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Abstract 

This review summarizes the various methods used to evaluate poultry behaviour under thermal stress, highlighting 
their importance for improving animal welfare, production performance, product quality, and environmental 
management. An extensive literature search was carried out on laying hens, thermal stress, and welfare-related 
aspects, emphasizing behavioural indicators, physiological responses, production traits, and management factors 
associated with adaptation to severe thermal conditions. Several observational methods were evaluated, including 
naturalistic observation, photographic documentation, continuous monitoring, time sampling, and focal animal 
studies. Infrared thermography was pointing out for its non-invasive technique to monitor body temperature. It is 
mandatory to consider the detailed observation of hens' behaviour as key to early stress identification to enable 
effective strategies to minimize the economic impact for farmers. Despite their high costs and technological 
challenges, modern technologies for monitoring, recording, and assessing poultry behaviours are essential for an 
efficient farm management, as they contribute to the prevention of production losses and facilitate timely 
interventions by farmers. 
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1. Introduction  
 
The global poultry industry encounters major 
problems facing thermal stress, which adversely 
affects health, welfare, productivity, and overall 
farm profitability. Poultry are particularly 
vulnerable to heat stress due to their limited 
capacity for thermoregulation, which is associated 
with functional sweat glands absence, relatively 
high core body temperature, and a rapid metabolic 
rate [1,2]. Extreme environmental temperatures, 
whether high or low, can negatively affect poultry 
growth and productive performance. These 
conditions may contribute to reduced egg 
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production, increased thermal discomfort, and 
meat quality defects, including pale, soft, and 
exudative meat or dark, firm, and dry meat [3]. 
According to Qaid and Al-Garadi [4], heat stress 
in poultry results in physiological, metabolic, and 
genetic changes, affecting skeletal muscle growth 
and development, protein synthesis, and fat 
accumulation, ultimately impacting meat/egg 
quality and industry sustainability.  Poultry 
exposed to heat stress exhibit specific behavioral 
adaptations that facilitate heat loss and support the 
maintenance of physiological homeostasis. Laying 
hens exposed to high ambient temperatures 
commonly exhibit open-mouth panting and spread 
their wings to increase airflow over non-feathered 
skin areas, thereby facilitating evaporative and 
convective cooling [5-7]. Concurrently, these 
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birds often become lethargic, reducing locomotor 
activity by spending less time standing or walking 
and more time lying in the litter to promote 
conductive heat loss. As a thermoregulatory 
strategy, heat-stressed hens also show a marked 
reduction in feed intake, which helps lower 
metabolic heat production, while simultaneously 
increasing water consumption to support 
evaporative cooling and hydration [8]. These 
compensatory behaviors—panting, wing 
spreading, increased resting, and changes in 
feeding and drinking patterns—are crucial for 
minimizing internal heat load and can serve as 
early and sensitive indicators of thermal 
discomfort in hens [9]. Prolonged exposure to 
suboptimal thermal conditions can result in 
increased mortality rates [10]. Prompt 
identification of thermal stress indicators, 
supported by behavioral and physiological 
monitoring, enables timely interventions that 
enhance both animal welfare and farm 
productivity [11]. According to EFSA [12], 
thermal stress is one of 19 key welfare concerns in 
poultry, alongside issues like bone lesions, 
gastrointestinal disorders, and limited mobility. 
The Welfare Quality® assessment protocols [13] 
include specific criteria to evaluate thermal 
discomfort and ensure appropriate environmental 
conditions. Thermal stress significantly impacts 
poultry welfare, with cold stress occurring when 
environmental temperatures decreased below 
15°C and heat stress starting when temperatures 
exceed 25°C. The thermo-neutral zone, ideal for 
optimal growth and health, ranges between 18–
21°C. When temperatures deviate from this range, 
poultry experience stress, which can lead to 
behavioral changes, reduced productivity, and 
health issues. Therefore, monitoring and managing 
thermal conditions is crucial to ensure animal 
welfare and minimize the negative effects of 
thermal stress on poultry production systems [14]. 
According to Nannoni et al. [15], laying hen 
rearing and management systems vary 
considerably, which leads to differences in the 
methods used to assess behavior. These methods 
may depend on whether hens are housed in 
conventional or enriched cages, non-cage systems 
such as barns, litter-based systems, aviaries or 
household farms, or outdoor systems such as free-
range and organic production. Initial indicators of 
thermal stress in animals can be effectively 
monitored through automated systems designed to 

track, regulate, and adapt to environmental 
conditions. These systems play a crucial role in 
maintaining the animal's homeostasis by ensuring 
optimal thermal conditions. In their natural 
habitats, birds living in areas susceptible to high 
thermal stress typically seek out environments that 
facilitate efficient heat exchange, such as places 
near water sources, fountains, or drinking troughs 
[9]. In contrast, birds raised in controlled 
systems—whether on small, medium or large 
farms, or households, —experience significantly 
different environmental conditions compared to 
the wild. Their behavior is influenced by the 
specific rearing systems, the availability of 
resources, the size and breed of the flock, as well 
as the stocking density [5], [7]. Effectively 
managing thermal stress in poultry farming 
requires a comprehensive understanding of how 
these factors interact. Advanced environmental 
control systems, which include sensors that 
monitor temperature, humidity, and air quality, are 
essential tools for maintaining optimal conditions 
in large-scale operations. These systems enable 
rapid adjustments to environmental changes, 
ensuring the flock remains healthy and productive. 
Key preventative measures include maintaining 
proper ventilation, implementing cooling systems, 
and providing consistent access to clean water, 
particularly during periods of extreme heat [16].   
Due to these challenges posed by climate change, 
the development and implementation of 
innovative, practical, and accessible strategies—
ranging from environmental control to genetic, 
nutritional, and managerial interventions—are 
essential to mitigate the adverse effects of thermal 
stress in poultry and support sustainable, welfare-
friendly production systems [17]. 
This review aims to synthesize current knowledge 
on behavioral and technological approaches used 
to assess thermal stress adaptation in laying hens, 
with emphasis on behavioral indicators, 
physiological responses, precision monitoring 
tools, and their relevance for improving welfare 
and productivity under climate-related thermal 
challenges. 
 
2. Materials and methods 
 
A comprehensive literature search was done by 
accessing various academic bibliographic 
databases: Scopus, PubMed, Web of Science, 
ScienceDirect, academic journals. We extracted 
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the most relevant articles, reports, and online 
information about our topic related to laying hens' 
production thermal stress, health and welfare 
consequences, and behavioral aspects. We 
consulted the databases above mentioned without 
any period of time limitation. We eliminated the 
studies with insufficient information or those that 
referred to our topic but approached was 
differently, aiming to select only those articles that 
shared a similar vision to our research subject. 
Key concepts, arguments, and conclusions were 
extracted from the chosen literature. We referred 
to the behavioral techniques’ observations, 
technology for laying hens behavior monitoring, 
behavioral patterns in response to environmental 
stressors, challenges and limitations of current 
observation. Out of 124 relevant papers reviewed, 
73 were selected, with only 52 being cited.  
 
3. Results and discussion 
 
Behavioral Observation Techniques: A Key Tool 
in Evaluating Laying Hen Behavior 
The selection of methods for assessing laying hen 
behavior largely depends on the specific type of 
behavior being investigated, the level of detail 

required, and the nature of the research setting—
whether experimental or commercial. Studies 
focusing on fine-scale, individual behaviors often 
demand high-resolution, continuous monitoring, 
which can be achieved through focal animal 
sampling or the use of wearable sensors. In 
contrast, research targeting broader group-level 
dynamics—such as flock distribution, resource 
utilization, or daily time budgets—typically 
employs scan sampling, video surveillance, or 
positioning technologies like radio-frequency 
identification (RFID) and ultra-wideband (UWB) 
systems [7]. Figure 1 presents different sampling 
techniques applied in poultry behavior research. 
Figure 1 illustrates the main sampling techniques 
used in poultry behavior research [18]. These 
methods are important for selecting representative 
individuals or behavioral events, thereby 
improving the validity and reliability of the study 
results. 
Behavioral patterns assessment is very complex 
because involves a certain dynamic, with various 
elements to take into account, different actions can 
occur with different rates, sequences, and 
intensities [19].   

 

 
 

Figure 1.  Types of sampling methods in behavior research.  Adapted after Philip N. Lehner (1992) 
 
The chosen method typically depends on the 
research type qualitative information (in-depth 
descriptions of behavior) or quantitative data (the 

frequency and duration of particular actions). 
Moreover, combining several methods—such as 
pairing direct observation with automated 
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technologies—can improve both the data accuracy 
and reliability. This approach is most appropriate 
and allows the detection of a wide range of 
behaviors, providing more comprehensive 
insights, especially in complex or changing 
environments [20].  Magnusson M.S. [21] stated 
that the direct observation importance and 
perception could be exaggerated. The author 
emphasized that direct observation may be 
affected by observer expectations and perceptual 
bias; therefore, standardized ethograms, observer 
training, and objective recording methods are 
essential to improve data reliability. Altmann [22] 
described seven main behavioral sampling 
methods: ad libitum, focal animal, scan, behavior, 
one-zero, instantaneous, and continuous sampling. 
Each method is appropriate for specific 
observational objectives and differs in accuracy 
and applicability, depending on whether the study 
focuses on detailed individual behaviors, group-
level activity patterns, rare but relevant behaviors, 
or estimates of the time animals spend performing 
different activities. This distinction is particularly 
important in laying hen studies, where thermal 
stress-related behaviors may be brief, subtle, or 
strongly influenced by flock density and housing 
system. 
Focal animal sampling is considered one of the 
most effective techniques for detailed behavioral 

observation, particularly when the goal is to 
capture the frequency, duration, and sequence of  
specific behavior patterns exhibited by an 
individual. This method involves continuously  
observing a single subject over a defined period 
and systematically recording all its behaviors  
using an ethogram [22]. As illustrated in Figure 2, 
behavioral research uses various observational 
techniques, each with specific strengths and 
limitations. The choice of sampling strategy 
significantly influences both the accuracy and 
efficiency of the data collected by the researchers. 
Continuous recording, for example, captures the 
full range of behaviors as they occur, allowing for 
comprehensive temporal analysis. However, it is 
intensive effort and often impractical in large-
scale studies. In contrast, time-based sampling 
methods—such as instantaneous or scan 
sampling—record behaviors at specific intervals, 
offering more manageable data collection but 
potentially missing brief or rare behaviors [23]. 
Therefore, behavioral observations require 
meticulous precision to ensure a comprehensive 
capture of different relationships and interactions 
among the subjects, which enables the periodic 
detection of subtle behavioral patterns and 
individual changes [24].   

 
Figure 2. Recorded techniques used in behavior research. Adapted after Altmann, J. (1974). 

 
Observational studies are a fundamental approach 
to the study of animal behavior, involving the 
direct observation and recording of animals in 
their natural habitats. These studies are crucial for 
understanding the patterns and underlying 
mechanisms of animal behavior, as they provide 
empirical data on the frequency, duration, and 
context of behaviors. Table 1 provides an 

overview of the principal behavioral observation 
techniques used in poultry research, emphasizing 
their applications, advantages, and methodological 
constraints [25]. However, the selection of a 
suitable sampling method should be guided by the 
study objectives, flock size, housing system, and 
the specific behaviors under investigation.
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Table 1. Main techniques used for behavioral observation in poultry research, with their strengths and limitations. 

Table adapted from Arnold G.W., 1968. 
 
Modern Technology for Poultry Thermal Stress 
Behavior Monitoring 
 
a) Video, Photographic, and Automated 
Systems for Evaluating Thermal Stress in Laying 
Hens 
Although direct behavioral observation provides 
valuable information, it is often labor-intensive, 
time-consuming, and difficult to apply 
continuously in commercial laying hen facilities. 
For this reason, modern monitoring technologies, 
including video recording, computer vision, 
infrared thermography, acoustic analysis, and 
environmental sensors, are increasingly used to 
collect objective, continuous, and non-invasive 
data on thermal stress-related behavior, spatial 
movements and physiological responses. Daigle 
and Siegford [26] highlight that video monitoring 
combined with a predefined ethogram is an 
effective method for assessing individual behavior 
and welfare in large groups of laying hens. 
Assessment of each behavior is reasoned that 
laying hens will change their behavior related to 
feeding, drinking, posture, or respiration to 
maintain thermoregulation [27]. 
Daigle and Siegford [26] videotaped 
approximately 20 weeks using ceiling-mounted 
cameras during the 15 h lights-period laying hen 
behavior (stand, sit, walk, feed, drink, preen, dust 
bathe, forage, rest), and resource use (nest box and 
perch). Behaviors were categorized as static (sit, 

stand, rest, nest box use, perch use), dynamic 
(walk, preen, forage, feed, drink, dust bathe, 
feeder use, water use), and infrequent (drink, dust 
bathe, nest box) and for the recording a camera 
model AF-2MVD-VARIB/W, (Amcrest Industries 
LLC, Texas, USA) was suspended from the 
ceiling and centered above the pen. The authors 
regarded this method as reliable, due to its 
minimal observer interference and its ability to 
capture a wide range of daily behavioral patterns. 
Kikuki et al. [28] conducted behavioral 
observations on laying hens between 32 and 36 
weeks of age. For 4 weeks, the same observer 
carried out visual scans every 10 minutes, totaling 
4 hours of observation per day (10:00–12:00 and 
13:00–15:00), for 3 days each week. These 
observations were captured using video cameras 
(Sony Handycam HDR-CX675, Tokyo, Japan). 
The behaviors recorded included eating, drinking, 
resting, and comfort activities like body shaking, 
wing flapping, tail wagging, preening, head-
scratching, bill wiping, and stretching. 
Additionally, sham dust bathing, exploration (such 
as looking, listening, and object pecking), 
aggressive pecking, and other behaviors were 
noted. All areas of the hens' environment were 
observed, including nests, perches, and floors. The 
presence of a single trained observer alongside a 
well-defined ethogram proved to be an effective 
approach for accurately monitoring the behavioral 
patterns of laying hens.  

Technique Description Strengths Limitations 
Ad libitum sampling non-systematic recording of 

visible behaviors 
preliminary 

observations and rare 
behaviors 

high observer bias; not 
suitable for quantitative 

analysis 
Focal animal sampling continuous observation of one 

selected individual 
detailed data on 

frequency, duration, 
and sequence 

time-consuming; difficult in 
large flocks 

Scan sampling recording the behavior of 
multiple birds at fixed 

intervals 

efficient for group-level 
behavior and time 

budgets 

may miss short-duration 
behaviors 

Continuous recording recording all occurrences of 
selected behaviors 

highly accurate 
temporal data 

labor-intensive; requires 
video or trained observers 

One-zero sampling recording whether a behavior 
occurs during a time interval 

useful for rapid 
behavioral screening 

does not provide true 
frequency or duration 

Video observation recording behavior for later 
analysis 

reduces observer 
interference; allows 

repeated analysis 

requires storage, annotation 
time, and image quality 

control 
Automated tracking sensors or algorithms to 

monitor movement or 
posture 

enables continuous and 
objective monitoring 

requires validation and may 
be affected by occlusion or 

lighting 
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Kodaira et al. [19] continuously monitored the 
behavior of laying hens at three different 
temperatures: 35 °C, 24 °C, and 17 °C. The 
authors employed affordable video cameras with a 
resolution of 702 × 480 pixels and a 30-fps 
capture rate (CCD sensor 1/4", 2.6 mm lens, 
Intelbras® iM5, São José, SC, Brazil). Their 
findings revealed that while low-resolution 
cameras might reduce the accuracy of hen 
detection, they still serve as a cost-effective and 
practical method for animal observation in real 
environments. Additionally, the same study 
incorporated the YOLO v4 (You Only Look 
Once) algorithm, enabling highly accurate laying 
hens’ detection and providing for analysis of 
entire image pixels in a single pass, thus 
improving processing efficiency. This approach 
presents an effective and practical solution for 
monitoring poultry behavior under varying 
thermal conditions, maintaining a balance between 
affordability and precision, and making it well-
suited for poultry farming applications [29]. 
According to Yan et al. [30] detecting, 
recognizing and evaluating abnormal behaviors of 
caged laying hens under thermal stress is 
facilitated using a deep learning-based technology 
YOLO-HGP, built on the YOLOv8n model a with 
a precision, recall, and mean average precision 
scores of 95.952%, 94.127%, and 97.667%, 
respectively, demonstrating its effectiveness in 
detecting heat stress behaviors in hens.  This high-
performance model validated the utility of real-
time detection for heat stress monitoring, ensuring 
both sensitivity and specificity in behavioral 
classification. 
Yu et al. [29] developed an enhanced FPN-
DenseNet-SOLO model for detecting heat stress 
in laying hens. By incorporating Efficient Channel 
Attention and DropBlock methods, they optimized 
the DenseNet-169 network to better identify heat 
stress features. The model was tested on a dataset 
of 12,740 images, representing both heat-stressed 
and normal poultry, and its performance was 
compared with widely used models such as Mask 
R-CNN, Faster R-CNN, and SOLOv2. This model 
proved its effectiveness in accurately 
differentiating heat-stressed hens from healthy 
individuals. Vocalizations like alarm, squawk, and 
gakel calls in laying hens are associated with 
stress and used as indicators of welfare and health 
in poultry monitoring systems. Du et al. [31] 
created a machine learning-based method to detect 

these vocalizations and evaluate the hens' thermal 
comfort. They selected nine features related to the 
source-filter theory to analyze the vocalizations 
and developed a support vector machine (SVM) 
model. The study found a strong link between 
specific vocalizations (such as alarm and squawk 
calls) and thermal comfort indices, highlighting 
the potential of this technology to help monitor 
poultry welfare, especially under thermal stress 
discomfort. The authors confirmed that vocal 
analysis can be a viable, non-invasive indicator of 
stress-related welfare changes in hens. 
Pereira et al. [32] developed the cluster index 
based on camera images installed on laying hens, 
designed to estimate thermal comfort, and 
validated through poultry experiments. The 
experimental method shown to reliably 
differentiate between agglomeration patterns 
under heat stress, offering a simple but effective 
behavioral assessment tool for laying hens 
commercial farms. 
 
b)  Infrared thermography: a supportive tool 
for assessing thermal discomfort related to 
behavior 
A contact-free, non-invasive technique is infrared 
thermography (IRT) to measure body surface 
temperature used in neuroscientific research, both 
animal and human subjects [33], [34]. 
Endothermic organisms need to maintain the body 
temperature through internal regulation processes, 
including muscular activity (shivering) to increase 
body heat and perspiration (activation of sweat 
glands) to cool down to lower internal temperature 
[35]. However, changes in body temperature are 
not solely influenced by physical factors such as 
fluctuations in ambient temperature.  
Autonomous responses, such as those triggered by 
stressful experiences, result in adjustments in the 
size of blood vessels (vasoconstriction and 
vasodilation) across peripheral and core body 
areas, ultimately affecting blood circulation [34], 
[35]. These responses help animals with defensive 
behaviors in the face of physical or predatory 
threats (fight-or-flight). Additionally, they serve to 
minimize blood loss from injuries, thereby 
enhancing survival chances [36].  
These highly adaptive physiological adjustments 
coincide with variations in the temperatures of 
both central and peripheral body regions. 
Interestingly, the IRT can effectively measure 



 
 

 
Cornescu G.M. et al./Scientific Papers: Animal Science and Biotechnologies, 2026, 59 (1) 

 
 
 
 

 

272 
 

these fluctuations by capturing thermal emissions 
emitted from the body's surface.  
The IRT is widely used for assessing thermal 
stress, changes in peripheral blood flow and heat 
loss, allowing for the identification of signs such 
as disease, edema, and stress in animals by 
measuring surface temperatures without physical 
contact, providing critical data on their 
thermoregulation under various conditions [37]. 
The technology aids in optimizing environmental 
controls, minimizing energy consumption, and 
improving resource efficiency, leading to better 
management practices and reduced environmental 
impact [38]. Infrared radiation is converted into 
electrical signals producing thermal images of 
temperature distributions, each color representing 
a specific temperature range [39]. When thermal 

changes occur, physiological mechanisms activate 
to regulate body temperature, leading to an 
increase in energy expenditure [40], [41]. These 
mechanisms are essential for maintaining 
homeostasis in animals under varying 
environmental conditions.  
The IRT is described as a remote diagnostic tool 
which highly correlates with the physiological or 
pathological states of animals [42]. Studies by 
Andrade et al. [43] and Cândido et al. [44] found a 
strong correlation between cloacal temperature 
and eye surface temperature (EST) in heat-
stressed pullets, with increased surface 
temperature on the head in laying hens. Thermal 
images were captured using a FLIR ONE Gen 3 
camera, and EST was analyzed using FLIR 
Thermal Studio software. 

 
Table 2. Infrared thermography applications to assess thermal discomfort in laying hens 

Main application Infrared 
technology Software used Body area/region assessed References 

General body 
surface temperature  

Infrared camera 
Testo® 880 

Testo® software body surface [46];  
[47] 

Feather coverage 
and regional surface  

S60 ThermaCAM 
infrared camera 

ThermaCAM 
Researcher Pro v2.7 

front, dorsal, and vent feather 
coverage 

[48] 

Feather coverage 
and body-region 
thermal mapping 

FLIR T400, FLIR 
Systems Inc., 
Wilsonville, OR, 
USA 

ExamineIR head, dorsal neck, back, 
neck/crop region, breast, and 
belly 

[49] 

Automated hen 
body detection 

Thermo-GEAR-
G120, AVIO, 
Nippon Avionics 
Co., Ltd., Tokyo, 
Japan 

NI LabVIEW® 8.5; 
NI Vision 
Acquisition 
Software® 2009; NI 
Vision Development 
Module® 2009 

whole hen body detection [50] 

Heat-exchange 
regions and thermal 
stress indicators 

FLIR SC640™ 
thermal imaging 
camera, 15 FPS, 
sensitivity 
<0.1°C, accuracy 
±2% 

FLIR ResearchIR™ skin, comb, eye, wattle, and 
face 

[51] 

Unfathered body 
regions involved in 
heat dissipation 

Infrared thermal 
camera CX320, 
COX Co., 
Daejeon, Korea 

Thermal Imaging 
Analyzer software, 
version A.8, COX 
Co., Korea 

earlobes, wattles, beak, eye, 
comb, and nose 

[6] 

Thermal signature 
of heat-dissipation 
areas 

Thermal camera 
Testo 880, Testo 
SE & Co. KGaA, 
Germany 

Chicken Thermal 
Signature software, 
version 1.0 

face, eye, comb, wattle, leg, 
and foot 

[52] 

Concepta et al. [45] described infrared 
thermography (IRT) as an innovative and cost-
effective tool for the real-time assessment of 
thermal discomfort, providing rapid evaluation 
with minimal disturbance and improved precision 

in poultry management. However, for automated 
systems to be reliably implemented under 
commercial conditions, their outputs should be 
validated against recognized behavioral, 
physiological, and productive indicators of 
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thermal stress, such as panting frequency, body 
surface temperature, respiratory rate, cloacal 
temperature, feed and water intake, and egg 
production traits. Infrared thermography has been 
applied in laying hen research to assess general 
body surface temperature, feather coverage, 
regional heat dissipation, and thermal discomfort 
through non-invasive measurement of surface 
temperatures. Table 2 summarizes the main 
infrared technologies, software tools, and body 
regions used in studies evaluating thermal 
responses in laying hens. 
Overall, the most frequently assessed regions are 
the comb, wattles, eye, face, legs, and feet, as 
these unfathered or poorly feathered areas are 
important sites for heat exchange. Therefore, 
infrared thermography can complement behavioral 
observations, such as panting, wing spreading, and 
reduced activity, by providing objective 
information on physiological responses associated 
with thermal discomfort. Overall, behavioral 
observation techniques and modern monitoring 
technologies provide complementary information 
for assessing thermal stress adaptation in laying 
hens. Classical methods, such as focal, scan, and 
continuous sampling, remain essential for defining 
and validating behavioral indicators, whereas 
video analysis, machine learning, infrared 
thermography, acoustic monitoring, and 
positioning systems enable continuous, objective, 
and non-invasive assessment under practical 
conditions. The integration of these approaches 
may improve the early detection of thermal 
discomfort, support timely management 
interventions, and contribute to better welfare, 
productivity, and resilience in laying hen 
production systems. 
 
4. Conclusions 
 
Regular monitoring of poultry behavior plays a 
key role in the early detection of thermal stress 
and related stressors, enabling farmers to 
implement early strategies and appropriate 
interventions that can mitigate thermal stress and 
minimize economic losses. This review study 
focused specifically on methods used to assess the 
behavior of laying hens, especially under thermal 
stress conditions. Although modern technologies 
for observing, recording, and evaluating these 
behaviors are associated with high costs and 
technological challenges, reliable and accurate 

data are provided, important for farmers, as well 
as for poultry health and welfare. 
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