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Sammanfattning 
Abstract 

 The mechanisms behind early domestication of animals are still unknown and an important 

question is how the changes leading to what is called the domesticated phenotype have 

developed. It has been suggested that the domestication process has been based on tameness 

of animals, and that tameness is genetically correlated to other traits. This study aimed to 

assess whether selection based on tameness induces changes in undisturbed behaviours 

related to general activity in the red junglefowl (Gallus gallus) housed in semi-natural 

environments. Two strains of red junglefowl, selected for high and low fear of humans 

respectively, were studied and compared in terms of general activity. It was found that there 

was a selection effect on exploratory behaviour and activity, with low fear-birds being more 

explorative and more active, an interaction effect of selection and sex on feather preening, 

with high fear-males preening more, and no selection effect on comfort behaviour. Results 

from this study indicate that tameness is genetically correlated to exploratory behaviour, 

activity and feather preening in the red junglefowl. These results support the suggestion that 

the early domestication process was based on tameness and that genetic correlations between 

tameness and other traits led to the phenotypic variation that is today seen in domestic 

animals. 
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1 Abstract 

The mechanisms behind early domestication of animals are still unknown 

and an important question is how the changes leading to what is called 

the domesticated phenotype have developed. It has been suggested that 

the domestication process has been based on tameness of animals, and 

that tameness is genetically correlated to other traits. This study aimed to 

assess whether selection based on tameness induces changes in 

undisturbed behaviours related to general activity in the red junglefowl 

(Gallus gallus) housed in semi-natural environments. Two strains of red 

junglefowl, selected for high and low fear of humans respectively, were 

studied and compared in terms of general activity. It was found that there 

was a selection effect on exploratory behaviour and activity, with low 

fear-birds being more explorative and more active, an interaction effect of 

selection and sex on feather preening, with high fear-males preening 

more, and no selection effect on comfort behaviour. Results from this 

study indicate that tameness is genetically correlated to exploratory 

behaviour, activity and feather preening in the red junglefowl. These 

results support the suggestion that the early domestication process was 

based on tameness and that genetic correlations between tameness and 

other traits led to the phenotypic variation that is today seen in domestic 

animals. 

2 Introduction 

It is still unknown how the domestication of animals began, but it has 

been suggested that the domestication process brought about an 

acceleration of phenotypic variations (Trut et al. 2009). During 

domestication, animals have undergone changes in physiology, 

morphology and behaviour, and this has created variation that is not seen 

in their wild ancestors (Price 1999). A set of traits, including 

pigmentation, body size and proportions, has developed similarly in most 

domesticated species and this is often called the domesticated phenotype 

(Jackson and Diamond 1996, Price 1999). The mechanisms behind the 

domesticated phenotype are still to be distinguished, but it is clear that 

tameness of animals is essential for successful domestication. It has 

therefore been suggested that the early domestication process was based 

on tameness of animals (Trut et al. 2009) and that tameness is genetically 

correlated to other traits (Agnvall et al. 2014). This has been 

demonstrated in various species, such as silver foxes (Vulpes vulpes) 

(Belyaev et al. 1985) and rats (Rattus norvegicus) (Albert et al. 2008).  

It has been found that in red junglefowl (Gallus gallus), which is 

considered the wild ancestor of domestic chickens (West and Zhou 1988), 
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selection solely for tameness induces changes in other behaviours, such 

as exploration and sociality (Agnvall et al. 2012). Selection based on fear 

of humans has also been shown to affect basal metabolic rate and certain 

hormone levels (Agnvall et al. 2015). Agnvall et al. (2012) demonstrated 

that variation in fear of humans is genetically correlated to other 

behavioural responses in red junglefowl, and support the suggestion that 

domestication may have caused behavioural modifications by selection 

solely for tameness. 

No previous studies are to be found on whether the general activity 

patterns of red junglefowl are affected by selection for tameness. 

However, it has been demonstrated that domesticated chickens are less 

active than red junglefowls (Schütz and Jensen 2001). This study 

therefore aimed to assess whether selection based on tameness induces 

changes in undisturbed behaviours connected to activity in a semi-natural 

environment, and also whether the selection has acted differently on the 

two sexes. Two strains of red junglefowl, selected for low and high fear 

of humans respectively, were studied and compared in terms of general 

activity. I hypothesized that changes in general activity would occur as a 

result of selection for reduced fear of humans, and thus predicted that 

birds selected for high fear would differ from birds selected for low fear 

in terms of amount of activity related behaviours. 

3 Material & methods 

3.1 Ethical note 

The experiment was conducted under license from the "The Linköping 

regional committee for ethics in animal research", approval number 50-

13. 

3.2 Animals and housing 

The animals in this study consisted of red junglefowl (Gallus gallus) 

from the sixth (S6) and seventh generation (S7) of a population with a 

history of divergent selection based on fear of humans. In the selection 

programme they were divided into three strains, whereas two of them 

were used in this study; one with high fear of humans (H) and one with 

low fear of humans (L). The parental generation of selected animals 

consisted of an outbred group of red junglefowl from two different 

populations, one from Copenhagen Zoo and one from Götala research 

station in Sweden. For details about animals, breeding scheme and 

selection test, see Agnvall et al. (2012). Briefly, birds were tested in a 

fear of human test at the age of 12 weeks. During testing, a human was 

alone with the bird and gradually approached it until attempting to touch 
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it. Fear of each bird was scored and all values merged into a fear score 

ranging from 1.0 (low fear) to 5.0 (high fear), which was then used for 

selection of the most and least fearful birds in each generation. 

For this study, 24 animals were divided into three high fear-groups (H-

groups) and three low fear-groups (L-groups). Each group consisted of a 

total number of four birds, with one male and one female from S6 and S7 

respectively. Due to shortage of available males from S6, three of the 

groups (two L-groups and one H-group) consisted of males from S7 

instead of S6 with otherwise the intended composition.  

Groups were kept in outside pens that measured 2.5 x 3.8 x 2.8 m and 2.9 

x 5.6 x 2.5 m and were built out of wooden frames with solid roofs and 

gravel flooring. Sides were made of wire mesh which allowed visual 

observations of birds inside. Pens contained nests, tree branches for 

perches, peat for dust bath and free access to food and water. All pens 

were designed to look alike. Groups were placed in pens in an alternating 

order of H-groups and L-groups to prevent environmental biases. 

3.3 Behavioural recordings 

Behavioural recordings were carried out in the housing pens. Before 

starting of recordings, animals were given at least 24 hours to habituate. 

Following habituation, behaviours of birds in each of the six groups were 

recorded two times a day for 10 days. Activity related behaviours (Table 

1) were recorded with one/zero sampling on rotating focal animals with 

intervals of 20 seconds. Recording time was 16 minutes per group and 4 

minutes per bird for each recording session, so total recording time for 

each group was 320 minutes. The order in which groups were recorded 

was randomized at all times by picking notes from a pile and all sampling 

was done at the same time of the day, starting at 0930 h and 1230 h. This 

was to eliminate eventual diurnal rhythm biases. 
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Table 1. Ethogram of behaviours measured in activity testing of 
red junglefowl (Gallus gallus). Behaviour categories used for 
statistical analysis are in italics. 

Behaviour Description 

Exploring  

Explore ground Walking or standing, head close to ground, eyes focusing on ground 
items 

Ground peck Pecks at items on ground 

Object peck Pecks at object of interest 

Manipulate object Uses beak to lift, move or otherwise manipulate object 

Feather preening  

Preen Uses beak to trim/arrange feathers 

Scratch body Uses feet to scratch/clean/preen feathers 

Comfort  

Stretch wing/leg Stretches wing and/or leg 

Yawn Gapes 

Wing flap Flaps wings 

Dust bathe Vertical wing shake, rubbing 

Inactive  

Sleep Stands or sits with eyes closed, neck short, no head movements 

Stand/sit relaxed Reduced attention, eyes may be partly closed, no head movements 

Active  

Walk Two or more steps, attending to surroundings 

Run Two or more steps in faster tempo than walk, head held forward 

 

3.4 Statistical analysis 

For all analyses, each group (four birds/group) was treated as an 

independent statistical replicate. Scored behaviours were grouped into 

categories (Table 1) and average frequency (percent of 

observations/group/sex) of each behaviour category was calculated. 

In order to test for normal distribution, Anderson-Darling normality test 

was used. It was found that data for exploration, comfort, inactivity and 

activity was normally distributed, while data for feather preening was not. 

To test for selection and interaction effects on behavioural responses, 

general linear model ANOVA was used. Data was found to be 

sufficiently normally distributed to allow for use of ANOVA. Type of 

selection (high/low), sex (female/male) and interaction between selection 

type and sex (selection*sex) were used as factors in the model. 

Differences were considered statistically significant at α = 0.05. 
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All statistical analyses were performed using Minitab (version 17.2.1 for 

Windows). Graphs were created using Excel (version 12.0.6743.5000 of 

Microsoft® Office Excel®).  

4 Results 

There was an effect of selection on exploration (F(1,20) = 13.26; P = 0.002) 

(Figure 1), where L-birds showed more exploratory behaviour than H-

birds. There was also an effect of selection on inactivity (F(1,20) = 12.16; P 

= 0.002) (Figure 2) where H-birds were more inactive than L-birds, and 

activity (F(1,20) = 21.06; P < 0.001) (Figure 3) where L-birds were more 

active than H-birds.  

 

Figure 1. Proportion of observations 
(% + SE) of exploratory behaviour in 
red junglefowls (n = 3 groups for each 
selection strain) during activity 
testing. 

 

 

Figure 2. Proportion of observations 
(% + SE) of inactive behaviour in red 
junglefowls (n = 3 groups for each 
selection strain) during activity 
testing. 

 

Figure 3. Proportion of observations 
(% + SE) of active behaviour in red 
junglefowls (n = 3 groups for each 
selection strain) during activity 
testing. 
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On feather preening, there was no effect of selection (F(1,20) = 3.28; P = 

0.085), but there was an interaction effect of sex and selection (F(1,20) = 

9.44; P = 0.006) (Figure 4), with males in H-groups preening more than 

males in L-groups. There was no effect of selection on comfort behaviour 

(F(1,20) = 0.78; P = 0.386) (Figure 5). 

 

Figure 4. Proportion of observations 
(% + SE) of feather preening in red 
junglefowls (n = 3 groups for each 
selection strain) during activity 
testing. 

 

Figure 5. Proportion of observations 
(% + SE) of comfort behaviour in red 
junglefowls (n = 3 groups for each 
selection strain) during activity testing. 

 

5 Discussion 

Results showed that selection based on fear of humans had an effect on 

exploratory behaviour and level of activity, and thus confirm the 

hypothesis that selection for tameness induces changes in behaviours 

related to general activity. There was furthermore an interaction effect of 

sex and selection on feather preening, but no selection effect on comfort 

behaviour. These results demonstrate that selection solely for tameness 

can induce changes in other behavioural responses, which is in 

accordance with previous studies (Agnvall et al. 2012). Price (1998) early 

stated that domestication only changes the frequency of behaviour, rather 

than adding or eliminating behaviours to an animal. This can be 

supported by my study, since birds in H-groups and L-groups performed 

the same behaviours and only differed in relative amount of behaviour 

performance. 

My results indicate that exploratory behaviour is genetically correlated to 

tameness. This has been demonstrated earlier by Agnvall et al. (2012), 

but not until this study in a semi-natural environment. These results are 

also consistent with a later study by Agnvall et al. (2014) in terms of 
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exploratory behaviour, although their experimental approach was 

different from mine. Results from this study suggest that domestication of 

red junglefowl should induce changes in amount of exploratory behaviour 

if the early domestication process of chickens was based on fear of 

humans. This study also indicates that tameness is genetically correlated 

to level of activity. This was clearly shown in results regarding both 

inactive and active behaviour. The inactivity showed by the H-groups 

could however be explained by these birds' potential fear of the observer 

and not genetic correlations to activity, since inactivity is a possible fear 

response. How the domesticated phenotype is controlled at the genetic 

level is still unclear, but several different theories have been suggested as 

potential explanations (Wright 2015) and should be considered in terms 

of exploratory behaviour and general activity for further development. 

Results from this study mainly confirms the suggestion that tameness can 

induce changes in other behavioural responses, including exploration and 

activity, and is thus a possible basis of early domestication. 

I have also shown that selection based on fear of humans had an effect on 

feather preening in males, but not in females, meaning that the artificial 

selection acted stronger upon males than females. This indicates that 

tameness is genetically correlated to feather preening, but that the 

selection pressure on feather preening is sex-specific. This can possibly 

be explained by the fact that red junglefowls express sexual dimorphism 

with males carrying ornaments, such as a colourful plumage, that indicate 

female mate choice. Furthermore, previous studies have shown that red 

junglefowl selected for high fear of humans have a worse plumage 

condition than the ones selected for low fear (Agnvall et al. 2014) and 

this could induce a larger selection pressure on high fear animals to preen 

their feathers. However, it has been found that female mate choices are 

not influenced by plumage condition (Ligon et al. 1998). Ligon and 

Swartjes (1995) have argued that differences in plumage condition in 

wild living red junglefowl males might provide information to females 

concerning their longer-term condition, and that this information might 

be unavailable to females in a captive population where all birds are fed 

ad libitum throughout their life. If this is the case, then it could apply to 

my results and explain the selection effect on preening in males. 

Comfort behaviour not being affected by selection for fear of humans 

indicates that the measured comfort behaviours are not genetically 

correlated to tameness in red junglefowl. This implies that the amount of 

comfort behaviour performed should not change during domestication of 

red junglefowl towards domestic chickens, which is consistent with what 

was found by Eklund and Jensen (2011) when comparing a domestic 
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chicken breed with junglefowls. This is only true, however, if the early 

domestication process was based on fear of humans. Furthermore, I want 

to point out that feather preening can be and is often considered a comfort 

behaviour. Therefore, if comfort and feather preening would have been 

analysed as one behaviour category the results might have been 

somewhat different. 

5.1 Conclusions 

I have shown that variation in fear of humans among red junglefowls 

housed in a semi-natural environment induces variation in behaviours 

related to activity, expressed as differences in amount of behaviour 

performance between birds selected for high fear and low fear. These 

results support the suggestion that the early domestication process was 

based on tameness and that genetic correlations between tameness and 

other traits led to the phenotypic variation that is today seen in domestic 

animals. When continuing research in this area, focus should be directed 

at exploration, activity and preening related behaviours. 

5.2 Societal & ethical considerations 

Results from this study can contribute to improved knowledge about 

domestic chickens and the history of their early domestication process. 

Hypotheses regarding domestication processes on the basis of these 

results can possibly also be applied to other domesticated species. Results 

from this study can furthermore have an impact on the welfare of 

chickens in captivity combined with further research. Ethical aspects to 

take into consideration are mainly concerning animals selected for high 

fear of humans. These were possibly more or less afraid of the observer 

measuring behaviours, which could have lead to stress effects to some 

extent. An attempt to avoid this was made by standing as far away from 

the pens as the behaviour scoring allowed, and also by not making sounds 

or quick movements while collecting data. 
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