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GENERAL ABSTRACT 

 

Improvements in poultry welfare are essential to ensure the quality of 

bird’s lives, but also may have fruitful outcomes to industry for 

minimizing the economic losses impacts under better bird performance, 

and carcass quality with reductions of mortality and condemnations. In 

fact, adopting a valid, reliable, and feasible welfare assessment protocol 

on-farm is fairly valuable method not only addressed to poultry welfare, 

but also, to industries interests, and consumer demands. Several array 

internal and external identified factors can largely influence the welfare 

and health evaluation of turkey flocks. The present study focuses mainly 

on the development of a welfare assessment protocol on-farm based on 

animal-based indicators. These parameters were carefully reviewed and 

critically tested. In Chapter 1 and 2, the aim was to do a literature 

review on animal-based indicators for turkeys (Meleagris gallopavo), 

gathering information about promising indicators that could be included 

into an on-farm welfare assessment protocol. Social, environmental 

variables and pathological findings were pointed out as factors affecting 

behavior and welfare of turkeys that may be relevant economically to 

the commercial production systems. In Chapter 3, the walks through 

following line transect methodology used in wildlife studies was 

adapted to explore their feasibility as a welfare assessment tool. The aim 

of this study was to compare broiler welfare assessed by individual 

sampling and transect walks. Six managed flocks were evaluated. 

Measures on 150 birds were carried out for the individual sampling. 
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Observers walked slowly on random order paths and recorded the 

incidence of immobility, lameness, dirtiness, sick, agony and dead birds. 

It was possible to detected small variations across farms (P < 0.003) in 

the prevalence of most welfare indicators and consistency in inter-

observer reliability (P ≥ 0.05). Surprisingly, both methods differed 

greatly in the frequency of the studied parameters. Possibly, the transect 

walks might have overlooked walking impairs due to a large number of 

birds. Another hypothesis may be related to biased individual sampling 

procedures. In Chapter 4, the study investigated the feasibility of the 

transect walks method as a novel approach to on-farm welfare 

assessment of male and female commercial turkey flocks in Italy. This 

is the first report of welfare assessment using the transect walks method 

in Europe at turkey farms.  A total of 25 commercial [B.U.T.] - Big 6) 

turkey flocks (15 male and 10 female) with similar management 

standard procedures were evaluated. Incidence of birds falling into any 

of the welfare categories was recorded. The studied indicators were: 

immobility, lameness, wounds, featherless, small size and serious health 

issues in the flocks, for instance, sick, terminally ill and dead.  In 

addition, behavioral variables as aggression towards mate, interaction 

with humans and mating were also considered. Sensitivity of the method 

was noted by effect of sex (P < 0.001) for immobility, lameness, 

wounds and dirtiness indicators. In addition, inter-observer reliability (P 

≥ 0.05) was also consistent for almost the studied variables. Male birds 

showed high incidence of immobility (0.14% ± 0.02% vs. 0.02% ± 0), 

lameness (9.06% ± 0.41% vs. 4.34% ± 0.20%), wounds (3.54% ± 0.19% 
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vs. 1.38% ± 0.09%) and dirtiness (0.20% ± 0.02% vs. 0.07% ± 0.01%) 

than female flocks, respectively. Transect walks approach is an essential 

component, indeed, to improve the welfare assessment on-farm level. It 

showed to be a valuable alternative method at commercial strains of 

meat turkeys. Thus, this innovative method fulfills some industries and 

producers requirements, such as, no bird disturbing or animal catching 

with decreased of time-consuming and personnel involved, and no extra 

costs required, at its application at commercial practices. Some further 

research should be done to fill the complex gaps and improve the 

welfare protocol introduced herein.  

 

Keywords: animal welfare, animal-based indicator, on-farm assessment 

protocol, turkey 
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GENERAL INTRODUCTION 

 

Turkey production in the European Union reached 1.9 million tons in 

carcass weight equivalent (tcwe) in 2012 mainly thanks to France 

(414,000 tcwe) followed by Germany (400,000 tcwe) and Italy (288,000 

tcwe). One of the highlights in this production chain worldwide is with 

442,000 tcwe in 2012 and an outstanding growth of +26.8%, whereas 

the EU had slightly increased of +2.15% (Forthorn, 2013). 

The production, performance, behavior, health and welfare could be 

modified on modern meat poultry industry with meaningful effects by 

several fundamental aspects (Dawkins et al., 2004; Beaumont et al., 

2010; Marchewka at al., 2013a; Watanabe et al., 2013). Underlying care 

and management tools, for instance, manipulation of day length and 

intensity (Sherwin et al., 1999; Moinard et al., 2001; Prescott et al., 

2004; Blatchford et al., 2012); ventilation and temperature (DEFRA, 

2009); stocking density and group size (Sherwin and Kelland, 1998; 

Martrenchar, 1999a; Buchwalder and Huber-Eicher, 2004; DEFRA, 

2009) are decisive factors at the intensive commercial production. But 

also, feeding (Hocking et al., 1999b; Hocking et al., 2002; Mirabito et 

al., 2003; Tatara et al., 2006); floor and litter (Andrews et al., 1974; 

Bilgili et al., 2009; Abd El-Wahab et al., 2011; Abreu et al., 2011; 

Youssef et al., 2011; Garcia et al., 2012); and handling, transportation, 

and slaughter (HFAC, 2008; Petracci et al., 2006; Wichman et al., 2010) 

are considered critical factors. 
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The livestock industries handle and cope with animal well-being 

concern and production interests; they are steadily looking for ways to 

establish a common agreement between productivity and ethical 

reasons, and to guarantee that husbandry and welfare requirements are 

sought. Furthermore, consumers increasingly demand animal products 

with optimal quality originated from husbandry systems closely attached 

to outstanding standards of animal welfare. In this regard, a 

breakthrough welfare assessment protocol for turkeys at farm level 

appeared to be an essential element to be applied at intensive 

commercial rearing systems to accurately determine the welfare and 

health status of the birds. Farmers, managers, birds caretakers’ 

personnel, veterinarians, official technicians, and external welfare 

assessors can implement this method focused on different purposes, 

such as for internal appraisal or even for legally assignment. Finally, 

being a suitable tool to support the industries’ decision-making process. 

Likewise, aiming to establish the appropriate method to assess welfare 

in different species with commercially relevance, Battini et al., (2014) 

developed a welfare protocol for dairy goats and Dalla Costa et al., 

(2014) for horses, and Marchewka et al., (2013b) for broilers, all based 

on the Principles and Criteria indicated by Welfare Quality® 

(2009a,b,c). 

Especially at the end of the rearing period, due to the fact that many 

elements are generally acting concurrently, an increase of locomotory 

problems under intensive poultry production occurs (Sanotra et al., 

2001; Knowles et al., 2008). Skeletal problems, such as impaired gait 
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(Skinner-Noble and Teeter, 2009), bones and cartilages deformations 

(Cook, 2000), and foot pad dermatitis (Shepherd and Fairchild, 2010; 

Krautwald-Junghanns et al., 2011) cause severe loss implications on the 

global market. Locomotory impairs are a widespread abnormality in 

commercial turkey flocks and may lead to cause pain or discomfort for 

the birds (Duncan et al., 1991; Broom and Reefmann, 2005; Buchwalder 

and Huber-Eicher, 2005; Hocking and Wu, 2013). On the contrary, 

Hocking et al. (1999a) concluded in their experiment that male turkeys 

with musculoskeletal disease do not demonstrate evidence of pain. In 

this context pain assessment at on-farm level is a challenge to verify, 

however worth to pursuit. The risk factors for locomotory impairs can 

be divided mainly into two categories: (i) genetic background selection 

(Martrenchar, 1999a), and (ii) environmental factors, for instance 

photoperiod duration (Martrenchar, 1999a; Brickett et al., 2007), litter 

quality (Bessei, 2006; Mayne et al., 2004, 2007; Hocking and Wu, 

2013), stocking density (Martrenchar et. al., 1999b; Sørensen et al., 

2000; Bessei, 2006). Similarly, the bird welfare conditions can be 

compromised by the simultaneous presence of these different elements 

or even by their interaction. Additionally, the turkey flocks have a 

tremendously massive numbers of birds which lead to a particular 

challenge for health and welfare evaluation, as well as the fast turnover 

of the production cycles in meat poultry.  

The indicators used to evaluate the animal welfare state on-farm are 

classified into two major groups: (i) animal-based and (ii) resource-

based guidelines (Bartussek, 1997; Hörning, 2001; Main et al., 2003). 
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Although resource-based parameters are far more used rather than 

animal-based indicators for being quirkier and easier to measure, they 

are considered an indirect way for assessing animal welfare status. 

Moreover, they do not indicate necessarily a positive correlation 

between good management and environmental aspects with high 

standard of animal welfare (Broom 1996; Sandøe et al., 1997; 

Mollenhorst et al., 2005; Winckler, 2006). Therefore, the appropriate 

welfare approach adopted on field for animal husbandry should be based 

mainly on animal-based descriptors (Webster, 2005). 

There is a need of welfare protocol applied in turkey productions that 

can address consistently the animal welfare topics and can cover the 

attention and concerns of governmental organizations, industries, 

consumers and other stakeholders. It is necessary the engagement of all 

parts including the scientific community to fill the gaps and answer 

fundamental questions that still exist in this matter, as well as, 

identifying solutions for the currently and foreseen barriers in the 

production chain to improve animal welfare needs while ensuring the 

animal production valuable perspective. 

 

The aims of this currently study
1
 were (i) investigate the repeatability 

and on-farm feasibility of animal-based welfare indicators on turkeys; 

(ii) develop a welfare assessment protocol for turkey commercial farms 

to be applied at the end of production cycle. The outcome findings and 

                                                 
1  This thesis was one of the several studies that belonged to the Animal Welfare 

Indicators (AWIN) project financed by The European Union II Framework Program 

(FP7-KBBE-2010-4). 
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the obtained conclusions may contribute towards the turkey intensive 

production with higher concepts of animal welfare considering the 

industries interests, the consumer demands, and the food safety.  
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In this chapter, the article entitled “Review of the social and 

environmental factors affecting the behavior and welfare of turkeys 

(Meleagris gallopavo)” was published in Poultry Science, 92(6): 1467-

1473, 2013. doi: 10.3382/ps.2012-02943 
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In this chapter, the article entitled “Review of the physiological and 

pathological welfare indicators applied in turkeys (Meleagris 

gallopavo)” was published in Biotechnology in Animal Husbandry, 

29(4):727-740,2013.doi:10.2298/BAH1304727W
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CHAPTER 3 

 

 

 

 

 
In this chapter, the article entitled “Welfare assessment in broiler farms: 

Transect walks versus individual scoring” was published in Poultry 

Science, 92(10):2588–2599, 2013. doi: 10.3382/ps.2013-03229
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CHAPTER 4 

 

 

 

 

 
In this chapter, the article entitled “Transect walks as an on-farm 

welfare assessment method for turkeys (Meleagris gallopavo)” will be 

submitted in Poultry Science. 
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ABSTRACT 

 

There is increasing consumer demands for poultry products that meet 

the minimum expectations in terms of animal welfare during their 

production cycle. Additionally, a growing number of farmers are aware 

about full compliance with the vital animal welfare standards that could 

play an important economic role in commercial intensive productions. 

Transect walks (TW) method appeared to provide a practical approach 

to welfare assessment in broilers farms. This method could be 

considered a reasonable approach for turkey welfare evaluation in terms 

of time demand within reasonable costs. Furthermore, TW approach 

resembles the routinely checks used by farms. The overall aim of this 

study was to verify the feasibility of the TW method as potential tool for 

on-farm welfare assessment in turkeys fattening period. A total of 14 

commercial [B.U.T.] - Big 6) turkey farms (8 male and 6 female) with 

similar management standard procedures were evaluated (1-2 flocks/1-2 

houses/farm). Bird’s age ranged from 122 to 138 d and 90 to 103 d old, 

respectively. Two independent observers walked slowly on randomized 

longitudinal bands within each house and recording the incidence of 

birds showing among 12 welfare and health indicators: immobility, 

lameness, wounds, small size, featherless, dirtiness, sick, terminally ill, 

dead, and behavioral indicators, such as, aggression towards mate, 

interaction with humans and mating. The effect of observer, sex, and 

interaction observer by sex were evaluated by using ANOVAs. 

Sensitivity of the method was noted by effect of sex (P < 0.001) for 



 

61 

 

immobility, lameness, wounds and dirtiness indicators. In addition, 

inter-observer reliability (P ≥ 0.05) was also consistent for almost the 

studied variables. Male birds showed high incidence of immobility 

(0.14% ± 0.02% vs. 0.02% ± 0), lameness (9.06% ± 0.41% vs. 4.34% ± 

0.20%), wounds (3.54% ± 0.19% vs. 1.38% ± 0.09%) and dirtiness 

(0.20% ± 0.02% vs. 0.07% ± 0.01%) than female flocks, respectively. 

Current study reports the limitations and advantages of this method for 

welfare assessment on-farm and it is the first description of the Italian 

welfare profile of turkey commercial flocks.  

 

Keywords: animal-based indicators, welfare assessment, on-farm 

protocol, turkey 
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INTRODUCTION 

 

Consumers currently demand livestock and poultry products originated 

from animals raised under high welfare conditions (Bartussek, 1999). 

Additionally, an increasing number of farmers are aware about 

importance of full compliance with the animal welfare standards that 

could play an important economic role in commercial intensive 

productions (Braghieri et al., 2005).  

In 2012, turkey production reached 288,000 metric tonnes in carcass 

weight equivalent (tcwe) in Italy and 1.9 million tcwe in the European 

Union (Forthorn, 2013). However, concerns regarding increasing risk of 

poor bird welfare have been raised provided the large production 

volume of the turkey industry. Indeed, animal welfare assessment 

protocols have meaningful effects on providing the bases for legal 

verification at the farm level, in order to promote and guarantee high 

animal standards. The current welfare legislation and programs, 

undoubtedly, are of large interest for industry, farmers, scientists, and 

consumers (Napolitano et al., 2007; Welfare Quality, 2009).  

The classic parameters that have been used on-farm to evaluate the 

welfare state of animals can be divided into two major groups 

(Bartussek, 1997; Hörning, 2001; Main et al., 2003): (i) resourced-based 

which include measurements, describing the influence of the housing 

and management system on animal welfare and (ii) animal-based 

parameters dealing with behavior, health and physiological traits. 

Although parameters included in the first category are important, it is 
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considered an indirect measurement of animal welfare. On the other 

hand, recording animals’ reactions to specific environments is more 

direct, since it relates to the state of the animal itself (Sandøe et al., 

1997; Mollenhorst et al., 2005). As indicated by Broom (1996), welfare 

refers to the state of the animal rather than the evaluation of the 

resources provided to it. Therefore, the assessment should be based on 

such animal-based indicators. 

For this reason, a validated, reliable and feasible assessment protocol is 

needed to assess the influence of different, complex, and crucial factors, 

such as genetic, husbandry, housing and management system, which can 

cause negative effects on poultry well-being, bird performance and post 

slaughter product quality (Winckler et al., 2003). In addition, this 

evaluation should be possible to be applied to a wide variety of 

production systems ensuring a certain required standard for animal 

welfare (Bartussek, 1999).  

Few protocols including animal-based indicators exist to assess animal 

welfare at farm level, and none specifically focuses on turkeys under 

intensive commercial production. Several important indicators may 

impair the bird welfare, but also have an important economic impact for 

industry and food production and safety (Stull and McDonough, 1994). 

In this respect, breast skin lesions (Kamyab, 2001; Mitterer-Istyagin et 

al., 2011), hock burns (Welfare Quality, 2009), foot pad dermatitis 

(Krautwald-Junghanns et al., 2009, 2011) are major post-mortem 

indicators of house conditions and the general bird welfare (Haslam et 

al., 2007). These parameters show substantial decrease of turkey welfare 
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status associated with relevance economic loss through culling on farm, 

and downgrading and carcass condemnations at processing. 

Since the last century, transect walks have been a fruitful and worldwide 

used method in wildlife animals populations (Gates et al., 1968; 

Buckland, 1985; Buckland et al., 2010). Bright et al., (2006) used this 

method for assessing the plumage conditions on laying hens. Transect 

walks for welfare assessment has already been tested in broiler farms 

(Marchewcka et al., 2013) and could also be a valuable tool for welfare 

assessment in turkey production. Besides the advantages of this new 

approach regarding the reasonable costs, less time consuming and not 

high physically demanding (Marchewka et al., 2013), the methodology 

has similarities with the walk-through the house performed by turkey 

caretakers on intensive production as a daily routine procedure to check 

the health status of the birds. Furthermore, a major advantage is that the 

method it is a non-invasive method and does not involved bird 

manipulation, which would be a major challenge in turkey rearing. 

The aim of this study was to verify the reliability, feasibility, 

effectiveness, and how practical the method is on-farm for turkey 

welfare assessment during fattening period. We hypothesized that the 

transect methodology could also be an appropriate approach to evaluate 

turkey welfare on-farm once it has already been tested at broiler farms 

conditions. Moreover, this non-invasive method should allow evaluating 

an entire turkey house with a large numbers of birds in real-time 

observations at a commercial setting. During the assessment, the 

indicators should mainly be checked for the reliability in assessing the 
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bird welfare conditions. The notation system seeks to identify turkeys 

flocks based upon a broad range of clearly defined and measurable 

welfare criteria. 

 

MATERIALS AND METHODS 

 

Facilities and Birds 

This study was conducted from March 18 to June 26, 2014, on a total of 

6 female and 8 male turkey farms. The farms were located in the 

Lombardia and Veneto regions, in Northeast Italy. Two flocks per farm 

were included in this study. Each of the studied farms at least one or a 

paired houses with flock size/house ranging from 3,100 to 10,558 beak-

trimmed females (90 to 103 days of age) and from 2,250 to 4,000 beak-

trimmed males (122 to 138 days of age). All birds originated belonged 

to the same genetic strain (British United Turkeys [B.U.T.] - Big 6) and 

were reared at a density of 6.0 – 6.3 female birds/m
2 

and 2.7 – 4.1 male 

birds/ m
2
. All houses had similar management except for the litter 

substrates: twelve farms used wood shavings and husk, one used wood 

shavings and chopped straw and one farm used only wood shavings. 

Automatic feeders, drinkers, and ventilation systems were present in all 

houses. The data recording were conducted in one season in each 

selected farm; spring/summer, in order to minimize the effect of the 

environment variations. 
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On-Farm Data Collection 

Data were collected by using the transect walk approach methodology 

developed by Marchewka et al., (2013). This new approach at 

commercial meat poultry flocks is based on the method used 

successfully in wildlife studies (Gates et al., 1968; Buckland et al., 

2010). 

 

Transect Walks.  

The houses used in this study were rectangular, 14 m wide and variable 

length ranging from 70 to 120 m length. Each house was divided into 4 

longitudinal transect (3.5 m wide bands) covering the entire house. 

Bands were numbered from 1 to 4 and walls, feeders and drinkers lines 

marked the boundaries between transects (Figure 1). 

Two observers, who were previously trained in transect data collection 

and in welfare assessment of the selected indicators, evaluated at least 

paired houses (within the farms) sequentially and independently within 

the same day. The assessment took place at the end of production cycle, 

approximately one week before slaughter. The data collection was 

performed by walking through the predefined transect bands (1 to 4) in 

random order, in both directions, starting from the entrance wall and 

alternating the starting point for each transect (Figure 2). The observers 

walked slowly and recorded in a spreadsheet (Polaris Office, Infraware, 

Seoul, South Korea) installed in a handheld tablet (Samsung Galaxy Tab 

2 10.1, GT-P5110 Android 4.2.2, Seoul, South Korea) the number of 

birds showing one of the following validated welfare indicators (Jong de 
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et al., 2012; Marchewka et al., 2014). Immobility (bird does not make 

any attempt to move, even after slight encouragement); lameness (bird 

has clear evidence of limp and uneven walk, with or without any slight 

encouragement to walk, likely with wings assistance); skin injuries 

(head/neck, back and tail/vent wounds); missing feather (bird has visible 

area(s) of missing feather on the body); small size (easily 

distinguishable females or males with visibly lower body weight or 

smaller size when compared to the average of the flock); dirtiness (the 

majority areas of the back and wings is covered by manure); sick (bird 

showing clear signs of impaired health with pale head, red-watery eyes 

and occasionally unarranged feathering usually found in resting 

position. Birds with the pendulous crop hanging in front of the breast or 

with missing or deformed body parts, with clearly different 

(pale/yellowish body color), terminally ill (bird lays on the floor 

showing its weakness with full or half eyes closed. The head might be 

rested on the body back or even on the floor. The frequency of breath is 

also reduced and the bird is not alert), aggression towards mates (clear 

aggressive attack towards other birds head or chasing or pecking, 

including fights and leaps), interaction with humans (bird performs clear 

and perceptible hit with the wings, run into, jump onto or peck by the 

turkey to the human feet, legs or hands), and mating (bird making an 

attempt or “sitting” on other bird). Furthermore, individual turkeys 

could be classified as belonging to more than one category. The number 

of dead birds was also collected. These are considered the critical 
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parameters for turkeys and broiler welfare (Duncan and Mench, 1993; 

Dawkins et al., 2004; Estevez, 2007; EFSA, 2012). 

 

Statistical Analysis 

The observers recorded the incidence of each selected welfare and 

health indicators affecting birds during the transect walks. Afterwards, 

the observed frequencies were transformed into proportion per each 

transect, assuming that the birds were randomly distributed in the house, 

as well as, knowing of the total number of birds per flock in each 

evaluated house.  

The whole set of variables considered subjected of this analysis was 

immobility, lameness, wounds, small size, featherless, dirtiness, sick, 

terminally ill, dead, aggression towards mate, interaction with humans 

and mating. 

To investigate whether the transect walk methodology detect even small 

variation between houses comparison, farm was considered as a random 

statement. To test inter-observer reliability and sensitivity of this new 

welfare assessment approach at turkey commercial conditions system, 

all variables were transformed into arc sin square root to meet to 

normality and homogeneity of residual variance. The independent 

mixed-model repeated measures ANOVA was performed using PROC 

MIXED procedure in the statistical software package SAS 9.3 (SAS 

Institute Inc., Cary, NC) for all 12 welfare indicators. Least squares 

means differences were used as post-hoc Tukey test. It was considered 

the effects of observer and sex. In addition, the interaction between 
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observer by sex was also included. Descriptive statistics were processed 

by computing overall data of the surveyed Italian turkey farms. All 

statements of statistical difference significance were set at P ≤ 0.05. 

 

 
RESULTS 

 

Sensitivity. 

The results showed clear differences across male and female farms (P < 

0.0001), as independent groups, for the incidence of immobility, 

lameness, wounds and dirtiness on turkey birds (Table 1 and 3).  

 

Inter-observer Reliability.  

There was no significant effect across observers, or the interaction of 

observer by sex, for almost all studied variables considering male and 

female turkey farms. The studied welfare indicators remained invariable 

(P ≥ 0.05) as shown in Tables 1 and 2. Nonetheless, the observer effect 

was found for lameness (P = 0.0083), small size (P = 0.0036), dirtiness 

(P = 0.0001), sick (P = 0.0103), terminally ill (P = 0.0433), aggression 

towards mate (P = 0.0029) and interaction with humans (P < 0.0001) 

variables. In addition, the effect of the interaction observer by sex was 

detected, solely, for wounds indicator (P = 0.0021) as demonstrated in 

Table 1. 
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Welfare Profile. 

The mean values (± SE) of incidence of each single welfare and health 

indicator is expressed in percentage (%) are presented in Table 3. 

Overall, the analysis showed that there was a lack of differences (P ≥ 

0.05) for almost all studied variables across male and female farms in 

the assessment. However, as is apparent from the results, considerable 

significant differences across turkey farms to immobility, lameness, 

wounds, and dirtiness indicators were detected (Tables 1 and 4). 

 

DISCUSSION 

 

One of the aims of this study was to verify the repeatability and the 

feasibility of the new method approach for welfare assessment in turkey 

commercial system. This new welfare approach is based on the transect 

walks applied in wild life (Gates et al., 1968; Buckland et al., 2010) 

merged with the concept that bird caretakers checks the health status of 

birds routinely walking in the entire house. Transect walks applied in 

welfare assessment in poultry production is considered as being a new 

scientifically approach that plays a key role for the short and long-term 

sustainability of the production (Marchewka et al. 2013). Additionally, 

this method does not disturb the birds, and no animal handling is 

necessary to evaluate a massive number of turkeys/flock. It requires 

only one observer to perform the complete protocol with less time-

consuming and economically acceptable, without high additional 

expenses than previously developed welfare protocols. In addition to the 
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advantages, the method is readily acceptable and applicable by 

producers.  

This study was carried out in 8 male and 6 female turkey farms, a total 

of 25 flocks (15 and 10 flocks, respectively), by two observers in at least 

paired houses. The birds were genetically identical (B.U.T. - Big 6) with 

similar age (122 to 138 d and 90 to 103 d) among male and female 

groups, respectively. It was assumed that birds had a homogeneous 

distribution in the house with similar management practices across the 

farms.  

Overall, by adopting the transect walks approach in a complete turkey 

flock, the length of time lapse ranged from 40 min to 1 h 30 min by 

conducting 4 randomly transects depending on the length dimensions of 

the house, quantity of birds and the welfare and health status of the 

flock. 

Under the condition of this study, these results indicated that transect 

walk method was sensitive and allows variation within farms by 

considering male and female groups independently. With respect to the 

traits measured at these studied turkey farms, the incidence of the used 

welfare variables, such as, immobility, lameness, wounds, and dirtiness 

were detected statistically different across farms. These are considered 

important and critical indicators for assessing the welfare status of the 

birds. The behavioral indicators remained constant under this conditions 

(Table 1). In this context, these results lead to infer that it would be 

reasonable to perform that transect walks at male and female turkey 
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farms and that this new approach could be theoretically sufficient to 

demonstrate the welfare status of the turkeys by assessing each flock.  

Regarding the effect of the observers outcomes by assessing the welfare 

adopting the transect walks; it was observed that the evaluation 

remained constant for almost all indicators at evaluated farms. 

Nonetheless, minor differences were found for the incidence of 

lameness, small size, dirtiness, sick, terminally ill, aggression towards 

mate, and interaction with humans (Table 1 and 2). 

The differences across observers of for the incidence of aggression 

towards mate at farms ranged between 0 and 0.02 ± 0.01 (Table 2). 

Surprisingly, taking into account that this assessment was done to 

evaluate thousands of bird/flock in a randomly procedure of collect the 

data, only minor differences across observers were found. Likewise, 

these low incidences of small size, sick and terminally ill birds were 

also detected as shown in Tables 1 and 2. It might be possible that the 

farmers’ intervention during the transect walks between the data 

collection of the two observers, could explain why there was a 

significant difference from observers. Often, bird caretakers pick up 

small, sick, and terminally ill birds and allocate them at the nursery area 

inside the house at turkey farms in Italy (Table 1). This is a well-known 

protocol adopted by farmers of the studied poultry industry.  

The differences across observers for the incidence of dirtiness ranged 

between 0.18 ± 0.02 and 0.10 ± 0.02 at turkeys flocks (Table 2). 

Correspondingly, similar finding about the effect of observer for the 

incidence of dirtiness was described at broiler farm (Marchewka et al., 
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2013). This might have led to a subjectively evaluation of this indicator 

during the collection of data from turkeys farms when the dirty feathers 

were mistaken by not measuring indirectly the quality and 

characteristics of the litter, but only the dust and manure attached. 

However, it also could be that walking in different day time to perform 

the transect walks, the intensity of natural luminosity differed in each 

house, changing the visual perception of the observer regarding this 

welfare indicator assessment.  

The effect of observer was detected for interaction with human indicator 

(Tables 1 and 2), which might be associated with the daily routine 

checks performed by the bird caretakers and the height of the observers 

in this study. The observer 1 was a male with 1.92 m tall, while the 

observer 2 was a female with 1.70 m tall. The hypothesis for finding the 

influence of the observer by recording this indicator is that observer 

with high height could have influenced the visual perception of the 

birds. Behavior is triggered mainly by external stimuli (Duncan, 1998) 

and might be that the taller assessor was perceived as a predator; 

therefore, less interaction was recorded. On the other hand, birds could 

have been used to this kind of exposition while the walks were 

performed by a medium-height observer, who had similar height of the 

routine bird caretakers. In addition, the birds react according to their 

previously experience. When the farmer conducted the routine daily 

checks, s/he always starts her/his activity near to the entrance door, 

which corresponds to transects 1 and 2, closest to the door. This 

management procedure let the birds used to this kind of approach which 
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could explain partially why these birds were more interactive with 

human presence than the most distance birds. In this context, when 

turkeys were controlled in a daily basis by the farmers, they were in a 

sort of continuously practices by getting used to this kind of human-

approach and to these specific management procedures. Furthermore, it 

is also important to consider the interaction with human indicator as an 

exploratory behavior. These are likely possibilities that should be further 

investigated. 

Interestingly, the results presented in Table 1 showed the effect of 

observer was detected at fattened turkey farms for lameness indicator. It 

might be assumed that this finding might be correlated to the perception 

of the observer to assess lame birds which in such way allowed a matter 

of subjectivity. This could be attributable to the fact that lames birds 

struggle to walk and stand in different severe degrees and in a range of 

different scores. Therefore, not only were birds with severe lameness 

recorded, but birds also, with less evidence of this problem could be 

seen and registered to the data collection table. The fact that the effect of 

observer was detected for this important welfare indicator, suggests the 

importance of an accurate training to enlighten and highlight the 

minimal differences, which could be found at on-farm level, as being an 

essential requirement for performing this new method for turkey welfare 

evaluation. Another hypothesis could be drawn that the density number 

of male birds per m
2
 is half than female turkeys, which implies double 

number of female birds per m
2
. Under this circumstance, to observer 

lame birds in male might be easier than female turkeys. Only with 
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further studies, these assumptions could be confirmed. With further 

investigation by adopting co-related studies with transect walks and 

Cartesian distances (with location data collection measuring distances 

from the assessor position to the front and lateral walls), the explanation 

for these assumptions could be achieved in the modern poultry 

production and the outcomes could reveal why these findings were 

obtained in this current study. 

Overall, the results obtained by transect walks showed that male and 

female turkeys had substantially difference of welfare concerns by 

considering the welfare and health indicators in this study as 

demonstrated in Table 3.  

It is clear from the results that male turkeys were much more affected by 

immobility (0.14 ± 0.02 and 0.02 ± 0.00; P = <0.0001) and lameness 

(9.06 ± 0.41 and 4.34 ± 0.20; P = <0.0001) than female birds, 

respectively (Table 3). The values obtained in this study were much 

higher upper range when compare with another studies in broiler flocks. 

For instance, using the methodology developed by Kestin et al., (1992), 

Knowles et al., (2008) found that only 0.2% of immobile birds, 

Sørensen et al., (2000) observed mean of 0.3 and 2.7% of severe lame 

birds for 28 and 42 days old. Likewise, Dawkins et al., (2004) detected 

0.9% with severe locomotory problem using a non-invasive method. 

The differences observed in turkey and broiler birds might be caused by 

having different genetic background, by being different species, by the 

older age of the birds, and by rearing heavier birds (Kestin et al., 1999; 

Bradshaw et al., 2002; Knowles et al., 2008).  For instance, at the end of 
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the turkey cycle production, male birds achieve an average weight of 20 

Kg in 140 days and female of 9 Kg in 100 days old, according to the 

commercial strategic preference of the company and the demands of the 

consumers. The fact that adult male turkeys have large body weight than 

female birds, could led to high incidence of degenerative hip disorders 

which may cause pain or discomfort complying the behavioral activities. 

In other words, the birds spent less time standing, walking and few steps 

were noticed (Duncan et al., 1991; Buchwalder and Huber-Eicher, 

2005), increasing the lying times and hence increasing the prevalence of 

breast buttons and blisters (Mitterer-Istyagin et al., 2011). These very 

problematic situations cause worrisome economic losses and severe 

implications to the protection of fattened turkeys (Kamyab, 2001; 

Krautwald-Junghanns et al., 2009). 

Wounds, dirtiness were highly significance effect of sex (P < 0.0001) as 

presented in Tables 1 and 3. In this regard, the effect of sex at these 

welfare indicators assessment, the duration of the cycle production 

would be one of the causes. Considering that male fattening turkeys 

stayed about 40 days more in the rearing system than female birds, there 

is a loss of litter quality, hence higher possibility of observer dirt 

feathers. Moreover, male turkey as being heavier than female might 

cause much more severe lesions to their mates, as well as more time to 

develop diseases. 

Conversely, female turkeys tent to had higher incidence interaction with 

humans as provided in Table 3, although it was not observed the 

deference of means statistically (P = 0.429). A possible cause for 
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showing this tendency by being more interactive with humans might be 

that female turkeys seemed to be more curious and willing to explore 

the environment rather than male as observed in this study, as well as 

for the reasons described previously. Not even one episode of mating 

was observed at female farms, which emphasis that this behavior may 

occur only in male farms due to sexing mistake selection at the hatchery 

(Table 3). Considering that meat chickens usually reach within 6 weeks 

the slaughter age, and it is known that the sexual maturity occurs about 

18 weeks, it might be imply that mating as behavior indicator is rarely 

seen also at broiler flock production.  

Taking into account the results herein reported (Tables 2 and 3), this 

study supports another research about transect walks applied in hybrid 

male turkey flocks by Marchewka et al., (2014). Similar findings were 

pointed out for sick (0.05%), terminally ill (0.03%) and behavioral 

indicators, such as, aggression towards mate (0.002%), interaction with 

humans (0.31%) and mating (0.02%). However, in the same study, 

immobility (0.60%), small (0.59%) and dead (0.14%) birds had higher 

incidence of almost 10 times more, surprisingly. On the other hand, 

lameness (2.36%), wounds (1.43%), featherless (0.04%), and dirtiness 

(0.07%) were considered less than the [B.U.T.] - Big 6 turkey flocks 

from this current report. Under this condition, it suggests that birds 

varying in welfare status are directly related to the turkey strains and 

management standard protocols.   
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CONCLUSION 

 

In summary, the conclusions may be drawn from these results that 

transect walks method was proven to be a feasible and repeatable to 

assess the welfare and health status of turkey flocks at commercial 

system, as well as being acceptable in term of time requirements and 

personnel demands. 

The currently results herein might be used for setting value of welfare 

indicators by giving the status of the bird welfare and health and 

establishing a database with these information for monitoring the 

welfare status of turkeys flocks at the end of the production cycle from 

commercial rearing conditions. In fact, this study reports the first turkey 

welfare profile within European commercial facilities by adopting 

transect walks method as welfare assessment protocol. It is highly 

relevant to take this into consideration to improve the current situation 

of turkey production by proposing management recommendations for 

the practical farmer about how to prevent welfare and health treats 

based on this recording data. Thus, this methodology envisions a 

complete assessment for welfare concern in turkey commercial 

production in a meaningful and easy system, as well as being a practical 

tool for management targets. Finally, further research is required to 

investigate and worth to pursuit if there may have any positive 

correlation with economic impact for the producers and the industry by 

adopting the transect walks approach and its outcome findings from this 

new welfare assessment protocol at turkeys flocks. This raises an 
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interesting question of how results from this new method could be 

compared with data collected at the slaughterhouse and how fair 

payments could be made to a farmer where birds have a better level of 

welfare measured by these direct animal-based indicators included in 

the transect walks method. Furthermore, recording continuously the data 

may likely to be highly effective monitoring to the welfare and health 

status of the birds with historical and current information during whole 

production cycle; thus, transect walks methodology is foreseen to be an 

important and potential asset tool for decision-making process, such as, 

control strategies or managements changes to be successfully 

implemented in the meat poultry industries. 
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Table 1. Effect of observer, sex, and the interaction of observer with sex 

for all scored welfare indicators collected during the transects at turkey 

farms 

Welfare indicator 
ANOVA component 

Observer Sex Observer X sex 

Immobility 0.1465 <0.0001 0.4832 

Lameness 0.0083 <0.0001 0.6823 

Wounds 0.0615 <0.0001 0.0021 

Small 0.0063 0.5931 0.776 

Featherless 0.2939 0.5315 0.7012 

Dirtiness 0.0001 <0.0001 0.8842 

Sick 0.0103 0.8523 0.7128 

Terminally ill 0.0433 0.9225 0.5013 

Dead 0.173 0.6337 0.546 

Aggression towards mate 0.0029 0.1376 0.0778 

Interaction with humans <0.0001 0.4292 0.7545 

Mating 0.164 0.0856 0.164 
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Table 2. Means values (± SE) of incidence of turkeys within each welfare indicator expressed as percentages 

for each observer and the overall values 

Welfare Indicator Overall 
Observer 

1 2 

Immobility 0.0873% ± 0.0101% 0.1044% ± 0.0154% 0.0694% ± 0.0128% 

Lameness 7.0293% ± 0.2932% 7.5398% ± 0.4460% 6.4954% ± 0.3723% 

Wounds 2.6116% ± 0.1358% 2.8772% ± 0.2220% 2.334% ± 0.1488% 

Small 0.0434% ± 0.0070% 0.0585% ± 0.0107% 0.0275% ± 0.0084% 

Featherless 4.016% ± 0.2740% 4.3699% ± 0.4656% 3.6456% ± 0.2758% 

Dirtiness 0.1449% ± 0.0121% 0.1832% ± 0.0180% 0.1048% ± 0.0152% 

Sick 0.0751% ± 0.0104% 0.0962% ± 0.0168% 0.0529% ± 0.0116% 

Terminally ill 0.0100% ± 0.0030% 0.0142% ± 0.0045% 0.0055% ± 0.0039% 

Dead 0.0125% ± 0.0027% 0.0154% ± 0.0040% 0.0094% ± 0.0037% 

Aggression towards mate 0.0102% ± 0.0034% 0.0199% ± 0.0065% 0 

Interaction with humans 0.1770% ± 0.0249% 0.2854% ± 0.0440% 0.0637% ± 0.0157% 

Mating 0.0041% ± 0.0017% 0.0070% ± 0.0032% 0.0011% ± 0.0011% 
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Table 3. The overall mean values (±SE) of turkeys within each welfare 

indicator expressed as percentages for male and female farms obtained 

by transect walks 

Welfare indicator 
Male   Female 

Mean ± SE   Mean ± SE 

Immobility 0.1369% ± 0.0160%
A
 

 

0.0218% ± 0.0051%
B
 

Lameness 9.0634% ± 0.4095%
A
 

 

4.3384% ± 0.1964%
B
 

Wounds 3.5416% ± 0.1899%
A
 

 

1.3814% ± 0.0936%
B
 

Small 0.0472% ± 0.0108% 

 

0.0382% ± 0.0073% 

Featherless 4.3998% ± 0.4374% 

 

3.5079% ± 0.2593% 

Dirtiness 0.2019% ± 0.0176%
A
 

 

0.0695% ± 0.0119%
B
 

Sick 0.0878% ± 0.0158% 

 

0.0582% ± 0.0119% 

Terminally ill 0.0123% ± 0.0049% 

 

0.0069% ± 0.0026% 

Dead 0.0124% ± 0.0040% 

 

0.0126% ± 0.0035% 

Aggression towards mate 0.0157% ± 0.0057% 

 

0.0029% ± 0.0022% 

Interaction with humans 0.1813% ± 0.0380% 

 

0.1714% ± 0.0287% 

Mating 0.0072% ± 0.0030%   0 

Differences for each specific measure across sex are indicated by 

superscripts letters; means in the same row lacking a common letter (A-

B) significantly differ (P ≤ 0.0001). 
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Figure 1. Design of the transect walks of 3.5 m within a 14-m-wide 

production room. The double lines shows: (blue) walls and (yellow) 

lines of feeders and drinkers. The red dashed lines show the walking 

pathways along which transect walks were conducted.   

 

 

 

 

 

 

 

Figure 2. Data collection of welfare assessment during transects walks 

applied in turkey farm. Observer walking slowly trough the transect 

band during data collection to reduce the disturbance to the flock. The 

transects are limited by feeder (left) and drinker lines (right). 
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GENERAL CONCLUSIONS 

 

In conclusion, this study highlights some important and complex 

features of turkey welfare at intensive production as well as the trials to 

accomplish the appropriate assessment implementation. It is likely to be 

assumed that the transect walks approach aiming the welfare assessment 

on turkeys is a valid, reliable and feasible welfare protocol on-farm level 

towards no incensement of production costs. This new scientifically 

approach plays a key role for the three important goals for the long-term 

sustainability of poultry production: (i) establish a common agreement 

between industries, (ii) the interest of the consumers, and (iii) guarantee 

the well-being of the birds. Additionally, this method does not disturb 

the birds, and animal handling is not necessary to evaluate a massive 

number of turkeys/flock. It requires only one observer to perform the 

complete protocol with less time-consuming and economically 

acceptable, without high additional expenses than previously developed 

welfare protocols. The method has the advantage as being readily 

acceptable and applicable by producers. Thus, this methodology 

envisions a complete assessment for welfare concern in turkey 

commercial production in a meaningful and easy system, as well as 

being a practical tool for management targets. 

Specific, effective, rigorous and competence on-going training programs 

about transect walks approach should be adopt by the stakeholder 

worldwide, to disseminate, teach, brush up on existing skills, and 
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standardize the data collection from a methodological point of view to 

achieve high inter-observer reliability. In addition, this will give the 

integration of outreached research with the targeted community 

promoting effective exchange of the knowledge, 

Immobility, lameness, dirtiness, small size, wounds, featherless, sick, 

terminally ill, and dead are, indeed, the most clearly identifiable 

promising animal-based indicators focused on meat poultry welfare 

problems that have welfare and economic impact. In addition, 

aggression towards mates, interaction with humans and mating seemed 

to be considered feasible indicators in behavioral assessment. 

However, further investigations are necessary and worthy to pursuit to 

foster a common understanding addressed on animal-based indicators 

emphasized in pain assessment and recognition on turkeys at individual 

and flock levels, in order to fill the gaps that still exist regarding these 

issues with important and essential additional information. In this 

context, the improvement and development for more outright on-farm 

welfare assessment protocols would be achieved successfully, 

guaranteeing the well-being of the birds and ensuring the concerns of 

the industry, farmers and consumers. 
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