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1 Sammanfattning 

Tidigare har termen personlighet främst använts när man beskriver människor, 

men observationer av konsekventa beteendesvar hos djur visar på att även djur 

verkar ha personlighet. Uttryck av skillnader i personlighet, i likhet med uttryck 

av variation i beteende, är beroende av genetisk bakgrund, miljöfaktorer och 

erfarenheter. Genom att uppskatta ärftlighet av beteende kan man bestämma i 

vilken grad som gener påverkar det fenotypiska uttrycket av beteende. Det finns 

inte många studier som har gjort detta. Därför var syftet med denna studie att 

undersöka hur konsekventa beteenden är och hur ärftlig personlighet är hos 

kycklingar av röda djungelhöns (Gallus gallus). Hur konsekventa beteenden var 

inom individer (n = 100) bestämdes från deras responser u upprepade försök av 

novel arena-tester, novel object-tester samt tonic immobility-tester. En 

jämförelse mellan avkomma och föräldrar (båda med kända personligheter) 

gjordes i linjär regression vilken möjliggjorde uppskattning av ärftlighet av 

beteende. Resultatet visade på konsekventa beteenden i utforskande, djärvhet, 

risktagande och rädsla. Ärftlighet hittades i utforskande, risktagande och 

födosökande beteende. Detta visar på att personlighet hos röda djungelhöns, i 

likhet med andra arter, har både ärftliga och miljömässiga delar.  

Ett viktigt mål i biologiundervisning är naturvetenskapligt arbetssätt. Hypotes, 

experiment, analyserande av resultat och resultatdiskussion är i fokus, där 

processen är viktig för lärande och kunskap. Genom att praktiskt få utföra en 

forskningsstudie ökar förhoppningsvis intresset för biologi och naturvetenskap 

hos svenska elever.  

Nyckelord: Djärvhet; Kycklingar; Naturvetenskapligt arbetssätt; Risktagande; 

Rädsla; Utforskande 

1.1 Abstract 

Observations of consistency in behavioural responses in animals suggest that 

animals have personality, a term previously mainly used when describing 

humans. The expression of differences in personality, similar to expression of 

variation in behaviour, is in principle dependent on genetic background, 

environmental factors and experiences. Therefore, by estimating heritability one 

can determine to which extent the genes affect the phenotypic expression of 

behaviour. This has rarely been done for variation in animal personality. The 

aim of the present study was therefore to estimate the consistency and 

heritability of personality traits in red junglefowl chicks (Gallus gallus). 

Consistency of behaviours within individuals (n=100) was determined from 

their responses to repeated novel arena tests, novel object tests and tonic 

immobility tests. A comparison between the offspring and the parent generation, 

both with known personalities, through a linear regression enabled me to 

estimate heritability of behavioural responses in these birds. The results showed 

a consistency in exploratory, boldness, risk-taking behaviour, and fearfulness in 

red junglefowl. Additionally, heritability estimates for exploratory, risk-taking 
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and foraging behaviours were found. Taken together, this shows that in the red 

junglefowl, similar to in other species, personality have both a heritable and an 

environmental component.  

An important aim in biology education is the scientific approach, where 

hypothesis, experimentation, processing results and discussing the results are in 

focus. Learning and gaining knowledge through the process is a key factor, and 

will hopefully increase the interest in science among Swedish pupils.  

Key words: Boldness; Chicken; Exploration; Fearfulness; Scientific approach 

and education; Risk-taking  

2  Introduction 

The term personality has previously mainly been used when describing humans, 

but is more and more used also in non-human animals. Personality is defined as 

behaviours that differ between individuals, but that are consistent across context 

and/or time within individuals (Gosling 2001). Such consistencies in behaviour 

have been found in, for example aggressive behaviour and activity in urban 

spiders (Larinioides sclopetarius) (Kralj-Fišer & Schneider 2012), and in early 

exploratory behaviour and in risk-taking behaviour in great tits (Parus major) 

(Verbeek et al. 1993; van Oers et al. 2003). The observation of consistency in 

behavioural responses contradicts the traditional view of behaviour where from 

an adaptive perspective animals were thought to change their behaviour 

depending on current conditions in a fully flexible and adaptive manner (Dall et 

al. 2004). In other words, the observations that also animals have personality 

suggest that there are constraints in behavioural plasticity. 

 

In general, the expression of behaviour is dependent on factors such as genetic 

background and the environment (Siegel 1979) as well as experiences (Stamps 

& Groothuis 2010). To determine to which extent genes play a part in the 

phenotypic expression of behaviour one can estimate the heritability of 

behaviour (Falconer 1989). Estimations of heritability of behaviours can explain 

how much genetics influence variation observed in behaviour. Values of 

estimated heritability (h
2
) in animal personality are generally low (Falconer 

1989), where values of h
2  

lower than 0.5 often are found, although exceptions 

with higher estimations exists. Relatively low estimates are due to high 

sensitivity to environmental factors, and values received are highly situation-

specific and refers to a specific population under specific conditions (Falconer 

1989; Drent et al. 2002). Heritability of personality is rarely estimated, but is 

important for the understanding of why behavioural responses may appear less 

flexible. Heritable variation of personality traits within a population can also 

explain how well a population can respond and adapt to change (Dall et al. 

2004). There are only few studies that have estimated heritability of personality 

in animals (e.g. Drent et al. 2002; van Oers et al. 2003; Taylor et al. 2012). It is 



 6 

therefore still unclear if certain personality traits are more heritable than others 

or if some traits are more sensitive to environmental change (Taylor et al. 2012).  

 

Previous studies have estimated heritability of personality in animals such as; 

aggression in zebrafish (Danio rerio) (h
2 
= 0.36) and in urban spiders (h

2 
= 0.38) 

(Kralj-Fišer & Schneider 2012; Ariyomo et al. 2013); boldness in zebrafish (h
2 
= 

0.76) (Ariyomo et al. 2013); coping behaviour, exploratory behaviour (h
2
 = 

0.10-0.81) and risk-taking behaviour (h
2
= 0.32) in great tits (Drent et al. 2002; 

van Oers et al. 2003).  

 

In the present study, red junglefowl was used as a test subject. Red junglefowl is 

commonly used in ethological research, and is likely the ancestor to all the 

domesticated breeds of chicken today (Fumihito et al. 1994). Chickens are a 

precocial (i.e. well-developed at hatching), which makes the chicks less 

dependent on their mothers which in turn reduces maternal effects that otherwise 

could mask genetic effects. The red junglefowl are also easy to breed and 

habituate to human handling, thus can be used in research at an early age. In red 

junglefowl, heritability of personality has not yet been investigated. However, 

heritability of several relevant behaviour and life-history traits has been 

calculated. For example, fear of humans (h
2
 = 0.17), weight (h

2
 = 0.47), tonic 

immobility (h
2
 = 0.08), foraging propensity (h

2
 = 0.03) and exploration 

propensity (h
2
 = 0.12) (Agnvall et al. 2012). 

The aims of the present study were to estimate the consistency and heritability 

of personality in red junglefowl chicks. A comparison was made between 

parents, with known personality, and their offspring. By using three behavioural 

tests (novel arena, novel object and tonic immobility) personality of individuals 

was scored. A novel arena test is often used to measure exploratory behaviour 

and boldness in animals, and a novel object test can be used as a measurement of 

neophobia (Verbeek et al. 1993; van Oers et al. 2003). Tonic immobility is a test 

typically used in applied ethology estimating fearfulness in poultry (Nash & 

Gallup 1975). 

2.1 Knowledge, learning and teaching biology 

Learning can be gained through literature that provides a theoretical 

background. Learning can also be obtained through social contexts and 

interaction with other people, through actions, artefacts and experiments where 

knowledge can be tested, interpreted and valued and, when learning occur, 

knowledge is integrated within an individual’s way of thinking (Säljö 2000; 

Gunnarsson 2008). Learning often occurs in, and is often tied to, specific 

situations, for example in school activities, but can also be gained through 

interactions and encounters with your surroundings and with other people. By 

using theoretical knowledge in practical work, the knowledge is processed and 
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illustrated in many ways, and this can enhance the learning process for an 

individual (Gustavsson 2002). 

Knowledge in biology is about learning facts, terms and concepts, and to know 

how to use this knowledge in different contexts to build an understanding for 

theories and ordinary phenomena, but also to be able to critically evaluate 

information (Gomez 2006). Theories and models are central in science and 

biology, and it is important to know how theories and models develop (Gomez 

2006; Skolverket 2011). Through experiments one can test the interplay between 

theory and practice, test hypotheses and models, interpret the results and 

examine the validity of the theory (Gomez 2006; Skolverket 2011). The 

complex interplay is illustrated in figure 1 (Berglund 2013). The aim in biology 

education is to teach the students in how to develop a scientific approach to 

terms and concepts, the meaning of theories and models, and scientific and 

biological methods (Skolverket 2013).  

 

Figure 1. Image illustrating the complex interplay between theory, concepts, models 
and experiments in science and biology (Berglund 2013). 

To teach students how important the process in an experiment is they have to 

perform a study of their own. From that experience they can learn the process in 

which a hypothesis is developed and the planning and execution of a study with 

data collection, analysis and discussion of the results.  

The aim of this literature study was to describe how learning could be gained 

through a process, and also, to describe how a scientific study could be used to 

fulfill part of the course objectives in the ‘gymnasie’-course Biology 1. The 

focus of the scientific study was on evolution and ethology (where animal 

behaviour and function of the behaviours was central), and was also including 

hypothesis, method, work process, statistical analysis, results and discussion. 
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The aim was also to create examples of tasks that could be used when teaching 

ethology, tasks where biological methods were in focus.  

3 Materials & Methods 

3.1  Animals and housing 

Two generations of red junglefowl chicks were used in this study. The parent 

generation consisted of 36 (N females = 18, N males = 18) chicks from 17 families, 

where 27 had known personality scores. The second generation was hatched in 

two batches consisting of a total of 100 (Nfemales 
 
= 54, Nmales  = 46) chicks from 

18 families. Eggs from the 18 families were incubated, and at day 17 the eggs 

were placed separately in compartments made of plywood, steel and wire mesh, 

enabling identification of chicks after hatching. When the chicks hatched, they 

were weighed and wing tagged. The chicks were kept at Linköping University 

(department of Physics, Chemistry and Biology) in mixed-sex groups in a 0.5 m
2
 

enclosure with wood shavings as bottom substrate, and the chicks were provided 

with a heat lamp, food and water. The ambient room temperature was kept at 

about 27
 o
C and the surrounding light was kept on timers with 12:12 h light and 

dark. After three weeks, the enclosure was extended to ca. 2 m
2
, the heat lamp 

was removed and the chicks were provided with perches, food and water. When 

the chicks were four weeks old behavioural tests were conducted during three 

consecutive days, and then again repeated when the chicks were six weeks old to 

enable estimation of consistency in their responses to the tests. 

3.2  Behavioural tests 

The method for this study was a replicate of the method used by a previous BSc 

student (in 2012) who tested the behavioural responses of parents of the current 

generation of chicks (Vennerholm 2012). By using the same method, 

corresponding data could be collected which enabled the comparison of related 

individuals (parents and offspring) and estimation of heritability. The data 

collection was performed between April 15 and May 23 2013. 
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3.2.1 Novel arena and novel object tests 

For the novel arena test and the novel object test two arenas were built in 

plywood (76 x 114 cm).The floor of the arena consisted of rubber carpets which 

were covered with a substrate, various for the different test occasions with wood 

shavings at 4 weeks of age and shredded cardboard at 6 weeks of age. Substrate 

was changed between the test occasions to keep the arenas novel, for the chicks. 

The arenas were divided into 6 imaginary squares (sections), in order to estimate 

the movement of the chick in the arenas (figure 2.). A metal grid was used to 

cover the roof of the arena, to prevent the chicks from escaping. Familiar food 

and water containers were placed in the arena to obscure the full view and 

encourage exploration (see figure 2).  

 

Figure 2. A schematic view of the test arenas red junglefowl chicks were exposed to. 

Circles symbolises placement of familiar food and water containers in the arena a) 

during the first novel arena test and novel object test, b) during second novel arena 

test and novel object test. The lines are symbolising imaginary subareas of the test 

arena. 

The two arenas were placed in a nearby lab room, and placed next to each other. 

Two cameras were placed to cover both of the arenas and all angles. In addition 

to the existing lighting in the room, two extra spotlights and a desk lamp were 

directed over the arenas, to create as similar light conditions as possible in the 

arenas, and reduce shadows over them. The observations were made through 

camera surveillance and the observers were seated behind a partition, to not 

affect the chicks with their presence. On the first testing day, half of the chicks 

were transported in a cardboard box from their home pen to the testing area, 

which lay in a nearby house. The chicks were housed in two cages 0.60 x 0.70 x 

0.70 m (height x width x length) when not participating in the tests, containing 

food, water, perches and wood shavings while away from their home pen. The 

chicks were familiar with these cages, but were left to habituate to the 

environment for approximately one hour before the testing procedure started. 

After testing, chicks were returned to their home pen. On the following day the 

same procedure was repeated on the remaining half of the chicks.  
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First the novel arena test was conducted. Before the novel arena test started the 

lights were turned off to create a dimly lit and calming atmosphere in the room. 

A chick were then collected and put in the arena and the metal grid was placed 

over the arena as a lid. The observer then went behind the partition and turned 

on the light and the novel arena test started. To investigate variation in activity, 

exploration, fearfulness and vigilance an ethogram (table 1) was used and the 

chicks’ behaviours were recorded with instantaneous recording for 10 min with 

10 sec intervals. Additionally, latency to move, latency to vocalize, latency to 

explore all areas, activity in the arena (total movement), and total escape 

attempts was recorded, capturing various aspects of individual personality. 

The novel object test followed directly after the novel arena test. When the 10 

min of the novel arena test had passed the lights were turned off again to darken 

the room. The novel object was then placed in the arena on the opposite side 

relative to the chick (if possible, some chicks ran towards the observers hand 

and the novel object was then placed close to the chick), and the metal grid was 

placed over the arena as a lid. The observer returned behind the partition, turned 

on the lights and the novel object test started. The same recording procedures as 

used in the novel arena were made in this test. The latency to interact with novel 

object was also recorded, if there was an interaction.  

The novel object that was used when the chicks were 4 weeks of age, was a 

round plush toy, with large eyes, a nose, ears, small arms and feet’s, and had a 

tail. The plush toy was brown, orange and beige in colours and was about 15 cm 

high. The novel object used when the chicks were 6 weeks of age was a plush 

toy with the same size and looks except was coloured white, black and grey, 

which gave the eyes more contrast.  

In both the novel arena test, and in the novel object test, following behaviours 

were recorded; stand, walk, run, alert stand, alert walk, head down, peck, preen, 

lie down, freeze, other, total number of escape attempts, total number of 

movements, latency to move, latency to vocalize, latency to explore all subareas, 

and latency to interact with the novel object (only in the novel object test) (see 

definitions for the behaviours in table 1). 

Table 1. Recorded behavioural responses of red junglefowl chick exposed to a novel 
arena test and a novel object test. 

Behaviour Description of the behaviour 

Stand 
 

standing still, having an un-stretched neck, stomach not touching 
ground 
 

Walk process of moving both feet in a forward, sideway or backward 
motion, having an un-stretched neck and head bobbing with 
each step 
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Run 
 

moving fast, can be accompanied by flapping wings 

Alert stand 
 

standing still in an erect position, long, stretched neck 

Alert walk process of moving both feet in a forward, sideway or backward 
motion, having an erect position with long neck, head not 
bobbing or just a slight bobbing motion 
 

Head down standing still, head and beak facing ground, not pecking, having 
an un-stretched neck and stomach not touching ground 
 

Peck the motion of a knock with the beak at the ground, object, 
substrate or wall 
 

Preen pecks at plumage or feet, or pulls beak through plumage 
 

Lie down lying down with stomach toughing ground 
 

Freeze standing still either in erect position and with stretched or un-
stretched neck, not moving any part of the body (e.g beak, 
wings, head) 
 

Other other behaviours not described above 
 

Total number of 
escape attempts 

total attempts to escape from the arena where the escape 
motion is a jump towards the metal roof 
 

Total number of 
movements 

total movement over the arena during the test time, every 
crossing into a new square (section) is recorded as one 
‘locomotion’ 
 

Latency to move latency (s) before the chick has moved both its feet from starting 
position 
 

Latency to 
vocalize 

latency (s) before the chick starts to vocalise (peep) 
 
 

Latency to 
explore all 
subareas 
 

latency (s) before the chick has visited every unique imaginary 
square (section) in the arena (maximum of 6) 

Latency to 
interact with 
novel object 

latency in time before the chick interacts with novel object (NO), 
interaction can be such as peck on NO, touch NO with body, sit 
or lie on NO, stand in front of NO and looking at it at close range 
( < 10 cm) 
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3.2.2 Tonic immobility 

The tonic immobility test took place in a room next to where the chicks were 

housed. One desk lamp was used facing away and towards the wall, to light up 

the room, making the room dimly lit. The door was closed to have the room 

quiet. The tester (JK) was seated and was as still as possible, this to not disturb 

the chick with unnecessary movements. The chick was placed on its back in a 

V-shaped wooden stand. To induce tonic immobility one hand was used to put a 

light pressure on the chick’s breast while the other hand was held loosely over 

the chicks head to cover its eyes. After 15 s both of the hands were released and 

the recording started. During the test, eye contact with the chick was avoided, 

but the tester was visible to the chick. If the chick started to move or jumped up 

on its feet before 3 s had passed the procedure was repeated. A total of 3 trials 

were allowed before the chick was recorded on 0 s and the tester proceeded with 

the next chick. If the chick laid still for 10 min the test was interrupted. After the 

hands were removed following were recorded; the time (s) it took for the chick 

to first move its head, and the time (s) it took for the chick to jump up on its feet. 

3.3  Statistical analysis 

In the analysis of the observed behaviours following classifications were made: 

‘alert stand’ and ‘alert walk’ were pooled to constitute a variable describing 

variation in ‘vigilance’, ‘peck’ and ‘head down’ describing ‘eat’, ‘walk’, ‘alert 

walk’ and ‘run’ variation in ‘activity’, ‘preen’ and ‘lie down’ describing ‘calm’. 

Behaviours were pooled due to few observations in some behaviours across 

individuals, and also because pooled behaviours describe similar behaviours. 

To estimate consistency in behavioural responses between first and second test 

Spearman rank correlations (in Statistica) were used.  

3.3.1 Estimation of heritability 

Heritability is estimated from the degree of resemblance between relatives 

(parent-offspring, siblings). Heritability in the narrow sense, h
2 
= VA/VP, is a 

measurement of to which extent the phenotypic expression are determined by 

the genes inherited from the parents (Falconer 1989). VA is the additive 

variance, which is variance in genetic contribution to a phenotype, or also 

described as variance of breeding values, whereas VP which is the phenotypic 

variance and contains components that creates variance in the phenotypic 

expression, such as genetic variations and environmental variations. An 

estimation of heritability can be made by comparing traits of parents vs. 

offspring in a linear regression. By collecting behavioural data from parents and 

offspring, the offspring’s value can be regressed against the mean value of the 

parents, giving the equation y = ax + b, where the slope of the line (a) can be 

used as an estimation of heritability of the trait (Falconer 1989). When using the 

mean value from the parents a = h
2
, if only one parents value is used, a = 1/2 h

2
.  
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To estimate the heritability of the tested behaviours a Spearman rank correlation 

was carried out to test for correlations between behavioural responses of mean 

parent value and offspring value, as well as correlation between only one parent 

(mother, or father), and offspring. Responses only in the first test (the first novel 

arena test, the first novel object test, and tonic immobility test) were used, to 

reduce variation in comparisons between parents and offspring due to for 

example habituation to the arena or the object.  

When the mean value of both parents were used in the heritability estimation, N 

=100, where N are the size of the tested population. However, some of the 

parents did not have known personality scores, therefore, in the single parent 

estimation of heritability, N will vary (N = 74 in the analysis with mother, and N 

= 75 in the analysis with father).   

3.4 Knowledge in biology and methods in biology – a literature study 

To illustrate important aspects in learning, knowledge and aims in biology, and 

central contents in biology education, a literature study were made where books, 

articles and Skolverket were studied.  

A task to be used in ethology education was then constructed (see more 

Appendix 1). 

4 Results 

4.1 Consistency of behaviours 

Individuals were consistent in; their latency to explore all subareas (rs = 0.28, p < 

0.005) and total number of movements (rs = 0.51, p < 0.0001) in the novel arena 

tests. All other behavioural responses did not correlate significant between the 

two test occasions obtained in the novel arena tests (rs < 0.2, p > 0.2). 

Individuals were consistent in their responses to the novel objects, with respect 

to variation in vigilance (rs = 0.29, p < 0.005), eat (rs = 0.33, p < 0.001), activity 

(rs = 0.42, p < 0.0001), total number of escape attempts (rs = 0.48, p < 0.0001) 

and total number of movements (rs = 0.36, p < 0.0005). All other behavioural 

responses did not correlate between the two test occasions in the novel object 

tests (rs < 0.2, p > 0.2). 

The time it took for a chick to first move its head, after induced tonic 

immobility, was found to be consistent within an individual (rs = 0.38, p < 0.05), 

while the time it took for the chick to jump up on its feet was not (rs < 0.2, p > 

0.2). 

4.2  Estimation of heritability 

Parents and offspring showed similarities in their responses in the first novel 

arena test with regards to the time they spent eating (rs = 0.20, p < 0.05), how 
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active they were (rs = 0.26, p < 0.0001), their latency to move (rs = 0.26, p < 

0.01) and total number of movements performed (rs = 0.31, p < 0.01). In the 

novel object test, total number of movement was similar between parents and 

offspring (rs = 0.25, p < 0.05). Other comparisons of behaviours showed weak or 

no correlations between parents and offspring (rs < 0.2, p > 0.2). 

In the first novel arena test, only total number of movements were similar 

between mothers and offspring (rs = 0.24, p < 0.05).  

Fathers and offspring showed similar responses in the first novel arena test for 

eat (rs = 0.26, p<0.05), activity (rs = 0.45, p < 0.0001), latency to move (rs = 0.26, 

p < 0.05) and total number of movements (rs = 0.29, p < 0.05). In the first novel 

object test eat (rs = 0.29, p < 0.05) and total movement (rs = 0.27, p < 0.05) were 

similar between fathers and offspring. 

The behaviours that had significant correlations between parent and offspring 

were further used in the heritability analysis. A linear regression was plotted, 

with the offspring’s values (Y-variable) against the mean value of the parents 

(X-variable), and heritabilities (‘a’ from y = ax + b, table 2 and figure 3a-d, table 

3 and figure 4).  

Table 2. Correlated behaviours between red junglefowl parents and offspring in a 
novel arena test. Significance and estimated values of heritability (h2) are given for 
behavioural responses from the first novel arena test. Coefficients of determination 
(R2) are obtained from regression analyses. M = Mother, F = Father. 

Behaviour Parent h2 R2 rs p (rs) 

Eat M + F 0.12 0.02 0.20 0.05 

      

Activity M + F 0.35 0.15 0.40 0.00003 

      

Latency to move 
 

M + F 0.03 0.01 0.26 0.008 
 

Total number of movements 
 

M + F 0.46 0.11 0.31 0.002 
 

Total number of movements 
 

M 0.83 0.08 0.24 0.04 
 

Eat F 0.22 0.02 0.26 0.03 
 

Activity F 0.77 0.23 0.45 0.00006 

      

Latency to move 
 

F 0.10 0.01 0.26 0.02 
 

Total number of movements F 0.63 0,08 0.29 0.01 
 



 15 

a)   

b)  

c)  

d)  

Figure 3. Linear regression of observed behaviours in novel arena test 1, showing 
correlations between mean parent and offspring in a) ‘eat’, b) ‘activity’, c) ‘latency to 
move’ and d) ‘total number of movements’. 
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Table 3. Correlated behaviours between red junglefowl parents and offspring in novel 
object test. Significance and estimated values of heritability (h2) are given for 
behavioural responses from the first novel object test. Coefficients of determination 
(R2) are obtained from regression analyses. M = Mother, F = Father 

Behaviour Parent h2 R2 rs p (rs) 

Total number of movements 
 

M + F 0.37 0.03 0.25 0.01 

Eat F 1.06 0.06 0.29 0.01 
 

Total number of movements F 0.70 0.06 0.27 0.02 

 

 

Figure 4. Linear regression of observed behaviour in novel object test 1, showing 
correlations between mean parent and offspring in ‘total number of movements’. 

4.3 Teaching ethology and biological methods in school 

Students should, in ‘gymnasieskolan’, be given education that enables them to 

develop:  

“Knowledge in terms and concepts in biology, models, theories and methods, and 

an understanding for how these where developed. Ability to analyse, and search 

after answers to biology-related questions, ability to plan, perform, interpret and 

present field studies, experiments and observations.” (Skolverket 2013). 

In central context in the ‘gymnasie’-course Biology 1, one can find that 

education in evolution and ethology should contain: 

“Organisms behaviours, and the importance of the behaviour for the organism’s 

survival and reproductive success.”(Skolverket 2013).  

The education should be given according to the character of the subject, and to 

biological methods, where following are included:  

“What characterises scientific questions. […] The importance of the experimental 

work in testing, re-evaluate, and revising hypotheses, theories and models. […] 
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Planning and executing field studies, experiments and observations, and 

formulating and testing hypotheses in conjunction with these. Evaluate results and 

conclusions through analyses of method, work process and sources of error. […] 

Processing of collected biological data through simple statistical methods.” 

(Skolverket 2013). 

In accordance with the context of biology education above, a task were created 

(see more appendix 1). The task was meant to test the students’ knowledge and 

abilities in scientific and biological methods, according to central context in 

Biology 1 (Skolverket 2013). The task is a scientific study in ethology and 

animal behaviour, with focus on the research process with planning and 

executing an observation on animals, collecting and analysing data, and 

discussing the obtained results. The learning experiences the pupils may acquire 

from the research process are also central in the task. 

5 Discussion 

5.1 Consistency of behaviours 

I have shown that in red junglefowl chicks, several of the observed behaviours 

recorded in personality assays, were consistent over time (‘Latency to explore 

all subareas’ and ‘total number of movements’ were consistent in the novel 

arena test, and; ‘vigilance’, ‘eat’, ‘activity’, ‘total number of escape attempts’ 

and ‘total number of movements’ were consistent in the novel object test). For 

further discussion the behaviours ‘latency to explore all subareas’ and ‘total 

number of movements’ will be referred to as exploratory behaviour, valid for the 

novel arena test (van Oers et al. 2003; Angvall et al. 2012) whereas ‘vigilance’ 

and ‘total number of escape attempts’ will be referred to as boldness, and 

‘activity’ and ‘total number of movements’ will be referred to as risk-taking in 

the novel object test. A consistency in exploratory, boldness, and risk-taking 

behaviour have previously been found in other animals, such as urban spiders, 

zebrafish and the great tit (Verbeek et al. 1993; van Oers et al. 2003; Kralj-Fišer 

& Schneider 2012; Ariyomo et al. 2013), and now also, from the results of the 

present study, in red junglefowl.   

In the novel arena test the animal is placed in a new environment, which can 

make the animal feel discomfort and uncertainty due to lack of information 

about its surroundings (Berlyne 1966). This uncertainty can be a motivator to 

explore the new environment and may lead to curiosity towards its surroundings 

(Verbeek et al. 1993). In other words, the individual may express exploratory 

behaviour such as activity, movement and investigation of the arena. The 

presence of a possible predator (like the novel object in the novel object test) 

will likely influence the activity of the animal, where fear and caution towards 

the novel object will reduce boldness and risk-taking behaviour (Price 1984). In 

the novel arena test, exploratory behaviour was found to be consistent within an 
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individual. Also, consistencies in risk-taking behaviour and boldness were found 

in the novel object test. These findings suggest that the red junglefowl show 

variation in their exploratory, boldness and risk-taking personalities.  

In this study, no significant correlations were observed among variation in 

activity between the two novel arena tests performed, which may be due to lack 

of novelty of the arena the second time the individual had the possibility to 

explore the arena. The same arena was used in both tests; only substrate and 

feed and water containers where altered between the tests. The chicks may 

therefore have become habituated to the arena and hence been less motivated to 

explore it again. In addition, the chicks were part of other parallel tests and were 

therefore used to being handled and placed in new environments and new 

situations regularly. This may also have led to a fast habituation to the novel 

arena and novel object and thus reduced novelty of these tests, on the second 

occasion. Taken together, the chicks potentially perceived more discomfort or 

curiosity in the first novel arena and novel object test, but not in the second, and 

as a result the behavioural responses of the two tests did not show consistency 

among them. However, significant correlations in variation among individuals in 

activity in the novel object tests was found, indicating that the novel objects 

used (although looking similar, but having different colours) were perceived as 

new and fearful in both tests.  

The latency until an individual did its first head movement after tonic 

immobility had been induced, was consistent across test occasions, and showed 

a consistency in fearful behaviour within an individual. However, no significant 

correlation was found for the time it took for the chick to jump up on its feet 

after induced tonic immobility, which is the most common way to measure tonic 

immobility and variation in fear, in poultry (Heiblum et al. 1998; Hocking et al. 

2004; Angvall et al. 2012). The results I found contradicts results found in 

previous studies, where time spent lying in tonic immobility in young chicks 

seem to vary over time and vary with age (Heiblum et al. 1998; Hocking et al. 

2004). For example, Heiblum and co-workers (1998) found that time spent in 

tonic immobility increased with age. The discrepancy in results depending on 

the small differences in the exact response variable used (i.e. latency until the 

bird moves, vs. latency until the bird rises), suggest that tonic immobility may 

not be a robust measure to use for scoring variation in fear. From observing the 

chicks during the tonic immobility tests, I found that the chicks often woke up 

(and showed their first head movement), but then continued to lie down on their 

backs and peeping. The chicks thus lay awake but took some time before 

jumping up, and latency until the time the chick rose up would therefore not be 

the correct measure to use as a measurement for time spent in tonic immobility.  

However, other factors have also been found to affect the duration of tonic 

immobility, for example, the social environment created by flock mates and 

habituation and reduced fear towards humans (Heiblum et al. 1998; Bilčík et al. 
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1998). The chicks here used where habituated to humans which can have 

contributed to a stability in the fearful reaction that was induced in the test. 

However, based on the results I found, I suggest that latency until first 

movement of head would be a more correct measurement of variation in fear in 

poultry, compared to the more commonly used; latency until the bird rises.  

5.2 Heritability estimations of personality 

Estimation of heritability is very situation-specific (Falconer 1989; Drent et al. 

2002), and thus the heritabilities found in this study are only valid for this 

specific population and in the specific situations here investigated, and it is 

important to have this in mind when interpreting heritability estimates. In the 

present study, I found that in a novel arena, offspring will express behaviours 

ranging from 0.03 – 0.46 in resemblance to its parents. The low values of 

heritability (h
2  

< 0.5) was expected, due to high sensitivity to environmental 

factors and past experiences (Falconer 1989; Drent et al. 2002). However, the 

estimations of heritability of personality in red junglefowl in the present study 

are similar to what previously have been found in avian personalities (great tits), 

such as the great tit, where exploratory, risk-taking and foraging behaviours 

have been estimated (e.g. exploration propensity. h
2 
= 0.35-0.46, and risk-taking. 

h
2 
= 0.37). However, when comparing the present study with values from 

previous findings in the red junglefowl, my results show a higher estimate in 

exploratory behaviour (here h
2 
= 0.35-0.46), compared to previous findings in 

the red junglefowl (h
2 
= 0.12, Agnvall et al. 2012), as well as in foraging 

behaviour (here h
2 
= 0.12), compared to previous estimates in red junglefowl (h

2 

= 0.03, Agnvall et al. 2012). Estimates of heritability in risk-taking behaviour 

(here h
2 
= 0.37) were found to coincide with values found in the great tit (h

2 
= 

0.32, van Oers et al. 2003). The here lack of estimate of heritability in fearful 

behaviours contradicts previous findings in fearfulness in red junglefowl (h
2 
= 

0.08, Agnvall et al. 2012). This shows that it is both similarities and differences 

among studies estimating variation in heritability of personality, and it is 

therefore clear that these estimations are both dependent on the species in 

question, and the personality gradient used.  

When comparing the values of heritability obtained comparing offspring to only 

one parent compared to the mean parent value of heritability, one can determine 

which sex of the parents who contributed the most heritability estimate. Here, in 

the novel arena, fathers contribute more than mothers regarding behaviours such 

as the initial response to the novel arena and food search, whereas mean parent 

values showed higher heritability for variation in. In terms of the novel object 

test values of only fathers showed higher heritability estimates for variation in 

activity and food search of the offspring. These findings suggest that there are 

paternal effects that influence the heritability in red junglefowl, where males 

may contribute to a greater extent to variation in offspring behaviour, compared 

to females. Often when estimating variation inheritability, environmental 
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maternal effects influence the expression of behaviour. Such maternal effects 

can come from rearing and providing for the young (Drent et al. 2002; Taylor et 

al. 2012), or through hormones transferred from the hen to the egg yolk (Janczak 

et al. 2007). The later explanation (hormones in yolk) of contributing maternal 

effects would be relevant for the present study since no contact have been 

existing between mother and offspring, and could have been an explanation to 

maternal effects if such effects would have been found. In the present study, 

paternal effects seems to contribute most to the estimations of heritability, 

suggesting that maternal effects may modulate and affect the behaviour of the 

offspring even with an experimental design where reduced to a minimum. 

The heritability estimates of behaviours which showed low correlations between 

parent and offspring were not calculated because of the predicted low estimated 

of heritable components for these behaviours. Low correlation in behaviour 

between parents and offspring can be an indication of high environmental 

effects on the development of a trait. There were large differences in both 

handling and previous novel experiences between the two populations (i.e. 

parents and offspring, H Løvlie, personal observations). The parent generation 

was handled only during feeding and was not used to new environments and 

situations, compared to the offspring generation which were frequently handled 

and used in several cognitive tests preceding the personality tests. It is then 

likely that the offspring generation was less stressed in the novel arena and the 

novel object test. The differences in previous experiences between the parent 

and offspring populations may have led to the difference in shown behaviours, 

something that indicate the important impact, environmental factors and past 

experiences have on the development of behaviour and personality (Siegel 1979; 

Stamps & Groothuis 2010). 

5.3 Applying research methods when teaching biology 

The literature study show how important the process in a scientific study is in 

the biology education. Pupils have to practice working with current scientific 

and biologic methods in order to learn how they function, how models and 

theories are generated and how they get anchored. This practice can occur when 

pupils use theoretic knowledge as a foundation to practical work, or when pupils 

get to practice in conducting a study and then theoretically anchor the 

knowledge (Gustavsson 2002). It is important that it is the pupil, the learning 

process and the knowledge of the subject that are in focus (Fuglestad 1999). As 

can be seen from this literature study, the process in experimental work is in 

focus, where the pupils will set up hypotheses, test them and analyse, revise and 

draw conclusions on their findings. The important process is described by 

Gustavsson (2002) as: “to make discoveries and come to insights during along 

the way can me more valuable than merely reaching the goals”. It is important 

that the pupils themself, by trial and error, construct their own research study, 

with planning and deciding how to proceed, and only then can the pupils create 
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“knowledge in action” where “concrete actions and experiences are the most 

important sources of knowledge” (Fuglestad 1999).   

In studies from Skolverket it has been found that Swedish pupils have a low 

interest for science and biology, compared to pupils around the world 

(Skolverket 2006; Skolverket 2007). A third of Swedish pupils in eight grade 

feel that they have value in learning biology, where many think that science is 

boring and useless (Skolverket 2006; Skolverket 2007). About half of the pupils 

in eight grade have confidence in learning biology, and find themselves sure in 

applying their knowledge in the subject (Skolverket 2006; Skolverket 2007). I 

have created a task that is meant to practice the pupils in the research process, 

and through it hopefully increases the pupils’ interest in biology and scientific 

methods. The task is a study in ethology where the pupils are supposed to 

observe different kind of animal and their behaviours. When using animals and 

nature to explain biological theories and models, the knowledge can become 

associated to the experiences gained from the meeting with animals and nature, 

and with increased knowledge in biology, pupils can find biology more 

fascinating and joyful (Gomez 2006). The task I created is a research study in 

ethology, because my report is an ethologic study, however, since it is the 

research process and biological methods that are in focus, the task is also open 

for other biological branches. The task contains parts that are important in the 

course aims of Biology 1, but the task is also thought to be a practice for the big 

‘gymnasiearbete’ that the pupils will wright at the end of their ‘gymnasie’-

education. Today, there is a focus on knowledge, where all obtained knowledge 

has to be useful and beneficial, one has to be able to use the knowledge 

immediately, and where all knowledge has to be motivated (Gustavsson 2002). 

If the pupils have a chance of practicing the research process, they will 

hopefully feel more secure in themselves when applying their gained knowledge 

in other contexts, or when they wright their ‘gymnasiearbete’. Science is often 

seen as something abstract and separated from the ‘reality’ (Gomez 2006), and 

by practically perform a research study, like this task, models and theories can 

be applied on ordinary phenomena, which can be tested and examined, 

something that hopefully will increase the pupils interest for biology. 

  



 22 

5.4 Conclusion 

To conclude, I have here shown that the red junglefowl have exploratory, 

boldness, fearful and risk-taking personalities, results that enhances the 

suggestion of animal personality. I have also shown that, to various extents, 

exploratory, risk-taking and foraging show heritability between parents and 

offspring, suggesting that to which extent a personality trait can develop and be 

expressed, are limited by the genetic background of individuals in a population. 

The present results also suggest that exploratory and risk-taking personality 

show higher heritability estimates, compared to foraging behaviour. However, 

future studies will be needed to determine the actual genes that affect the 

expression of these behaviours, and the way that variation in personality is 

inherited form parent to offspring. 

To conclude the literature study, I have shown that through the process of 

performing a research study, pupils can gain knowledge and experiences that 

may increase their interest for biology and scientific methods.  
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Appendix 1 

A study in ethology 

In ethological studies it is common to conduct observations on animals. In our 

classes we have talked about the most commonly used observation types: 

continuous observation, interval observation, and one-zero-observation. When 

performing behavioural observations on animals you have to use an ethogram, 

which will define and describe behaviours that the animal usually does. 

Your task is to perform an ethological study where you use ethological methods 

to collect data on animal behaviour, and to compile the results in a report.  

During the task you will: 

 Plan your study where you choose which animal/s you want to observe, 

and what you wish to observe in that animal  

 Choose an observation method that best fit the research you want to do 

 Make an ethogram that describe the behaviours performed by your chosen 

animal 

 Set up a hypothesis where you explain what you expect to find 

 Perform a behavioural observation to collect data on the animals 

behaviours 

 Analyse your collected data by using statistical methods that we will go 

through together in class 

 Discuss the method you used and your obtained results 

Your research study including hypothesis, method, results and discussion will be 

compiled into a report with a maximum of 2 pages. 

You decide which kind of animals you want to observe, but can, for example, 

be: 

 Cows, horses or sheep in pastures nearby 

 Birds, outside your window or in a forest nearby  

 Dogs/cats or other pets nearby 

 


