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งานวจิยัน้ีมีวตัถุประสงค ์เพื่อศึกษาอิทธิพลของความหนาแน่น ( 8, 12 และ 16 ตวั/ตาราง

เมตร) และขนาดของกลุ่ม ( 50 และ 100 ตวั) ต่อผลผลิต พฤติกรรมทัว่ไป พฤติกรรมการจิกขน 

พฤติกรรมกา้วร้าว ตวัช้ีวดัสวสัดิภาพ และการกระจายเชิงพื้นท่ี ของไก่ลูกผสมพนัธ์ุพื้นเมือง 

(จาํนวนทั้งหมด 1,350 ตวั) ทาํการเก็บบนัทึกพารามิเตอร์การใหผ้ลผลิต พฤติกรรม และการกระจาย

เชิงพื้นท่ีสัปดาห์ละคร้ัง ตวัช้ีวดัสวสัดิภาพวดัเม่ืออาย ุ 12-13 สัปดาห์ ขอ้มูลท่ีไดถู้กนาํมาวเิคราะห์

ความแปรปรวนดว้ยแผนการทดลองแบบ 2x3 factorial in CRD โดยทาํ 3 ซํ้ าต่อทรีตเมนต ์

ผลการศึกษาพบแสดงวา่ ความหนาแน่น และขนาดของกลุ่มไม่มีผลต่อ นํ้าหนกัตวั นํ้าหนกั

ตวัท่ีเพิ่มข้ึน และ อตัราการตายของไก่ ในช่วงอาย ุ2-12 สัปดาห์ การกินไดข้องไก่ในกลุ่ม 50 ตวัท่ี

ความหนาแน่น 16 ตวั/ตารางเมตร สูงกวา่กลุ่ม 100 ตวัท่ีความหนาแน่นอ่ืนๆ ( P<0.05) ความ

หนาแน่นไม่มีผลต่ออตัราการเปล่ียนอาหารเป็นนํ้าหนกัตวั ( FCR) อยา่งมีนยัสาํคญั แต่พบวา่ขนาด

ของกลุ่มมีผลต่อ FCR อยา่งมีนยัสาํคญั โดยท่ีฝงูขนาด 100 ตวั มี FCR ตํ่ากวา่ (P<0.05) ฝงูขนาด 50 

ตวั ความหนาแน่นไม่มีอิทธิพลต่อความถ่ีทั้งหมดของพฤติกรรมทัว่ไป ขนาดของฝงูแต่ไม่ใช่ความ

หนาแน่น มีอิทธิพลต่อพฤติกรรมทัว่ไป (P<0.01) และพฤติกรรมการจิกขน (P<0.01) ขนาดของกลุ่ม

และความหนาแน่นไม่มีผลต่อความถ่ีของพฤติกรรมกา้วร้าว เม่ือความหนาแน่นเพิ่มสูงข้ึน 

อตัราส่วนเฮทเทอโรฟิลต่อลิมโฟไซทข์องไก่ในกลุ่ม 50 ตวั มีแนวโนม้ลดลง นอกจากน้ี ระยะเวลาท่ี

ไก่นอนน่ิงไม่ไหวติง ( Tonic immobility, TI) สูงข้ึนอยา่งมีนยัสาํคญั ( P<0.05) ความหนาแน่นและ

ขนาดของกลุ่มไม่มีผลต่อค่าของ  relative fluctuating asymmetry และคะแนนการเดิน ค่าคะแนน

ความเสียหายของขนพบตํ่าท่ีสุดในกลุ่ม 50 ตวัท่ีความหนาแน่นท่ี 8 ตวั/ตารางเมตร ไก่ท่ีอาย ุ 12 

สัปดาห์ชอบท่ีจะอยูบ่ริเวณริมผนงัคอก พบวา่ไก่ในกลุ่ม 100 ตวัท่ีชอบอยูใ่นบริเวณริมคอกน้ีมี

จาํนวนสูงกวา่ในกลุ่ม 50 ตวั (P<0.01) ความหนาแน่นไม่มีอิทธิพลต่อการกระจายเชิงพื้นท่ีของไก่ 

ในไก่กลุ่ม 50 ตวัเม่ือความหนาแน่นเพิ่มสูงข้ึนจาํนวนของไก่ท่ีอยูใ่นบริเวณคอนเกาะเพิ่มสูงข้ึน แต่

ไม่พบความแตกต่างในไก่กลุ่ม 100 ตวั ทั้ง 3 ระดบัความหนาแน่น 

สรุปไดว้า่ ไก่ลูกผสมพนัธ์ุพื้นเมืองสามารถเล้ียงในความหนาแน่นไดถึ้ง 16 ตวั/ตารางเมตร  

โดยไม่เกิดผลเสียต่อการผลิต ขนาดของกลุ่มแต่ไม่ใช่ความหนาแน่นมีผลต่อ กิจกรรมทัว่ไป 

พฤติกรรมการจิกขนและพฤติกรรมกา้วร้าวของไก่ ถึงแมว้า่ไก่ท่ีเล้ียงในความหนาแน่นสูงจะมีความ
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CHICKENS 

 

This research aimed to investigate the influence of stocking density (8, 12 and 

16 birds/m
2
) and group size (50 and 100 birds) on productivity; general behaviors, 

feather pecking, and aggressive behaviors; welfare indicators and spatial distribution 

of Thai crossbred chickens (n=1350 birds). The productivity, behavioral and spatial 

distribution parameters were recorded once a week. The welfare indicators were 

measured from 12 to 13 weeks of age. The data were subjected to analysis of variance 

with 2×3 factorial completely randomized design with 3 replicates per treatment.  

The results showed that stocking density and group size had no effect on body 

weight, body weight gain and mortality of chickens from 2 to 12 weeks of age. Feed 

intake in the 50 bird group with 16 birds/m
2 

density was higher than that in the 100 

bird group with other densities (P<0.05). Feed conversion ratio (FCR) was not 

significantly affected by density but was significantly affected by group size. The 

lower FCR was in the 100 bird group (P<0.05). Stocking density had no effect on total 

frequency of general behaviors. Group size, rather than density, had a significant 

influence on general behaviors (P<0.01) and feather pecking (P<0.01). The frequency 

 

 

 

 

 

 

 

 



IV 

of aggressive behaviors was not affected by group size and density. With an increase 

of density, there was a decreasing tendency in the heterophil to lymphocyte ratio of 

chickens in the 50 bird group, moreover, the tonic immobility duration of the chickens 

increased significantly (P<0.05). The relative fluctuating asymmetry values and gait 

score were not affected by stocking density and group size. The lowest feather damage 

score was found in the 50 bird group with 8 birds/m
2
 density compared with other 

treatments. For spatial distribution, it was found that chickens preferred to stay in the 

wall area rather than in other areas of the pen. The highest number of chickens to stay 

in the walled area was in the 100 bird group compared with the 50 bird group (P<0.01). 

Density had no influence on the spatial distribution of the chickens. With an increase 

of density, the number of chickens in the perching area increased in the 50 bird group. 

There was no difference between the 100 bird groups at three levels of density.  

In conclusion, Thai crossbred chickens could be stocked up to 16 birds/m
2
 

without adverse effects on productivity. Group size rather than density affected general 

activities, feather pecking and aggressive behaviors of chickens. Although the 

chickens in the high stocking density had a high fearfulness with adverse feather 

condition, their welfare was not any worse than that of the low stocking density 

chickens.  
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CHAPTER Ⅰ 

INTRODUCTION 

 

1.1   Rational of this study 

Usually Thai native chickens are raised in the extensive backyard system. The 

meat of Thai native chicken has been very popular among Thai consumers because of 

its unique taste and texture which regarded as a greater delicacy over that of 

commercial broiler (Jaturasitha, Leangwunta, Leotaragul, Phongphaew, 

Apichartsrungkoon, Simasathitkul, Vearasilp, Worachai and ter Meulen, 2002; 

Wattanachant, Benjakul and Ledward, 2004; Wattanachant et al., 2005; Choprakarn 

and Wongpichet, 2007). The domestic market for Thai native chickens has increased 

significantly. Thai native chickens also have strong potential for overseas market. This 

leads to the change of practice in raising Thai native chickens.  

Cross breeding of Thai native male with egg type female is use to get higher 

chick production than pure breeding of Thai native chickens. The crossbred chickens 

are raised in higher density and larger group than normally practice in the extensive 

backyard system. Since Thai native chickens derived from those extensively raised 

and have higher aggressiveness than commercial breeds (Jaturasitha et al., 2002), it is 

suspected that when Thai native or crossbred Thai native chickens are raised in 

intensive system their welfare would be compromised.  
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Stocking density is considered as one of the most important environmental 

factors because of the established effect on growth rate in broiler chickens (Škrbić, 

Pavlovski, Lukić, Perić and Milošević, 2009). Dozier, Thaxton, Branton, Morgan, 

Miles, Roush, Lott and Vizzier-Thaxton (2005) indicated that negative effects on live 

performance of heavy broilers happened with increasing density beyond 30 kg/m2

According to farm animal welfare council (FAWC) the five freedoms that are 

required to ensure that animals are in stress free environment are freedom to express 

most normal behavior by providing sufficient space, proper facilities and company of 

the animal's own kind (FAWC, 2009). Several authors have studied behavioral 

response of animal as a source of welfare information and assessment (Pettit-Riley, 

Estevez and Russek-Cohen, 2002). The behavior measurements and behavior test can 

also reveal whether the animals are adapted to production system (Veersamy, Lakritz, 

Ezeji and Lal, 2010). 

. In 

most of these studies the effects of group size are confounded with stocking density or 

with pen attributes due to the shape or size of the pen (Christman and Leone, 2007).  

With increasing group size more and more aggressive of animals has been 

shown (Al-Rawi and Craig, 1975; Hughes and Wood-Gush, 1977). However, studies 

conducted on larger group sizes have demonstrated that aggression has a tendency to 

decrease with increasing group size (Hughes, Carmichael, Walker and Grigor, 1997; 

Nicol, Gregory, Knowles, Parkman and Wilkins, 1999). Feather pecking was found to 

reduce welfare of the birds and increases economical losses due to increased feed 

consumption and mortality (Rodenburg, de Haas, Nielsen and Buitenhuis, 2010). It is 

a multi factorial problem affected by the genetic background of the birds, their early 

life history and environmental factors, such as availability of floor substrate, nutrition, 
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adequate lighting and group size and stocking density (Rodenburg, Komen, Ellen, 

Uitdehaag and van Arendonk, 2008). Due to the fact that Thai crossbred chickens 

have aggressive temperament of Thai fighting cock, the aggressive and feather 

pecking behaviors that could cause adverse effects for chickens are considered in this 

study.  

A combination of welfare indicators related to production system, husbandry 

routines and animal behavior and health is suggested to assess the welfare level of the 

individual farm (Veersamy et al., 2010). Determining the welfare of chicken can be 

done by using a number of indicators, such as tonic immobility (Campo, Teresa and 

Dávila, 2008), fluctuating asymmetry (Stige, Slagsvold and Vøllestad, 2005; Campo 

et al., 2008; Nuffel, Tuyttens, Dongen, Talloen, Poucke, Sonck, and Lens, 2007), 

heterophil to lymphocyte ratio (Gross and Siegel, 1983; Campo et al., 2008), gait 

score (Jones, Donnelly and Dawkins, 2005) and feather damage (Bilcík and Keeling, 

1999; Rodenburg et al., 2010).  

Distribution studies have the advantage of investigating the birds in the system 

in which they are normally kept, thus giving information that is relevant for raising 

system (Buijs, Keeling and Tuyttens, 2011). The spatial requirements of broiler 

chickens have most often been studied by looking at the adverse physical effects of 

high stocking densities (for instance decreased walking ability, increased contact 

dermatitis and mortality) or by studying changes in the behavioral repertoire (Buijs, 

Tuyttens, Baert, Vangeyte, Poucke and Keeling, 2008). 

Although the Department of Livestock Development (DLD) of Thailand 

recommends the stocking density of Thai chicken: 0-6 week 22 birds/m2; 7-16 week 8 

birds/m2, recently there is no research article about the effects of stocking density and 
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group size on productivity, behavior or welfare of Thai crossbred chickens. So which 

level of stocking density and group size are suitable for raising Thai crossbred 

chickens and will offer a good welfare for chickens are needed to investigate 

meanwhile can bring the best benefits to the farmers.  

1.2  Research objectives 

1.2.1 To assess the effects of the stocking density and group size on productivity 

of Thai crossbred chicken. 

1.2.2 To assess the effects of the stocking density and group size on general 

behaviors of Thai crossbred chicken. 

1.2.3 To assess the effects of the stocking density and group size on 

aggressiveness of Thai crossbred chicken. 

1.2.4 To assess the effects of the stocking density and group size on feather 

pecking of Thai crossbred chicken. 

1.2.5 To assess the effects of the stocking density and group size on welfare of 

Thai crossbred chicken. 

1.2.6 To assess the effects of the stocking density and group size on spatial 

distribution of Thai crossbred chicken in pen area. 

1.3  Research hypothesis 

1.3.1 With increasing of stocking density and group size, the productivity of 

Thai crossbred chicken will be reduced. 

1.3.2 With increasing of stocking density and group size, the frequency of 

general behaviors of Thai crossbred chickens will be different. 
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1.3.3 With increasing of stocking density and group size, the frequency of 

aggressiveness of Thai crossbred chickens will be increased. 

1.3.4 With increasing of stocking density and group size, the frequency of 

feather pecking of Thai crossbred chickens will be increased. 

1.3.5 With increasing of stocking density and group size, the welfare of Thai 

crossbred chickens will be compromised. 

1.3.6 With increasing of stocking density and group size, the spatial distribution 

of Thai crossbred chickens will be different. 

1.4   Scope and limitation of the study 

In order to investigate the effects of stocking density and group size on 

behavior, stress and welfare of Thai crossbred chickens, there were several parameters 

were measured in this study, such as productivity, occurrences of general behaviors, 

frequency of aggressive behaviors, frequency of feather pecking behaviors, welfare 

indicators and percentage of spatial distribution. Actually, group size used in this 

study was for small scale chicken farm, so results might not be applied for large 

commercial chicken farm.  

1.5  Expected results 

To indicate the optimal level of stocking density and group size for raising Thai 

crossbred chicken by using behaviors data of Thai crossbred chickens. The research 

results will contribute to assess a standard welfare of Thai crossbred chickens production 

in Thailand. This information will benefit the rural or small-scale farmer to ensure 

sustainable poultry production and food security. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



CHAPTER Ⅲ 

MATERIALS AND METHODS 

 

3.1   Animals  

The Thai crossbred used in this experiment was a cross between Thai native 

males (‘Loeng hang khao’ that means yellow white tail) and ISA Brown commercial 

layer type females. One thousand three hundred and fifty mixed sex chicks, supplied 

by the project of “Establishment of ‘Korat Meat Chicken’ strain for small and micro 

community enterprise (SMCE) production”, were reared from one day old to 13 

weeks of age without beak trimming. The experiment lasted from February to April, 

2011. 

3.2  Housing and rearing management  

From the 2nd to 13th week, chicks were brooded for 2 weeks before being 

randomly assigned to the treatments. The gas heater and the 100W electric bulb, 

placed about 1 meter above the floor, were used to brood the chickens. At the end of 

2nd week, the brooding gas heaters and bulbs were removed. The experimental pens 

were bedded with approximately 5 cm of rice husk. The pen sizes for the 100 birds 

treatment group had areas of 12.5, 8.33, and 6.25 m2, and those for the 50 birds 

treatment group were 6.25, 4.17, and 3.12 m2. This resulted in treatment densities of  
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8, 12 and 16 birds/m2

The birds were fed a standard commercial three phase broiler diet. Feed and 

water were fed ad libitum throughout the rearing period. During the first 3 weeks, feed 

was added 3 or 4 times a day. After that, the feed was added to 2 times a day (07:00 h 

and 16:30 h). The ratio of birds per feeder cup (diameter×high: 40 cm×30 cm) or 

water bottle (4L capacity) was 25 to 1. Before stocking the birds, the housing was 

sprayed with disinfectant. Natural lighting was used after brooding period until 13 

weeks old. The chicken house was protected from the wind and rain with plastic 

sheeting, which also adjusted the ventilation.  

, respectively. Plastic curtains were used to prevent visual 

contact between the chickens in adjacent pens. 

3.3  Vaccination program 

At the end of week 2 (14 days old), the chicks were vaccinated according to the 

recommendations of the Department of Livestock Development (DLD), Thailand 

(Table 3.1). 

 
Table 3.1 Vaccination schedule 

Vaccines Age of chickens (day) Method of Vaccination 
ND + IB 5-7 Eye 

IBD 12-14 Mouth 

ND (Lasota) +IB 28 Eye 

FP 42 Wing web 
ND (Lasota) +IB 56 Eye 
Source: Haitook (2006). 
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3.4  Experimental design 

The experiments would be arranged in 2×3 factorial in completely randomized 

design (CRD) with repeated measurement. There were 3 replications for each 

treatment combination (Table 3.2). 

 
Table 3.2 Design of experiment 

 
Factor A (Group size) 

Factor B (Stocking density) 

B
(8 birds/m

1 
2

B
) (12 birds/m

2 
2

B
) (16 birds/m

3 
2) 

A1 A (50 birds) 1 B A1 1 B A2 1 B3 

A2 A (100 birds) 2 B A1 2 B A2 2 B3 

 

Model:  Yijk =μ+ Aj + Bjk+ ABjk + eijk 

Where:  Y

(i=1,…r, a; j=1,…b; k=1,…,n) 

ijk

μ = the overall mean 

 = observation k in level i of factor A and level j of factor B 

Aj = the effect of levelj

B

 of factor A (j= 1,..a) 

k = the effect of levelk

AB

 of factor B (k=1,..b) 

jk

e

= Effect of interaction of factor A and factor B (jk) 

ijk 

 

= error 

3.5  Productivity assessment 

The average body weight (BW) (random sampling 20% of each group), body 

weight gain (BWG), feed intake (FI) and the feed conversion ratio (FCR) were 

recorded weekly with restriction of feed 12 hours before weighing. Additionally 

mortality rate was determined daily in each pen. 
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3.6  Behavior Observation 

3.6.1 General Activities  

Each pen was observed once from 09:00 to12:00 at the end of 12 weeks of 

age. The observer stood in front of the pen about 5 min before observation. The Canon 

digital camera A3100 IS was used when scanned all birds. The general ethogram 

(Bokkers and Koene, 2003) was given in Table 3.3.  

 
Table 3.3 Ethogram of recorded behaviors 

Behavior Description 

Feeding With head above or in the feeder 
Drinking Pecking to a drinking nipple or drinking out of the cup beneath 

the drinking nipple 
Preening Grooming of own feathers with the beak 

Head grooming Grooming of own head with the foot 

Stretching Stretching of wing and/or leg 

Aggression Pecks directed to the head of a pen mate or sparring 

Standing idle Standing without any other activity 

Sitting idle Sitting with hocks resting on ground without any other activity 

Walking Locomotion with a normal speed or with quick steps 

Wing flapping Bilateral up-and-down wing flapping 

Dust bathing Performed with fluffed feathers while lying, head rubbed on 
floor, wings opened, scratching at ground 

Lying With head flat on the bedding or with the head under a wing 
either with eyes open or closed 

Flying to move through the air using wings 

Exploring Searching for and active investigation of novel situations in the 
absence of a pressing physiological need 

Pecking Pecking the plastic material 

Perching  All behaviors showed in the perching area 

Other All other behavior not mentioned above 
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3.6.2  Aggressive behavior 

Each pen was observed once from 09:00 to 12:00, 10 min interval for each 

pen observation at the end of 12 weeks of age. The observer stood in front of the pen 

about 5 min before observation. All birds in the pen were observed in each pen 

(Martin and Bateson, 1986). The frequency of different types of aggression were 

recorded (Table 3.4).  

3.6.3 Feather pecking 

Each pen was observed once from 09:00 to 12:00, 10 min interval for each 

pen observation at the end of 12 weeks of age. The observer stood in front of the 

adjacent pen about 5 min before observation. All birds in the pen were observed in 

each pen (Martin and Bateson, 1986).  

According to the methods of Wechsler and Huber-Eicher (1998), feather 

pecks that were successively directed at the same receiver were recorded as one 

interaction. An interaction ended when there were no more pecks during a period of 4 

s. It was differentiated whether the interaction was composed of 1-4, 5-9 or more than 

10 single feather pecks. This categorization allowed us to limit the amount of time we 

would pay attention to interactions that were composed of more than 10 single pecks 

in favor of recording all occurrences of feather pecking interactions. For each feather 

pecking interaction, the number of pecks was counted in relation to the area of the 

body that was pecked, namely the head, neck, breast, wings, back, rump and tail.  
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Table 3.4 Aggressiveness ethogram 

Type of 
aggression Definition 

Chase When one bird at the patch ran after another bird for more 
than three steps in an aggressive manner (which was very 
different from food running) 

Fight When two birds standing in front of each other were 
threatening and delivering pecks to each other in rapid 
succession, sometimes accompanied by leaps 

Fight with peck All criteria for a fight with the bird delivering at least one 
peck to the opponent 

Leap When a bird jumped and kicked its feet forwards at her 
opponents 

Peck When one bird raised its head and vigorously stabbed its beak 
at the other bird (usually directed towards the comb) 

Stand-off When two birds stood staring at each other for >2 s 
Threat When one bird stood with its head clearly raised (sometimes 

accompanied by rising of the neck feathers) in front of a 
second bird who held its head at a lower level 

Avoidance When a bird suddenly lowered its head and walked away 
from another bird 

a 

a

 

 Avoidance: only when observer had not observed an aggressive act being delivered 
by the other bird, possibly because it was too subtle to be unambiguously apparent to 
observer (Estevez et al., 2002). 

 

Only pecks at feathered parts were classified as feather pecking. Pecks at 

legs, beaks, combs or wattles were neglected. Every feather pecking interaction was 

attributed with increasing intensity to one of the following 4 types of behavior: 

‘Pecking’ at a feather without pinching; ‘Pinching’ a feather and pulling slightly; 

‘Pulling’ at a feather with a vigorous backward movement of the head; ‘Plucking’ a 

feather. Interactions that were composed of repeated pecks were classified according 

to the most intense type of behavior observed.  
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3.7  Spatial distribution 

The spatial distribution was determined when all birds were observed in each 

pen at the end of 12 weeks of age. To test the validity of the distribution obtained by 

direct observations, the distribution was also assessed by photographs taken per pen 

when observed the general behaviors. Photographs were taken without flash. The 

special areas can separate as the feeding, drinking, perching and wall area (Arnould 

and Faure, 2004) (see Figure 3.1). 

 

  
Figure 3.1 Pen design  
(F: Feeding area; D: Drinking area; P: Perching area; W: Wall area). Fig.(left side): 
group size of 50 birds, Fig.(right size): group size of 100 birds 
 

3.8  Hematological parameters 

At the end of the 12th weeks (84 days old), a total of 15 randomly selected 

chickens from each group were gently removed from each pen. One ml blood sample 

from each bird was obtained, using a needle, from the alar vein in the wing within 2 

min of removal from its pen. Blood sample was kept in a tube containing the 

anticoagulant EDTA K2 (Türkyilmaz, 2008). Blood smeared was used to determine 

heterophil to lymphocyte (H:L) ratio (Campo et al., 2008). Total Red Blood Cell 

(RBC), total White Cell (WBC), the packed cell volume (PCV) and Hemoglobin 

concentration (Hb) were checked by RIA Lab Company in Korat. 
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3.9  Tonic immobility (TI) test 

During the 13th week (from 85 to 88 days old), 7 birds, randomly chosen from 

each pen, were tested for the duration of tonic immobility in a separate place of the 

chicken house. Tonic immobility was induced as soon as the bird was caught, by 

placing the animal on its back with the head hanging in a V-shaped plastic cradle 

(length×width×height: 30×24×20 cm). The method was similar to that described by 

Campo et al. (2008). The bird was restrained for 10 s. The researcher sat in full view 

of the bird, about 1 m away, and fixed her eyes on the bird to cause the fear-inducing 

properties of eye contact. If the bird remained immobile for 10 s after the researcher 

removed her hands, a stopwatch was started to record latencies until the bird righted 

itself. If the bird righted itself in less than 10 s, and the restraint procedure was 

repeated (3 times maximum), then it was considered that tonic immobility had not 

been induced, so a 0 s score was given. If the bird

3.10  Fluctuating asymmetry (FA) 

 did not show a righting response 

over the 10 min test period, a maximum score of 600 s was given for righting time. 

Fluctuating Asymmetry was measured with the same sample birds (n=7) after 

TI test finished. Digital vernier caliper and ruler were used to measure leg length 

(tarsal bone) and width (tarsometarsus and tibia joints) and wing length on both left 

(L) and right (R) sides (de Beer Lockwood, Raijmakers, Raijmakers, Scott, 

Oschadleus and Underhill, 2001; Kemper et al., 2007) and then calculated the relative 

FA for each trait using formula [2|R-L|/(R+L)] (Campo et al., 2008).  
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3.11  Gait score 

Ten randomly selected chickens per pen were assessed for leg health such as 

gait score, hockburn and pad dermatitis when they were 89-91 days old. The method 

of assessment of gait score followed that of Jones et al. (2005). 

3.12  Feather damage score 

After gait score assessment, 15 birds per pen were randomly chosen to be 

scored for feather damage in breast, legs, vent, back, rump, wings, tail and primaries 

areas. The method followed the scoring system of Wechsler and Huber-Eicher, (1998). 

Using a scoring system of 1 (perfect plumage), 2 (feathers damaged, no skin area 

denuded), 3 (denuded area up to 3×3 cm) or 4 (denuded area greater than 3×3 cm) 

points for six individual parts of the body: breast, legs, vent, back, rump, wings. In 

addition, the tail and the primaries were given a score of 1 (perfect) and 2 (damaged). 

In the analysis, a total ‘feather loss’ score range (6 to 24) was calculated for each bird 

by adding the scores of breast, legs, vent, back, rump and wings. 

3.13  Data analysis 

The experimental unit considered was the pen. The data were subjected to 

analysis of variance (ANOVA) with 2×3 factorial arrangement of treatments in a CRD 

with 3 replicates per treatment.  

The factorial was made on the effects of stocking density and group size and 

they were considered fixed effects. The General Linear Model (GLM) procedure of 

SPSS 16.0 was used. If the data appeared to have non-normally distribution, 

transforming should be used. The frequency behavior data were transformed to square 

root prior to analysis (Estevez et al., 2002). TI duration and feather damage score data 
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were logarithmically transformed, and the relative FA and H:L ratio data were 

transformed to square root prior to analysis. Group size and stocking density were 

considered fixed effects. When there was an interaction between stocking density and 

group size, the all means of 6 treatments were compared. When multiple comparisons 

were involved and significance was indicated, differences among treatment means 

were tested by Duncan’s multiple range tests. The level of significance was 

determined at P<0.05.  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

CHAPTER V 

CONCLUSION 

 

In the present study, both stocking density and group size affected FI only. 

Group size alone affected FCR. Out of these, there were no effect of group size and 

density on BW, BWG and mortality of Thai crossbred chicken. Thus, it is safe to say 

that Thai crossbred chickens could be stocked up to 16 birds/m2

The author expected the experiment results could be applied for small scale 

chicken farms. Actually, group size of 50 and 100 birds are easy to manage by small 

scale chicken farmers. 

 without any adverse 

effects on productivity. The frequencies of the most general behaviors of Thai 

crossbred chickens were affected by neither stocking density nor group size. Group 

size rather than stocking density affects feather pecking and aggressive behaviors of 

Thai crossbred chickens. Although Thai crossbred chickens in high stocking density 

had a longer tonic immobility duration, a little bit higher feather damage score, they 

showed a lower H:L ratio level than that of chickens in low stocking density. 

Moreover, no leg problem and fluctuating asymmetry were found in each treatment. 

According to the statements of welfare of chickens, the welfare of Thai crossbred 

chickens in high density was not worse than in low density. In addition, with 

increased group size, the spatial distribution of Thai crossbred chickens was different. 
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According to the behavioral observation, Thai crossbred chickens used in this 

study were not as aggressive as general Thai fighting cocks. Moreover, the frequency 

of feather pecking in Thai crossbred chicken was not quite high. It might be relative to 

use environmental enrichment such as perching area and pecking materials for 

chickens. So it was recommended to use environmental enrichment for raising Thai 

crossbred chickens in order to avoid the feather pecking or crowding situation caused 

by increasing stocking density in the future chicken raising.  

The high level of stocking density used in this study (16 birds/m2) was not 

high enough to cause any adverse effects on Thai crossbred chickens. Moreover, the 

results of spatial distribution that the higher proportion of chickens stayed in the wall 

area rather than evenly spread all over the pen area indicated that the pen area was 

more than enough for the chickens. Therefore further research on higher stocking 

density of Thai crossbred chickens is needed. 
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