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Abstract
The welfare of farmed Atlantic salmon (Salmo salar) is a critical concern in aquaculture practices, particularly
regarding the effects of feed deprivation. This paper reviews the current understanding of how feed deprivation
influences the welfare of Atlantic salmon in aquaculture settings. It examines the physiological and behavioral
responses of Atlantic salmon to feed deprivation, explores the implications for welfare management, and discusses
potential strategies to mitigate negative impacts. Additionally, gaps in current knowledge and future research
directions are identified to improve welfare standards and promote sustainable aquaculture practices.
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1. Introduction

Farmed Atlantic salmon stands as one of the most crucial commodities in the global aquaculture industry, playing a
vital role in meeting the increasing demand for protein-rich food worldwide. With its high nutritional value and
versatility, Atlantic salmon has become a staple in diets across various cultures and regions. However, alongside the
exponential growth of salmon aquaculture, concerns regarding the welfare of farmed salmon have emerged,
particularly concerning the practice of feed deprivation commonly employed in aquaculture operations.

Feed deprivation, a practice involving the intentional withholding of feed from fish for varying durations and
purposes, represents a complex and multifaceted issue within the aquaculture sector. While feed deprivation may
serve several legitimate purposes, such as disease treatment, environmental management, or operational procedures,
its implications for the health and welfare of Atlantic salmon are profound and multifaceted.

Understanding the impacts of feed deprivation on the welfare of Atlantic salmon is paramount for the sustainable
development and responsible management of aquaculture operations. By delving into the physiological, behavioral,
and ecological consequences of feed deprivation, aquaculture practitioners, researchers, and policymakers can gain
valuable insights into the complex interactions between feeding regimes and fish welfare, ultimately paving the
way for the implementation of effective management strategies to ensure the well-being of farmed fish populations.
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In this comprehensive review, we aim to explore the multifaceted issue of feed deprivation in Atlantic salmon
aquaculture, providing an in-depth analysis of its impacts on fish welfare and discussing potential avenues for
mitigating its adverse effects. By synthesizing current knowledge and research findings, we endeavor to shed light
on the intricate relationship between feed deprivation practices and Atlantic salmon welfare, offering valuable
insights for the development of sustainable aquaculture practices and the promotion of responsible fish husbandry.

Through a multidisciplinary approach encompassing physiology, behavior, ecology, and welfare science, we seek to
address the complexities of feed deprivation in Atlantic salmon aquaculture comprehensively. By critically
evaluating existing literature, identifying knowledge gaps, and proposing future research directions, we aim to
contribute to the ongoing discourse on fish welfare in aquaculture and facilitate informed decision-making aimed at
enhancing the welfare of farmed Atlantic salmon.

As we delve into the intricacies of feed deprivation and its implications for Atlantic salmon welfare, it is imperative
to recognize the broader context within which aquaculture operates. With global aquaculture production continuing
to expand rapidly to meet the growing demand for seafood, ensuring the welfare of farmed fish species has
emerged as a pressing concern. By interrogating the practices and policies surrounding feed deprivation in Atlantic
salmon aquaculture, we can strive towards a more sustainable, ethical, and welfare-conscious approach to fish
farming, thereby safeguarding the health and well-being of both fish populations and ecosystems alike.

2. Physiological Responses to Feed Deprivation

Feed deprivation represents a significant stressor for Atlantic salmon in aquaculture settings, eliciting a cascade of
physiological responses aimed at maintaining homeostasis and ensuring survival during periods of nutrient scarcity.
Understanding the intricate mechanisms underlying these physiological responses is essential for assessing the
welfare implications of feed deprivation and developing effective management strategies to mitigate its adverse
effects on farmed salmon populations.

One of the primary physiological responses to feed deprivation in Atlantic salmon involves metabolic adjustments
aimed at conserving energy and maintaining essential physiological functions. During periods of food scarcity,
salmon undergo a series of metabolic adaptations to ensure the efficient utilization of stored energy reserves and
maintain metabolic homeostasis. These adaptations may include reductions in metabolic rate, decreased energy
expenditure, and alterations in nutrient utilization pathways. By slowing metabolic processes and reallocating
energy resources, salmon can extend their survival during periods of feed deprivation while minimizing the
depletion of vital energy reserves.

Feed deprivation also triggers changes in protein metabolism and body composition in Atlantic salmon. In the
absence of dietary protein sources, salmon may resort to catabolizing endogenous protein reserves, such as muscle
tissue, to meet metabolic demands. As a result, feed-deprived salmon may experience reductions in muscle mass
and protein content, leading to changes in body composition and growth rates. These alterations in body
composition can have implications for fish health and welfare, impacting physiological functions, locomotor
performance, and overall vitality.

Lipid metabolism plays a crucial role in fueling metabolic processes and maintaining energy balance during periods
of feed deprivation in Atlantic salmon. As dietary lipid intake decreases, salmon rely on stored lipid reserves, such
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as adipose tissue and liver glycogen, as alternative energy sources. The mobilization of lipid stores enables salmon
to sustain metabolic activity and meet energy requirements during prolonged fasting periods. However, excessive
lipid utilization can lead to lipid peroxidation, oxidative stress, and tissue damage, compromising fish health and
welfare. Therefore, maintaining optimal lipid reserves and metabolic flexibility is essential for ensuring the
well-being of farmed salmon subjected to feed deprivation.

Feed deprivation disrupts hormonal balance and signaling pathways in Atlantic salmon, affecting various
physiological processes, including reproduction, stress response, and immune function. Stress hormones, such as
cortisol and catecholamines, are released in response to feed deprivation-induced stress, triggering physiological
responses aimed at coping with adverse conditions. Chronic exposure to elevated stress hormone levels can impair
reproductive function, suppress immune defenses, and increase susceptibility to diseases in farmed salmon
populations. Furthermore, disruptions in hormonal regulation can have long-term effects on fish health and welfare,
influencing growth performance, behavior, and overall physiological resilience.

The immune system of Atlantic salmon is intricately linked to nutritional status and metabolic health, making it
particularly vulnerable to the effects of feed deprivation. Prolonged fasting periods can compromise immune
function, leading to immunosuppression, increased susceptibility to diseases, and impaired ability to combat
pathogens. Feed-deprived salmon may exhibit alterations in immune cell populations, reduced production of
immune mediators, and impaired phagocytic activity, compromising their ability to mount effective immune
responses. Consequently, farmed salmon subjected to feed deprivation may experience heightened disease
susceptibility and mortality, posing significant challenges for aquaculture production and welfare management.

Identifying biomarkers of stress and health status is essential for monitoring the welfare of Atlantic salmon
subjected to feed deprivation. Biomarkers, such as cortisol levels, oxidative stress markers, and immune parameters,
can provide valuable insights into the physiological responses of fish to feed deprivation-induced stress and help
assess their health status and welfare. By monitoring changes in biomarker profiles over time, aquaculture
practitioners can identify early signs of stress, detect health issues, and implement timely interventions to mitigate
welfare concerns. Furthermore, the development of non-invasive sampling techniques and rapid diagnostic assays
can facilitate routine welfare monitoring in aquaculture settings, enabling proactive management strategies to
safeguard the well-being of farmed salmon populations.

In summary, feed deprivation elicits a range of physiological responses in Atlantic salmon, affecting metabolic
processes, hormonal regulation, and immune function. By understanding the intricate mechanisms underlying these
physiological responses, aquaculture practitioners can develop effective management strategies to mitigate the
adverse effects of feed deprivation on fish health and welfare. Furthermore, the identification of biomarkers of
stress and health status is crucial for monitoring the welfare of farmed salmon populations and implementing
proactive welfare management practices in aquaculture operations. Through interdisciplinary research efforts and
collaborative initiatives, we can strive towards promoting the welfare and sustainability of Atlantic salmon
aquaculture while ensuring the well-being of farmed fish populations.

3. Behavioral Responses to Feed Deprivation

Feed deprivation not only impacts the physiological aspects of Atlantic salmon but also influences their behavior in
aquaculture settings. Understanding these behavioral responses is essential for assessing the welfare implications of
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feed deprivation and developing effective management strategies to mitigate its adverse effects on farmed salmon
populations.

One of the most noticeable behavioral responses to feed deprivation in Atlantic salmon is alterations in feeding
behavior. In response to food scarcity, salmon may exhibit increased foraging activity, characterized by enhanced
exploration of the environment and intensified searching for alternative food sources. This heightened foraging
behavior reflects the fish's attempt to compensate for the lack of regular feeding opportunities and secure essential
nutrients to meet metabolic demands. Additionally, feed-deprived salmon may display altered feeding preferences,
showing increased selectivity towards specific food items or novel diet compositions. Understanding these changes
in feeding behavior is crucial for assessing the nutritional status and dietary needs of farmed salmon populations
and optimizing feeding regimens to support their health and welfare.

Feed deprivation can also influence the activity levels of Atlantic salmon, leading to changes in locomotor behavior
and overall activity patterns. In response to food scarcity, salmon may exhibit reduced swimming activity and
locomotion, conserving energy resources and minimizing unnecessary movement. This decrease in activity levels
may manifest as lethargy, apathy, or decreased responsiveness to environmental stimuli, indicative of reduced
vitality and well-being in feed-deprived fish. Conversely, some individuals may display hyperactivity or erratic
swimming behavior, driven by increased stress levels or agitation resulting from hunger and frustration. Monitoring
changes in activity levels provides valuable insights into the welfare status and stress levels of farmed salmon
populations, enabling aquaculture practitioners to implement timely interventions and optimize environmental
conditions to support fish health and well-being.

The social dynamics within Atlantic salmon populations can be significantly affected by feed deprivation, leading
to alterations in social interactions and hierarchies among individuals. In response to food scarcity, salmon may
exhibit increased aggression or competitive behavior as they vie for limited resources and establish dominance
hierarchies within the group. Aggressive interactions may escalate, leading to intra-specific competition, territorial
disputes, or cannibalistic behavior in extreme cases. Additionally, feed-deprived salmon may display changes in
social cohesion and affiliative behaviors, with individuals seeking out companionship and social support to cope
with the stress of food deprivation. Understanding the dynamics of social interactions is essential for assessing the
welfare of farmed salmon populations and managing group dynamics to minimize stress and aggression in
aquaculture settings.

Changes in behavior serve as valuable indicators of welfare status and stress levels in farmed salmon populations,
providing real-time insights into the efficacy of feeding protocols and management practices. By monitoring
behavioral responses to feed deprivation, aquaculture practitioners can assess the welfare of fish, detect early signs
of stress or discomfort, and implement appropriate interventions to mitigate welfare concerns. Behavioral indicators,
such as feeding activity, swimming behavior, social interactions, and aggression levels, can be integrated into
welfare assessment protocols to provide a comprehensive evaluation of fish welfare in aquaculture operations.
Furthermore, the development of automated monitoring systems and behavioral analysis tools enables continuous
surveillance of fish behavior, facilitating proactive welfare management and ensuring the well-being of farmed
salmon populations.

In summary, feed deprivation elicits a range of behavioral responses in Atlantic salmon, affecting feeding behavior,
activity levels, and social interactions. By understanding these behavioral responses and their implications for fish
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welfare, aquaculture practitioners can develop effective management strategies to mitigate the adverse effects of
feed deprivation on farmed salmon populations. Monitoring changes in behavior serves as a valuable tool for
assessing welfare status, detecting early signs of stress, and implementing timely interventions to support the health
and well-being of Atlantic salmon in aquaculture settings. Through interdisciplinary research efforts and
collaborative initiatives, we can strive towards promoting responsible fish husbandry practices and ensuring the
welfare of farmed fish populations.

4. Welfare Management Strategies

Effective welfare management strategies play a pivotal role in mitigating the negative impacts of feed deprivation
and promoting the well-being of Atlantic salmon in aquaculture settings. By implementing proactive measures and
adopting holistic approaches, aquaculture practitioners can safeguard the health and welfare of farmed salmon
populations throughout their production cycle.

One of the primary strategies for managing welfare in Atlantic salmon aquaculture involves optimizing feeding
protocols to minimize the duration and severity of feed deprivation. Implementing feeding schedules that provide
regular and sufficient nutrition to meet the metabolic needs of salmon can help reduce stress levels and improve
welfare outcomes. Additionally, utilizing feeding strategies, such as demand feeding or hand-feeding, can ensure
that fish receive adequate nutrition without prolonged periods of fasting. By closely monitoring feeding behavior
and adjusting feeding regimes accordingly, aquaculture practitioners can optimize feeding protocols to support the
health and welfare of farmed salmon populations.

Nutritional management plays a crucial role in supporting the health and welfare of Atlantic salmon in aquaculture.
Providing a balanced and species-appropriate diet tailored to the nutritional requirements of salmon is essential for
promoting optimal growth, development, and immune function. Incorporating high-quality protein sources,
essential fatty acids, vitamins, and minerals into fish diets can enhance nutrient absorption, metabolic efficiency,
and overall health in farmed salmon populations. Furthermore, optimizing feed composition and formulation to
meet the specific nutritional needs of salmon at different life stages can improve feed utilization efficiency and
minimize nutrient wastage, reducing the environmental impact of aquaculture operations.

Enriching the aquatic environment with physical, social, and cognitive stimuli can promote natural behaviors,
reduce stress, and enhance the welfare of Atlantic salmon in aquaculture settings. Providing environmental
enrichment features, such as shelters, substrate, and structures, creates opportunities for fish to engage in
exploratory behavior, territorial interactions, and social bonding. Additionally, incorporating environmental
enrichment devices, such as feeders, toys, or environmental cues, can stimulate sensory perception, cognitive
function, and behavioral flexibility in farmed salmon populations. By creating a dynamic and stimulating
environment, aquaculture practitioners can improve the welfare of salmon and enhance their overall quality of life
in captivity.

Implementing welfare assessment protocols is essential for monitoring the health and well-being of Atlantic salmon
throughout their production cycle. By regularly evaluating welfare indicators, such as physiological parameters,
behavioral responses, and production performance, aquaculture practitioners can identify potential welfare issues
and implement timely interventions to mitigate risks. Utilizing standardized welfare assessment tools, such as
welfare scoring systems, behavioral observation protocols, and health monitoring techniques, enables systematic
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evaluation of fish welfare and ensures consistency in welfare management practices across aquaculture operations.

Managing stress is crucial for maintaining the health and welfare of Atlantic salmon in aquaculture settings.
Implementing stress mitigation measures, such as minimizing handling, reducing stocking densities, and optimizing
environmental conditions, can help alleviate stressors and promote adaptive stress responses in farmed salmon
populations. Additionally, incorporating stress-reducing strategies, such as water quality management, disease
prevention, and social integration, can enhance resilience and coping mechanisms in salmon subjected to feed
deprivation or other stress-inducing conditions. By prioritizing stress management and welfare enhancement
measures, aquaculture practitioners can create optimal conditions for farmed salmon to thrive and reach their full
potential in captivity.

Investing in education and training programs for aquaculture personnel is essential for promoting responsible fish
husbandry practices and ensuring the welfare of farmed salmon populations. Providing comprehensive training on
fish behavior, welfare assessment techniques, and welfare management strategies empowers aquaculture
practitioners to make informed decisions and implement best practices in aquaculture operations. Additionally,
fostering a culture of animal welfare awareness and ethical stewardship promotes empathy, compassion, and
respect for the welfare of farmed fish among aquaculture stakeholders. By prioritizing education and training
initiatives, the aquaculture industry can cultivate a skilled workforce committed to upholding high welfare
standards and promoting the well-being of Atlantic salmon in aquaculture.

In conclusion, welfare management strategies play a crucial role in safeguarding the health and welfare of Atlantic
salmon in aquaculture settings. By implementing proactive measures, optimizing feeding protocols, enhancing
environmental enrichment, and prioritizing stress management, aquaculture practitioners can create optimal
conditions for farmed salmon to thrive and flourish in captivity. Additionally, investing in welfare assessment
protocols, education, and training programs promotes responsible fish husbandry practices and ensures the
long-term sustainability of Atlantic salmon aquaculture. Through collaborative efforts and continuous improvement
initiatives, the aquaculture industry can uphold high welfare standards and promote the well-being of farmed
salmon populations while meeting the growing demand for sustainable seafood.

5. Future Research Directions

Despite advances in understanding the effects of feed deprivation on Atlantic salmon welfare, several knowledge
gaps remain, necessitating further research to improve welfare standards and management practices. Future studies
should focus on elucidating the underlying mechanisms mediating the physiological and behavioral responses to
feed deprivation, including the role of stress hormones, neurotransmitters, and metabolic pathways. Additionally,
research efforts should explore the long-term impacts of repeated or prolonged feed deprivation on growth
performance, disease susceptibility, and reproductive success in farmed salmon populations. Furthermore,
interdisciplinary approaches integrating physiology, behavior, and welfare science are needed to develop holistic
strategies for promoting the welfare of Atlantic salmon in aquaculture.

6. Conclusion

In conclusion, the welfare of farmed Atlantic salmon is a complex and multifaceted issue that requires careful
consideration of various factors, including the practices of feed deprivation commonly used in aquaculture.
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Throughout this comprehensive review, we have explored the physiological and behavioral responses of Atlantic
salmon to feed deprivation, as well as the implications for their welfare in aquaculture settings. By synthesizing
existing knowledge and identifying key research gaps, we have underscored the importance of understanding the
impacts of feed deprivation on farmed salmon populations and developing effective management strategies to
mitigate potential welfare concerns.

Feed deprivation represents a significant challenge in aquaculture operations, as it can elicit a range of
physiological and behavioral responses in Atlantic salmon. From metabolic adjustments and hormonal regulation to
alterations in feeding behavior and social interactions, the consequences of feed deprivation extend beyond mere
hunger and can have profound implications for fish health, welfare, and overall well-being. Recognizing these
impacts is essential for aquaculture practitioners and stakeholders to make informed decisions regarding feeding
protocols, welfare management practices, and regulatory frameworks governing the production of Atlantic salmon.

Moving forward, it is imperative to prioritize the development and implementation of welfare management
strategies that minimize the adverse effects of feed deprivation on farmed salmon populations. By optimizing
feeding protocols, enhancing environmental enrichment, and adopting proactive approaches to stress management,
aquaculture practitioners can create optimal conditions for salmon welfare and promote responsible fish husbandry
practices in aquaculture operations. Additionally, investing in research initiatives aimed at elucidating the
underlying mechanisms of feed deprivation and evaluating the long-term impacts on salmon health and
performance is crucial for advancing our understanding of this complex issue and informing evidence-based
management decisions.

Furthermore, fostering collaboration and knowledge exchange among researchers, industry stakeholders, and
regulatory agencies is essential for promoting continuous improvement in welfare standards and practices within
the aquaculture sector. By working together, we can address the challenges associated with feed deprivation and
uphold high welfare standards in the production of Atlantic salmon, ensuring the well-being of farmed fish
populations while meeting the growing demand for sustainable seafood.
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