaviours that animals show, and that such behaviours cannot be blindly assumed to 
match behaviours displayed in the wild as they may not represent ecologically relevant 
behaviours (section 4.2.2). A possible explanation for the finding from these wild-reared 
datasets is that the dynamics of fish schools are not necessarily determined by the 
phenotypes of individuals. Instead, school behaviours are determined by a combination of 
individual phenotypes and higher level processes. For example, some of the individuals we 
found in groups might not have chosen to join a group but rather are being followed by 
other fish (Harcourt et al 2009a). Model fish in a laboratory setting may not represent a 
stimulus necessarily recognised as a shoal, and as such the laboratory assay could also 
measure behaviour with a different underlying motivation than sociality. Likely alternative 
explanations for the lab-behaviour could be exploration or neophobia (Réale et al 2007). 

A comparison of studies involving sticklebacks reared under semi-natural conditions 
indicates that relationships between two behavioural measurements may depend on the 
environment in which these behaviours are measured, and as such cannot necessarily be 
assumed to be consistent across contexts. This implies that behavioural correlations 
reported in one study may not be extendable to other studies, even within the same 
species and with data gathered to answer similar questions. An explanation for the 
differences between these studies may be found in the feeding context, which put the fish 
tested in a semi-natural experiment in a more competitive, gathering-oriented state while 
the fish in the laboratory experiment may have been more inclined to explorative 
behaviour, since they had been unfed for a day prior to experimentation in order to 
standardise hunger levels. Fish in the laboratory, raised and housed in semi-natural 
conditions and in the presence of conspecifics, may also have been experiencing stress for 
lack of a social setting, which may have skewed their preference. 

4.4.2 Methodogical considerations and recommendations 
After careful consideration of the methodology used across studies and much deliberation 
between the authors on the subject, we found comparison of behavioural assays between 
most of the datasets to be unfeasible for methodological reasons: too many confounding 
variables, different locations of origin of the fish, different water type and consistency, 
different lighting conditions, different testing arenas, different behaviours observed, 
different populations, or different ages made such comparisons less meaningful than 
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desired. Despite the limited number of comparisons we were able to report, findings in 
these datasets strongly indicate a need to carefully consider testing environment when 
measuring (relationships between) individual behaviours, and that a laboratory setting can 
be – but does not necessarily have to be – a useful experimental setting. As few 
comparisons were made between similar behaviours under different circumstances, it is 
unclear to what factors the differences in behavioural correlations may be attributed 
exactly. In general, there is a need for more careful consideration of the effects that both 
rearing and testing environment have on individual behaviours such as sociality and activity 
levels, but also on the correlations between behaviours and by extension, the accuracy with 
which we measure animal personality. 


