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Welfare and behaviour in slow-growing chickens: the role of farming system 
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Silvia Miolettia, Marco Biroloc�� and Cecilia Mugnaia��

aDepartment of Veterinary Sciences, University of Turin, Grugliasco, Italia; bDepartment of Agricultural, Environmental and Food 
Science, University of Perugia, Perugia, Italia; cDepartment of Agronomy, Food, Natural resources, Animals and Environment, 
University of Padova, Legnaro, Italia 

ABSTRACT 
The increasing attention of consumers towards sustainability, animal welfare and product quality 
is pushing the poultry sector to explore alternatives to traditional intensive models. This study 
evaluated the effect of two farming systems (conventional and free-range) on four poultry geno
types: two local Italian breeds, Bionda Piemontese (BP) and Robusta Maculata (RM), and their F1 
crosses with the commercial strain Sasso (BP� S and RM� S). The birds were monitored for 
growth performance, behaviour, haematological profiles, body condition, excreta corticosterone 
metabolites (ECM) and tonic immobility. The results show that the farming system significantly 
influenced the behavioural profiles: the free-range birds showed a higher expression of natural 
behaviours (such as scratching and dust bathing) and lower levels of faecal corticosterone 
metabolites, suggesting an improved welfare compared to the intensive system. In terms of pro
duction, the genotype had a greater impact: RM and RM� S achieved higher final weights and 
average growth than BP and BP� S, regardless of the breeding system. Haematological analyses, 
evaluation of plumage condition and foot health did not show significant differences, indicating 
good general conditions in all groups. Overall, the study confirms that native breeds and their 
crosses can effectively adapt to alternative systems, combining satisfactory production results 
with higher levels of animal welfare. These data support the integration of local breeds in sus
tainable poultry chains, promoting a more resilient, ethical production model in line with cur
rent market demands.

HIGHLIGHTS 

� Free-range systems improve welfare, encouraging natural behaviours and reducing stress.
� Local breeds adapt well to free-range, low-input systems.
� Crossbreeding improved production performance without compromising animal welfare.
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Introduction

Poultry farming has become one of the main pillars of 
global animal husbandry, largely because it can effi
ciently produce high-quality protein in relatively small 
spaces, over short production cycles, and without sig
nificant cultural or religious restrictions. The majority 
of chicken meat worldwide comes from conventional 
systems, which are highly efficient and reduce waste 
by raising large numbers of birds in limited areas 

(Kheiralipour et al. 2024). These systems utilise 

advanced nutritional strategies, controlled environ

ments, and optimised genetics to maximise produc

tion efficiency (Bist et al. 2024). Nonetheless, such 

high-intensity production models come with draw

backs. One major concern is the widespread use of 

fast-growing broiler genotypes, which while extremely 

productive, have been linked to skeletal and metabolic 

disorders such as tibial dyschondroplasia, ascites, and 
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sudden death syndrome (Baldi et al., 2020; Wurtz et al. 
2022). Additionally, the genetic selection for rapid 
growth often results in a high feed conversion effi
ciency but compromises mobility and increases sus
ceptibility to heat stress (Huerta et al. 2023). Another 
issue is diminished animal welfare; although awareness 
of animal well-being has increased in recent years, these 
conventional systems often restrict the birds’ ability to 
express normal behaviours such as foraging, dust bath
ing, and perching (Korver 2023). The rapid growth of 
broilers places significant strain on their skeletal and 
muscular systems, leading to issues such as leg deform
ities, lameness, and an increased incidence of muscle 
myopathies like wooden breast and white striping, 
which negatively affect meat quality by reducing ten
derness, increasing fibrous texture, and leading to lower 
consumer acceptance (Baldi et al., 2020). Addressing 
these issues requires genetic selection for slower- 
growing strains, improved feeding strategies, and better 
environmental management to mitigate the negative 
impacts on broiler health and product quality. Over 
time, modern broilers have lost some of the natural 
instincts seen in slower-growing breeds, leading to con
cerns about their overall well-being and adaptability to 
different rearing conditions (Bellezza Oddon et al. 
2021).

In response to consumer demand for ethically pro
duced, higher-quality meat, as well as to growing 
nutritional and environmental awareness, free-range 
and organic production systems have become increas
ingly popular, particularly in the European Union 
(G�alvez et al. 2020; Fiorilla et al. 2024). These systems 
generally offer improved animal welfare and higher 
market value, as they allow birds to engage in natural 
behaviours such as foraging, perching, and dust bath
ing, leading to enhanced overall well-being (Fanatico 
et al. 2016; Fiorilla, Ozella, et al. 2024). Additionally, 
free-range systems often promote lower stocking den
sities, access to outdoor areas, and more diverse diets, 
contributing to improved meat quality with better tex
ture, taste, and nutritional profile (Ponte et al. 2008). A 
distinguishing feature of free-range systems is the use 
of medium- or slow-growing breeds, which help main
tain biodiversity and ensure quality products (Fanatico 
et al. 2005). These breeds not only provide superior 
meat texture and flavour but also exhibit better adapt
ability to diverse environmental conditions, making 
them particularly suited for sustainable farming practi
ces (Dal Bosco et al. 2010). Europe alone has hundreds 
of local poultry breeds safeguarded by various conser
vation initiatives, which play a critical role in sustain
ing genetic diversity and adapting to different 

environmental conditions (Hoffmann 2009). Growing 
scientific interest in local poultry breeds inspired the 
focus of our study on two Italian native genotypes: 
Bionda Piemontese (BP), characterised by its golden 
plumage and black tail, which produces approximately 
180 to 200 eggs per year and is typically slaughtered 
for meat at 24 weeks of age; and Robusta Maculata 
(RM), distinguished by its silvery-white plumage with 
irregular black spots, which lays around 140 to 160 
eggs annually, with males reaching a slaughter weight 
of approximately 3.8 to 4.4 kilograms by 22 weeks 
(Fiorilla et al. 2024). Both breeds are protected under 
conservation programs supported by the Italian 
Ministry of Agricultural, Food, and Forestry Policies 
(Fiorilla et al. 2023).

Unsupervised machine learning has become increas
ingly valuable in welfare research because it can detect 
hidden patterns in behavioural and production data 
without relying on predefined categories. Since welfare 
outcomes arise from complex interactions between 
genotype, environment, and management, unsuper
vised ML enables an objective, data-driven identification 
of animal subgroups, behavioural profiles, or deviations 
from normal patterns. This approach is particularly use
ful when comparing diverse local breeds and cross
breeds, where variability may not be captured by 
traditional analyses (Mallinger et al. 2023).

Our research not only examined these two local 
breeds but also explored ways to enhance their prod
uctivity while preserving their unique characteristics. 
To achieve this, we incorporated first-generation (F1) 
crosses with Sasso (S), a commercial strain developed 
in France in the 1960s by Hendrix Genetics. The Sasso 
strain is widely recognised in organic and free-range 
poultry systems for its medium growth rate, tender 
meat, robust adaptability, and calm temperament. The 
crossbreeds investigated in this study included BP� S 
and RM� S, which were evaluated under both con
ventional and free-range farming conditions.

Our aim was to measure growth performance con
ducting detailed analyses of behavioural traits, blood 
profiles, feather and foot conditions, and responses to 
tonic immobility tests. Additionally, we examined excreta 
corticosterone metabolites (ECM) to gain insights into 
stress levels and overall welfare. These comprehensive 
evaluations allowed us to assess the adaptability of each 
genotype in different Farming Systems (FS), their welfare 
status, and their potential suitability for sustainable or 
alternative poultry production systems. Our findings con
tribute to a growing body of research that aims to bal
ance productivity with ethical and environmental 
considerations in poultry farming.
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Materials and methods

Animals and housing

The Bioethical Committee of the University of Turin 
approved the protocol (ID: 251833). The study com
plied with the Animals (Scientific Procedures) Act 
1986, EU Directive 2010/63, and ARRIVE guidelines. 
Methods are detailed in Fiorilla et al. (2023), briefly, 
the trial (21–84 days) involved four genotypes: two 
Italian pure breeds (BP, RM) and their crosses with the 
S strain. BP eggs were sourced from the University of 
Turin’s Avian Conservation Centre, and RM eggs from 
Veneto Agricoltura (Padova). The crossbreed eggs 
(BP� S and RM� S) were provided through a collab
orative project with the University of Perugia; wherein 
local breed roosters were crossed with S hens (Ruby C 
strain). At 21 days of age, 264 male chicks were 
selected based on their average weight within each 
genotype: BP (233 g; ±28 g), RM (207 g; ±23 g), BP� S 
(271 g; ±19 g), and RM� S (258 g; ±26 g). To reflect 
real farming conditions, the experimental design 
reproduced the stocking densities of conventional and 
free-range systems. Each chick was individually wing- 
tagged and assigned to one of the two farming sys
tems (FS), with three replicate pens per system and 
genotype (24 pens total). In the conventional system, 
BP and RM were housed in pens of 18 birds (33 kg/ 
m2), and BP� S and RM� S in pens of 15 birds (33 kg/ 
m2). In the free-range system, BP and RM were kept in 
pens of six birds (21 kg/m2), and BP� S and RM� S in 
pens of five birds (21 kg/m2). Free-range pens included 
an indoor area at 21 kg/m2 and an outdoor run offer
ing 10 m2 per bird. Birds in the conventional system 
received standard starter and grower diets formulated 
with ingredients commonly used in conventional 
poultry production. The starter diet contained 55% 
corn, 25% GMO-free soybean meal, 14% whole soy, 
and 2% soybean oil, while the grower diet included 
57% corn, 15% soybean meal, 21% whole soy, and 3% 
soybean oil. Both diets also provided calcium carbon
ate (1.8%), monocalcium phosphate (1.3%), sodium 
chloride (0.4%), and a vitamin–mineral premix (0.5%). 
In the free-range system, birds were fed a low-input 
grower diet formulated to lower crude protein levels 
and reduce reliance on imported soybean meal; it con
sisted of 58% corn, 20% GMO-free soybean meal, 16% 
locally sourced faba bean, and 2% soybean oil, along 
with the same mineral and vitamin supplementation. 
Across all diets, dry matter ranged from 87.74% to 
88.65%, and crude protein decreased from the con
ventional starter (22.02%) to the conventional grower 
(19.76%) and the free-range diet (17.67%). 

Metabolisable energy values were 3,089 kcal/kg, 
3,252 kcal/kg, and 2,921 kcal/kg, respectively. Each pen 
was equipped with two feeders and two drinkers, 
appropriately sized to ensure that all birds could 
access feed and water without restriction. In the con
ventional system, temperature and humidity were 
automatically regulated according to standard broiler- 
management guidelines: the temperature was main
tained at approximately 22 �C. Relative humidity was 
kept between 50% and 60% throughout the produc
tion cycle. Artificial lighting followed current EU legis
lation for poultry welfare (Directive 2007/43/EC), 
providing a photoperiod of 16 h light and 8 h dark
ness, with light intensity maintained at 20 lx during 
the daytime period. In contrast, birds reared under 
free-range conditions were exposed to natural climatic 
variability typical of the Piedmont region (northwest 
Italy). During the study period (late April to June), out
door temperatures ranged approximately from 12– 
15 �C during the night to 22–28 �C during the day, 
with occasional peaks up to 30 �C. Relative humidity 
typically fluctuated between 55% and 75%, depending 
on daily weather patterns. Outdoor light conditions 
followed the natural photoperiod for the season 
(about 14.5–15.5 h of daylight), supplemented indoors 
only to meet minimal regulatory requirements.

Behavioural observations

The animals were filmed using professional cameras 
(Sony FDRAX43A 4K) at 31, 41, 51, 61, 71, and 81 days 
of age. Each pen was recorded for 15 min per day, 
yielding a total of 180 min of footage per pen over 
the study period. All recordings were performed daily 
at 11:00 am, with the camera positioned outside the 
pen. The videos were analysed by two expert observ
ers in poultry behaviour using the Behavioural 
Observation Research Interactive Software (BORIS, v 
7.9.7) (Friard and Gamba 2016). Behaviour frequencies 
were measured by counting the number of occur
rences of specific behaviours in the pen during the 
15–minute observation periods each day. These 
behaviours were categorised based on a standard 
chicken behaviour ethogram (Table 1), which was 
developed from existing literature and adapted to the 
specific rearing conditions of this study, particularly 
considering that only male chickens were observed, 
and thus behaviours typical of laying hens were 
excluded. The influence of both the FS and genotype 
on behavioural patterns was visualised using the 
t-Stochastic Neighbour Embedding (t-SNE) technique.
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Inter-observer reliability

To assess the inter-observer reliability (IOR) between 
the two observers, we used the Concordance 
Correlation Coefficient (CCC) (Lawrence I-Kuei Lin 
1989). The CCC is a robust metric that evaluates both 
precision (how well the data are linearly correlated) 
and accuracy. Unlike the Pearson correlation coeffi
cient, which only measures the strength of the linear 
relationship, the CCC considers both deviation from 
the line of concordance and the dispersion of the 
data, providing a more comprehensive measure of 
agreement between observers. Values of CCC range 
from −1 to þ1, where values close to þ1 indicate a 
high degree of concordance, and lower values suggest 
greater discrepancies between the observations. In 
this study, the CCC was computed for each behaviour 
assessed (Table 2).

Haematological analysis

At 21, 42, and 84 days of age, three birds per pen 
were randomly selected for blood sampling. About 
2.5 mL of blood was drawn from the brachial vein 
using a sterile syringe with a 23–gauge needle. 
Sampling was completed within two minutes per bird 

to minimise stress. Blood was collected in EDTA tubes, 
kept at 4 �C, and later used for analysis. For differential 
leukocyte counts, smears were prepared by placing a 
drop of blood on a clean slide, spread with another 
slide, air-dried, and stained with May-Gr€unwald and 
Giemsa. A minimum of 100 leukocytes per smear were 
classified as granular (heterophils, eosinophils, baso
phils) or non-granular (lymphocytes, monocytes). The 
heterophil/lymphocyte (H/L) ratio was then calculated 
as an indicator of stress. Erythrocytes and leukocytes 
were quantified by diluting whole blood (1:200) in 
Natt–Herrick solution (Natt and Herrick 1952) 
and counted using an improved Neubauer 
haemocytometer.

Oxidative stress was assessed using the d-ROMs 
test kit (Diacron International, Italy), which measures 
plasma derivatives of reactive oxygen metabolites 
spectrophotometrically. Blood was centrifuged at 
3000�g for 10 min at 4 �C, plasma was aliquoted and 
stored at −80 �C, and results were expressed in 
Carratelli units (UCarr), where 1 UCarr ¼ 0.08 mg 
H2O2/dL.

Feather condition and feet health assessment

At 21, 43 and 85 days of age, feather condition and 
foot health were evaluated for all birds in each pen. 
Feather condition was assessed using the protocol of 
(Tauson et al., 2006), examining six body regions 
(neck, breast, cloaca, back, wing, and tail). A scoring 
system from 1 to 5 quantified the extent of feather 
coverage, with score 1 indicating minimal coverage 
(<25%), score 2 indicating 25–50%, score 3 indicating 
50–75%, score 4 indicating >75%, and score 5 indicat
ing complete coverage. Footpad dermatitis was eval
uated based on the criteria described by Rushen et al. 
(2011). Scores ranged from 0 to 2, with score 0 

Table 1. Ethogram of observed chicken behaviours.
Category Behaviour Description

Feeding Scratching Move the litter/dirt with claws (Biasato et al. 2022)
Feeding at feeders Eating feed from feeders (Jhetam et al. 2022)

Movement Walking/Running Walking or running (Rieke et al. 2021)
Social Menacing Low-intensity agonistic behaviour involving threat displays towards 

another chicken, such as body posturing or sudden movements, 
without physical contact or immediate escalation into a fight. 
(Fiorilla, Ozella, et al. 2024)

Fighting Fighting between two or more chickens (Veldkamp and Niekerk 2019)
Allo-preening Social preening (Kenny et al. 2017)

Resting Crouch/Stand Sitting down / Holding standing position (Webster 2000) (Veldkamp 
and Niekerk 2019)

Comfort Sand bathing Rolling or moving around in dust, dry earth, or sand (Grebey et al. 
2020)

Self-preening Self-feathers grooming by means of beak (McCowan et al. 2006)
Stretching Leg stretching/Wing stretching Putting the leg/wing in a certain position to lengthen and elongate 

the muscle (Biasato et al. 2022; Carvalho et al. 2022)

Table 2. Concordance correlation coefficient (CCC)values for 
the observed behaviours, demonstrating inter-observer reli
ability (IOR) across all measures.
Behaviour Concordance Correlation Coefficient (CCC)

Scratching 0.992
Feeding at feeders 0.984
Movement 0.958
Menacing 0.969
Allopreening 0.933
Fighting 0.981
Resting 0.982
Sand bath 0.936
Self-preening 0.958
Stretching 0.981
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indicating no lesion or only slight discolouration/ 
healed lesion, score 1 indicating a mild lesion charac
terised by superficial discolouration and hyperkera
tosis, and score 2 indicating a severe lesion 
characterised by epidermal involvement, blood scabs, 
haemorrhages, and pronounced skin swelling.

Tonic immobility test and corticosterone 
metabolite analysis

At 21, 42, and 84 weeks of age, three roosters per pen 
were randomly selected to undergo the tonic immo
bility test. Different individuals were used at each age 
to prevent habituation to the procedure. Each selected 
rooster was gently removed from its home pen and 
placed on its back in a plastic cradle. A trained experi
menter restrained the bird for 5 s by placing one hand 
on its chest and the other over its head, allowing the 
head to hang downward. After releasing the bird, the 
experimenter stepped away and avoided direct eye 
contact (Campbell et al. 2019). Up to three attempts 
were made to induce immobility, and birds were not 
allowed to remain immobile for more than 3 min 
(Ferrante et al. 2005; Fiorilla, Ozella, et al. 2024). The 
duration of TI was recorded, with 3 min representing 
the maximum observation time.

No exclusion criteria were applied for the tonic 
immobility test. All birds that completed the handling 
procedure and for which immobility could be induced 
within the three permitted attempts were included in 
the analysis. Birds that did not enter tonic immobility 
after three attempts were assigned a TI duration of 
0 s, following standard practice in behavioural studies.

At 21, 42, and 84 days of age, excreta samples were 
collected from the same three birds per pen that had 
been selected for the tonic immobility evaluation. 
Each bird was placed in an individual wire-mesh cage 
(100� 50 cm) until it produced approximately 2 g of 
excreta. The excreta were collected on a plastic tray 
beneath each cage, then quickly transferred into 
Eppendorf tubes and stored at −20 �C for subsequent 
corticosterone analysis. ECM were extracted following 
the methods of Biasato et al. (2022). Briefly, 0.25 g of 
lyophilised excreta was mixed with 3 mL of 80% 
methanol (Sigma Aldrich, St. Louis, MO, USA) in an 
extraction tube, which was maintained at −20 �C for 
2 h. After solid-phase sedimentation, the supernatant 
was transferred to another vial and evaporated under 
a fume hood for 14 h. ECM levels were determined 
using a multi-species enzyme immunoassay kit (K014; 
Arbour AssayVR , Ann Arbour, MI, USA). Both inter-assay 
and intra-assay coefficients of variation were below 

10%, with an assay sensitivity of 11.2 ng/g of excreta. 
Serial dilutions (1:4, 1:8, 1:16, and 1:32) yielded regres
sion slopes parallel to the standard curve (R2 ¼ 0.989). 
The mean recovery rate of corticosterone added to 
dried excreta was 96.5%. Manufacturer-reported cross- 
reactivities were 100% for corticosterone, 12.3% for 
deoxycorticosterone, 0.62% for aldosterone, 0.38% for 
cortisol, and 0.24% for progesterone. All samples were 
analysed in duplicate, and the final ECM concentration 
was expressed as ng/g of excreta (dry matter).

Data analysis

Each pen was considered the experimental unit for 
assessing growth performance and behavioural ana
lysis. In contrast, individual animals served as the 
experimental units for all analyses related to tonic 
immobility, blood parameters, ECM, and feather and 
foot scoring. The normality of data distribution was 
evaluated using the Shapiro-Wilk test, while Levene’s 
test was used to assess the homogeneity of variance. 
Data were analysed using generalised linear models, 
which included three fixed factors, genotype, FS, and 
age as well as their interactions. The mean percentage 
of each behaviour, presented as mean ± standard devi
ation, was computed for each genotype (BP, BPxS, RM, 
RMxS) and FS (conventional and free-range). To ana
lyse the effects of genotype, FS, and their interactions 
on behavioural outcomes, a two-way analysis of vari
ance (ANOVA) was performed. Post hoc comparisons 
between means were carried out using the Duncan 
test. No random or repeated effects were included in 
the GLM models. Pen was treated as the experimental 
unit for performance and behavioural variables, 
whereas individual animals were the experimental 
units for tonic immobility, blood parameters, ECM, and 
feather and foot scoring. Since birds were randomly 
selected at each sampling age, no repeated measure
ments were performed on the same individuals, and a 
repeated-measures structure was therefore not 
required. Behavioural percentage data met normality 
and homoscedasticity assumptions; therefore, no arc
sine square-root transformation was applied. ANOVA 
and GLM were considered appropriate and robust for 
analysing untransformed proportional data under 
these conditions. Behavioural patterns observed in 
conventional and free-range systems were examined 
through the t-Stochastic Neighbour Embedding (t- 
SNE), an unsupervised method for dimensionality 
reduction.

The t-SNE algorithm (van der Maaten and Hinton 
2008), a non-linear dimensionality reduction 
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technique, was used to visualise behavioural patterns 
by projecting high-dimensional behavioural vectors 
into a two-dimensional space. This allowed exploration 
of relationships among the 10 behaviours across geno
types and farming systems (FS). The behavioural data 
were first converted into a matrix of pairwise similar
ities, and each observation was represented as a vec
tor summarising its behavioural profile. To identify 
potential behavioural groups, two unsupervised clus
tering methods were applied: K-Means and Gaussian 
Mixture Models (GMM). K-Means partitions observa
tions into k clusters by minimising within-cluster vari
ance, while GMM provides a more flexible probabilistic 
framework that accounts for clusters of different 
shapes and covariances. The optimal number of clus
ters was determined using the Silhouette Score, which 
evaluates cluster cohesion and separation.

Once k was selected, both algorithms were run and 
their cluster assignments were compared with the 
known categories (genotype, FS, and behavioural pat
terns) using Normalised Mutual Information (NMI). NMI 
values range from 0 to 1 and quantify the agreement 
between the clustering output and the underlying 
data structure, with higher values indicating better 
correspondence.

All analyses were performed in Python (Version 
3.11.5), and statistical significance was set at p� 0.05.

Results

Behavioural observations

Inter-observer reliability was assessed using the 
Concordance Correlation Coefficient (CCC), which 
accounts for both precision and accuracy. As shown in 
Table 2, CCC values ranged from 0.933 to 0.992, indi
cating high agreement across all behaviours. 
Scratching showed the highest concordance (0.992), 
followed by feeding at feeders (0.984) and resting 

(0.982), while allopreening had the lowest (0.933), 
though still within a strong reproducibility range.

Table 3 shows the mean (± SD) frequencies of the 
observed behaviours as influenced by genotype and 
FS. Overall, the FS displayed a significant effect on 
multiple behaviours, whereas genotype exerted a 
more limited influence, showing a significant effect 
only on fighting (p¼ 0.001). Free-range birds exhibited 
significantly higher scratching (44.04 vs 3.86; 
p< 0.001) and sand bathing (6.82 vs 3.90; p¼ 0.036) 
frequencies. Conversely, birds raised under conven
tional conditions showed significantly higher frequen
cies of feeding (13.45 vs 2.20; p< 0.001), movement 
(33.17 vs 21.03; p< 0.001), menacing (4.02 vs 2.84; 
p¼ 0.040), resting (24.44 vs 9.39; p< 0.001), and self- 
preening (6.75 vs 3.73; p¼ 0.001). Regarding genotype, 
only fighting exhibited a significant difference 
(p¼ 0.001), with BP and BPxS showing higher values 
than RM and RMxS. No notable differences were found 
for allo-preening or stretching, and no significant 
G� FS interaction was detected.

Behavioural pattern

The t-SNE plot revealed the presence of two distinct 
clusters, indicating similar behavioural patterns within 
each group. The top-left cluster predominantly con
tained observations from the free-range system, while 
the bottom-right cluster represented conventional sys
tem observations (Figure 1, right panel). The clear sep
aration of these clusters highlights a significant 
divergence in behavioural patterns between the free- 
range and conventional systems. However, when 
colour-coded by genotype, both clusters included all 
four genotypes (BP, BPxS, RM, RMxS) (Figure 1, left 
panel). The homogeneous distribution of the geno
types across the two clusters indicates no clear differ
entiation in behavioural patterns among the 
genotypes within the two FS.

Table 3. Results of behaviour analysis (%) of two slow growing chicken breeds, bionda piemontese (BP) and robusta maculata 
(RM) and their crosses with a medium growing hybrid (BPxS and RMxS) in a free-range (FR) and conventional (C) farming system 
(N¼ 3).

Behaviour

Genotype (G) Farming System (FS) P -value

BP BPxS RM RMxS FR C G FS GxFS

Scratching 23.3 ± 22.7 22.2 ± 21.7 24.7 ± 24.1 25.7 ± 25.0 44.0a±15.7 3.8b ±4.7 0.961 <0.001 0.701
Feeding at feeders 9.7 ± 9.3 8.7 ± 10.9 4.9 ± 6.6 7.9 ± 9.8 2.2 a±4.7 13.5b±9.5 0.158 <0.001 0.459
Movement 22.3 ± 13.9 29.4 ± 11.9 28.4 ± 16.9 28.3 ± 16.3 21.0 a±12.9 33.2b±14.7 0.169 <0.001 0.123
Menacing 5.0 ± 5.9 4.2 ± 6.3 1.6 ± 3.4 2.9 ± 5.0 2.8 a±5.5 4.0b±5.2 0.053 0.040 0.873
Fighting 3.0a±4.4 3.2ab±6.3 0.27b±1.2 0.75b±2.2 1.3 ± 3.3 2.3 ± 4.9 0.001 0.094 0.505
Allo-preening 4.8 ± 6.7 3.1 ± 5.9 3.9 ± 6.2 3.6 ± 5.5 4.7 ± 7.3 3.1 ± 4.5 0.507 0.706 0.928
Resting 17.2 ± 14.4 16.9 ± 16.7 19.9 ± 17.1 13.6 ± 13.3 9.4 a±10.6 24.4b±15.9 0.474 <0.001 0.853
Sand bath 4.5 ± 6.4 3.4 ± 7.5 6.7 ± 8.4 6.9 ± 10.5 6.8 a±9.9 3.9b±6.3 0.145 0.036 0.977
Self-preening 6.5 ± 7.4 3.9 ± 6.5 5.3 ± 6.3 5.1 ± 6.3 3.7 a±6.3 6.7b±6.7 0.341 0.001 0.444
Stretching 3.7 ± 5.2 4.9 ± 7.8 4.2 ± 7.2 5.3 ± 6.7 4.0 ± 7.3 4.9 ± 6.1 0.771 0.399 0.237
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To further explore the specific behaviours contribu
ting to the clustering, Figure 2 displays the frequency 
and type of each behaviour exhibited by the chickens. 
Darker colours indicate higher frequencies, while 
lighter shades represent lower frequencies. In the free- 
range system, movement-related behaviours such as 
‘movement’, ‘scratching’, and ‘sand bathing’ were 
more frequent, indicating a higher level of activity. 
Conversely, in the conventional system, resting behav
iours like ‘resting’, ‘stretching’, and social interactions 
such as ‘menacing’ and ‘fighting’ were more promin
ent, suggesting that chickens are adapting to the spe
cific conditions of the housing system.

The Silhouette Score analysis indicates that the 
optimal number of clusters for the K-Means method is 
k¼ 3, where the score reaches its highest peak, sug
gesting the presence of three distinct behavioural 
groups. However, the GMM method identifies k¼ 2 as 
the optimal clustering solution, achieving a compar
able silhouette score (Figure 3).

Although K-Means suggests three clusters, we 
chose to adopt the two-cluster solution proposed by 
GMM. This decision was guided by the visualisation of 
the clusters, which revealed an elliptical shape better 
captured by the flexibility of GMM. The two-cluster 
configuration not only aligns with the observed data 
structure but also provides a more interpretable and 

meaningful distinction between the behavioural pat
terns of chickens under different FS. For the FS, the 
NMI score was 0.669, demonstrating a high corres
pondence between the clustering results and the FS 
categories, suggesting that the behavioural patterns of 
chickens are strongly influenced by the farming envi
ronment. In contrast, the NMI score for genotype was 
0.001, indicating minimal alignment between the clus
ters and the genotypic categories.

Haematological analysis

Overall, the leukocyte differential count (heterophils, 
lymphocytes, monocytes, eosinophils, and basophils) 
did not show statistically significant differences among 
the groups regarding FS, genotype, age, or their inter
actions (with p-values above 0.05, Table 2S). In par
ticular, the percentages of heterophils and 
lymphocytes were unaffected by the factors examined. 
Similarly, there were no noteworthy differences in 
eosinophil or basophil percentages across the rearing 
systems, genotypes, or age groups. The H/L ratio (het
erophils/lymphocytes) also did not display statistically 
significant variations. Finally, the d-ROMs test did not 
reveal any statistically significant differences among 
the tested factors (FS, genotype, age) or their 
interactions.

Figure 1. Behavioural patterns of chickens visualised using t-distributed stochastic neighbor embedding (t-SNE), which projects 
multidimensional behavioural data onto a 2–dimensional feature space (X1 and X2). Each point represents an individual behav
ioural observation, with closer points indicating greater similarity in behavioural profiles. In the left panel, points are coloured 
according to genotype: BP (blue), RM (red), RM� S (orange), and BP� S (green). In the right panel, points are coloured based on 
farming system: free-range (blue) and conventional (red). The emerging clusters represent groups of observations with similar 
behavioural characteristics, highlighting differences associated with farming system more distinctly than those associated with 
genotype.
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Feather condition, feet health assessment and 
tonic immobility test

The evaluation of feather condition (neck, breast, vent, 
back, wings, tail), as reported in Table 3S, did not 
reveal any statistically significant differences related to 
FS, genotype, age, or their interactions. The average 
scores across anatomical regions remained low, with 
values ranging, for example, from 0.10 to 0.35 for the 
neck and from 0.15 to 0.40 for the wings, showing 
comparable feather condition between conventionally 
raised and free-range chickens.

Footpad dermatitis scores were also low in all 
groups, with no significant effects observed for FS, 
genotype, or age. Mean scores were 0.111 in conven
tional systems and 0.278 in free-range systems. 
Similarly, the tonic immobility test results (Table 3S) 
showed no statistically significant effects of FS, geno
type, or age. On average, birds in the free-range sys
tem exhibited a duration of 165.0 s, while those in the 
conventional system averaged 162.6 s. Among geno
types, BP recorded the highest mean immobility 
(173.0 s) and RM� S the lowest (150.7 s). The average 

durations were 167.0 s at 42 days and 160.6 s at 
84 days.

Excreta corticosterone metabolite analysis

Figure 4 illustrates a significant effect of the farming 
system (FS) on ECM levels, with birds reared in the 
conventional system exhibiting higher mean concen
trations (114.5 ng/g) than those in the free-range sys
tem (78.7 ng/g) (p< 0.001). Age also had a significant 
effect (p< 0.001), with ECM levels increasing markedly 
at 84 days (117.4 ng/g) compared with 21 days 
(71.5 ng/g) and 42 days (75.7 ng/g). However, the 
FS�Age interaction was not significant (p¼ 0.501), 
indicating that differences between farming systems 
did not vary statistically across ages. No significant 
FS�Genotype interaction was detected (p¼ 0.886).

Across genotypes, ECM values ranged from 91.1 ng/ 
g in BP to 100.8 ng/g in BP� S, but genotype effects 
were not significant (p¼ 0.507). Similarly, the 
Age�Genotype interaction was not significant 
(p¼ 0.283). All the detailed data is reported in 
Table 4S.

Figure 2. Behavioural patterns of chickens visualised using t-distributed stochastic neighbor embedding (t-SNE) to map high- 
dimensional behavioural vectors onto a 2–dimensional feature space (X1 and X2 axes). The top cluster represents the free-range 
system, while the bottom cluster corresponds to the conventional system. Each point signifies a behavioural observation, with 
similar behavioural vectors being mapped to neighbouring points in the plane. The frequency and type of each behaviour exhib
ited by the chickens are shown, where darker colours indicate higher frequencies, and lighter colours represent lower frequencies.
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Discussion

The influence of genotype on growth performance 
has already been documented in our previous work, 
where Robusta Maculata and its cross with a commer
cial strain achieved higher final live weight compared 
to Bionda Piemontese and its cross, regardless of the 
rearing system (Fiorilla et al. 2023). These findings con
firmed the role of genetics as a primary driver of 
growth traits and highlighted crossbreeding as a 
viable approach to combine adaptability of local 

breeds with improved performance, provided that 
pure lines are safeguarded through conservation pro
grams. In the present study, these productivity out
comes provide a useful framework to interpret the 
behavioural and welfare responses observed. Indeed, 
while conventional systems are known to promote 
faster growth (Gr�zini�c et al. 2023), free-range condi
tions, although less efficient in terms of body weight 
can improve product quality and favour positive wel
fare indicators, as also reported for slow-growing 
chickens (Fotou et al. 2024). Taken together, these 

Figure 3. Silhouette score analysis to determine the optimal number of clusters in the behavioural data using K-Means and gauss
ian mixture models (GMM).

Figure 4. Effects of farming system and age on excreta corticosterone metabolite (ECM) levels in chickens. Least square means 
ECM concentrations (ng/g dry matter) are shown across two farming systems (conventional vs free-range) and three age points 
(21, 42, and 84 days).
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considerations suggest that genotype and FS exert 
complementary roles: genetics shapes growth poten
tial, whereas the farming environment largely modu
lates welfare and behavioural expression.

Focusing on the results of the haematological ana
lysis, no significant differences emerged between the 
groups, suggesting that neither the breeding system 
nor the genotype induced physiological stress detect
able through blood or immune parameters. This inter
pretation is consistent Stefanetti et al. (2023) that 
reported, despite alterations in gene expression, classic 
stress parameters (such as the H/L ratio) are more sen
sitive to the genotype than to the type of system. 
Similarly, the absence of significant differences in 
plumage condition and foot health suggests that both 
systems, if well managed, can ensure adequate stand
ards of physical well-being, at least for slow-growing 
breeds such as those used in this study. This result is 
confirmed by several studies, according to which the 
quality of management has a greater weight than the 
type of system. As observed by Dawkins (2023), factors 
such as air quality and litter can affect the final out
come more than density. It follows that, to maintain a 
good level of physical well-being, environmental care 
is crucial, regardless of the production model adopted 
(Honig et al. 2024). Accordingly, the absence of a sig
nificant effect of the FS on growth, despite the evi
dent differences at the dietary level. In the free-range 
system, for example, the diet provided had a lower 
concentration of crude protein, ether extract and 
metabolisable energy compared to the standard diet. 
This seems to confirm that local breeds have a good 
ability to maintain satisfactory performance even in 
conditions of reduced nutritional inputs (Menchetti 
et al. 2024), probably due to their reduced require
ments compared to highly productive strains. At the 
same time, the significant interaction observed 
between genotype and FS in relation to average daily 
feed intake was expected, birds raised outdoors show 
significantly higher feed intake compared to those in 
conventional systems, likely in response to increased 
physical activity and the opportunity to express natu
ral behaviours, which raises energy requirements at 
growth expense (Bonnefous et al. 2024). In line with 
these findings, a strong influence of the FS on birds’ 
ethogram, reflecting how the birds responded to dif
ferent environmental context, was found. The free- 
range system promotes the expression of natural 
behaviours such as foraging and dust bathing, which 
are generally considered positive welfare indicators, 
although they may also reflect adaptive coping strat
egies in response to environmental stimuli. In contrast, 

conventional systems showed more resting, trough 
feeding, and agonistic interactions, suggesting com
pensatory behavioural responses to limited freedom.

Despite behavioural differences, ECM levels did not 
vary significantly across systems or genotypes, indicat
ing effective stress coping. The age-related increase in 
ECM likely reflects normal physiological ageing 
(Wingfield, 2013). The limited differences observed 
among genotypes may be explained by the fact that 
all tested birds were local, non-commercial breeds or 
their crosses, which are typically more robust and less 
affected by environmental stressors due to the 
absence of intensive genetic selection. This inherent 
adaptability may have contributed to the overall simi
larity in behavioural and welfare responses across gen
otypes. The genotype showed an effect only in 
‘fighting’ behaviour of birds, indicating that specific 
environmental breeding conditions, could have played 
a dominant role over genetics in shaping aggressive 
behaviour in local birds.

Furthermore, Canario et al. (2013) highlight how 
behavioural adaptation depends mainly on environ
mental stimuli, while the genotype-environment inter
action, as discussed by Saltz et al. (2018), shows how 
behavioural plasticity can vary depending on the con
text, confirming the complexity of the dynamics 
between genetics and environment. However, it 
should be noted that the relatively short duration of 
behavioural recordings in the present study may not 
have fully captured the variability and temporal 
dynamics of broiler behaviour throughout the day, 
particularly for infrequent or context-dependent 
activities.

The results of the t-SNE and clustering analyses 
align with these considerations, showing a clear separ
ation between the behavioural patterns observed 
under different FS, regardless of genotype. This sup
ports the view that environmental conditions play a 
primary role in shaping behavioural expression. Within 
this context, local breeds appeared to exhibit a higher 
degree of adaptability to extensive systems, suggest
ing greater behavioural flexibility and a potentially 
more balanced physiological response to variable envi
ronments (Xiang et al. 2018; Stefanetti et al. 2023).

Finally, the higher ECM concentrations observed in 
birds reared under conventional conditions, when con
sidered alongside the reduced expression of active 
behaviours, may reflect a greater allostatic load associ
ated with more restrictive environmental conditions 
(Franciosini et al. 2010). While this finding aligns with 
the hypothesis that housing conditions can modulate 
chronic stress, it should be interpreted within the 
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context of the specific management practices applied 
in this study, including space allowance, environmen
tal complexity, and animal-environment interactions. 
Furthermore, the data show an increase in ECM levels 
with age, suggesting a possible accumulation of stress 
over time. These results further strengthen the idea 
that, in this context, environmental conditions are the 
main chronic stress factor in chickens. Studies on 
exogenous corticosterone (Zaytsoff et al. 2019; Brown 
et al. 2021) have in fact documented profound meta
bolic alterations, oriented towards catabolism and glu
coneogenesis, to the detriment of growth.

Conclusions

The results of this study highlight how the FS influen
ces several aspects of chicken behaviour and welfare, 
while genetic background exerts a more marked effect 
on growth performance. In particular, the free-range 
system supported the expression of natural behav
iours, suggesting potential welfare benefits when com
pared with more intensive conditions. Additional 
factors such as diet differences between systems and 
potential variation in feed intake may have further 
contributed to these results and should be explored in 
future studies.

From a production perspective, RM and RM� S 
genotypes showed superior growth compared to BP 
and BP� S, regardless of FS, suggesting that genetic 
selection can enhance performance even in alternative 
farming contexts. The behavioural consistency and 
general health indicators displayed by local breeds 
and their crosses also point to a degree of adaptability 
that may be advantageous for low-input or free-range 
systems, although further data on nutritional efficiency 
and resilience are required to fully evaluate their suit
ability. For poultry producers, these findings indicate 
that well-managed free-range systems may offer 
opportunities to improve behavioural welfare and 
diversify production, particularly when combined with 
genotypes suited to lower-input conditions. 
Nonetheless, decisions regarding the adoption of such 
systems should consider the variability in physiological 
responses across ages, as well as differences in diet 
formulation and nutrient availability.

This study has some limitations that should be 
acknowledged. Behavioural data were collected during 
relatively short observation periods, which may not 
fully capture daily variability or context-dependent 
behaviours. In addition, more detailed nutritional mon
itoring and longitudinal assessment of physiological 
stress would strengthen the interpretation of the 

findings. Future studies with extended behavioural 
recording and larger sample sizes would help confirm 
and refine these results.

Future research should investigate age-dependent 
physiological responses more deeply, incorporate 
detailed nutritional and metabolic assessments, and 
examine consumer perceptions of products derived 
from local breeds. Such work will contribute to a more 
comprehensive understanding of how local genotypes 
can support resilient, sustainable, and welfare-oriented 
poultry systems.
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