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Abstract 
 
The purpose of this study was threefold: to determine if personality is inheritable through 
selection, to evaluate if discernable differences in behavioral profiles exist between strains and to 
gauge the effect that chronic stress has on personality development. This investigation was 
fundamentally a behavioral study, where three behavioral models were used to evaluate these 
parameters. Specifically, the open field shelter test, Scototaxis model as well the novel dive test 
were used to compare six lines of zebrafish (Danio rerio). The results from a comparative 
analysis of these different parameters show that there is a genetic aspect to personality, that 
variation does exist between the lines and that early life chronic stress may have an influence on 
personality development. 
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Introduction 
 

Stress, specifically one’s reactionary response to a stressful scenario and the subsequent variation 
which exits in responses, has long been a topic of interest in both scientific research and psycho-
social disciplines. Of particular interest is the role and magnitude that environmental and genetic 
factors have in determining behavioral responses or profiles in individuals. One of the primary 
reasons for this fields’ notoriety is in respect to its biomedical implications (Dooley and Zon 
2000). That is, anxiety or stress related illnesses represent a subset of afflictions that adversely 
plague society (Moretz et al. 2007). Therefore, there is a continual need and demand to better 
understand both the causes and ruminating implication of such disorders.  
 
One of the standardized approaches to conducting anxiety and stress related research is by way 
of behavioral testing. This is where variation in standardized and known behavioral profiles are 
evaluated when some specific condition is being controlled or modulated for within a model 
organism (Moretz et al. 2007, Norton and Bally-Cuif 2010). Zebrafish (Danio rerio) have been 
gaining increasing notoriety and popularity as a model organism for experimental models. This is 
largely due to their fast maturation and generation time, high fecundity and the relative ease and 
cost-effectiveness of maintaining, housing and breeding this species (Dooley and Zon 2000, 
Norton and Bally-Cuif 2010). Specifically, zebrafish are sexually mature after 3 – 4 months 
Dooley and Zon 2000, Norton and Bally-Cuif 2010). The physiology of this species, in-and-of 
itself, further makes it an ideal model specimen. That is, the transparent structural nature of the 
zebrafish eggs allows for observation during embryogenesis and organogenesis (Dooley and Zon 
2000, Norton and Bally-Cuif 2010), this in combination with the analogously that zebrafish have 
to higher order vertebrate, in regards to neural anatomy and transmission (Dooley and Zon 2000, 
Norton and Bally-Cuif 2010), are further evidence of their ideal experimental nature.  
 
The ethogram for zebrafish is well vetted and established, which is again further cause for its’ 
prevalence as a model specimen. Zebrafish are indigenous to the southeastern Himalayan’s and 
are a member of the Cyprinidae family (Dahlbom et al. 2011, Engeszer and Patterson 2007, 
Norton and Bally-Cuif 2010). They are a diurnal gregarious species, which exhibits extensive 
shoaling behaviour (Engeszer and Patterson 2007, Norton and Bally-Cuif 2010, Wright et al. 
2003). As such, this species constructs complex social hierarchies whereby dominant and 
subordinate power structures are continually at play (Dahlbom et al. 2011, Norton and Bally-
Cuif 2010).   
 
As a result of this species popularity as a model organism, the behavioral profiles of zebrafish, 
specifically in respect to how individuals cope with anxious or stressful scenarios, has been well 
documented. In such a context, anxiety or stress simulating scenarios are understood to be a 
period of heightened physical or mental perturbation that arises from a perceived catalyst 
(Dahlbom et al. 2011, Norton and Bally-Cuif 2010). An apparent dichotomy seems to exit in 
terms of reactionary responses to anxiety in zebrafish, where individuals display either a 
proactive or reactive coping strategy (Dahlbom et al. 2011, Ricci et al. 2013). Specifically, 
proactive individuals, colloquially referred to as bold, exhibit a reactionary, visceral response 
when presented with a stress-inducing scenario (Dahlbom et al. 2011, Ricci et al. 2013). In 
contrast, reactive or shy individuals are more tentative in their responses and exercise an 
avoidance-like behavioral response (Dahlbom et al. 2011, Ricci et al. 2013). Though contrasting, 
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both strategies represent a valid life history model. That is, the proactive tactic has been shown to 
be beneficial in respect to fitness, as it increases both resource availability and fecundity 

(Dahlbom et al. 2011, Ricci et al. 2013). In contrast, those who ascribe to the reactive coping 
strategy, theoretically mitigate the risk of being involved in confrontational or risky situations 
(Dahlbom et al. 2011, Ricci et al. 2013). These differences are not limited to physical behavioral 
responses, but rather there is also a difference in regards to the associated and corresponding 
neurochemical and endocrinal transmission between these juxtaposed coping styles (Wong 
2014). These differences have further ruminating implications, as they are instrumental in 
determining hierarchical order and social status, whereby reactive individuals routinely become 
subservient to proactive ones (Dahlbom et al. 2011, Ricci et al. 2013, Wright et al. 2003). This 
power structure therefore acts as a source of chronic stress for subservient individuals (Dahlbom 
et al. 2011, Ricci et al. 2013, Wright et al. 2003). However, the level of stress exuded on 
individuals varies in accordance to their sex, with greater pressure being imposed on males 
(Dahlbom et al. 2011, 2012). This therefore contributes to the perpetuation of sex-linked 
behavioral differences, as females exhibit less pronounced and exaggerated proactive behavioral 
profiles (Dahlbom et al. 2011, 2012).  

Previous research has shown that the bold-aggressive axis is a product of both genetic and 
environmental factors, and that different behavioral profiles exist in varying mutant and lab bred 
strains of zebrafish (Ricci et al. 2013, Vignet et al. 2013, Wong et al. 2014, Wright et al. 2003, 
2006). For example, variation has been found to exist between wild caught lines and the AB lab 
reference strain of zebrafish, with the AB strain displaying heightened anxious behaviours in 
comparison to that of the wild population (Vignet et al. 2013, Wright et al. 2003). In contrast, 
aberrant behavioral profiles have also been found in the spiegeldanio (Spd) strain of zebrafish, 
which is mutagenic with an alternation in the fgfr-1 receptor (Rohner et al. 2009). This aberration 
alters the function of the fibroblast growth factor, which corollary reduces histamine production 

(Rohner et al. 2009). The ruminating implications of this, in regards to behaviour, is a 
heightened proactive nature that is characterized by elevated aggression, reduced inhibition and 
increased exploration (Rohner et al. 2009). Selective breeding regimes have further shown that 
there is a genetic underlying component of heritability to this axis (Wong et al. 2014), as bi-
directionally disposed lines have been established. 

It is therefore this variation that we wanted to investigate further. The purpose of this study was 
therefore threefold. The first aim was to determine if personality is inheritable through selection 
on wild caught zebrafish. The second objective was to see how and if early life chronic stress 
affects personality and behaviour in the mutagenic Spd strain. Lastly, the aim of this experiment 
was to see if there is a discernable difference in behavioral profiles between AB, Spd and wild 
caught zebrafish.  
 
To be able to aptly study and further elucidate variation in behavioral profiles, a set of 
measurable parameters that quantify proactive and reactionary stress responses were used. To do 
so, a series of anxiety inducing behavioral tests were run, specifically the open field shelter test, 
Scototaxis model and novel dive test. The underlying modus operundi of these tests is simple; 
each of these models is explicitly designed to trigger an anxious state, which is achieved by 
placing individuals into an unknown environment (Dahlbom et al. 2011, Maximino et al. 2012, 
Ricci et al. 2013). Such an event, results in an initial aversive-avoidance response followed by 
various levels of exploratory behaviour (Dahlbom et al. 2011, Maximino et al. 2012, Ricci et al. 
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2013). It is this difference in responses that are subsequently used to evaluate the behavioral 
profiles between and within strains. The open field shelter test specifically tests for whether a 
fish is exploratory or not, where as the Scototaxis model examines the dark-light paradigm. In 
contrast, the novel dive test explores vertical water column peregrinations. In the first two of 
these tests, it is believed that an instinctual preference for the dark environments exists, due to 
the associated safety and anonymity felt while within this environment (Dahlbom et al. 2011, 
Maximino et al. 2012, Ricci et al. 2013). Similarly, in the novel dive test, the bottom of the tank 
represents the safest zone (Ricci et al. 2013). For each of these tests, a series of parameters were 
measured as indicators of proactive or reactive behavior, these include: thigmotaxis and 
exploration, erraticism in motion, freezing, velocity, distance travelled, frequency between 
zones, distance to center and zone transitions. As the purpose of this study was comparative, six 
different lines of zebrafish were used. One wild caught strain, from which two lab strains were 
derived through a selective breeding regime where individuals were bred to have exaggerated 
bold and shy profiles, respectively, were used in this study. In addition, the AB and Spd strains 
were also employed. However, the Spd strain was further delineated into Spd normal and Spd 
chronic lines through the use of two different rearing protocols. 
 
Material and Methods 
 
Zebrafish strains  
 
For the purpose of this study, six different strains of zebrafish were compared. One standardized 
lab strain (AB), which acted as a reference model for this study, was purchased from Uppsala 
University’s SciLifeLab zebrafish facility in April of 2016. Conversely, one true wild-type (WT) 
strain was used, which was sourced and collected from 8 different ponds in Kolkata, India in 
November of 2015. From this group, a series of behavioral tests were performed which 
quantified individuals’ proactive and reactive characteristics, in essence scoring the animals, 
which enabled two divergent selectively bred lines to be created that were composed of 
individuals with exaggerated bold and shy profiles. This selective breeding regime was carried 
out in the behavioral neuroendocrinology lab at Uppsala University, by Arshi Mustafa at the end 
of March, beginning of April in 2016. A commercially bred mutant strain of zebrafish, 
spiegeldanio (Spd) was further used in this study, and was acquired from Darren Gilmour of the 
Neumann Lab at the European Molecular Biology Laboratory in April of 2015. This Spd strain 
was bred and further differentiated into two lines by Arshi Mustafa in April of 2016, which 
resulted in Spd normal and Spd chronic lines. The Spd chronic strain was established by 
continually stressing individuals during the juvenile stage and the F1 generation was tested for in 
this study. This caused a change not only in the behavioral profiles and characteristics of these 
individuals, but also a morphological change in their body structure with these individuals 
having an elongated narrower body and pinched tail. In contrast, no alternations were made to 
the rearing regime used for the Spd normal strain. All the individuals used in this study were 
similar in age, as they were all born within 4 days of each other and were approximately 10 
months old when the study was conducted. Specifically, the AB fish used here were born on 
April 1st, the Spd offspring were born on April 2nd and the selectively bred fish were born on 
April 2nd and 4th of 2016. For the purpose of this experiment, both male and females were 
tested for and all the animals were of a similar weight and size. 
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Animal housing 
 
The fish used in this study were group housed, in respect to sex and strain, in batches of between 
8 - 30, in either 2.8 L or 9.5 L trapezoidal tanks. Each tank was subsequently housed in a Multi-
Phase Filtration – Stand Alone recirculating aquaculture system by Aquaneering Incorporated.  
The tanks were filled with specially filtered copper-free water and the water conditions were 
checked daily and kept in the following ranges: PH (7.6 - 8.3), temperature (24 - 25°C), and 
conductivity (386 – 402 S/m). The lab was set to a regulated light-dark cycle of 14:10 hours.  
The fish were fed bidaily, once in the morning and once in the evening. In the morning, the fish 
were fed a diet of hatched brine shrimp eggs (Platinum Grade 0, Argentemia, Argent 
Aquaculture, Redmond, USA) and Tropical Energy Food (Aquatic Nature, Belgium). In the 
evening, the fish were fed only the latter. 
 
Tagging 

For the purposes of this study, 90 selectively bred adult zebrafish were tagged using the Visible 
Implant Fluorescent Elastomer (VIE) marking system from Northwest Marine Technology, Inc. 
Tagging was performed in accordance to the protocol outlined by Northwest Marine 
Technology, specifically in reference to the Visible Implant Elastomer Tag Project Manual 
(2008). In preparation, each individual was first anesthetized with 0.34 mg/ml benzocaine (ethyl 
p-aminobenzoate) and then a unique combination of yellow and pink fluorescent polymer tags 
were injected sub-dermally, with a 0.3 cc insulin syringe and 29 g needle, into the trunk of the 
fish (Visible Implant Elastomer Tag Project Manual 2008). For each individual, a detailed 
schematic was made indicating the placement of the tag. Once implanted, the tag was visible 
under florescence. 

Behavioral tests and protocols 
 
Open field shelter test 
 
For this test, a series of identical circular open field arenas, with a diameter of 20 cm and height 
of 8 cm were used. The sides of the arenas were opaque, with a clear Plexiglas base and not 
capped. The arenas were placed on top of an infrared (IR) board in either grouping of six (3x2) 
or nine (3x3) and 250 ml of copper-free water was added to each arena (Figure 1). A JVC (TK-
C9510E) video camera was subsequently mounted above the IR board, at a distance of 1.5 m, as 
to allow for unobstructed observation and tracking of the experiment. Fish were then 
simultaneously added to the prepared arenas, which were then covered with alternating pieces of 
black or clear coloured Plexiglas sheets (Figure 1). These sheets had a dual purpose, as they 
provided a simulated shelter area in the arena and also acted as a lid to prevent the fish from 
jumping out. Once all fish had been added, their movements were recorded for 20 minutes with 
the camera and subsequently tracked with the software Ethovision (v.12). For analytical 
purposes, the arenas were virtually divided into 6 different zones (center, middle and periphery) 
in Ethovision (v.12) and the presence of the sheltered area was set as a parameter. After the 
culmination of each trial, the fish were collected and kept in separate tanks from those 
individuals left to be run. The arenas were then cleaned and reset, in order to control for water 
conditions and mitigate the influence of pheromone contamination.  
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Figure 1. Schematic depiction of the experimental set up and zone parameters used in the open field shelter test. (a) 
Schematic illustration of the open field shelter test configuration when nine arenas were used. (b) Topographic 
illustration of the virtual zone divisions of the open field shelter arena. Where the arena is partitioned into central 
(C), middle (M) and peripheral (P) zones, and is further subdivided into sheltered and non-sheltered sectors.  
 
Scototaxis 
 
In this study, a cuboidal open roofed Scototaxis tank was used, which measured 55 x 15 x 15 cm. 
The layout of the tank was such that half the tank was made out of black Plexiglas, with the other 
half being constructed from clear Plexiglas (Figure 2). The half made from clear Plexiglas, was 
subsequently wrapped in a white opaque film, with the exception of the base, which gave the 
illusion of sides being opaque. The tank was divided into three compartments of unequal size, 
where the end compartments were analogous in size, with a dimension of 22.5 x 15 x 15 cm 
(Figure 2). In contrast, the center compartment was smaller (10 x 15 x 15 cm) and represented 
the intersection between the two halves, and therefore was half black and half white in 
composition (Figure 2). In preparation for each trial, the Scototaxis tank was placed on top of the 
IR board and the camera (JVC TK-C9510E) was positioned directly above, at a distance of 90 
cm, as to capture an overhead bird’s-eye view (Figure 2). Then, 1500 ml of copper-free water 
was added to the arena. A fish was subsequently added to the central compartment and recording 
and tracking of the trial was initiated. After a habituation period of 3 minutes, the two interior 
walls were simultaneously removed and monitoring and tracking continued for an additional 15 
minutes. Only the monitoring and tracking post habituation was used in the analysis. Following 
the culmination of each trial, the individual was allocated to a post-trial set of tanks and the arena 
was thoroughly cleaned and re-set. 
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Figure 2. Schematic depiction of the experimental set up and zone partitioning used during the Scototaxis test. (a) 
Schematic showing the layout of the Scototaxis test. (b) Illustration showing the tank partitioning, where the dashed 
lines represent the placement of the removable walls that were removed after the habituation period.  
 
Novel dive test 
 
In this study, zebrafish were placed singly into clear Plexiglas cuboidal tanks that measured 25 x 
20 x 5 cm. Before the addition of each individual, the tanks were filled with 1500 ml of copper-
free water. The tanks were then placed against an IR board, in either a pair-wise or quad-wise 
formation (Figure 3). The camera (JVC TK-C9510E) was subsequently mounted in front of the 
board, at a distance of 1.5 m as to be able to aptly record the trial. Fish were then simultaneously 
added to the prepared novel dive tanks, the tanks capped and their movements recorded with the 
video camera and tracked with the video tacking software Ethovision (v. 12). Each trial was 
tracked for 6 minutes. In order to be able to quantify the movement of the fish, in respect to 
exploratory behaviour, each tank was virtually divided into three zones of equal size with respect 
to the water line in Ethovision (v.12) (Figure 3). Following each trail, the fish were transferred 
into a post-trial arena, the tanks cleaned and the experiment re-set. 
 

Figure 3. Schematic illustration of the layout and zone partitioning used during the novel dive test. (a) Schematic 
showing the experimental setup for the two-arena formation. (b) Illustration showing the virtual zonal divisions, 
where the tank was divided into a bottom (1), middle (2) and top (3) zone. 
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Experimental design and criteria 
 
Testing for inter and intra population differences between selectively bred strains of zebrafish 
 
In order to ascertain the degree to which the proactive-reactive behavioral paradigm in heritable, 
89 selectively bred individuals (31 bold males, 17 bold females, 23 shy males and 18 shy 
females) were compared across two behavioral tests, the open field shelter test and the novel dive 
test. The individuals used in this study were first tagged with the VIE system and subsequently 
given 7 days of recuperation. They were then run on the open field shelter test, and 2 days later 
in the novel dive test. All tests were conducted in accordance with the procedures outlined above 
and between the hours of 10:00 – 18:00 as to mitigate the influence of circadian rhythm 
interference.   
 
Testing for inter population differences between AB, Spd and wild caught zebrafish 
 
To determine if, and to what extent, variation exists across strains, three different behavioral tests 
were run and the results compared. Specifically, the open field shelter test, Scototaxis model and 
novel dive test were used in accordance to the parameters established above. In each test the 
same 72 fish were scored, whereby 18 individuals from the AB, Spd normal, Spd chronic and 
wild type strains were analyzed, with an equal split between males and females. First, individuals 
were tested on the open field shelter test, followed by 6 days of rest. Then individuals were run 
through the novel dive test and after a minimum of 3 days of rest, the fish were individually run 
in the Scototaxis apparatus. The tests were again performed between 10:00 – 18:00 as to not 
interfere with the circadian rhythm. 
 
Statistical analyses were then divided in respect to the aims of this study, whereby inter 
population differences were evaluated between AB, Spd normal and wild type strains, and a 
separate comparison was performed for variation between Spd normal and Spd chronic strains.  
 
Parameters for assessing behaviour 
 
In order to be able to make determinations and inferences, and subsequently quantify the 
behavioral responses of the various strains, seven different parameters were measured. 
Specifically, total and mean distance, mean velocity, frequency, time spent per zone, transitions 
and distance to center point, were the parameters used in this study. Determination of what 
parameters were compared for in each test was evaluated based on pertinency. These 
measurements were further taken in respect to zones. For the open field shelter test, the only 
zone delineation of interest, for this study, was in respect to shelter-non-shelter preferences and 
therefore the data was only compared in respect to these divisions. In the case of the Scototaxis 
test, the data was analyzed in reference to light and dark zones. Conversely, for the novel dive 
test, analyses were performed in respect to the bottom, middle and top zonal divisions.  
 
Due to the scope of this project, only inter strain sex specific comparisons were conducted for 
strain differences between AB, Spd normal and wild type and likewise for the Spd chronic and 
normal lines. For comparison of the selectively bred lines however, both inter and intra 
population differences were compared.    
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Statistical analyses  
 
A multifaceted set of analytical techniques were used to determine to what extent, if any, 
variation existed in the proactive-reactive behavioral profiles across various strains of zebrafish. 
The data was analyzed and quantified in respect to the behavioral test from which it was 
collected. First, a statistical output, which contained all the parametric data for each test, was 
obtained from Ethovision (v. 12). The data was then run through a series of Shapiro-Wilk tests in 
order to check for normality. As the data was found not to be normaly distributed, non-
paramametric testing, specifically the Friedman and Mann–Whitney U tests, were used for 
analytical purposes where two independent vairables were being tested for. The statistical 
analyses were performed in SPSS (v. 2) with a confiedence interval of 95% and the diagrams 
were created with graphpad prism.  
 
Ethical Consideration 
 
All experimental protocols and housing conditions used in this study were in accordance with 
EU and Swedish legislation. Ethical consideration and permission was provided by the Uppsala 
Ethical Committee/Board (Dnr 55/13). 
 
Results 
 
Intra and inter population differences between selectively bred strains of zebrafish 
 
Open field shelter test 
 
Open field testing was conducted on 89 selectively bred F1 individuals. These strains were found 
to differ significantly in terms of total distance moved and speed (velocity) both within and 
between lines (Figure 4). Specifically, it was found that bold males travelled the greatest distance 
and had the highest velocity, followed by shy females, then bold females and lastly by shy males 
(Figure 4). In addition, bold males were found to differ significantly from both bold females (p = 
0.029, p = 0.059) and shy males (p = 0.002, p = 0.005) in regards to both velocity and total 
distance travelled (Figure 4). Furthermore, shy females were found to differ significantly from 
shy males (p = 0.0035, p = 0.0041) as well as from bold females (p = 0.029, p = 0.035) for the 
parameters mean velocity and total distance travelled (Figure 4). 
 
Conversely, a number of analyses were conducted in reference to shelter vs. non-shelter 
preferences. Analogously to the previous parameters, bold males had the highest frequency 
measurements between the two zones, followed by shy females, bold females and lastly by shy 
males (Figure 4). It was further found that bold males differed significantly from both bold 
females (p = 0.001) and shy males (p = 0.001), whereas shy females differed significantly only 
from shy males (p = 0.004) in respect to frequency within the zones (Figure 4). In regards to time 
spent in the differing zones, both bold and shy strains spent more time in the non-sheltered zone, 
with the latter having a higher propensity for the non-sheltered side when the two strains were 
compared (Figure 4). 
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Figure 4. Measurements of individuals’ behaviour from two selectively bred groups of zebrafish when run in the 
open field shelter test. Analyses were performed for inter and intra population variation. Asterisk indicates level of 
significance. 
 
Novel dive test 
 
The novel dive test showed that across almost all parameters measured, bold males had the 
greatest activity level, followed by shy females, bold females and lastly by shy males (Figure 5). 
Specifically, there was a significant difference found between shy females and shy males (p = 
0.005) for the total distance moved (Figure 5). In regards to mean velocity, bold males were 
found to significantly differ from both bold females (p = 0.026) and shy males (p = 0.001), and 
shy males from shy females (p = 0.004) in regards to this parameter (Figure 5).   
 
Conversely, a number of significant differences were observed in regards to frequency. That is, 
bold males differed significantly from bold females (p = 0.002) and shy males (p = 0.002), 
whereas shy females differed significantly from only shy males (p = 0.063) in respect to 
frequency in the bottom zone (Figure 5). In regards to the frequency in the top zone, bold males 
differed from both bold females (p = 0.005) as well as from shy males (p = 0.027) (Figure 5).  
 
There were also a series of differences in regards to time spent in the top and bottom zone 
between the different groupings. In the bottom zone, bold males were again found to differ from 
both bold females (p = 0.001) and shy males (p = 0.001), and shy males differed from shy 
females (p = 0.02) in regards to time spent in the bottom zone (Figure 5). Conversely, for the top 
zone, shy males were found to significantly differ from both bold males (p = 0.002) and shy 
females (p = 0.012) in the amount of time spent in this zone (Figure 5). 
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Figure 5. Measurements of individuals’ behaviour from two selectively bred groups of zebrafish when run in the 
novel dive test. Analyses were performed for inter and intra population variation. Asterisk indicates level of 
significance. 
 
Inter population differences between AB, Spd normal and wild caught zebrafish 
 
Open field shelter test 
 
The results of the open field shelter test for when AB, Spd normal and WT strains were 
compared showed that the strains significantly differed from one another across a number of 
parameters. For whole arena total distance and velocity measurements, AB males were found to 
differ significantly from both WT males (p = 0.001, p = 0.001) and Spd males (p = 0.003, p = 
0.003), likewise WT males also significantly differed from Spd males (p = 0.007, p = 0.006), in 
respect to these two parameters (Figure 6). Conversely, in the sheltered zone AB males were 
found to significantly differ from both WT (p = 0.002, p = 0.001) and Spd (p = 0.001, p = 0.004) 
males in respect to both zonal distance and speed (Figure 6). In contrast, AB males significantly 
differed from WT males (p = 0.002) for distance moved within the non-sheltered zone (Figure 
6). Further, velocity measurements for the shelter zone showed a high degree of variation 
between strains, with AB males differing from WT (p = 0.009) and also Spd (p = 0.001) males, 
WT males from Spd males (p = 0.007) and WT females significantly from Spd females (p = 
0.019) (Figure 6).  
 
The number of zone transitions was further analyzed and there was a significant difference found 
between the number of zone transitions that WT males made in comparison to both AB (p = 
0.000487) as well as Spd (p = 0.001) males. WT females subsequently were found to differ from 
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Spd females (p = 0.002), and AB males from Spd males (p = 0.038) in regards to the number of 
zone transitions made (Figure 6). 
 

 
Figure 6. The behaviour exhibited by males and females from three strains of zebrafish, when run on the open field 
shelter test. The three strains of zebrafish were WT, AB and Spd normal. Asterisk indicates level of significance. 
 
Scototaxis 
 
The three strains (AB, Spd normal and WT) were found to significantly diverge from each other 
in respect to both the total distance travelled and also distance travelled within the zones. For the 
total arena measurements, WT males differed significantly from AB (p = 0.024) and Spd (p = 
0.009) males, where as AB females significantly differed from WT females (p = 0.031) in 
regards to total distance moved (Figure 7). In contrast, there were fewer deviations in distance 
travelled when the measurements were delineated by zone. In the non-shelter zone, the WT 
males significantly differed from both AB (p = 0.015) and Spd (p = 0.005) males in regards to 
zonal distance moved (Figure 7). Conversely, in the sheltered zone, the WT males were found to 
significantly differ from only Spd males (p = 0.009) for in zone distance travelled (Figure 7). 
 
Divergences were analogously found in respect to mean velocity, where the WT females differed 
significantly from the AB females (p = 0.031) and the WT males differed from AB males (p 
=0.024) (Figure 7). In contrast, there were only significant differences in velocity found between 
WT males and AB males (p =0.047) in the non-shelter zone, when analyzing the data for zone 
specific parameters (Figure 7). 
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Differences between zone preferences were also examined, whereby WT males were found to 
significantly differ from AB males (p = 0.051) in the context of how many zone transitions were 
made (Figure 7). 
 

 
Figure 7. The behaviour exhibited by males and females from three strains of zebrafish when run in accordance to 
the Scototaxis behavioral test protocol. The three strains of zebrafish were WT, AB and Spd normal. Asterisk 
indicates level of significance. 
 
Novel dive test 
 
A plethora of significant differences were found when WT, AB and Spd normal strains were run 
on the novel dive test.  Specifically, WT males were found to significantly differ from Spd males 
(p = 0.012), and WT females differed from AB females (p = 0.012) in regards to total mean 
velocity (Figure 8). Likewise, WT males differed significantly from Spd males (p = 0.012), 
whereas WT females differed from both AB (p = 0.012) and Spd (p = 0.001) females for mean 
total distance travelled (Figure 8). There were also variations observed in the mean distance 
travelled in the bottom zone, where WT males were found to differ from both AB (p = 0.026) 
and Spd (p = 0.005) males, and WT females differed from AB females (p = 0.016) for this 
parameter (Figure 8). Differences were also found in respect to distance moved within the 
middle zone, where AB males were found to differ from WT (p = 0.001) and Spd (p = 0.000) 
males to a significant extent (Figure 8). 
 
Measurements for zone transitions showed a significant difference in the number of transitions 
made between the bottom and middle zones between WT and Spd (p = 0.000) males (Figure 8). 
Transitions from the middle to top and bottom to top zones further showed parallel differences, 
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with WT males significantly differing from Spd males (p = 0.000, p = 0.021), and WT females 
from AB (p = 0.018, p = 0.014) and Spd (p = 0.005, p = 0.01) females, respectively (Figure 8). 
 

 
Figure 8. The behaviour exhibited by males and females from three strains of zebrafish, when run on the novel dive 
test. The three strains of zebrafish used were WT, AB and Spd normal. Asterisk indicates level of significance. 
 
Inter population differences between Spd normal and chronic strains of zebrafish 
 
Open field shelter test 
 
Divergences were only found in two instances when parametric data from the open field shelter 
test was compared for Spd chronic and normal strains. Spd chronic males were found to 
significantly differ from Spd normal males (p = 0.003) and conversely Spd chronic females 
differed from Spd normal females (p = 0.001) in regards to velocity in the non-sheltered zone 
(Figure 9). 
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Figure 9. The behaviour exhibited by males and females from two strains of zebrafish, when run in the open field 
shelter test. The two strains of zebrafish used were Spd chronic and Spd normal. Asterisk indicates level of 
significance. 
 
Scototaxis 
 
The Spd chronic and normal strains were found to significantly differ in three instances, in each 
case the difference were between Spd chronic and normal females. The two groups of females 
were found to significantly differ in terms of total distance moved  (p = 0.019) (Figure 10). 
Conversely, there was a significant difference in the distance to the center point parameter in 
both the dark and light zones, where Spd chronic females had an elevated distance measurement 
in each case. In the dark zone, Spd chronic females differed significantly from Spd normal 
females (p = 0.047) and in the light zone they also significantly differed (p = 0.046) when tested 
on the Scototaxis model (Figure 10). 
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Figure 10. The behaviour exhibited by males and females from two strains of zebrafish when run on the Scototaxis 
model. The two strains of zebrafish used were SPD chronic and SPD normal. Asterisk indicates level of 
significance. 
 
Novel dive test 
 
The two Spd strains were found to have a series of relatively mild differences between them. 
These differences however were exclusively found between Spd chronic and normal males 
(Figure 11). The males were found to differ in regards to mean distance moved within the bottom 
(p = 0.002) and middle (p = 0.004) zones, respectively (Figure 11). There were further 
significant differences in regards to the number of transitions made between males from these 
two strains, where Spd normal males had a significantly higher number of zone transitions 
between the middle and top zones (p = 0.000) and between the bottom and top zones (p = 0.000) 
in comparison to that of Spd chronic males (Figure 11).  
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Figure 11. The behaviour exhibited by males and females from two strains of zebrafish when run in the novel dive 
test model. The two strains of zebrafish used were Spd chronic and Spd normal. Asterisk indicates level of 
significance. 
 
Discussion 
 
Due to the nature of this study, an overarching and comparative set of analyses between the three 
study questions was not possible. This is because one set of analyses examined both intra and 
inter population differences whereas the other two looked solely at the latter. Therefore, the 
remainder of the discussion shall be divided by the same criteria. 
 
Intra and inter population differences between selectively bred strains of zebrafish 
 
The results from this study, at the most rudimentary level, show that there is both intra and inter 
strain variation in locomotory and exploratory behaviour in the activity profiles of selectively 
bred strains of zebrafish. Not only does variation exist, but it exists to a large and formulaic 
degree. That is, under intense selection pressure the males have routinely been found to develop 
an exaggerated continuum of behavioral responses in comparison to that of females (Dahlbom et 
al. 2011, Ricci et al. 2013). One explanation that has been proposed for why there is this 
difference is in regards to social dominance (Dahlbom et al. 2011, Ricci et al. 2013). This theory 
is based on the supposition that males are disproportionally adversely affected by hierarchal 
order if they are relegated to the bottom of the social stratum, as they experience heightened and 
constant levels of stress (Dahlbom et al. 2011, Ricci et al. 2013). The ruminating implications 
that this has in regards to the exaggerated range of behaviours witnessed, is that selectively bred 
shy males, as a consequence of their genetic predisposition and rearing, are extremely timid and 
apprehensive in demeanor (Dahlbom et al. 2011). It is this condition, which is starkly juxtaposed 
to their dominant counterparts, which may account for this expansive range in activity profiles.  
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Further, there seems to be evidence that suggests that this continuum is predictable and therefore 
stable, as the same pattern was observed across all except one parameter in regards to the activity 
level of the zebrafish. That is, bold males were routinely found to be the most active, followed by 
shy females, bold females and lastly by shy males. In addition, there was a relatively equal level 
of differentiation found within and between the strains, but inter strain male specific differences 
were the most abundant. These results are in accordance with published literature, which 
surmises that intra strain sex differences have less of an impact on behaviour then strain 
differences do (Moretz 2007, Wong et al. 2014). The underlying mechanism of this construct has 
been elucidated by the work of Wong and colleagues (2014), through a series of neural 
molecular assays. Their work found there to be variation in gene expression between males and 
females when basal level assays were performed on differing strains of zebrafish (Wong et al. 
2014). However, it was subsequently found that these genes played a minor role in altering the 
actual behavioral profiles under both regular and heightened selection pressures (Wong et al. 
2014). Therefore, it is postulated that sex-affiliated genes play a secondary role in influencing 
reactionary responses in zebrafish, by way of influencing hormonal regulation and production 
(Moretz 2007, Wong 2014). These findings therefore confer with and provide a molecular basis 
to the behavioral observations noted, which showed inter strain, male-to-male differences to be 
the most common.  

Inter population differences between AB, Spd normal and WT as well between Spd normal and 
chronic strains of zebrafish 

There is likewise evidence that inter strain variation does exist between the differing strains of 
zebrafish tested for in this study. In the strain comparative models where AB, Spd normal and 
wild type strains were compared, it was found that the wild type strain was juxtaposed in activity 
level to that of the AB and Spd normal lines. These findings are congruent with published 
literature (Rohner et al. 2009, Vignet et al. 2013). The heightened behaviour of AB is believed to 
be a result of behavioral domestication, characterized by an alteration in selection and predatory 
pressures, which has resulted in an accentuated bold coping style to anxiety (Vignet et al. 2013). 
Conversely, the SPD normal line is transgenic and as a consequence, has a heightened set of bold 
characteristics particularly in regards to exploration (Rohner et al. 2009). Though an apparent 
difference existed between the profiles of the wild type strain with that of AB and Spd normal 
lines, there was no clear and unambiguous trend in regards to which of these two strains had a 
more pronounced proactive or reactive behavioral profile. 
 
In regards to inter strain variation between the Spd normal and chronic lines, a minor degree of 
significant variation was observed when comparative analyses were performed across multiple 
parameters. However, no inferences of substance can be made in regards to the exact effect that 
early life chronic stress has on the development of ones’ behavioral reactionary response profile, 
as a certain level of ambiguity existed in the results from this study. One would predict however, 
that there would be an obvious difference in the behavioral profiles between the Spd normal and 
chronic strains based on the known effect that stress has on development (Bhat et al. 2015, Ricci 
et al 2013). Specifically, teratogenicity caused by stress experienced during or before the 
juvenile stage of development, has been found to cause a series of adverse developmental 
disturbances and malformations in neurological and endocrinological processes (Bhat et al. 
2015, Ricci et al 2013). One such established consequence is in respect to alteration of the 
anxiety stress response (Bhat et al. 2015, Ricci et al 2013). However, it has been further shown 
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that these reactionary anxious responses are not static and rather develop in relation to 
environmental factors and experiences, and are thus age dependent (Oliveira et al. 1998). 
Therefore the findings from our study further qualify that these behavioral profiles are not fully 
pre-determined but rather are context dependent and thus, affected by environmental and 
possibly epigenetic factors and that a certain level of plasticity exists in these traits. 
 
Robustness of these behavioral tests 

In order to be able to make inferences and conclusions based on the results from these three tests, 
the validity, particularly in the ability to compare findings across models was assessed. There 
was a high degree of similarity found between the output from Scototaxis and open field shelter 
tests, which holds as these two models both evaluate innate anxiety and is also congruent with 
other published findings (Maximino et al. 2010, 2012). Conversely, the novel dive test showed 
the same general trends, however differed in the exact inferences and correlations found, but in 
all cases showed there to be a higher degree of differentiation between the strains. It should be 
noted again however, that this is a rudimentary comparison of these models due the range in 
parameters and scope of this project. However, general trends could be discerned. 

For the selective breeding comparison, the two tests used could be aptly compared as the same 
parameters were used for both. As such, analogous patterns were seen between the novel dive 
test and open field shelter model, with the exception of the time measurement. In regards to this 
parameter, the two tests were starkly contrasting in their findings.  

In regards to inter strain comparisons between the established lines, that is AB, Spd and wild 
type, comparisons in respect to the robustness of the behavioral models was limited as few of the 
parameters were analogously used across the three models. However, differences in the output of 
the behavioral tests were apparent. Specifically, when the AB, Spd normal and wild type strains 
were compared, male-to-male differences were more prevalent in both the open field and 
Scototaxis models. The results ascertained from comparison of the Spd normal and chronic 
strains show, in general, notable and divergent differences in the results from the novel dive test 
in comparison to that of the other two. Specifically, in the open field shelter test and Scototaxis 
model the majority of the significant differences were found between females, whereas in the 
novel dive test differences were exclusively seen to be between males when the Spd lines were 
compared. 
 
These differences in findings are not surprising and are further in line with published research, 
with some researchers questioning whether the same paradigm is actually being evaluated across 
the tests (Maximino et al. 2010, 2012). This notion is particularly evident when xenobiotics are 
being tested for in these models, as they seem to have different susceptibility and responsiveness 
depending on the composition of the agent (Maximino et al. 2012). Therefore, it seems apparent 
that in order to conduct a thorough and scrupulous evaluation, multiple different models are 
necessary and needed in order to fully and aptly measure responses to anxiety. 
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The roles that genetic versus environmental factors have in determining proactive-reactive 
coping strategies 

Inferences in regards to the duality of the nature of these behavioral profiles, that is the extent to 
which genetic versus environmental factors have in determining said responses, can be made 
from our results. As previously established, there is evidence from this study that confirms there 
is a genetic underpinning to these profiles, as it has been explicitly illustrated that selective 
manipulation and exaggeration of the proactive-reactive continuum is possible, which 
necessitates a degree of heritability (Moretz et al. 2007). In contrast however, the plasticity and 
context dependency seen within the results, for instance in the differences in profiles between 
wild type and AB fish, indicates that environmental factors likewise have ruminating 
implications in regards to determining the inter-individual responses to stress (Bhat et al. 2015). 
This therefore equates that both genetic and environmental factors influence the development of 
proactive-reactive coping strategies in zebrafish.  
 
Future Studies 
 
It is evident that this bold-shy axis is multifaceted and dynamic and therefore that both 
behavioral and molecular assays are necessary in order to understand how this system works and 
what its’ implications and limits are. Therefore, large-scale future tests that explicitly evaluate 
the behaviour in relationship to both the neuro-endocrine transmission and genetic profile of the 
same individuals would allow for exhaustive comparative modeling. Further, performing 
analyses on both intra and inter strain comparisons for the established strains, would both bolster 
the findings and allow for a more comprehensive analysis to be performed. In addition, running 
the same individuals multiple times through these models may also augment the findings from 
this study, as it would mitigate the risk of behavioral stochasticity. Moreover, this would further 
allow for a more robust comparison of the comparability of the different behavioral models to be 
performed.  

Conclusions 
 
In short, we were able to show that there appears to be a heritable component to personality, as 
evident through selective breeding regimes. Conversely, that a discernable difference in 
behavioral profiles exists between established strains of zebrafish. However, it is unclear what 
effect, if any, early life chronic stress has in regards to personality and behaviour, but does 
indicate that environmental factors do have an effect on determining behavioral profiles.   
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