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Effects of a mutation in the TSHR-gene on aggressive, social and fear related 

behaviours in chickens 

 
Johanna Axling 

 

IFM Biology, Linköping university, SE-581 83 Linköping 

 

 

1. Abstract  

It has been shown that thyroid hormones are important in development and growth in birds 

and further that thyrotropin (TSH) signaling regulates photo induced seasonal reproduction. 

In addition to controlling the development of certain physiological traits, TSH can affect a 

wide range of phenotypes related to domestication such as behaviour, growth rate, more 

frequent productive cycle‘s, pigmentation and also behaviour. Studies indicate that thyroid 

hormone physiology could potentially be responsible both for differences in individual 

stress response as well as differences in social dominance. This project investigated the 

behaviours expressed in the different genotypes on the Thyroid stimulating hormone 

receptor (TSHR) gene in chickens. Standard tests such as Fear of human, Aerial predator, 

Tonic immobility and Social hierarchy were carried out with White Leghorn (WL) as a 

domesticated species and Red Junglefowl (Rjf) as their wild counterpart; these were 

considered to be the control group. There was no significant result on genotype effect for the 

TSHR animals observed in those variables tested. The TSHR mutants were expected to 

mirror the White leghorns behavioural response and the TSHR wild type the behaviour of 

Rjf. This was however not confirmed. There were a significant interaction between 

genotype effect and sex effect for TSHR for stand alert in the Aerial predator test which 

mirrored the results seen in the control groups. The male wildtype followed the male Rjf 

pattern however the mutant did not mirror the WL male. This study would benefit from 

more individuals to be tested, for stronger statistical results, plus also to have all genotypes 

represented to fully investigate the affect the TSHR mutation have on domesticated chickens 

and potentially the domestication process in a range of species.   

 

Key words: Domestication, Thyrotropin, Chicken, Fearful, Dominant behaviour, 

Thyrotropin stimulating hormone receptor (TSHR)  

 

 

 

 

2. Introduction 

2.1 Domestication  

The process of domestication where wild animals are tamed and used for the profit of 

humans have occurred for centuries. To clarify how domestication is defined in this 

paper it is when an animal is taken from the wild, bred in captivity, controlled by humans 

and usually used for profit. Domestication have shown to produce a consistent set of 

behavioural, morphological, and physiological changes in a range of different species, 

e.g. reduced fearfulness, reduced size and pigmentation and earlier sexual maturation and 

more frequent reproductive cycles (Wright et al, 2010). Reduced fearful behaviour has 
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most likely been directly or indirectly selected for from the beginning of the 

domestication. Animals with lower fear response would cope better with the stress of 

captivity, and therefore have a higher fitness (Campler et al, 2008) and potentially higher 

production output. A classical domesticated phenotype differ from its wild ancestor 

when it comes to; different plumage colour (potentially being white or spotted), being 

brachycephalic (shortening of the skull) and chondrodystrophic (shortening of the legs), 

having a reduced brain size and having increased reproductive capabilities (such as more 

frequent cycles) having a shorter and more flexible maturation period, expressing less 

fearful behaviour, being more social and have a more relaxed attitude towards potential 

predators. These traits have been observed in several domesticated species and are 

therefore suggests a general adaptation pattern to captive and domesticated animals 

(Jensen, 2006).  

 

Due to the long domestication history in chickens, 8000 years (Jensen & Anderson, 

2005) the differences in behaviour between the wild breed Red Junglefowl (Rjf) and the 

domesticated White Leghorn (WL) have been described in numerous papers. Studies 

done by Schütz and Jensen (2001) showed four aspects of behavioural differences 

between Rjl and WL. Less activity was expressed in WL, showing less exploratory and 

foraging behaviour. Second, WL also expressed less social behaviour, lower frequency 

of social interactions. Third, WL expressed a reduced antipredator response when 

exposed to predator models. Fourth, WL showed an altered foraging strategy by 

exploring less potential food sources (Jensen & Andersson, 2001). By using the 

domestication process, it will be possible to investigate larger phenotypic differences 

between domesticated animals and their wild ancestors such as using domestication as a 

potential model for evolution (Wright et al, 2010). Modern genomics combined with 

analysis of behaviour offers a good method for understanding the interactions between 

behaviour and production and also to predict potential side-effects of breeding programs 

(Jensen, 2006).  Behaviours are most likely to be polygenic, which means that they are 

influenced by multiple genes, and have a quantitative inheritance pattern.  

 

 The progress within molecular markers opened the possibility for mapping quantitative 

loci, which is carried out by analyzing the inheritance of neutral markers and measuring 

the quantitative phenotypic traits in the same pedigree (Andersson, 2001; Jensen, 2006).  

Quantitative trait locus analysis (QTL- analysis) has become a very beneficial and vital 

tool for behavioural genomics. It has been shown that there are many similarities in the 

genetic architecture of domestication, in regards to QTL distribution, location and effect 

size, in common to several different domesticated species (Wright et al, 2010). As 

observed in mammals, thyrotropin- releasing hormone (TRH) which is simulatory to the 

anterior pituitary production and release of thyrotropin (TSH) is present in the avian 

hypothalamus (Mcnabb, 2007). Some of the processes that the thyroid hormone control 

are; embryonic differentiation and maturation, embryonic postnatal growth, development 

and function of the central nervous system, skin and hair pigment production, behaviour 

correlation, stress response and daily and seasonal thyroid hormone variation (Crockford, 

2001). In addition to controlling the development of certain physical traits, thyrotropin 

(TSH) can affect a wide range of phenotypes related to domestication such as 

pigmentation and also behaviour (Crockford, 2006). 
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2.2 TSHR  

 The thyroid stimulating hormone receptor (TSHR) mutation, which has lead to the 

domesticated breed are homozygote at the TSHR locus, could potentially be involved in 

releasing the strict photoperiodic regulation and affecting development, growth and 

behaviour in the domestic chicken, as suggested by the finding of the TSHR sweep. 

Resequensing of the genome in several lines of domestic chicken has revealed a selective 

sweep over the thyroid stimulating hormone receptor gene (TSHR) (Rubin et al, 2010). A 

missense mutation in TSHR causing a glycine to arginine change is the most obvious 

candidate mutation for the sweep, since glycine is conserved in all known vertebrate 

TSHR sequences at this position (Rubin et al, 2010).  

 

      TSHR could potentially be a domestication locus in chickens, where all individuals of 

domesticated species carry a mutant allele. Considering that a large range of wild animals 

are homozygote for this mutation indicates a central role, possible already in the early 

stages of domestication. Depending on which trait that was favoured (muscle growth, egg 

production mass and frequency) the importance of the mutation could potentially play a 

vital role in the domestication process. The loss of seasonal reproduction has most likely 

been favored during domestication and is common for all domestic species. The result of 

more frequent breeding cycles is controlled by molecular mechanisms that are currently 

not well understood. It has been confirmed by several articles/ researches/ projects that 

the TSHR signaling between the pars tuberalis, of the pituitary gland, and ependymal 

cells in the hypothalamus regulates photoperiod control of reproduction in birds and 

mammals (Rubin, 2010). This would indicate its important role in one of the selected 

phenotypes of domestication.  

 

      Research regarding the relationship between reproductive photoperiodic 

time exposure and increased thyrotrophin (TSH) levels have been investigated by Ono et 

al (2009) where Red Junglefowl (Gallus gallus) was used to examine the photoperiodic 

response on a molecular level. Their result showed that long day induced TSH expression 

in the pars tuberalis triggers the type 2 iodothyronine deiodinase  (DIO2) expression in 

the mediobasal hypothalamus through the TSHR-cAMP signals pathway, which leads to 

LH (lutenizing hormone) secretion from the pituitary gland. The long day induced 

expression of the thyrotropin beta subunit (TSHB) in the pars tuberalis is the earliest 

event in the photoinduction process recorded to date. Furthermore Ono et al, (2009) also 

found in addition to the rapid induction of the TSHB, the long day-induced expression of 

the DIO2 gene was observed, which is the main output gene of photoperiodism.  

  

      A study conducted by Nakao et al (2008) used the ‗first-day release model‘ (increased 

plasma LH concentration (in Japanease quail) by the end of the first day of extended light 

exposure of photoinduced luteinizing hormone release in Japanese quail (Corturnix 

japonica) to divide the temporal outline or changes in the mediobasal 

hypothamalus which is related to the beginning of photoinduced reproductive function. 

Their results presents a comprehensive analysis of changes in hypothalamic gene 

expression, which are believed to be involved in the regulation of the long-day 

reproductive photoperiodic response, and also points out pars tuberalis TSH as a key 
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factor controlling photoperiodic processors. The TSHR sweep could potentially be related 

to a classical feature to all domestic animals considering the lack of strict regulation of 

seasonal reproduction found in natural populations.(Rubin et al, 2010)  One of the 

benefits with using birds as a genetic model is that their environment can be controlled 

from the point of egglaying (Jensen, 2006). By excluding environmental variations there 

can be more focus on the genetic variation. Also working with chickens makes it possible 

to use both a domesticated breed, White leghorn and the wild counterpart Red 

Junglefowl.  

 

      Animals react to stress quite individually and the behaviours can be expressed in a range 

from passive to active. Due to the dependency of stress-hormone-producing genes on a 

thyroid hormone, behaviour relating to an animal‘s stress response is fundamentally 

under thyroid hormone control (Crockford, 2006). The Russian researcher Dmitri 

Belyaev (1984) selected foxes based on their response to the ―gloved hand intruder‖, 

targeting the individual with the least fear or stressful response. The thyroid response to 

stress is rapid and immediate; high levels can be reached quickly and dropped as easily 

(Crockford, 2006). The ability to respond to a range of stressors which can be vital for 

survival for example exposure to a predator should be controlled by the individual‘s 

thyroid hormone physiology. Individual social pressures affect all group living animals 

and can also represent stress so individual differences in thyroid hormone physiology 

could also account for the individual differences in social dominance behaviour 

(Crockford, 2006). 

 

     The TSHR mutation might also affect an animal‘s stress and behavioural response 

considering the dependency of stress-hormone-producing genes on a thyroid hormone, 

behaviour relating to this is fundamentally under thyroid hormone control (Crockford, 

2006). Studies indicates that thyroid hormone physiology could potentially be responsible 

both for differences in individual stress response as well as differences in social 

dominance, seen in animals like primates, wolves and whales (Crockford, 2006). 

 

2.3 Aim and Hypothesis 

The hypothesis for this study is that a mutation in the TSHR gene will affect different 

traits which are considered central for domestication in chickens. In order to examine 

this, congenic (individuals differing at the same locus) hybrid chickens with alternative 

alleles on the TSHR gene (homozygote for both of the alternative alleles, wildtype and 

mutant and also heterozygotes ) will be bred and their phenotype will be compared 

against a background of randomly hybridized loci between Red Junglefowl and White 

Leghorn. Experiments will be conducted with different aspects of social, exploratory and 

fear related behaviours.    

 

 

3. Material and methods 

 

 

3.1 Animals and management 



5 

 

In this study two control group with 30 White leghorn (15 Males, 15 Females) and 27 Red 

Junglefowls (14 males, 13 females) were tested as well as a generation of chickens selected 

for their genotype at the TSHR locus. Both control groups were offspring of the F7 

generation of an advanced intercross between White leghorn and Red Junglefowl. The 

White leghorn line used in this cross (SLU 13) has been selected for several generations, for 

layers production traits such as; high egg mass and egg productivity, since 1970 (Jensen & 

Andersson, 2005). The Red Junglefowl line originated from a Swedish zoo population, and 

has been used for research since 1977 (Schütz & Jensen, 2001, Jensen & Andersson, 2005). 

The TSHR birds were offspring from the F7 generation of an advanced intercross between 

White leghorn and Red Junglefowl. The parental birds were genotyped for their alleles on 

the TSHR locus and only heterozygote birds were chosen for breeding. The TSHR 

generation consisted of 33 birds, 22 heterozygotes (15 males, 7 females), 9 wildtypes (4 

males, 5 females) and 5 mutants which all were males.  

 

3.2 Housing conditions 

All birds were hatched and reared at the ―Kruijt‖ hatchery at Linköping University. At 

day 5 the chickens were marked with wing-tags and vaccinated against Marek‘s disease.  

At six weeks of age the birds were transferred to ―Wood-Gush‖ research facility 

(situated 15 km outside Linköping) where they were kept loose in open enclosures 

where the two control groups were housed together and the THSR individuals together.  

 

3.3 Behavioural test 

Between ten and 14 weeks of age behavioural tests were conducted to measure fear, 

social and explorative behaviours. The test performed were aerial predator, fear of 

human, tonic immobility and social hierarchy. During all of the tests (besides tonic 

immobility) the behaviours and other variables were recorded with a video camera, 

Panasonic SDR-SW21 combined with manual observation.  

 

3.4 Experimental set-up 

 

3.4.1 Aerial predator test  

 In this test the chicken‘s response to a potential predator was measured by recording 

behaviours expressed before and after exposure to 

the predator as well as their reaction when the 

predator was released. The animals were habituated 

for 2 minutes before the test started in the test arena 

(L x W x H: 1500 mm x 500 mm x 500 mm) which 

was divided in three equal sized zones: A, B, and C 

(see Figure 1). The test lasted for 10 minutes for 

each bird. Behavioural observations were recorded 

with 1-0 sampling with 10 seconds intervals. Nine 

behaviours were recorded throughout the whole test: 

attempt to escape, explore, feed, ground peak, preen, 

stand, vocalize, walk alert and lying down. After 5 

minutes a wooden model of a hawk silhouette 

(measuring 320 mm x 640 mm) was released along 

Figure 1: Schematics of the aerial predator test. 
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a string reaching from one short end to the other of the arena. The model passed the arena 

170 cm above the arena floor, in about 1.5 seconds. The response towards the predator 

exposure was scored according to a five level scale: 0 = no response, 1= life head once, 2= 

lift head and look around for more than 3 sec, 3= attempts to run or fly away 4= Intense 

reaction, jump high. After the predator exposure the behaviours of the chickens were 

recorded for additionally 5 minutes.  

 

3.4.2 Fear of human test 

Fear of human investigates the birds fear response to a human by measuring; the latency 

until the chickens leaves the startbox, enters human 

zone and starts feeding combined with behaviours 

expressed during the test. The birds were food 

deprived for 30-60 minutes prior to the test. The birds 

was then placed in a test arena (L x W x H: 1500 mm x 

500 mm x 500 mm) with a solid sliding door at the 

first section of the arena, start zone (Figure 2). The 

arena was divided into three equal sized zones: start 

zone, middle zone and human zone, which the bird had 

free entry to once the sliding door was opened (see 

Figure 2). The short end of the testing area (human 

zone) was covered with a see through mesh. Outside 

the arena the observer were sitting, facing towards the 

arena, with an opened hand containing standard 

chicken food which was placed in the center of the 

human zone. Before the test started each chicken had 2 

minutes of habituation time inside the start zone, 

thereafter the sliding door was opened and 5 minutes 

of behavioural observation started. Behavioural observations were recorded with 1-0 

sampling with 10 seconds intervals. Behaviours recorded were: attempt to escape, 

explore, feed, stand alert and walk alert and walk and stand on human.  

 

 

3.4.3 Tonic immobility test 

Tonic immobility (TI) is a test where the level of the birds passive fear response is 

measured, the longer the birds remains in tonic immobile state (stays down) the higher 

level of fear is expressed. The measured variables were latency until first head movement 

and latency until the bird got up on its feet and rightened itself. Number of inductions 

needed to initiate TI was also recorded. The test was carried out next to the homeboxes, in 

order for the birds to be exposed to familiar sounds and the birds were habituated for 20 

minutes prior to the test. Each bird was placed on its back in a wooden cradle and kept 

there with a light pressure from the experimenters hand on its breast and neck for 10 

seconds and then with decreasing pressure for 5 seconds until the hand was completely 

removed. If the bird got up from that position within 10 seconds after the test had started, 

the subject was considered not to have entered TI and a new attempt was made straight 

away. Each bird was given three attempts per test to enter TI. Based on how many 

attempts needed the chicken got scored accordingly; if the chicken did not enter TI within 

Figure 2: Schematics of the Fear of human 

test 
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3 attempts it was given a 5 in attempts. During the test the experimenter was observing 

immobile at the side of the bird until the bird righted itself or until 10 minutes had passed.  

 

3.4.4 Social Hierarchy test 

The animals dominance test were carried out by, putting two individuals of the same sex 

together and the first who got access to a limited resource (water) was determined to be 

the most dominant, combined with observation of antagonistic behaviours. The two 

control groups were tested against each other, Rjf against WL and in the TSHR 

generation, the different genotypes were tested randomly against each other. The animals 

were water deprived for 30 minutes in their home pen followed by 30 additional minutes 

in the testing boxes before the test started. The individuals were kept separate in the test 

boxes, by see through mesh until the test started. A small cup was available to both 

animals, but did not contain water until the test started. Test duration lasted for 5 minutes 

with water available. The winner (the one to drink first) combined with behavioural 

studies of antagonistic behaviours recorded with continuous recording, determined the 

dominant individual. The ten behaviours observed were; threat and receive threat, threat 

with wing flap, waltzing agonistic, raised hackle threat, aggressive peak, attack, chase, 

fight, hide, escape. A second test trial was carried out 30 minutes after the first one. The 

individuals were also water deprived between the trials.  

 

3.4.5 Data analysis and statistics  

 

Mean value and standard error were calculated for each of the genotypes within sex. 

With help of an univariate analysis each variable was analyze, measuring the effect 

between sex and genotype. This was conducted to narrow down the variables with 

significant data to use in a principal component analysis (PCA). The percentage of each 

of the behaviours performed in aerial predator and fear of human were calculated, given 

an average and used as variables. Additional variables for aerial predator were reaction, 

for when the predator model was released. In fear of human the latency to leave start 

box, enter human zone and feed from human hand was also used as variables. For the 

tonic immobility test the average of latency until first head movement, rightening and 

attempt was calculated for each genotype and used as a variable. In the dominance test 

each winner was given a score of 2. If the trial was considered a tie each animal was 

given the score 1 and the animal that lost got a score of 0. The values were added and an 

average was given to each of the genotypes.  

 

 Due to the low frequency of antagonistic behaviours that occurred no further statistics 

were conducted. Variables with significant effects on genotype or interaction between 

sex and genotype were selected to be processed in a Principal component analysis 

(PCA). 10 variables in total were selected due to significance from three of the tests 

(fear of human, aerial predator and tonic immobility) to be included in the PCA. 

Components with an eigenvalue less than 1 were excluded and based on the scree plot 

and explained variance the factors for further analysis was decided. Factor 1 was 

determined to reflect fear related activity, Factor 2 foraging behaviour and the last factor 

was determined to be unknown. The program used for the statistical analysis was SPSS 

17.0. 
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4. Results 

 

4.1 Aerial predator test   

The THSR female was significantly more active before the aerial predator model was 

released compared to the THSR males (F1,26 = 15.411 p<0.001) (Figure 3). White leghorn 

(WL) were significantly more active compared to Red Junglefowl (Rjf) both before and 

after the predator model was released (F1,52 = 8.867, p=0.004, F1,52= 15.018 p<0.001). 

The general activity increased in all birds besides Rjf females after the predator was 

released. For the behavioural variables between WL and Rjf significant effect of genotype 

were seen in three variables; walk (F1,52 = 18.610; p<0.001) stand (F1,52 = 5.257; p= 

0.022) and ground peck (F1,52 = 5.605; p=0.022. Stand was one variable that showed 

significant interaction effect for TSHR males and females (F1,26 =4.657; p=0.04), other 

variables that showed a tendency to interaction was activity before (F1,26 = 4.177 

p=0.051) and walk alert (F1,26 = 3.006; p=0.95). The WL and Rjf males vocalized 

significantly more compared to the females (F1,52 = 4.911; p=0.031). A tendency to 

significant genotype effect between the control groups was seen in lying down (F1,52 = 

3.405; p=0.071) and explore (F1,52 = 3.291; p=0.064).  There was also a tendency to 

significant sex effect between the control groups in stand (F1,52 =3.457 ;p=0.069) and 

explore (F1,52 = 3.291; p=0.075).The greatest reaction towards the predator was seen in 

the male WL and the least reaction was seen in the female Rjf. 

                                                                                                                                                                                                                                                                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Activity expressed both before and after (±SEM) exposure to predator. The TSHR females were significantly (***) 

more active before than the TSHR males.  The WL was significantly more active both before (***) and after (***) the predator 

were released compared to Rjf. ***= p<0.001, **=p<0.005, *=p<0.01 and (*) =p~0.05 
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Figure 4 Percentage of Ground peck and Lying down (±SEM) performed during the test. WL females pecked significantly (**) 

more compared to Rjf females. ***= p<0.001, **=p<0.005, *=p<0.01 and (*) =p~0.05 

 

Figure 5 Percentage of stand, walk and explore (±SEM) performed for the duration of the test. Rjf female stood significantly 

(**) more than the WL female and both sexes of WL walked significantly (***) more than Rjf. ***= p<0.001, **=p<0.005, 

*=p<0.01 and (*)=p~0.05 
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4.2 Fear of human test  

One variable that the TSHR group showed significance sex effect for, as well as the 

control group was in time spent feeding from hand. The TSHR females fed significantly 

more from the hand than the TSHR males did (F1,26 =8.534; p=0.007) which also showed 

a significant interaction effect (F1,26 =2.939; p=0.098). The WL and Rjf males fed 

significantly more from hand than the WL and Rjf females (F1,52 =4.049; p=0.049). Other 

variables that showed tendencies in significant sex effect among the TSHR chickens was 

vocalization (F1,26 = 3.723; p=0.065) and time spent in the human zone (F1,26 = 3.035; 

p=0.093). The male heterozygotes spent most time in the start zone ~50% with the second 

following genotype male mutant on 33%. Two behavioural variables that were significant 

on genotype effect between WL and Rjf were ground peck (F1,52 = 10.242; p=0.002), and 

walk (F1,52 = 6.009;  p=0.018). Tendency to significance on genotype effect for WL and 

Rjf was seen in stand (F1,52 = 3.707; p=0.060). There was also tendency to significance in 

sex effect in walk stand on human (F1,52 = 3.086; p=0.085).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Percentage of walk/stand on human, feed from hand and ground peck (±SEM) performed for the duration of 

the test. The TSHR females fed significantly (***) more from the hand than the TSHR males did. Both WL and Rjf males 

fed significantly (*) more from hand than the females.  ***= p<0.001, **=p<0.005, *=p<0.01 and (*)=p~0.05 
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4.3 Tonic Immobility test 

Rjf had a significantly longer latency until rightening compared to WL (F1,52 = 36.518 ; 

p<0.001) and a tendency of significance on genotype effect was seen in first head 

movement (F1,52 = 3.236; p=0.078). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Social hierarchy test 

WL was the most dominant compared to RJF, derived from the basic analysis. The most 

dominant among the TSHR genotype was not able to be determined based on the data 

collected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Latency until first head movement and until rightening (±SEM). Rjf remained in tonic immobility 

significantly (***) longer compared to WL. ***= p<0.001, **=p<0.005, *=p<0.01 and (*)=p~0.05 
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Figure 8 Individual score in trials won in Social Hierchy. The greatest difference was seen in male WL and 

male Rjf. 
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4.4 Principal component analysis 

 

 The PCA analysis extracted four factors with eigenvalues greater than one. Based on 

those values combined with the scree plot and the variance explained, three factors were 

chosen for further analysis since they had an eigenvalue over one. These three factors 

combined explained 54.5 % of the variance in the data set. The factor loadings of the ten 

variables are shown in Table 1. The first factor explained 26.5 % of the variance, it 

contained high loadings on activity after the aerial predator (AP) was released as well as 

activity before and walk in fear of human and low loadings on standing (for both AP and 

FH) and time until rightening. These behaviours seem to capture central behavior of 

activity in relation to fear. For factor 1 there was a significant difference on factor scores, 

where Rjf had higher scores than WL (F1,49 =33.198; p<0.001). The second factor which 

explained 16.9% of the variance, had the highest loading value for activity before (AP), 

walking and standing consistent with foraging behaviour. Factor 2 had a significant 

difference for between WL and Rjf (F1,49 = 33.198; p=0.022) and also an significant 

interaction between sex and genotype (F1,49 = 4.789; p=0,033).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 A scree plot showing the fraction of total variance in the data represented by each principal component. The first three 

factors were chosen since they had a eigenvalue of one or greater.    

Factor number 
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Table 1 - Factor loadings on the first tree principal components and the variance explained by each component. AP: 

Aerial predator, FH: Fear of Human and TI: Tonic Immobility.  

Variable Factor 1 –              
Fear activity 

Factor 2 - 
Foraging  

Factor 3 - 
Unknown 

AP Ground peck  0.173 -0.789 -.094 
AP  Lying down -0.275 -0.188 -0.238 
AP Stand -0.687 0.304 0.428 
AP Activity Before 0.619 0.425 0.127 
AP Activity After 0.777 0.120 0.008 
AP Reaction 0.553 0.127 -0.367 
FH Walk 0.621 0.339 0.268 
FH Stand -0.472 0.216 -0.558 
FH Ground peck 0.150 -0.674 0.455 
TI Time until 
rightening 

-0.394 0.303 0.343 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Principal component analysis. There was significant difference between WL and Rjf for both Factor 1 

(Fear activity) and Factor 2 (Foraging) (±SEM). ***= p<0.001, **=p<0.005, *=p<0.01 and (*)=p~0.05 
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5 Discussion 

 

There were a significant interaction between genotype effect and sex effect for TSHR for 

stand alert in Aerial predator (AP) which mirrored the results seen in the control groups. 

The male wildtypes followed the male Rjf pattern however the mutant did not mirror the 

WL males. Furthermore there were tendencies for interaction between genotype effect and 

sex effect for TSHR on activity before, walk alert from AP and feeding from hand in Fear of 

Human ( FoH) where the control groups had significant effect on genotype. Meaning there 

was a significant difference in the behaviours expressed between the two breeds. Other tests 

where difference could have been expected between the TSHR genotypes based on 

significant result for the control groups on genotype effect, were seen in behaviours like; 

walk alert (WL walked significantly more than Rjf in both AP and FoH) and latency until 

rightening in tonic immobility, where Rjf remained in tonic immobility state for a longer 

time. Schütz et al (2001) also observed that the foraging behaviour decreased and walk alert 

increase after exposure to the predator; however in this study the walk alert decreased in 

both Rjf and WL males. The exploratory behaviour decreased in the TSHR animals and also 

in Rjf females after exposure to the predator. Locomotion tended to be more frequent in WL 

compared to Rjf something also seen in Camper et al (2009). According to Schütz el al 

(2004), junglefowl walked alert and vocalized significantly more than the Leghorn after the 

model presentation something that was not observed here however that could be due to 

different classification or measurements of the behaviour.  

 

  No significant results were found in reaction to the predator model or in freeze behaviour. 

Both strong reactions and immobility are type of response to fear which can be expressed 

contradictory depending on the situation, however freezing and immobilization (passive 

avoidance) has generally been regarded as a stronger fear response compared to increased 

activity and flight response (active avoidance) (Campler et al, 2009; Forkman et al, 2007). 

The social hierarchy test did not give any significant results, potentially the limited resource 

(water) was not a valid indicator of dominance or maybe the chickens should have been 

tested after sexual maturity, when a stronger hierarchy might be settled. The test would 

potentially have given more constructive results if the chickens were paired up according to 

their genotype. Then to test the heterozygote against both a wildtype and a mutant and 

potentially a pattern between the genotypes would appear. The pattern expected would be 

that the wildtype would be most dominant over the heterozygote and the mutant since Rjf 

are known to express stronger social behaviours (Jensen, 2001, Campler et al, 2009). The 

environment and treatment were identical to all individuals however the differences in fear 

response and dominance could have had long-term effects on their fear levels and 

expression (Campler, 2009).  

 

The principal component analysis resulted in 3 factors explaining 51.5% of the variance in 

the chosen variables (Table 1). Factor one which explained 26.6% was mainly spanned by 

activity, walk and reaction in one direction and stand and lying down in the other (Table 1). 

These variable values indicate an active fear response for this factor. The second factor had 

high values of ground peck from both AP and FoH test in one direction and activity and 
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walk in the other scope, have been interpreted as foraging behaviour. The third factor did 

not show any easily interpreted factor pattern so it was left as unknown. For the hypothesis 

that: a mutation in the TSHR gene will affect different traits, central for domestication in 

chickens, to be accepted the results or trends expected would have been based on the 

differences between Red Junglefowl and White leghorn. The mutant would potentially have 

mirrored the White leghorns behavioural response and the TSHR wild type would possibly 

have followed the behaviour of Rjf. This was however not confirmed in this study.  

 

 Crockford (2006) stated that differences in individual thyroid hormone physiology could 

potentially be responsible for both for differences in individual stress response as well as 

differences in social dominance, seen in animals like primates, wolves and whales. 

Considering that a large range of animals are homozygote for this mutation it indicates a 

central role quite early on domestication, the question is if it was an active choice at the 

time. However to figure out which traits that are linked with this THSR mutation would 

apply to other domesticated species as well as to natural population, which will show the 

genetic basis for rapid evolutionary adaptations (Rubin et al, 2010). Due to the different 

developmental modes in precocial and altricial birds and mammals the developmental 

patterns of thyroid function would differ, therefore the THSR sweep would benefit some 

further investigation in precocial species as well to fully investigate the TSH affect 

regarding domesticated animals. The prenatal development could possibly have a large 

impact on behaviours with fluctuating thyroid hormone levels (Crockford, 2006). Another 

important difference with altricial and precocial animals is the degree of parental care that is 

offered. The benefit of having an active parent to give support and protection would also 

show in different expression of hormone level and behaviours.  

 

6 Conclusion 

 There are two reasons for why the hypothesis was not accepted for in this study could be 

firstly that the study had too few individuals for significant results. The first reason is that 

there were no female mutants represented which made it impossible to see proper trends 

and analyse the data properly. The second reason is that the TSHR mutation does not 

affect the behaviours that were tested however the result from these tests does not confirm 

nor deny such statement. To conclude these tests would benefit from more individuals to 

be tested, for stronger statistical results, plus also to have all genotypes represented to 

fully investigate the affect the TSHR mutation have on domesticated chickens and 

potentially the domestication process in a range of species.   
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9 Appendix 

 

Ethogram of chicken behaviour.  

 

 

Behaviours Abbrev

iation 

Used 

in test 

Description 

Aggressive peck Ap Soc.H  Bird gives a fast peck, directed to an anterior  part 

of another birds body 

Attack At Soc.H Bird runs, jumps or flies when approaching 

another bird in order to give one or more 

aggressive peck. The head is kept above the 

receivers head. 

Bill rake Br FoH Wiping of the beak, in feed, ground or against 

objects 

Chase Ch Soc.H  Bird follows another bird, both running, jumping 

or flying 

Escape  Esc Soc.H 

+ Ap 

Attempt to escape out from the test arena by 

jumping or making fly attempts towards the roof. 

Explore Ex Ap Head close to object of interest, eyes focusing on 

object 

Feeding from hand Fe FoH The animal feed from the observers hand.  

Fight Fr Soc.H Bird being involved in an aggressive fight, more 

than just one single peck. Borth birds are running, 

jumping or flying towards each other. 

Freeze Fr Ap Stiff posture, stand, sit or lie motionless, vigilant, 

open eyes 

Ground peck  Gp FoH, 

Ap 

Pecks at items (visible or not) on ground 

Ground scratch Gs Ap Scratching at ground, often intermittent during 

bouts of Gp, often followed by one-two steps 

backwards after Gs 

Hide Hi Soc. H Where the individual would push into a corner 

and try to avoid confrontation.  

Lying down Ly FoH, 

Ap 

Lying down  

Preen Pr Ap, 

FoH 

Uses beak to trim and arrange feathers 

Raised hackle threat Rh Soc.H Body horizontal or in pecking position, head 

towards opponent, hackles raised 

Stand alert Sta FoH, 

Ap 

Stands (legs erect) with open eyes, attending to 

the surrounding 

Threat and receive 

threat 

Th Soc.H One bird walks after the other with head held 

high, the other bird 

walking/running/jumping/flying away 

Threat with wing 

flap. 

Twf Soc.H Bird stands in an upright position and flaps its 

wings more than once in front of another bird at 

<0.5 m distance. 

Vocalisation Voc Ap, 

FoH 

Any unspecified vocalization 
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Walk alert Wa Ap, 

FoH 

Locomotion 

Walk Stand Human WSH FoH  

Waltzing agonistic W Soc.H  

    

    

  


