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Abstract

Ishaya UG, School of Agriculture and

- . . ) . . . Food Sustainability, University of
Tail biting in pigs remains a persistent welfare and economic challenge in Queensland, Gatton, QLD 4343, Australia

commercial pig production, despite decades of research. This harmful behavior is
driven by a combination of genetic, environmental, and management factors, resulting
in injuries, infections, and reduced growth performance. Tail-bitten pigs showed 10-21 DOI: 10.37871/jbres2187

Email: ishayausman@gmail.com

g/day lower average daily gain compared to non-bitten pigs. Additionally, tail-bitten pigs Submitted: 26 June 2025
exhibited poorer feed efficiency, resulting in increased production costs. Farmers have

Accepted: 15 September 2025
traditionally relied on tail docking to prevent tail biting. However, this practice causes P P

pain and fails to fully address the issue, as studies show that 96% of docked pigs Published: 20 September 2025

still exhibit minor tail damage. To combat tail biting effectively, a holistic approach is Copyright: © 2025 Ishaya UG, et al. Distributed
necessary. Providing manipulable substrates, such as straw, ropes, or wood, reduces under Creative Commons CC-BY 4.0 @®

tail biting by 65-88%. Ensuring adequate feeder space and improving ventilation are also

key environmental interventions. Enhanced human-animal interaction during rearing has
also been shown to reduce tail biting in piglets. Beyond housing adjustments, Precision
Livestock Farming (PLF) technologies, including automated monitoring systems, enable
early detection of stress and behavioral changes by monitoring tail posture (e.g., 3D
cameras, RFID sensors), allowing timely intervention. Nutritional strategies, such as
balanced protein/amino acid levels, further support pig health and reduce aggression.
Genetic selection offers long-term potential by breeding for resilience traits (h? = 25-
36%) and pigs less prone to tail biting, while improved husbandry practices strengthen
overall herd resilience. When outbreaks occur, rapid response protocols such as
isolating affected pigs and increasing enrichment help minimize damage. Farmer
education is critical to ensure these strategies are properly implemented. By integrating
environmental, technological, nutritional, and genetic solutions, the pig industry can
move away from tail docking while improving welfare and productivity.
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Introduction

Tail biting in pigs has long been recognised as a formidable challenge
in commercial pig production, persisting for at least 50 years with an
apparent increase in frequency over time [1,2]. This abnormal behavior

is globally recognized as a significant concern, impacting both animal
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welfare and economic viability within the swine
industry [3-5]. The genesis of tail biting is complex
and multifactorial, stemming from a variety of
internal and external factors including genetics,
nutrition, environment, and management [6]. Key
environmental risk factors frequently identified
include the absence or insufficiency of manipulable
enrichment materials, the presence of fully slatted
floors, overcrowding at feeders, high stocking
densities, and inadequate housing climate conditions
[7]. Health problems, such as respiratory disease and
feeding issues, also contribute to outbreaks [5,8]. The
consequences of tail biting extend far beyond mere
superficial damage, inflicting severe pain and stress
upon affected pigs [9]. Injuries commonly lead to
systemic infections, abscesses, and arthritis, severely
compromising the animals' health [10]. Pigs subjected
to tail biting may also suffer from respiratory
diseases and gastric ulcers, further exacerbating their
suffering [11]. Nutritional elements, such as dietary
fiber, protein, feed form, and competition at the
feeder, as well as the intricate relationship between
gut health and behavior via the microbiota-gut-
brain axis, also play a role [12,13]. Health problems,
including respiratory diseases and a generalized
activation of the immune system, further contribute
to outbreaks [14-16].

From an economic standpoint, tail biting results
in substantial losses for producers, manifested as
reduced weight gain, diminished carcass weights,
and partial or total carcass condemnations due
to secondary bacterial infections [9,17]. In fact,
osteomyelitis, a bone infection, is frequently caused
by the entry of pathogens through open wounds, such
as those resulting from tail biting, and it represents
a significant cause of total carcass condemnation in
abattoirs [11]. Decisions regarding condemnation
are often influenced by traditional perceptions of
pyaemia risk, highlighting the need for more explicit
criteria [18].

Historically, tail docking, a procedure involving
the removal of part of a pig's tail, has been a
widespread preventive measure, proven to reduce the
occurrence and severity of tail biting [13,19]. However,
this practice is inherently painful for pigs and can
lead to long-term chronic pain and nerve damage
(neuromas) [20]. Crucially, tail docking fails to
address the underlying welfare issues that precipitate
tail biting behaviour [1,20,21]. Consequently, routine
tail docking has been prohibited by European Union
law, with exceptions granted only when other
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preventative measures prove insufficient [22,23].
Despite this legislation, a significant proportion,
approximately 90 to 95%, of pigs in the EU continue
to undergo tail docking due to farmers' reluctance to
cease the practice, driven by fears of failure, economic
repercussions, and the complex multifactorial nature
of tail biting outbreaks [2].

To reduce dependence on tail docking, research
has increasingly focused on developing and
implementing alternative strategies. Environmental
enrichment, such as providing straw, wood, or ropes,
is not only mandated by EU law but has also shown
considerable efficacy in reducing tail damage [24-
30]. However, the results can be inconsistent, and
practical challenges like the risk of slurry system
blockages, increased labor, and biosecurity concerns
often limit the widespread adoption of certain
materials like straw in commercial settings [13].
Early detection is crucial for timely and effective
interventions to mitigate tail-biting outbreaks [31-
34). Indicators such as subtle changes in tail posture
(e.g., lowered or tucked tails), increased restlessness,
altered body posture, or changes in feeding or
drinking behaviour can serve as early warnings [34].
The development of automated systems for early
warning, leveraging technologies like 3D cameras to
detect changes in tail posture, represents a promising
area of advancement in precision livestock farming
[31,32,35,36]). When outbreaks occur, interventions
often involve removing affected pigs or suspected
biters from the pen or adding more enrichment
material [6,37]. Studies suggest that the success of
these interventions depends more on the proportion
of biters and victims in a pen than on the specific
method used, emphasizing the need for prompt
action [7,22]. Other management adjustments, like
lowering stocking density and ensuring adequate
feeding space, are also vital [4,7].

Interestingly, farmers' perceptions of effective
preventive measures may differ from those
of scientists, often reflecting a more holistic,
experience-based view of the farm environment
[13,18,38]. Additionally, the potential health risks
associated with mycotoxin contamination in certain
organic enrichment materials, particularly maize
products, should be taken into consideration [12,18].

Furthermore, slaughterhouse monitoring plays a
crucial role in assessing the prevalence of tail lesions
and overall animal welfare at a farm level [9,11,39-
£41]. Tail lesions are often more visible on carcasses
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than on live animals. However, challenges exist due
to varying scoring systems and the potential for
underestimation if severely affected pigs die on-
farm or lesions heal before slaughter [9,11,18,39-
41]). The inclusion of scarring scores in monitoring
programs has been suggested to provide a more
detailed classification of lesions [19,22,26,38,42-
44]. Understanding the risk factors of tail biting and
behavioral signs, and their impact on animal welfare,
as well as strategies for prevention and management,
is crucial for addressing this multifactorial problem
[4,18,19,23,42, 43,45,46]. Therefore, the main aim of
this study is to comprehensively review existing
research on the impact of tail biting on pig growth
performance, welfare and health, and to investigate
the intricate dietary and physiological links. In
addition, this study seeks to identify effective on-
farm management and intervention strategies
that reduce the need for painful tail docking while
improving overall pig health and welfare. This
concerted effort is of paramount importance, not only
for ethical reasons related to animal well-being, but
also for ensuring the sustainable economic viability
of modern pig production systems.

Classifications of Tail Biting in Pigs

Tail biting is defined as injury to the tail of different
degrees of severity through manipulations with the
mouth [47]. Differences exist in the manner of how
the behavior is expressed, as well as in the underlying
causes [47], which could be influenced by behavioral,
environmental, genetic, and welfare-related factors.
Understanding these factors is crucial for developing
effective prevention and intervention strategies to
mitigate their occurrence in pig production [4].
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Behavioral factors

Tail biting is broadly classified into four distinct
forms, including: 'two-stage,' 'sudden-forceful,'
'obsessive,' and 'suddenly occurring, epidemic' [48]
(Figure 1). The 'two-stage' type, which initiates with
a pre-injury phase followed by visible tail damage,
is often attributed to a lack of rooting substrate or
biologically relevant environmental enrichment
[4,14,33,49]. Another form is 'sudden-forceful'
tail biting, characterized by an acute clinical onset
of injury without a discernible pre-injury stage,
believed to be precipitated by animal frustration due
to insufficient environmental resources and physical
discomfort [50]. The third type is 'obsessive' tail
biting, where a pig becomes fixated on manipulating
the tails of pen mates, with no clear motivation,
though a genetic component hasbeen hypothesized[2,
14, 51]. The human-animal relationship can influence
behavior and performance, and intensified human-
animal interaction during rearing can reduce tail
biting in weaned piglets [7]. Pigs categorized as tail-
biters, tail-bite victims, and control pigs showed
differences in behavioral and physiological responses,
suggesting dysfunctional autonomic regulation,
which may indicate psychological disturbance in
both victims and biters [52]. The ability to cope with
stressful situations may vary between individuals,
and behavioral responses could be consistent across
different fear-eliciting situations, potentially
impacting the likelihood of being a tail-biter or victim
[53].

Environmental factors

Possible risk factors for tail biting include
factors
improper

such as insufficient
weaning management,

environmental
enrichment,

Figure 1 Types of tail biting in pigs.

Two-stage: A gradual process where initial nibbling escalates into severe biting.

Sudden-forceful: Immediate, aggressive biting without prior signs.

Obsessive: Repetitive, compulsive biting behavior.

Suddenly occurring, epidemic: Rapid,
widespread outbreaks among multiple animals.
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© jnadequate climate and ventilation, improper
—! feeding, excessive stocking density, and large group
0 Ssizes, as well as animal-specific factors, including
— health status, genetic predisposition, and gender
O [47] (Figure 2). The development of tail damage
L over time may provide more accurate information
5 on external and internal factors affecting tail biting
> than end-point observation [54]. The presence of
QE manipulable materials is essential to control the risk
< of tail biting and avoid tail-docking, and the absence
5 of such materials can increase the risk of tail biting in
weaners and rearing pigs [2,51,55].
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Genetic factors

The multi-factorial nature of tail biting suggests
analyses should consider breeding, husbandry, and
feeding aspects simultaneously, including genotype
x environment or genotype x feeding interactions
[56]. Pigs housed in control pens performed a wider
variety of pig-directed abnormal behavior compared
to neutral pigs, suggesting that neutral pigs have
a genetic and behavioral profile that makes them
resistant to performing or receiving pig-directed
abnormal behavior, such as tail biting [57].

TOPIC(S): TOPIC(S); VET

Welfare implications

Tail biting is a significant welfare issue in the
swine industry, causing distress to victims and
negatively impacting farm profitability [3]. The
suffering associated with tail damage and the
expression of tail-biting behaviors are influenced
by pig-specific factors, and continuous recording of
animal and environmental data is essential to reduce
its prevalence [58]. Detecting early indicators of tail
biting would allow farmers to implement intervention
measures and minimize negative consequences.
The Bite-o-Mat, a device to automatically detect
enrichment manipulation behavior, shows potential
for early detection of tail lesions due to tail biting
across multiple production periods [32].

Effects of Tail Biting on the Growth
Performance of Pigs

Tail biting is a pervasive issue in pig production,
with detrimental effects on growth performance,
welfare, and economic outcomes (Figure 3). Research
indicates that tail biting has a negative impact on key

Management
practices

A\~ 4

Genetic

Poor health status

Human-animal
relationship

Figure 2 Risk factors associated with tail biting in pig farming.

Deficiencies in feed quality ,% E ;
B

Imbalances in amino acids

Insufficient feeding space

Insufficient enrichment

% Inadequate ventilation

Inappropriate group
composition

High stocking densities

Poor housing conditions
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Reduced
Average Daily Gain

Higher Feed
Conversion Ratio

+ Tail-bitten pigs showed
10-21 g/day lower ADG

+ Tail-bitten pigs had
poorer feed efficiency

s Severe tail lesions led
to 4.8% lower ADG

+ Pigs in tail-biting
outbreaks had higher
FCR (1.73 vs. 1.69) in

« Victims in undocked weaners

herds had 17-21%

slower growth

Lower Final Body
Weight

* Tail biters were lighter
at slaughter than non-
biters

« Undocked pigs with tail
lesions had lower
carcass weights

|

Increased Mortality &
Carcass Condemnations

¢ Tail biting raised
mortality rates by 2.1%

o Severe tail lesions
increased carcass
trim losses due to
infections

(138.69kg vs.141.15kg
in docked pigs)

Figure 3 Negative effects of tail biting on growth performance of pigs.

growth metrics, including Average Daily Gain (ADG)
and feed efficiency, although findings vary depending
on breed, age, and management practices. Studies
showed that biters exhibited reduced exploration and
lower weight gain during suckling, suggesting that
early behavioral differences may predispose pigs to
tail biting later in life [15,59]. Similarly, Hakansson F,
et al. [60] reported that high-biters had significantly
lower weaning weights and ADG compared to non-
biters, reinforcing the link between tail biting and
impaired growth.

Moreover, severe tail lesions have been associated
with substantial reductions in growth performance.
Van Staaveren VN, et al. [61] observed that pigs with
severe tail lesions (= 0.86%) experienced a 4.8%
reduction in ADG, requiring an additional seven
days to reach slaughter weight. This aligns with
findings by Li YZ, et al. [62], who observed that
victimized pigs had lower ADG, higher carcass trim
loss, and elevated inflammatory markers, further
compromising productivity. However, not all studies
report consistent effects; Archer CA, et al. [59] found
no differences in ADG or final weight between biters

and non-biters in pigs with intact tails, suggesting
that management and genetic factors may modulate
the impact of tail biting.

The Feed Conversion Ratio (FCR) appears less
consistently affected by tail biting. D’Alessio RM,
et al. [18] demonstrated that double-feeder space
improved FCR compared to single-space feeding,
implying that competition for feed may exacerbate
tail biting without necessarily altering FCR in
victimized pigs. On the other hand, Minussi I, et al.
[12] found that low-protein diets reduced growth and
feed intake, but amino acid supplementation restored
performance, indicating that nutritional strategies
may mitigate some effects of tail biting.

Environmental and housing conditions also play a
crucial role. Wei, et al. (2019) reported no differences
in final body weight or feed efficiency between deep
litter and playground housing systems. In contrast,
Andersen IL, et al. [63] observed that liquid feeding
reduced aggression, but paradoxically lowered weight
gain compared to dry feed. These contrasting results
highlight the complexity of tail biting’s impact,

Ishaya UG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2187
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where management interventions may have trade-
offs between behavior and growth. Early detection
of tail biting remains critical for mitigation. D’Eath
RB, et al. [31] and Drexl V, et al. [64] identified low
tail postures as a reliable early indicator of tail biting,
allowing for preemptive interventions. Additionally,
genetic resilience traits have been linked to tail-biting
susceptibility [65], suggesting that selective breeding
could complement management strategies.

Impact of Tail Biting on Pig Welfare

Tail biting is a complex welfare issue in pig
production with significant consequences for animal
health, productivity, and farm economics (Figure 4).
Early detection and prevention strategies are critical
in mitigating this problem. Drexl V, et al. [64] found
that changes in tail posture can be detected up to a
week before lesions develop, suggesting that daily
monitoring and environmental enrichment (such as
straw or ropes) can help prevent outbreaks. Moreover,
automated systems like the Bite-o-Mat [32] and
scream detection algorithms [66] have demonstrated
high accuracy in identifying tail-biting events,
enabling early intervention. These technological
advancements, combined with improved housing
conditions, could significantly reduce the incidence
of tail biting.

Physical Health Impacts

s Causes pain, infection, and inflammation (e.g., osteomyelitis, abscesses).
« Leads to chronic wounds, neuromas (nerve damage), and necrosis

» Increases mortality rates (up to 14.4% in undocked pigs).

» Reduces growth performance (! average daily gain by 10.8 g/day).

* Raises carcass condemnation rates due to lesions and secondary
infections

Impacts on Pig

Figure 4 Effects of tail biting on pig welfare.

The risks and consequences of tail lesions are
severe, as chronic injuries often lead to infections,
osteomyelitis, and neuromas, indicating long-
term pain [67]. Munsterhjelm C, et al. [68] reported
that 27.6% of early tail lesions heal undetectably by
slaughter, emphasizing the need for early prevention
in the nursery phase—furthermore, Gomes-Neves
et al. [10] observed higher tail lesion prevalence in
undocked pigs (24.4%) compared to docked pigs
(11.5%), reinforcing the debate over tail docking as
a preventive measure. However, tail docking alone
does not resolve welfare concerns, as biters and
victims still exhibit reduced immunity and growth
performance [62].

Genetic and health factors also play a crucial role in
tail biting. Archer CA, et al. [59] found that tail biters
had elevated TNF-q levels, suggesting a link between
inflammation and abnormal behavior. Furthermore,
Gorssen W, et al. [65] found that tail lesions and
lameness correlate with body weight deviations,
indicating that breeding for resilience could improve
welfare. Certain breeds, such as Yorkshire pigs, are
more prone to tail biting than Finnish Landrace
pigs [17], highlighting the need for genetic selection
strategies.

Environmental and management strategies are

Behavioral and Psychological Effects

Increased aggression and stress (higher cortisol levels in victims).

Redirected exploratory behavior (pigs bite tails when deprived of
enrichment).

Victims show more fear (e.g., lowered tail posture, avoidance
behaviors).

Biters may have compromised immunity (lower IgG and serum protein
levels)

Economic and Preduction

Consequences
%L;
-]
™

ol

Higher veterinary
costs

Longer time to
slaughter

Reduced meat quality

o

I\i\l Financial losses
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essential in reducing tail biting. Providing straw [54]
and increasing feeder space[18] have been shown to
reduce aggression and tail lesions. Deep litter housing
has also proven effective in minimizing abnormal
behaviors compared to conventional systems
[45,59,69,70]. Furthermore, liquid feeding and lower
stocking densities improve welfare, though they may
affect growth rates [63].

Nutritional influences are another critical
factor. Hewett E, et al. [71] found that low-lysine
diets increased ear biting, while adequate lysine
levels reduced lesions. Similarly, magnesium
supplementation has been shown to lower aggression
and cortisol levels [72]. These findings suggest that
balanced diets can mitigate tail biting by reducing
stress and competition.

Regional and policy considerations further shape
tail-bitingmanagement. Despitethe EUbanonroutine
tail docking, compliance remains low [18]. However,
Swiss farms, where 99% of pigs are undocked, report
better welfare outcomes than Spanish farms with
high docking rates [73], emphasizing the importance
of structural improvements and policy enforcement.

Impact of Tail Biting Carcass Traits
and Meat Quality

Tail biting in livestock, particularly in pig
production, has significant implications for animal
welfare, economic profitability, and carcass traits.
It is considered a serious animal welfare problem,
compromising the well-being of the animals and
causing considerable economic losses [1,74]. Tail
biting has been shown to have a serious impact on
both the welfare and health status of pigs, as well
as on the economic profitability of the farm [32,36].
The multifactorial origin of tail biting occurs mainly
in fattening pigs, with high stocking densities, poor
environment, and bad air quality seen as important
factors [48]. Early indicators of tail biting include
increased restlessness, biting activities, manipulative
behavior, increased foraging, and avoidance behavior
toward the feed trough [34]. Behaviorally, tail biting
influences production performance in fattening pigs,
with non-victims having greater average daily gain
than victims [17].

Tail lesions due to biting decrease animal welfare
and health, as well as production efficiency and
carcass quality [9]. These lesions are associated with
several meat inspection findings, with more severe
lesions and shorter tails increasing the risk for meat

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

inspection findings to a higher degree [9]. Severe tail
biting can lead to a high rate of partial or full carcass
condemnations[9]. Tail-bitten pigstend to have lower
carcass weights and produce less lean meat compared
to control pigs, likely due to prolonged or repeated
stress from tail biting, which can lead to a blunted
stress response [9]. Amatucci L, et al. [38] found that
docked pigs had higher carcass weights (141.15 kg vs.
138.69 kg) but lower lean meat percentages (52.16%
VS. 53.36%) compared to undocked pigs, suggesting
that while docking may mitigate some tail-biting
effects, it does not fully compensate for production
losses.

In terms of meat quality, chronic stress from tail
biting has been linked to altered cortisol responses,
which may influence muscle metabolism and meat
characteristics [9] tail-bitten pigs show a lower
cortisol response to transport-induced stress and
lower serum cortisol concentration after stunning,
indicating a possible state of hypocortisolism due to
chronic stress [9]. While Fabrega E, et al. [75] found no
significant differences in meat quality between pigs
provided with different enrichment materials, they
emphasized that straw remains the most effective
for welfare, albeit requiring improved rack designs to
prevent slurry blockage.

Economically, tail damage, in all its forms, causes
lowered welfare for the animals and has significant
economic implications for production [20]. The
costs of tail-biting lesions can be as high as €2.3 per
slaughtered pig, which is approximately 1.6% of the
carcass value [22]. Menegon F, et al. [2] reported that
pigs raised under suboptimal conditions exhibited
higher mortality rates and increased feed conversion
ratios in weaners (1.73 vs. 1.69), leading to elevated
production costs. These findings align with previous
research indicating that tail biting is associated
with prolonged stress, which can impair growth
performance and carcass yield [9].

Implementing a detailed lesion scoring system at
slaughterhouses can help identify carcasses at risk
for condemnations and provide valuable data for
on-farm welfare assessments [9,19,44]. Reducing
stressors and improving living conditions for pigs
can help mitigate the incidence of tail biting, with
environmental enrichment and better management
practices being essential [76]. In summary, tail biting
has a negative impact on both carcass traits and meat
quality, resulting in economic losses and welfare
concerns. Effective monitoring and preventive

Ishaya UG, et al. (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2187
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measures are necessary to improve outcomes in
pig production, prioritizing holistic management
strategies over tail docking to ensure both animal
welfare and economic sustainability.

Tail Lesion Detection in Pigs

Tail lesion detection and prevention in pigs involve
various methods, each with distinct advantages and
limitations. Effective tail lesion management requires
a combination of manual and automated methods,
with early detection being crucial for intervention.
Visual inspection remains practical for severe lesions,
while handling detects subtler damage. Automated
systems, RFID tracking, and machine learning
enhance early warning capabilities, while social
network analysis helps identify high-risk individuals.
Integrating these approaches can enhance pig welfare
and reduce economic losses from tail biting and
secondary infections, such as osteomyelitis [22,77-
791.

D’Alessio RM, et al. [80] compared Visual
Inspection (VIS) and handling (HAND) for assessing
tail damage in docked pigs and found that while VIS
was highly specific (99.98%) for severe lesions, HAND
detected more mild lesions and bruises, suggesting
that HAND may be more sensitive for early-stage tail
biting. However, the strong correlation between the
two methods indicates that VIS remains a practical
alternative for large-scale assessments where
handling is impractical. The authors recommended
separate bruise scoring to improve early detection,
as bruises often precede severe tail damage.
Interventions such as improvements in straw
provision, housing ventilation, genetics, stocking
density, herd health, provision of point-source
enrichment objects, and adoption of early warning
systems have been identified to affect the risk of tail-
biting lesions [22].

Precision Livestock Farming and Al
for Early Detection of Tail Biting in
Pigs

Beyond manual inspection, automated systems
have shown promise in detecting early tail-biting.
The integration of Artificial Intelligence (AI) and
Precision Livestock Farming (PLF) technologies has
revolutionized the monitoring and management
of pig welfare, particularly in addressing critical
issues such as tail biting. Recent advancements in
Al-driven behavior monitoring have demonstrated
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significant potential in enhancing real-time welfare
assessments by analyzing animal-based responses
[81,82]. These technologies leverage computer vision
and deep learning models to detect subtle behavioral
changes, such as altered locomotion or reduced
activity, which may indicate poor environmental
conditions or emerging health issues [83-85].
Eisermann J, et al. [32] demonstrated that automated
enrichment manipulation monitoring could predict
tail lesions up to 14 days in advance, allowing for
timely interventions such as additional enrichment
or removing aggressive pigs. Similarly, Heseker P,
et al. [33,66,86]) found that audio-based detection
identified tail biters 1-9 days earlier than visual
observation, highlighting the potential of integrating
automated sensors with environmental enrichment
(e.g., sisal ropes and alfalfa pellets) for early warning.
RFID technology has also helped track individual pig
behavior, with Kauselmann K, et al. [87] reporting
that tail biters often had lower weaning weights,
suggesting weight monitoring could help identify
at-risk pigs before lesions develop. Therefore, by
automating these assessments, farmers can intervene
promptly, minimizing stress and improving overall
herd health [4, 88].

One of the most promising applications of Al in pig
farming is the early detection of tail biting. Research
has shown that tail posture serves as a reliable early
indicator, with low tail carriage often preceding
outbreaks [89,90]). Automated systems utilizing
3D cameras and machine vision algorithms have
achieved notable success in classifying tail postures,
enabling preemptive measures [31] (Figure 5).
Furthermore, deep learning models such as YOLOv5
and EfficientNetV2 have been employed to monitor
pig interactions, including head-to-rear contacts,
which are strongly associated with tail biting behavior
[77,91]. These technologies provide continuous, non-
invasive monitoring, reducing reliance on labor-
intensive manual inspections [92].

Machine learning approaches further enhance the
accuracy of detection. Hakansson F, et al. [78] found
that a CNN-LSTM (Convolutional Neural Network-
Long Short-Term Memory) model outperformed
CNN-CNN in detecting tail-biting behavior (71.3%
vS. 64.7% accuracy), demonstrating the value of
temporal data analysis in behavioral monitoring.
Drexl V, et al. [94] applied Nonlinear AutoRegressive
with eXogenous inputs (NARX) neural networks to
predict tail lesions with high precision (recall: 0.63—
0.97), emphasizing the role of predictive modeling
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Figure 5 Automated monitoring system using computer vision and deep learning to detect disturbances in pig husbandry. Adapted from [93].
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in preemptive management. Additionally, social
network analysis [95] revealed that pigs receiving
more tail bites had higher odds of severe injury,
suggesting that mixed-litter grouping and social
dynamics monitoring could mitigate tail biting.

Despite these advancements, challenges remain
in the widespread adoption of AI-driven systems.
The multifactorial nature of tail biting necessitates
the integration of diverse data streams, including
environmental parameters such as feed intake,
temperature, and air quality [94]. While devices like
the Bite-o-Mat have shown high accuracyin detecting
earlysignsoftailbitingthrough changesinenrichment
manipulation behavior [32], broader implementation
is hindered by cost, data management complexities,
and the need for farmer-friendly interfaces [96].
Additionally, ethical concerns regarding data privacy
and the potential objectification of animals must be
addressed to ensure responsible deployment [97].

The CuRly Pig TAIL project represents a significant
step forward in overcoming these limitations by
developing an automated resilience monitoring
system (Figure 6). This initiative integrates
interdisciplinary knowledge of pig physiology,
ethology, and machine learning to detect early signs
of declining resilience, such as changes in tail posture
and group dynamics [93]. By combining computer
vision with deep learning, the system aims to provide
farmers with actionable insights, enabling timely
interventions that enhance welfare while reducing
economic losses associated with tail biting and
disease [98]. Moreover, this approach aligns with

societal concerns over routine tail docking, offering a
more ethical and sustainable alternative [99].

Looking ahead, the continued refinement of AI
and PLF technologies holds immense potential for
improving pig welfare and farm productivity. Machine
learning models such as Nonlinear Autoregressive
Neural Networks with Exogenous Inputs (NARX) have
demonstrated high predictive accuracy for tail biting
outbreaks by analyzing diverse datasets [94]. Future
research should focus on enhancing the scalability
and affordability of these systems while ensuring
seamless integration into existing farm operations
[100]. By fostering collaboration between researchers,
farmers, and technology developers, the agricultural
sector can harness the full potential of Al to create
resilient, high-welfare pig production systems.

Strategies to Mitigate Tail Biting in
Pigs
Environmental enrichment

Tail biting in pigs remains a significant welfare
and economic challenge in pig production, prompting
extensive research into diverse mitigation strategies.
Environmental enrichment has long been considered
a primary preventive measure (Figure 7). Early work
established that providing manipulable materials,
particularly ample straw, effectively reduces
tail biting behaviour and lesion severity [4,47].
Subsequent studies confirmed straw's high efficacy,
reporting that it prevented escalation in 75% of cases
(Figure 7), significantly outperforming other objects,
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Figure 6 Monitoring pig tail posture and intactness for early resilience detection. Adapted from [93].
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Wood shavings

Figure 7 Providing sufficient environmental enrichment, including straw, ropes, balls, toys, and other manipulable materials, can alleviate

frustration and stress, thereby reducing the risk of tail biting in pigs.

such as ropes (65% effective) or Bite-Rite devices
(35% effective), during outbreaks [24]. Furthermore,
other non-straw enrichment materials, including
roughage, hessian sacks, compost, fresh wood, and
space dividers, have also demonstrated moderate
effectiveness, although their sustained benefit often
relies on regular changes to maintain pigs' interest
[25,101]. However, a major limitation hindering
widespread adoption of substrates like straw in

commercial settings is their poor compatibility with
slatted flooring systems, coupled with concerns
regarding cost and biosecurity [6,47].

Management strategies

When prevention falls short, effective intervention
protocols are crucial. Research demonstrates that
promptly removing identified biters and victims from
affected pens is a highly effective measure to halt
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ongoing outbreaks [37,99]. Moreover, combining
this removal strategy with the immediate provision
of accessible enrichment, such as ropes, results in
rapid reductions in biting incidents, controlling
outbreaks in approximately 80% of cases within
three interventions [37]. This multi-step approach
has proven highly effective, specifically for pigs
housed on challenging slatted floors [37]. Beyond
environmental and management considerations,
nutritional strategies have been explored, albeit
with mixed results. Contrary to initial hypotheses,
providing a high-fiber diet within a relatively
barren environment was found to increase tail biting
behaviour and tail lesion severity, rather than reduce
it [37,102].

Nutritional strategies to mitigate tail biting in
pigs

Among nutritional interventions, protein balance
is critical, as McAuley M, et al. [103] found that
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reduced dietary protein levels increase harmful social
behaviors, including tail biting. Boyle LA, et al. [104]
further highlights that deficiencies in energy, protein,
or micronutrients can induce metabolic hunger,
leading to redirected foraging behaviors such as tail
biting.

Amino acid imbalances may also contribute to
tail biting by disrupting neurotransmitter synthesis,
which regulates mood and feeding behavior [104].
Furthermore, high geneticlean growth potential or gut
inflammation can elevate amino acid requirements,
intensifying nutritional deficiencies and subsequent
behavioral issues. Stress-induced sodium imbalances
and gut microbiome dysbiosis, mediated through the
gut-brain axis, are additional mechanisms by which
diet influences the risk of tail biting [104].

Dietary fiber has been explored as a potential
mitigation strategy, though results are inconsistent.
Chou JY, et al. [102] reported that high-fiber diets

Strategies to Mitigate Tail Biting in Pigs
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(11.6% crude fiber) worsened tail biting compared to
standard-fiber diets (5.9% crude fiber), possibly due
to impaired nutrient absorption. Conversely, Boyle
LA, et al. [104] suggests that certain fiber types may
reduce foraging-related tail biting by promoting
satiety. Supplementation with stress-reducing
additives, such as Passiflora incarnata extract, has
shown promise, as Pastorelli G, et al. [105] observed
a reduction in aggression and cortisol levels in
supplemented pigs.

Environmental enrichment, including
manipulable substrates like straw, ropes, or
wood, can also reduce tail biting when provided in
sufficient quantities and refreshed regularly [24,25]
(Figure 8). However, Buijs S, et al. [101]caution that
enrichment alone may not suffice without proper
feeding management. Inadequate feeder space or
irregular feed delivery heightens competition and
frustration, thereby increasing the risk of tail biting
[104]. Additionally, high-energy diets may induce
endotoxin stress, necessitating careful formulation
of the diet for young pigs [102,106,107].

Emerging research suggests gut microbiota
modulation as a potential strategy, as Rabhi
N, et al. [108] found that non-biting pigs had
higher Lactobacillus levels, indicating a possible
link between gut health and behavior. Integrating
balanced nutrition with proper feeding practices
and enrichment offers the most effective approach
to mitigating tail biting, though further research is
needed to refine dietary interventions [103,104].

Genetic selection

Genetic selection offers another potential long-
term avenue (Figure 8). Some breeding companies are
actively investigating options to reduce the genetic
propensity for tail biting, although this strategy
is still under development and requires further
validation throughresearch [20,22,65]. Underpinning
all these strategies is the critical importance of
fundamental good husbandry. Optimizing stocking
density, ensuring adequate ventilation, maintaining
good health, and managing stable social groups
are consistently identified as essential factors in
reducing the overall risk of tail biting outbreaks
[6,48]. Finally, effectively translating research
into practice necessitates farmer engagement and
training. Behaviour changes interventions for
farmers, focusing on recognizing early signs and
implementing appropriate mitigation strategies, are
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essential for the successful practical application of
these research findings on commercial farms [109].

Conclusion

Tail biting in pigs is a complicated problem
that affects both the pigs' well-being and farm
productivity. It occurs due to a combination of factors,
including genetics, environment, diet, and farm
management. Issueslikealack of toys, poor air quality,
overcrowding, and health problems contribute to this
behaviour. Severe tail injuries can cause long-lasting
pain, infections, and slower growth, leading to higher
costs due to increased mortality, rejected carcasses,
and additional veterinary care. Even though the EU has
banned routine tail docking, farmers still do it because
they worry about losing money and find it hard to fix
the underlying issues. However, tail docking does not
address the primary causes of tail biting, so additional
preventive measures are necessary.

Effective ways to reduce tail biting include
providing environmental enrichment, such as straw
or ropes, to keep pigs busy and less stressed. Early
detection of early signs of tail biting, such as changes
in tail position, can help catch the problem early.
Using automated systems like the Bite-0-Mat can also
aid in detection. Improving pigs' diet with balanced
nutrients can boost their gut health and reduce
stress-related behaviors. Additionally, ensuring pigs
have sufficient space, access to proper feeding areas,
and adequate ventilation can help lower the risk.
While genetic selection for resilience shows promise,
further research is needed to validate its long-term
efficacy. Educating farmers and using advanced
farming technologies (precision livestock farming)
are key to successfully applying these strategies.

Ultimately, a comprehensive approach that
incorporates a healthier environment, improved
nutrition, and effective management is essential to
mitigate tail biting without resorting to tail docking.
Solving this issue not only improves pig welfare
but also makes pig farming more economically
sustainable. Ongoing research, policy enforcement,
and cooperation within the industry are necessary to
develop and implement effective, ethical solutions
that strike a balance between animal well-being and
farm profitability.
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