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1   Abstract 

Domestication has taken place over thousands of years and during that time 

we have bred animals on different traits. The red jungle fowl is the ancestor 

to all domesticated chicks, including the white leghorn which is used in egg 

production. The domestication of the red jungle fowl has resulted in 

behavioral changes between itself and domesticated breeds, such as white 

leghorn. In this study we examine how these two breeds handle stress and 

whether or not they use social support when coping and recovering from a 

stress experience. The study took place in a built arena with two stimuli 

animals on each side. There the animal was studied for 5 minutes, stressed for 

3 minutes and studied again for 5 minutes. We found that the red jungle fowl 

males spent more time in the unfamiliar zone before stress than males of the 

white leghorn. Our results also showed that the females of white leghorn and 

red jungle fowl spent more time in the familiar zone than males after being 

stressed. This is an indication that they are more dependent on social support 

from familiar animals after stress than the males are. Aggressive behavior 

was also observed among the males. Red jungle fowl males acted 

aggressively towards the unfamiliar stimuli animals and the white leghorn 

towards the familiar stimuli animals. In conclusion, we found that the females 

where in greater need of social support than the males. 

2   Introduction 

Red jungle fowl, Gallus gallus, is the ancestor to all domestic chickens, 

Gallus gallus domesticus, among those the egg laying white leghorn. The 

domestication of the red jungle fowl began about 8000 years ago in Asia 

(Jensen 2006). The meaning of domestication is that a symbiotic relationship 

between animals and men are formed and during that time genetic changes 

occur (Price 1984). We have during domestication bred and selected on 

specific traits in animals and fowl are no exception. Through the 

domestication of fowl we have bred the red jungle fowl on specific 

characteristics (Schütz et al. 2001). One of these characteristics is stress 

handling, to get a more production friendly animal, for example the white 

leghorn. Another trait that has been bred on is the ability for these animals to 

produce more eggs. During the last 50 years, selection on these traits has led 

to an increase in their production with over 80% (Rauw et al. 1998; Jensen 

2010).  

 



Studies have shown that the white leghorn uses less contrafreeloading 

(Schütz et al. 2001; Lindqvist and Jensen 2009). This means that the white 

leghorn rather eat free available food instead of working to gather food. One 

reason for this is that foraging is an energy demanding task, and white 

leghorn have to put that energy into producing eggs which is also and energy 

demanding task. So they rather eat food that is available to them than food 

they have to work for to collect (Schütz et al. 2001). Red jungle fowl also 

spends more time exploring new environments than the white leghorn does, 

possibly because this also is an energy demanding task.  

 

Domestication has also had other effects on the animals. For example white 

leghorn has a reduced fear behavior in comparison with the red jungle fowl 

(Campler et al. 2009). Another effect that has been noticed is an increase 

in aggression in white leghorn comparing with red jungle fowl (Craig et al. 

1975). Fowl are social animals but the red jungle fowl and white leghorn vary 

in population sizes. In the wild the red jungle fowl lives in groups of about 10 

individuals (Collias & Collias 1996), where as the white leghorn lives in 

populations of up to several hundred individuals due to their use in 

production. To be able to live in such large groups the white leghorns need to 

be able to handle stress but they are not able to recognize familiar animals as 

good as the red jungle fowl (Marin et al. 2001).  

 

When an animal is stressed the sympathetic nervous system actives the HPA-

axis (DeVries et al. 2003). This is a neuroendocrine response to stress and 

through the activation three stress hormones are released. The three hormones 

are adrenocorticotropin hormone, corticotropin releasing factor and 

corticosterone or cortisol. All of these hormones exist naturally in the body to 

help contain the HPA-axis at a homeostasis, but during a stress experience 

they increase in amount. It is shown that social interactions help to maintain 

the HPA-axis at a homeostasis and one of these social interactions is social 

support (Rault 2012).  Social support is when a stressed animal uses support 

from other animals to recover from the stress experience. In humans, social 

support is used all through the life span, as it helps us to cope better with 

stressful experiences, and it is likely that it has the same effect on animals. 

(Cobb 1976). Many studies have been done on other species of animals for 

example rats and cattle, but there are very few that focus on the positive 

effects of social support. One of the positive effects is animal welfare. This is 

because if animals in production can use social support in recovering from 

stress in their environment they can produce more, which would lead to more 

profit for the farmer.  



 

In this study the goal was to see how red jungle fowl and white leghorn 

respond to a stress experience and if they use social support to recover from 

it. Since there is not much information to find about the use of social support 

in fowl, we have made some hypothesis from previous knowledge of fowl 

and work on other species. The first hypothesis is that we expect the white 

leghorn to have less need of social support in recovering from a stress 

experience, because they live in much larger populations than the red jungle 

fowl do. This is also because they have been bred to be able to handle stress 

much better than the red jungle fowl. The other hypothesis that we have is 

that the red jungle fowl males will approach the unfamiliar stimuli animals 

before they are stressed. The reason for the approach is that the red jungle 

fowl males will see the unfamiliar animals as competitors. This is because 

they naturally live in smaller populations and therefore they are able to 

recognize their pack members better than the white leghorn can. 

 

  



3   Materials & Methods 

3.1  Animals 

This study took place in the henhouse at Vreta Agricultural gymnasium in 

Linkoping, and observations was performed on two different breeds. The 

breeds were red jungle fowl and white leghorn, both male and female. These 

animals lived in different cages, separated by sex and date of hatching. 

During the experiment we did a total of 56 observations and we used 14 

males and 14 females of each breed. The cages they lived in were located in 

three different stables in the henhouse. They contained 40-50 animals each 

and they were equipped with a rack that was divided in the two levels and it 

contained perches. There was sawdust on the floor and they had free access to 

food and water.  Both the male and female white leghorn and red jungle were 

during the period of our study between 62 and 65 weeks. The red jungle fowl 

are originally from a zoo population, but they have been kept in a research 

facility for many generations before this study.  The white leghorn originated 

from the strain SLU13, which is used for Scandinavian selection and also for 

crossbreeding experiments. For further information about the animals, see 

Eklund and Jensen (2011). These animals were also used as the familiar 

stimuli animals, because they had to come from the same cage as the animals 

that were studied. The unfamiliar stimuli animals were of the same sex as the 

animal that was studied, but they where a cross between the two breeds. 

During the time of our study these unfamiliar stimuli animals were 26 to 29 

weeks old.  

3.2    Experimental set-up 

The study took place in a built arena. This arena was 290x90x180 cm 

(length×width×height) and it was subdivided into 5 different areas. Two of 

these areas contained the stimuli animals, and they were located on each side 

of the arena. The areas containing the stimuli animals were compartments of 

(55×90×180 cm, l×w×h) in size respectively. The arena was built up of 

wooden frames with cardboard and wire mesh attached to it, and had sawdust 

on the floor. The cardboard were located at the bottom for the frame of the 

arena and at the top of the wooden frame that was between the stimuli and the 

test animal, so they were able to see each other but they were physically 

separated by the wire mesh that was attached to the wooden frame. The area 

that was left in the arena was where our test animal where located and it was 

divided into three equal zones, one familiar, one neutral and one unfamiliar. 

The familiar zone was located next to the familiar stimuli animals in the 

arena, the neutral was in the middle of the test arena and the unfamiliar zone 



was located next to the unfamiliar stimuli animals. Each of these three zones 

were (60×90×180 cm, l×w×h) in size and the familiar and unfamiliar zone 

switched places when the stimuli animals where traded after two 

observations. The stimuli animals had access to water and food during the 

experiment. The animals that were studied were placed in an acclimation 

cage that was (90×90×180 cm, l×w×h) and it was located in the room where 

the experiment took place to let the animals get used to the new environment. 

This was done because we didn’t want stress from the new environment 

effect the experiment. In the acclimation cage the animals had free access to 

water and food and there were sawdust on the floor. They spent 2 hours in 

that cage before the experiment started and the stimuli animals had an 

acclimation period of 15 minutes in their zones in the test arena. Figure 1 

shows how our arena was built. The thick black lines represent the wooden 

frames at the end of the arena, and the dotted lines between the stimuli and 

the familiar and unfamiliar zones represent the wooden frames that separated 

the animals.  
 
 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

Figure 1. The test arena. The familiar stimuli animals were positioned in tje 

compartment to the left the unfamiliar in the compartment to the right of the arena. 

These positions of the stimuli animals change after two observations when the 

stimuli animals were replaced. The familiar zone is in this figure at the left of the 

arena and is represented by F. The neutral zone is represented by N and the 

unfamiliar zone is represented by U.   
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3.3    Sampling 

The sampling method used during the experiment was continuous registration 

to note how much time the test animal spent in each of the three zones. The 

time was recorded with a timer on our mobile. Each animal was tested for 5 

minutes before being stressed. When the observations began the animal that 

was tested was placed in the neutral zone of the arena. The recording started 

the moment the animal was released on the floor.  Every time the animal 

switched zone we lapped on the timer and the time spent in that zone was 

noted. The definition we had for the animal switching zones was when both 

feet of the animal was above the line that marked the different zones. When 

the first 5 minutes had passed than the animal was stressed for 3 minutes. The 

stressing was accomplished by trapping the animal in a net and hanging it on 

the wall of the arena. This was acute stress that increases the corticosterone 

levels in the animals. After the stress the animal was released and studied for 

another 5 minutes. When these 5 minutes began the animal was placed in the 

neutral zone and the same procedure was carried out as before the stress.  

3.4    Statistic analysis 

The statistical analysis used in this study was a General Linear Model 

ANOVA in the statistical program IBM SPSS Statistics Data Edition. We 

used a mean value for each zone and each animal in our calculations. The 

fixed factors tested were breed and sex, and the dependent variable was 

before and after stress in the different zones. This method was used to find if 

there was a significant difference in any of the data collected. In the places 

we found a significant difference in the interaction between breed and sex of 

the animals a plot was made to be able to get a visual image of the 

interaction.    

  



4   Results 

4.1    Familiar zone 

 

 

 

 

 

 

  

Figure 2 a. Time spent in the familiar 
zone before the stress event. There 
were no significant effects of the breed 
or sex, and no significant interaction.  

Figure 2 b. Time spent in the familiar 
zone after the stress event. Here 
there was a significant difference 
between the sexes (F1,52=8,053 ; 
p<0,01). 

Figure 2 c. Difference in time spent in 
the familiar zone after and before 
stress.  A significant difference was 
observed between the sexes 
(F1,52=4,5668 ; p<0,05).  



The results above show where the animals spent their time during the 

experiment, both before and after the stress. The results in the familiar zone 

are seen in Figure 2 a-c. These show that there was a significant difference in 

time spent in familiar zone after stress (Figure 2b), but not before (Figure 2a). 

In Figure 2b, there was a difference between the sexes in how much time they 

spent in the familiar zone, and the females spent more time in the familiar 

zone after stress than the males. Figure 2c shows the difference in the time 

spent in the familiar zone for each of the sexes and breeds. It is calculated as 

the value after stress – the value before stress. This means that the white 

leghorn males spent less time in the familiar zone after stress than they did 

before and all the others increased their time spent in the familiar zone. In 

this figure there was also a significant difference between the sexes, where 

the females spent more time in the familiar zone after stress than they did 

before.  

4.2   Neutral zone  

Figure 3 a. Time spent in the neutral 
zone before the animals were stressed. 
A significant difference was observed 
between the sexes (F1,52=11,865 ; 
p<0,001), and in the interaction 
between breed*sex (F1,52=10,285 ; 
p<0,01). There was a tendency to a 
difference in breed (F1,52=3,192 ; 
p<0,1). 

Figure 3 b. Interaction between breed 
and sex, as also was seen in Figure 3 a.   



  

 

 

Figure 3 a-d, show the results from the neutral zone. In Figure 3a, the time 

spent before stress in the neutral zone is presented. Here a significant 

difference was found between the sexes, where the females spent more time 

in the neutral zone before stress. We also found that a there was a trend 

difference between the breeds. There was also an observed significant 

difference in the interaction between breed and sex. This interaction is 

presented in visual presentation in Figure 3b. The interaction means that there 

was an observed difference between the two sexes in each breed. In this 

interaction we found that the red jungle fowl females spent more time in the 

neutral zone before the stress than the white leghorn females did. It also 

shows a small difference in the presence of the males, in which the white 

leghorn males spent more time in the neutral zone before stress than the red 

jungle fowl males. There was however no difference observed in the time 

spent in the neutral zone after stress as can be seen in Figure 3c. The 

difference in time spent after and before stress in the neutral zone showed 

Figure 3 c. Time spent in the neutral 
zone after stress. In this graph no 
significant difference was noticed.  

Figure 3 d. Difference in time spent 
in the neutral zone after and before 
the stress event. There was an 
observed significant difference 
between the breeds (F1,52=9,255 ; 
p<0,01) and the sexes (F1,52=5,043 ; 
p<0,05).  



that red jungle fowl females where the only ones that decreased their time in 

this zone after stress, as presented in Figure 3d.  All the others increased their 

presence in the neutral zone after stress, but to different extents.  

4.3   Unfamiliar zone 

 

  Figure 4 a. Time spent in the unfamiliar 
zone before stress. In this graph a 
significant difference was observed 
between the sexes (F1,52=8,859 ; 
p<0,01) and in the interaction between 
breed*sex (F1,52=11,274 ; p<0,001).  

Figure 4 b. Interaction between breed 
and sex, as seen in figure 4a.  

Figure 4 c. Time (means+s.d.) that 
the animals spent in the unfamiliar 
zone after stress.  A significant 
difference was observed between 
the sexes (F1,52=16,921 ; p<0,001). 

Figure 4 d. Difference in time spent in 
the unfamiliar zone after and before 
stress. No significant difference was 
observed.  



The results from the unfamiliar zone are presented in Figure 4 a-d. In Figure 

4a it can be seen how the animals distributed time in the unfamiliar zone 

before stress. There was a significant difference between the sexes, in which 

the males spent more time in the unfamiliar zone before stress. There was 

also a difference in the interaction between the breed*sex and this interaction 

is visualized in Figure 4b. This figure shows that the red jungle fowl males 

spent more time in the unfamiliar zone than the white leghorn males did. It 

also shows that the white leghorn females spent more time in this zone than 

the red jungle fowl females. In Figure 4c there was a significant difference 

between the sexes in time spent in the unfamiliar zone after stress, where the 

males spent more time than the females. The difference in time spent in the 

unfamiliar zone after and before stress did not show any significant 

difference but it showed that white leghorn males are the only ones to 

increase their presence after stress, while the others decreased their presence 

in different amounts (Figure 4 d).  

4.4    Waltzing 

We also observed that the male red jungle fowl acted aggressively towards 

the unfamiliar stimuli animals before stress and performed the behavior 

called waltzing. We did not write down how often this behavior took place 

but it only happened before they were stressed. The waltzing behavior was 

carried out by the red jungle fowl standing by the net to the unfamiliar stimuli 

animals and then stepping sideways. During all this time the red jungle fowl 

males kept contact with the stimuli animals. Aggressive behavior was also 

noticed in the white leghorn males, although they turned their attention to the 

familiar stimuli animals when they preformed their aggressive behavior. The 

white leghorn did not do the waltzing as their aggressive behavior but they 

picked through the net at the stimuli animal. 



5   Discussion  

Our results show that females of both breeds spent more time in the familiar 

zone after stress than the males, which might suggest that the females are in 

greater need of social support. It was also shown in Figure 4a that the males 

spent more time in the unfamiliar zone before stress. These results indicates 

that the males are territorial and they recognize that the unfamiliar males and 

strangers. It can also be seen in Figure 3d that red jungle fowl females spent 

less time in the neutral zone after stress. This indicates that the red jungle 

fowl are dependent on social contact to revive from a stress experience.  

 

Our first hypothesis about the red jungle fowl spending more time in the 

familiar zone after stress is represented in Figure 2c. This figure shows that 

both the red jungle fowl and white leghorn females were the ones to increase 

their presence the most in the familiar zone after stress. The red jungle fowl 

males also increased their presence in the familiar zone after stress, but not to 

the same extent. This indicates that the females are in greater need of social 

support after a stress experience than males. This may suggest that the 

females react stronger to the stress than they males do, and they therefore are 

in greater need to seek support to recover from it. These results do not 

support our hypothesis that the red jungle fowl would be in greater need than 

the white leghorn for social support after the stress experience. 

 

Our second hypothesis regarding the males in the unfamiliar zone before 

stress is presented in Figure 4a. Here we can see that the males spent more 

time in the unfamiliar zone before stress than the females did. One reason for 

this difference between the sexes may be that the males are more territorial 

and want to protect their pack from intruders (Väisänen and Jensen 2004). As 

can be seen in the figure it was a big difference in the presence of white 

leghorn and red jungle fowl males. The interaction between breed and sex, as 

can be seen in Figure 4b, indeed suggest that there is a difference between the 

two sexes but also that this difference differs between the two breeds. 

According to the hypothesis, the red jungle fowl males spent more time in the 

unfamiliar zone.     

 

As can be seen in Figure 3d, the red jungle fowl spent less time in the neutral 

zone after stress where as the white leghorn spent more time in this zone after 



stress. The reason we got a difference between the breeds in this figure was 

because the red jungle fowl females decreased their time in this zone, where 

as the males increased it a little bit. This suggests that the red jungle fowl 

chooses to spend the time after stress with one of the two pairs of stimuli 

animals. We did not find a significant difference in the other two zones to 

support this thought but it can be seen in Figure 2c that the females increased 

their time in the familiar zone after stress. This suggests that at least the red 

jungle fowl females were dependent on other animals to help them after a 

stressful experience.  

 

The results also showed that the difference between the white leghorn males 

and females are very small in the three zones before stress. This is a sign that 

there was a decreased sexual dimorphism in this breed before the stress took 

place. We did not see this small sexual difference after the animals had been 

stressed. This small difference between the sexes was not observed in the red 

jungle fowl. The red jungle fowl males spent more time in the unfamiliar 

zone before stress and the females in the neutral zone. These results and 

previous studies indicate that domestication have altered the behavior 

dimorphism between the female and male white leghorn (Väisänen and 

Jensen 2004).  

 

Studies have been done to determine the social preference of both white 

leghorn and red jungle fowl (Väisänen and Jensen 2004). They showed that 

white leghorn is more likely to choose to spend their time with the familiar 

stimuli animals than the red jungle fowl in an unstressed state. In this 

experiment there was no significant difference in were the red jungle fowl 

preferred to spend their time. This preference was studies when the animals 

were not subjected to any stressors. In this experiment both the familiar and 

unfamiliar stimuli animals were of the same breed as the test animal, and this 

could be one reason why our results did not correlate with this study. In our 

study we found that the white leghorn does spend a little more time, though 

not significant, in the familiar zone before stress than in the other zones, as 

can be seen in Figure 2a. It can be seen in Figure 3a that the red jungle fowl 

females spent most of their time in the neutral zone before stress. In the 

unfamiliar zone in Figure 4a it can be seen that the red jungle males spent 

most of their time before stress. One other reason for the red jungle fowl to 

spend time in the neutral and unfamiliar zone before stress is that they have a 

more explorative behavior than the white leghorn (Väisänen and Jensen 



2004). This means that they explore new environments and social stimuli 

more than the white leghorn.  

 

The red jungle fowl also have more contrafreeloading than the white leghorn 

(Schütz et al. 2001; Lindqvist and Jensen 2009; Väisänen and Jensen 2004). 

This is possibly because the white leghorns need to put their energy into 

producing more eggs than the red jungle fowl, so they do not have the energy 

for these behaviors (Schütz et al. 2001). The white leghorn produces about 

300 eggs every year and the red jungle fowl lays less than 20 eggs each year 

(Eklund and Jensen 2011). Another reason for the exploring behavior in the 

red jungle fowl is that they are better at coping with new surroundings than 

the white leghorn (Väisänen et al. 2005a). Other studies have shown that fowl 

more likely spends time with animals of their own breed rather than of 

another breed when given a chance (Väisänen and Jensen 2004). This could 

have affected our results as our unfamiliar stimuli animals were a cross 

between red jungle fowl and white leghorn. White leghorn also has a lower 

level of fear than the red jungle fowl (Campler et al. 2009). This could have 

been selected away during the process of domestication due to the fact that 

the white leghorn is kept in large captive environments and fear in these 

environments can be a source for stress and stress related disorders.  

 

Research has shown that the cortisol levels in the plasma of animals have 

decreased after a stress experience if they are placed with companions 

(Kikusui et al. 2006). We did not do any analyze of this on our animals, but it 

is likely that the social interaction in our experiment had the same effect. 

Social support therefore an important aspect to animal welfare, especially in 

farm animals (Rault 2012). This is because the social interactions help these 

animals to both physiological and psychological health in the big and 

stressful environments the live in.  The reason that social support can help 

with increasing health in farm animals is that the factors that activate social 

support are familiarity, the identity and emotional state of the partner. This 

means that the animal that is studied require a familiar animal that it has an 

emotional band to. In our study this was done by having the familiar stimuli 

animals come from the same cage as the test animal.   

 

We also observed that the red jungle fowl males performed the behavior 

waltzing. This behavior was aimed at the unfamiliar stimuli animals before 

the stress in the test arena. In the wild this behavior is used for two purposes. 



One is to attract females into mating (Hirao el al. 2009), and the other is to 

show aggression towards males, and therefore stabilize their place in their 

pack by being territorial (Väisänen and Jensen 2004). They use this 

behaviour to show other males that attack them that they are able to protect 

their territory. But in our results we found that the red jungle fowl only 

preformed this behavior forward the unfamiliar stimuli animals, which may 

indicate that the red jungle fowl males were able to distinguish that these 

males where in fact unfamiliar animals. We also found that the white leghorn 

males acted aggressively but they preformed their aggressive behavior 

towards the familiar stimuli animals. A reason for this may be that they live 

in bigger groups so they are not able to recognize familiar animals from 

unfamiliar ones (Marin et al. 2001).  

 

Studies have shown that fowl have the capacity to remember up to 90 

individuals (Väisänen et al. 2005b). This is an indication that they red jungle 

fowl are better able to recognize their pack members, due to living in small 

groups. The white leghorn however lives in populations of many hundred and 

they are therefore unable to recognize their pack members. This could be why 

the attacked the familiar stimuli animals as if they were unfamiliar animals. 

Previous studies have also shown that white leghorns do not have as well of a 

memory as the red jungle fowl, so it is possible that they during the two hours 

in the acclimation cage have forgotten which animals are their pack members 

(Marin et al. 2001).  Studies have shown that aggression is more common in 

smaller groups of animals which could be the reason why only the red jungle 

fowl preformed the waltzing (Estevez et al. 2007). It could also explain why 

the white leghorn acted aggressively in the test arena but not in their cage 

where they lived, because there they lived in bigger groups. Studies have also 

shown that females spend more time building social bonds rather than males 

who are more aggressive (Vallortigara 1992). This did show in our results as 

well, because the males were the only ones to act aggressively, where as the 

females spent time making social bonds. Before stress they spent in the 

different zone but after stress they spent most time in the familiar zone. 

5.1    Conclusion 

Our results did not support our hypotheses. We did however find that it is 

likely that the females of red jungle fowl and white leghorn are more 

dependent on social support after being stressed than males are. We also 

found that red jungle fowl males spent more time in the unfamiliar zone 

before stress. This is probably because they are able to recognize the 



unfamiliar animals and are therefore territorial. These results and further 

studies can prove to be of vital importance in the future within animal 

welfare.   
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