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Abstract. Modern global livestock farming is undergoing transformative changes driven by the need to implement
the principles of sustainable development, ethical farming and high standards of animal welfare. For a long
time, in animal science and practice, reproductive performance has been assessed primarily through the prism
of economic efficiency and production intensification, whilst its significance as an indicator of the biological,
physiological and psycho-emotional state of animals has remained insufficiently explored. The aim of the study was
to provide a theoretical justification and to develop a comprehensive conceptual model of reproduction as a key
component of farm animal welfare to ensure the long-term sustainability of the livestock sector. The methodology
of the study was based on the application of systemic-structural analysis, scientific generalisation, comparison
and conceptual modelling of the results of contemporary fundamental and applied research indexed in the
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scientometric databases Scopus and Web of Science. As a result of the study, the neuroendocrine and physiological
mechanisms of reproductive function suppression under the influence of technological and environmental stress,
caused by the activation of the hypothalamic-pituitary-adrenal axis and elevated cortisol levels, were detailed.
Causal links have been established between poor housing conditions, chronic stress and delayed recovery of
the oestrous cycle following parturition. The importance of the expression of natural reproductive and maternal
behaviour as a key indicator of the formation of a positive emotional state in animals within the context of the
modern Five Domains model has been substantiated. A conceptual framework has been developed that integrates
reproductive health parameters, behavioural responses and technological factors into a unified system for
assessing animal welfare. The practical significance of the results lies in the development of scientifically grounded
approaches to adapting technological processes in animal husbandry, enabling the effective combination of a
high level of animal welfare with their reproductive capacity and the long-term economic efficiency of farming

Keywords: reproductive health; Five Domains model; technological stress; maternal behaviour; physiological

resilience

INTRODUCTION

Modern livestock production aims to simultaneously
ensure productivity, animal health, an adequate level
of animal welfare and the long-term sustainability of
production systems. In this context, there is an increas-
ing shift from assessing production efficiency primari-
ly through productive performance indicators towards
a comprehensive consideration of animal condition
and the consequences of the technologies employed.
L.G. Keeling (2025) analysed the relationship between
animal welfare and the Sustainable Development Goals
and showed that welfare should be regarded as a com-
ponent of sustainable livestock production rather than
as its opposite. The author emphasised the possibility
of combining welfare indicators with environmental,
economic and other sustainability indicators to identify
potential synergies and trade-offs.

An important area of current research is the refine-
ment of methods for directly assessing the condition of
animals. J. Linstadt et al. (2024) conducted a systemat-
ic review of animal-based welfare indicators for dairy
cows and assessed their validity and practicality. The
authors demonstrated that welfare assessment should
be based on a set of complementary indicators relat-
ing to the animals’ health, physical condition, behaviour
and living conditions. The findings confirm the need for
a comprehensive approach, in which no single indicator
is considered sufficient to characterise overall welfare.
The expansion of this approach involves taking into ac-
count not only negative but also positive states of the
animals. N. Beausoleil et al. (2023) analysed the appli-
cation of the Five Domains model to animal welfare
management within the food chain. The researchers
demonstrated that the model allows for the systema-
tisation of the impact of nutrition, the physical envi-
ronment, health and behavioural interactions on an
animal’s condition, whilst the fifth domain links these

factors to positive and negative mental experiences.
Thus, the Five Domains model broadens the assess-
ment of welfare from the control of adverse factors to
an analysis of the animal’s overall experience.

The methodological rationale for a comprehen-
sive assessment of welfare was presented by F. Van
der Staay et al. (2025), who systematised current defi-
nitions, conceptual frameworks and tools for assessing
animal welfare. The authors emphasised the need to
align the theoretical definition of welfare with meth-
ods for its practical measurement and proposed a mul-
ti-level approach to assessment. This is of fundamental
importance for research into reproductive health, as it
allows reproductive indicators to be considered not in
isolation but within the context of the animal’s overall
functional state. At the same time, an animal’s condi-
tion is largely determined by the characteristics of the
production system. S. Nielsen et al. (2023) carried out a
comprehensive assessment of the welfare of dairy cows
and analysed the main risk factors in various housing
systems. The authors examined locomotor disorders,
mastitis, restricted mobility, problems with rest, the ful-
filment of behavioural needs, and metabolic disorders.
The results showed that welfare assessment should
focus not only on the characteristics of the housing
technology, but primarily on its actual effects on the
animal’s physiology and behaviour.

An important complement to this approach is
the assessment of the role of digital technologies in
monitoring animal condition. G. Papakonstantinou et
al. (2024) analysed the capabilities of precision live-
stock farming technologies for monitoring animal
health and welfare and demonstrated their potential
for the automated collection of behavioural and phys-
iological data. At the same time, the authors highlight-
ed the need to take into account the technological,
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ethical and environmental aspects of digitalisation.
This confirms the value of combining automated
monitoring with traditional veterinary assessment of
animal condition. A separate area of current research
concerns the link between welfare and reproductive
function. S. LeBlanc (2023) summarised current data
on postpartum diseases and fertility in dairy cows and
demonstrated that reproductive outcomes are closely
linked to the animal’s health status around the time of
calving. The author emphasised the interdependence
of postpartum diseases, physiological stress and sub-
sequent reproductive performance. These findings sup-
port the view that reproductive function is the result
of a complex interplay between health, physiological
state and housing conditions.

P.Skliarov et al. (2022) analysed the impact of heat
stress on the reproductive performance of dairy cows at
various physiological stages, in particular during preg-
nancy, calving and the postpartum period. The authors
found that increased thermal stress has a negative
effect on reproductive performance, reduces fertility
and may increase the risk of forced culling. According
to the authors, timely reduction of heat stress, adjust-
ments to the diet and the selection of animals with
increased heat tolerance are important strategies for
preventing reproductive losses. In their study, R. Car-
rasco & K. Breen (2023) analysed the mechanisms of
allostasis through which the body adapts to various
stressors. The authors demonstrated that temperature,
metabolic, immune and psychosocial factors can influ-
ence the neuroendocrine control of reproduction, in
particular through changes in the activity of neurons
involved in the regulation of gonadotropin-releasing
hormone. According to the authors, the suppression of
reproductive function under conditions of acute stress
is one of the adaptive mechanisms aimed at preserv-
ing the organism’s viability.

M. Jensen et al. (2023) investigated the effect of
postpartum housing arrangements on maternal behav-
iour in cows and the formation of the bond between cow
and calf. The authors compared the behaviour of cow-
calf pairs in individual calving pens with an open and a
partially enclosed area, which provided the opportunity
for seclusion after calving. It was found that the provi-
sion of such an area encouraged more frequent licking
of calves by the mother and enhanced displays of ma-
ternal behaviour, particularly during the first 24 hours
after birth. The authors concluded that creating con-
ditions for the expression of natural maternal behav-
iour can help to form a bond between the cow and the
calf and improve their welfare. B. Mirzaie et al. (2024)
investigated the impact of organisational and techno-
logical solutions, housing systems and veterinary care
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on the reproductive performance of dairy cows. The au-
thors analysed 136,943 records relating to 21,756 cows
and assessed the relationship between the duration of
the voluntary waiting period, housing conditions, heat
stress and indicators such as the number of days to first
insemination, the service interval and the number of
inseminations per conception. It was found that the
housing system was significantly associated with fer-
tility: cows in loose-housing systems had better repro-
ductive outcomes compared with those in open sheds.
The authors concluded that optimising management
decisions and housing conditions is a key component in
improving the reproductive efficiency of the dairy herd.

A. Sinnott et al. (2024) investigated the effects of
full, partial and no contact between cows and their
calves on health, behaviour, calf growth and labour
costs in pasture-based dairy production systems. The
study compared three housing systems: constant con-
tact between the cow and calf on pasture, partial con-
tact indoors, and no contact. It was found that contact
with the cow promoted higher growth rates in calves
prior to weaning and reduced labour costs during calv-
ing; however, constant contact on pasture was associat-
ed with an increased risk of health problems in calves
and higher weekly labour costs. Under partial contact,
the authors noted more frequent instances of abnor-
mal behaviour and a negative impact on growth after
weaning. The authors concluded that none of the sys-
tems provided a clear advantage across all assessed
indicators; therefore, the organisation of cow-calf con-
tact requires a comprehensive consideration of animal
welfare and practical production conditions.

Thus, an analysis of contemporary research indi-
cates that the reproductive function of dairy cows is
closely associated with housing conditions, feeding, the
level of heat and other forms of stress, health status,
behavioural manifestations and the opportunity to ex-
press natural social interactions. Studies across differ-
ent fields demonstrate that unfavourable environmen-
tal conditions and impaired adaptive mechanisms may
adversely affect reproductive performance, whereas
optimisation of feeding, the microclimate, housing sys-
tems and monitoring technologies contributes to main-
taining animal health and productivity. At the same
time, contemporary approaches to welfare assessment
increasingly focus on the comprehensive consideration
of physical health, behaviour, emotional state and the
opportunity for animals to express their natural needs.
Thus, the available scientific evidence supports consid-
ering reproduction not merely as a production indica-
tor but as an important component of overall animal
welfare, thereby justifying the further development
of an integrated conceptual model of the relationship



between reproductive function and welfare in sustain-
able livestock farming. The aim of the study was to
substantiate a conceptual model of reproduction as a
key component of the welfare of farm animals and to
elucidate its significance for ensuring the sustainability
of the livestock sector.

MATERIALS AND METHODS

The study was conducted as a theoretical and concep-
tual review aimed at systematising current scientific
understanding of the relationship between welfare,
physiological status and reproductive function in farm
animals and, on this basis, developing a conceptual
framework for integrating reproduction into the animal
welfare assessment system. The information base of the
study consisted of scientific publications indexed in the
international bibliographic databases Scopus and Web
of Science. The literature search focused primarily on
publications from 2010-2025. However, earlier studies
of fundamental theoretical importance were also con-
sidered when describing the historical development of
specific concepts, particularly the Five Domains Model,
and explaining fundamental physiological mechanisms.

The literature search was conducted using the-
matic groups of keywords and their combinations with
the Boolean operators AND and OR. The main search
queries included the following combinations: “animal
welfare” AND reproduction; “reproductive health” AND
“farm animals”; “technological stress” AND reproduc-
tion; “chronic stress” AND fertility; “Five Domains Mod-
el” AND animal welfare; “animal welfare” AND maternal
behaviour; “transition period” AND reproduction AND
dairy cattle; “stress physiology” AND reproductive func-
tion; “cortisol” AND fertility AND livestock; “precision
livestock farming” AND animal welfare AND reproduc-
tion. Additional searches were conducted using specific
terms related to individual mechanisms through which
stress affects reproductive function, including “hypo-
thalamic-pituitary-adrenal axis” AND reproduction, “ox-
idative stress” AND oocyte, “inflammation” AND fertility,
and “metabolic stress” AND reproductive performance.

For the content analysis, peer-reviewed original re-
search articles, systematic and narrative reviews, me-
ta-analyses and conceptual papers were specifically
selected if they met at least one of the defined the-
matic criteria: contained data on the effects of housing
conditions or technological or environmental stressors
on the physiological status of animals; characterised
changes in reproductive function in relation to stress,
disease, metabolic disorders or behavioural responses;
considered reproductive indicators as a component of
health or welfare; contained data on maternal behav-
iour, early separation of dams and offspring, or other
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behavioural aspects of reproduction; or assessed the
potential for digital monitoring of behavioural, physio-
logical or reproductive indicators.

This selection process took the form of a thematic
and content-based analysis of the scientific literature
and did not involve a quantitative meta-analysis or the
establishment of a statistical inclusion and exclusion
flowchart for publications. The main inclusion criteri-
on was the source’s relevance to the task of theoreti-
cally substantiating the relationship between welfare,
stress, reproductive function and the sustainability of
livestock farming. The analysis excluded publications
that did not relate to farm animals or did not allow the
results to be extrapolated to livestock farming systems;
studies without a clearly described methodology; ma-
terials lacking the full text or where it was impossible
to assess the reliability of the results; duplicates; and
sources whose content did not allow a link to be estab-
lished between technological factors, the body’s physi-
ological response and reproductive function.

The selected publications were analysed across
several interrelated areas: animal species, the nature of
the technological or environmental factor, the type of
stress response, physiological and metabolic markers,
behavioural changes, reproductive consequences, and
the potential for using the relevant indicators to assess
welfare. Separately, when analysing the selected sourc-
es, data were systematised regarding neuroendocrine,
molecular-genetic, immune and metabolic indicators
used by the authors of the original studies to character-
ise the mechanisms underlying reproductive dysfunc-
tion. This group included indicators of the activity of the
hypothalamic-pituitary-gonadal axis and its associated
signalling pathways (Kiss1, LHCGR, 33-HSD, CYP19A1,
CYP17A1), pro-inflammatory mediators (TNF-a, IL-1, IL-
6), markers of oocyte function and early embryonic devel-
opment, in particular interferon-t, as well as metabolic
parameters, including B-hydroxybutyrate and calcium.
These parameters were not measured directly within
the scope of this study, but were used as evidence-based
markers, as described in the selected publications, to es-
tablish causal links between stress, metabolic and im-
mune disorders, and reproductive function.

In addition, data from the selected publications
were summarised regarding the environmental and
economic consequences of changes in reproductive
efficiency, in particular indicators of greenhouse gas
emissions, feed conversion efficiency, the need for re-
placement young stock, productive longevity and the
economic sustainability of production. These indicators
were considered exclusively as secondary indicators of
sustainability, as reported in the relevant studies and
models, and were not calculated directly by the authors
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of this study. Their inclusion in the conceptual model
was achieved through a comparative and systematic
synthesis of the published results. The object of the
study was the relationship between animal welfare
status and reproductive health in farm animals under
modern technological housing systems. The subject
of the study comprised the causal and feedback rela-
tionships between technological and environmental
factors, the stress response of the organism, neuroen-
docrine, metabolic,immune and behavioural indicators,
and the functional state of the reproductive system.

The scope of application of the conceptual frame-
work developed covered industrial and intensive live-
stock farming systems. The main evidence base consist-
ed of studies conducted on dairy cattle, as it is for this
species that the relationships between technological
and environmental factors, physiological status, behav-
iour, welfare and reproductive function have been stud-
ied in the greatest detail. At the same time, the concep-
tual model was developed taking into account general
biological mechanisms that may potentially be relevant
to other species of farm animals. The application of the
model to other species within the scope of this study
was not considered to be empirically confirmed, but is
identified as a direction for further interspecies adapta-
tion and validation.

The conceptual model was developed sequentially
in four stages. At the first stage, external technologi-
cal and environmental factors capable of adversely af-
fecting animal welfare and reproductive function were
identified. These included unbalanced feeding, nega-
tive energy balance, heat stress, overcrowding, restrict-
ed locomotor activity, disruption of group social struc-
ture, inadequate housing conditions, pain syndromes,
disease, negative human-animal interactions and tech-
nological interventions that restrict the expression of
natural behaviour. At the second stage, the physiologi-
cal mechanisms through which external influences are
transformed into an internal adaptive response of the
organism were identified. Particular attention was giv-
en to activation of the hypothalamic-pituitary-adrenal
axis, changes in cortisol concentration, disruption of
the hypothalamic-pituitary-gonadal system, develop-
ment of negative energy balance, systemic inflamma-
tion, oxidative stress and immunometabolic dysfunc-
tion. At the third stage, the functional consequences of
these physiological changes for the reproductive sys-
tem were identified. These included delayed restora-
tion of reproductive cyclicity after parturition, reduced
expression of oestrus, impaired ovulation, reduced oo-
cyte quality, reduced fertility, early embryonic mortality,
development of postpartum disorders and reduced re-
productive longevity. At the fourth stage, the identified
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relationships were integrated into a unified conceptual
system in which reproductive indicators were consid-
ered not merely as production outcomes but as an in-
tegrated manifestation of the interaction between the
technological environment, physiological status and
psycho-emotional well-being of the animal.

The conceptual framework was developed using
systems-structural analysis, scientific synthesis, com-
parison and conceptual modelling. Causal relationships
were analysed according to the following sequence:
technological or environmental stressor — physiolog-
ical adaptive response — changes in neuroendocrine,
metabolic, immune and behavioural indicators — im-
paired reproductive function — deterioration of the
animal’s overall welfare status and productive longev-
ity. Particular attention was given to the role of the
hypothalamic-pituitary-adrenal axis as one of the key
mechanisms linking external housing conditions with
reproductive function. An increase in cortisol concen-
tration was not regarded as an independent universal
indicator of welfare but as a physiological marker of
the stress response, the significance of which should be
interpreted in conjunction with behavioural, metabolic,
immune and reproductive indicators. Feedback rela-
tionships within the system were also analysed sepa-
rately. Impaired reproductive function, postpartum dis-
eases, pain, metabolic disorders and reduced locomotor
activity may, in turn, increase stress load and adversely
affect animal welfare. Thus, the interaction between
the technological environment, physiological status,
reproductive function and welfare is not linear but cy-
clical, involving mutually reinforcing and compensatory
feedback mechanisms. The conceptual framework was
based on the assumption that changes in reproduc-
tive indicators can serve as informative indicators of
impaired biological adaptation only when interpreted
comprehensively alongside indicators of health, behav-
iour, physiological status and housing conditions. This
approach was used to integrate reproduction into the
broader system of animal welfare assessment.

RESULTS AND DISCUSSION

Neuroendocrine, immunometabolic and

epigenetic mechanisms of reproductive suppression
Modern intensive livestock farming technologies are
often accompanied by complex stressors. The reproduc-
tive system is one of the physiological systems most
sensitive to chronic stress; therefore, disturbances in its
functioning are often one of the early signs of deterio-
rating housing conditions, changes in the technological
environment or a decline in animal welfare (Kaiser &
Jaillardon, 2023). Under such conditions, impaired fer-
tility should be regarded not only as a consequence of



stress, but also as an adaptive physiological response
reflecting the prioritisation of survival mechanisms
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over the fulfilment of reproductive function (Evans &
Anderson, 2023; Carrasco & Breen, 2023) (Fig. 1).
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Figure 1. Neuroendocrine mechanisms of the effects of technological stress

Source: compiled by the authors

The physiological basis of the body’s initial re-
sponse to a technological or environmental stressor
is the activation of the hypothalamic-pituitary-adrenal
axis (Herman et al., 2002). In response to the stressor,
there is a sequential secretion of corticotropin-releas-
ing hormone and adrenocorticotropic hormone, leading
to a systemic increase in the concentration of cortisol
and other glucocorticoids in the circulating blood. High
levels of glucocorticoids exert a marked inhibitory ef-
fect on the hypothalamic-pituitary-gonadal axis at
several interrelated levels (Bhaumik et al., 2023; Kaiser
& Jaillardon, 2023; Martinez et al., 2024). At the hypo-
thalamic level, increased glucocorticoid concentrations
may disrupt the function of Kiss1 neurons, which are in-
volved in regulating GnRH secretion and, consequent-
ly, LH. Experimental studies have shown that chronic
stress reduces the expression of Kissl and Kisspeptin
in the hypothalamus, increases cortisol levels and is
accompanied by impairments in reproductive function;
these effects are partly mediated by the glucocorticoid
receptors of Kiss1 neurons (Huang et al., 2022). At the
pituitary level, cortisol directly reduces the anterior pi-
tuitary’s response to GnRH, which manifests as inhibi-
tion of LH secretion; this effect has been demonstrat-
ed, in particular, in experiments with bovine anterior

pituitary cells and in sheep models (Breen et al., 2005).
At the ovarian level, activation of the stress axis is ac-
companied by impaired steroidogenesis in pre-ovula-
tory follicles. In cows, experimental administration of
ACTH, accompanied by an increase in cortisol concen-
tration, reduced the levels of oestradiol and androsten-
edione in follicular fluid, as well as the expression of
the LHCGR, 3B3-HSD, CYP19A1 and CYP17A1, which was
associated with impaired ovulation and the formation
of persistent or cystic follicles (Biran et al., 2015).

The development of production-related stress is al-
most always accompanied by profound metabolic chang-
es. In high-yielding animals, a negative energy balance
at the start of lactation is accompanied by intense lipol-
ysis and the accumulation of free fatty acids and ketone
bodies in the blood. This metabolic distress is closely
linked to a disruption of immune homeostasis (Proud-
foot, 2023; Van Saun, 2023). Chronic stress and diges-
tive disorders, in particular subacute ruminal acidosis,
can increase the permeability of the intestinal-ruminal
barrier, facilitating the translocation of bacterial lipopol-
ysaccharides (endotoxins) into the systemic circulation.
A review of current data on ruminal LPS suggests that
their accumulation and translocation may be associ-
ated with the activation of the immune response and
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the development of systemic inflammatory reactions
(Sarmikasoglou & Faciola, 2022). In cows with subacute
ruminal acidosis, elevated concentrations of LPS in the
rumen and blood have been observed, along with the
activation of pro-inflammatory signalling pathways and
increased production of tumour necrosis factor-q, inter-
leukins-1f and -6 (Zhao et al.,2018).The systemic effects
of LPS and pro-inflammatory mediators may disrupt the
neuroendocrine regulation of reproductive function and
adversely affect the functioning of the reproductive or-
gans. At the ovarian level, LPS and TNF-a are capable
of altering the gene expression of oocytes and cumulus
cells during their maturation, indicating a disruption in
the function of the follicular microenvironment and a
reduction in oocyte quality (Piersanti et al., 2019). An ad-
ditional mechanism underlying reproductive disorders
is the development of oxidative stress. Under conditions
of heat stress, the production of reactive oxygen species
and the level of oxidative stress increase in oocytes and
early embryos of cattle, accompanied by a reduction in
the rate of cleavage and blastocyst formation, as well as
impaired production of interferon-t (Amaral et al., 2020).
Thus, the inflammatory response, impaired function of
oocytes and cumulus cells, and oxidative damage may
form an interrelated complex of mechanisms through
which metabolic and heat stress adversely affect the re-
productive performance of cattle.

The most distant and potentially harmful conse-
quence of chronic stress is epigenetic reprogramming
(Zhu et al., 2021). Maternal state of stress during oo-
cyte maturation, fertilisation and early embryogene-
sis can alter patterns of DNA methylation and histone
modifications in germ cells and embryonic tissues
without changing the nucleotide sequence itself

(Eleftheriou et al., 2022; Qian & Guo, 2022). Epigenetic
modifications disrupt the establishment and function-
ing of the hypothalamic-pituitary-adrenal and gonadal
axes in the developing foetus (Bansal & Simmons, 2018;
AlAbsi et al., 2021). This creates a transgenerational ef-
fect, whereby offspring of stressed mothers are born
with reduced adaptive capacity, increased reactivity to
stressors and a predisposition to reduced reproductive
capacity in adulthood (Aiken & Ozanne, 2014; Mbi-
ydzenyuy et al., 2022; Das et al.,2023). Thus, neuroendo-
crine, immunometabolic and epigenetic changes, taken
together, form a coherent pathogenic chain. Disruption
in any of these links is direct evidence of a breach in bi-
ological homeostasis and a low level of animal welfare.

Behavioural markers, motherhood and environmental
factors in the context of the Five Domains model
Traditional approaches to assessing the welfare of farm
animals have long been based predominantly on vet-
erinary and sanitary criteria and the absence of clinical
signs of disease. The modern concept of animal welfare
is based on a comprehensive assessment of their bio-
logical condition, which encompasses physical health,
behavioural responses, environmental conditions
and the animal’s psycho-emotional state (Mellor et
al.,2020; van der Staay et al., 2025). In this context, be-
havioural responses and other biological indicators are
regarded as important characteristics of an organism’s
adaptation to housing conditions. The Five Domains
Model enables a systematic analysis of how distur-
bances in environmental conditions and technological
factors may translate into suppression of reproductive
function through changes in the locomotor and mental
state of animals (Fig. 2).

1. Nutrition

5. Mental state

Absence of fear
and stress, positive
emotional state,

4. Behavioural
interactions
Social contacts,
opportunity to
express natural
behaviour, human-
animal relationships

Energy balance, diet quality, access to water

Reproductive
health as an
integrated
indicator
of welfare

2. Physical
environment
Microclimate,

comfort, housing
onditions, space
: for movement

| 3. Health
Absence of disease,
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Reproductive indicators
_ Cyclicity, fertility, pregnancy, parturition, maternal behaviour, offspring survival

Figure 2. Integration of reproductive indicators into the Five Domains Model

Source: developed by the authors
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The first domain - nutrition and hydration - cov-
ers the supply of water and nutrients to animals, which
are essential for maintaining metabolic processes and
reproductive function. An unbalanced diet, insufficient
water intake, deficiencies in macro- and micronutrients,
and a negative energy balance can lead to the depletion
of the body’s metabolic reserves and disrupt the ener-
gy supply to the reproductive system, which can block
follicular maturation and inhibit oestrogen secretion,
contributing to the development of ovarian hypofunc-
tion and anoestrus (Ambrose, 2021; Song et al., 2021).
The second domain - the physical environment - char-
acterises the conditions in which the animal is kept, in
particular resting comfort, the quality of the flooring,
stocking density, and temperature and humidity condi-
tions. Slippery or hard flooring, poor-quality bedding,
restricted space and an unfavourable microclimate can
cause discomfort, reduce locomotor activity and alter
animal behaviour, which complicates the manifestation
of natural signs of oestrus and the timely detection of
animals in oestrus (Cerri et al., 2021; Palomares, 2021).

The third domain - health - relates to the presence
or absence of diseases, pathological processes and
pain conditions. The presence of subclinical patholo-
gies, inflammatory processes in the reproductive sys-
tem and limb disorders can lead to chronic pain syn-
drome. Prolonged pain is accompanied by activation of
the hypothalamic-pituitary-adrenal axis and increased
cortisol secretion, which can disrupt the neuroendo-
crine regulation of the oestrous cycle and adversely
affect reproductive function (Wrzecinska et al., 2021).
The fourth domain - behavioural interactions and au-
tonomy - reflects an animal’s ability to express natural
social, locomotor and reproductive behaviours. Restric-
tions on locomotor activity, a lack of social interac-
tions, and competition for food and resting places can
hinder the expression of species-specific behaviour,
limit animals’ ability to make choices and control their
own behavioural interactions, and contribute to the
development of negative affective states and chronic
social stress (Mellor et al., 2020). Thus, animals’ ability
to respond appropriately to environmental conditions
and fulfil their natural behavioural and reproductive
needs is impaired.

The fifth domain - mental state - is the integrat-
ed result of the influence of factors represented in the
first four domains. A combination of negative affective
states, in particular pain, anxiety and exhaustion, is ac-
companied by the activation of stress-mediating neu-
roendocrine mechanisms, which may inhibit the func-
tioning of the hypothalamic-pituitary-gonadal axis and,
thus, reproductive function (Mellor et al., 2020). Thus,
the interaction of nutritional and hydration disorders,
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adverse physical environmental conditions, deteriorat-
ing health, restrictions on natural behaviour and nega-
tive mental states forms a complex pathophysiological
mechanism through which a decline in animal welfare
may manifest as impairments in reproductive function.
A separate important aspect of female welfare is ensur-
ing the opportunity to express natural maternal behav-
iour. However, in modern intensive livestock systems,
it is common practice to wean newborn calves from
their mothers early, and often almost immediately after
birth, in order to simplify husbandry practices and en-
sure production efficiency. Despite the production ad-
vantages of such a system, a growing body of research
considers the restriction of contact between a cow and
calf to be a significant welfare issue, as it limits the op-
portunity to express natural behaviour and may affect
the behavioural and productive performance of calves
(Sinnott et al., 2024).

Physiological and behavioural studies indicate that
early separation of the mother and newborn is accom-
panied by acute behavioural and physiological stress
responses in both animals, manifested by increased
vocalisation, search behaviour and other signs of dis-
tress. The neuroendocrine response to early separation
is associated with the activation of stress mechanisms,
whilst the maintenance of maternal-offspring contact
ensures the expression of natural behavioural inter-
actions and the associated neuroendocrine responses.
Depriving the mother of the opportunity to lick and
feed her offspring, and the newborn of the opportunity
to suckle, can lead to a high frequency of vocalisations,
motor restlessness, and an increase in the frequency
of defecation and urination. In young animals, early
separation and restrictions on the ability to engage in
suckling behaviour may contribute to the development
of abnormal behaviours, in particular inter-nipple suck-
ling and suckling on pieces of equipment. At the same
time, sensory stimulation during contact between the
mother and her offspring plays a role in regulating the
oxytocinergic system, which is associated with the de-
velopment of maternal behaviour and postpartum uter-
ine activity. Thus, the nature of the interaction between
the mother and her offspring may influence not only
the behavioural and mental state of the animals, but
also the neuroendocrine mechanisms associated with
postpartum recovery of reproductive function.

A decline in welfare and the presence of chronic
stress significantly alter the classic behavioural pat-
tern of oestrus. Instead of pronounced oestrus behav-
iour, animals often exhibit a reduction in the intensity
or a complete absence of behavioural signs of oestrus
(silent oestrus), and there is an increased frequen-
cy of ovulatory disorders and anovulatory cycles. Key
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behavioural markers of impaired welfare and reproduc-
tive function in females are considered to be reduced
locomotor activity, changes in the duration of lying
down, reduced feed intake, attenuated or absent be-
havioural signs of oestrus, impaired social interaction,
and the development of lameness. It is precisely these
indicators that are widely used in Precision Livestock
Farming systems for the early detection of welfare is-
sues and reproductive disorders (Papageorgiou & Sim-
itzis, 2022; Smolik et al., 2024). A reduction in the inten-
sity of sexual behaviour may manifest, in particular, as
suppression of the immobility reflex when other ani-
mals are in heat and a decrease in overall motor activity
and locomotion during the anticipated oestrus period.
At the same time, a reduction in chewing duration and
a decrease in feed intake may indicate a shift in behav-
ioural balance towards stress-related responses, which
potentially reduces the expression of sexual behaviour
(Papageorgiou & Simitzis, 2022; Smolik et al., 2024).
The use of modern digital systems for automated be-
havioural monitoring, in particular accelerometers,
movement activity sensors, collar-mounted sensors and
vocalisation analysis systems, enables the continuous
recording of animals’ behavioural characteristics and
allows for a more objective assessment of changes in
their behavioural budget (Smolik et al., 2024). This ap-
proach creates opportunities for the timely detection
of early changes associated with impaired welfare, the
development of stress, diseases and reproductive disor-
ders, even before the appearance of pronounced clin-
ical signs (Jurkovich et al., 2024; Leliveld et al., 2024;
Linstadt et al., 2024).

The impact of technological management

and digitalisation on reproduction and welfare

The resilience of the reproductive system and the lev-
el of animal welfare in industrial production settings
are largely determined by the quality of technologi-
cal management (Jurkovich et al., 2024; Linstadt et
al., 2024). The man-made environment can serve both
as a source of chronic stress and as a means of mini-
mising biological risks. Management decisions directly
influence the physiological status of animals during
the most vulnerable periods of the production cycle
(Carulla et al., 2023; EFSA AHAW Panel (EFSA Panel
on Animal Health and Animal Welfare) et al., 2023).
Interpersonal interactions between care staff and
animals form what are known as human-animal rela-
tionships, which are an important component of the
animal welfare system (Field et al., 2024). The nature
of these relationships directly affects behavioural
and physiological responses in animals and the ac-
tivity of the neuroendocrine system, particularly the
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hypothalamic-pituitary-adrenal axis, and may also in-
fluence reproductive function through stress-mediated
mechanisms (Waiblinger & Lurzel, 2023). In the case
of negative interactions, the use of rough restraint
methods, shouting, aversive herding techniques and
painful stimuli can lead to the development of a per-
sistent fear response towards humans in animals. Such
interaction is accompanied by activation of the sym-
pathetic-adrenal system and the hypothalamic-pitui-
tary-adrenal axis, manifested by increased secretion of
adrenaline, noradrenaline and cortisol. With prolonged
exposure to stressors, the activation of neuroendocrine
mechanisms may suppress reproductive function due
to disruption of the regulation of gonadotrophin-re-
leasing hormone (GnRH) and luteinising hormone (LH),
potentially leading to disruption of the oestrous cycle,
reduced oestrus expression, impaired ovulation and
reduced fertility. In contrast, a positive type of inter-
action, based on calm, predictable and consistent be-
haviour on the part of staff, the use of a calm voice and
regular positive contact with the animals, promotes
the formation of positive human-animal relationships
and reduces fear responses and stress levels. This is
accompanied by a reduction in the activity of the hy-
pothalamic-pituitary-adrenal axis and cortisol concen-
trations, facilitates veterinary and zootechnical pro-
cedures, in particular artificial insemination, and may
indirectly contribute to improved reproductive perfor-
mance (Marcal-Pedroza et al., 2023). Thus, the quality
of human-animal relationships is an important behav-
ioural and technical factor which, through the regula-
tion of the stress response, can influence the welfare
and reproductive efficiency of farm animals.

Technological factors in management

and their impact on the transition period

The most critical stage in the life of high-yielding dairy
cows is the transition period, which traditionally spans
three weeks before and three weeks after calving. It is
during this time that the most intense physiological,
endocrine, metabolic and immune changes take place
in the animal’s body, which determine its subsequent
health, welfare, reproductive function and productivi-
ty (Emam et al., 2025). Errors in management practices
during this period may be directly linked to the occur-
rence of postpartum complications. Frequent transfers
of animals between management groups disrupt the
established social hierarchy, provoke agonistic interac-
tions, increase competition for feed and may alter the
daily time budget (Carulla et al., 2023; Proudfoot, 2023).
Under such conditions, social stress may be accompa-
nied by a reduction in dry matter intake, which exacer-
bates the negative energy balance during the transition



period. In turn, a pronounced negative energy balance
is a significant risk factor for the development of post-
partum metabolic and reproductive disorders, reduced
fertility and a deterioration in the overall health of
cows (Pavlenko et al., 2023). Stocking density and rest-
ing comfort are no less important. Overcrowding in
pens may restrict subordinate animals’ access to the
feed trough and comfortable resting areas, leading to
reduced lying time, increased social competition and
impaired welfare (EFSA AHAW Panel (EFSA Panel on
Animal Health and Animal Welfare) et al., 2023). Inad-
equate resting comfort and prolonged standing may
increase the risk of limb lesions, particularly lameness.
Lameness, in turn, is associated with pain and behav-
ioural changes, which may be accompanied by a re-
duction in oestrus behaviour and impaired reproduc-
tive performance in the postpartum period (Magrin et
al.,2023; Proudfoot, 2023).

Postpartum disorders, including retained placen-
ta, metritis, endometritis and other reproductive dis-
orders, develop as a result of the complex interplay
of immune dysfunction, metabolic stress, systemic in-
flammation and factors relating to the management
of the transition period (Varhidi et al., 2024). Thus,
modern preventive strategies are based not only on
timely pharmacological intervention, but primari-
ly on optimising feeding, housing conditions, animal
comfort and management during the critical peri-
od around calving (Figueiredo, 2024). An important
component of prevention is ensuring proper birthing
hygiene, as clean, dry and comfortable birthing pens
with adequate sanitary conditions help to reduce bac-
terial contamination of the genital tract during and
after calving, limit the risk of ascending uterine in-
fection and may reduce the likelihood of developing
postpartum diseases, in particular metritis (Chirivi &
Contreras, 2024; Comlekcioglu et al., 2024; Varhidi et
al., 2024). Equally important is ensuring an adequate
level of exercise and physical activity during the post-
partum period. Comfortable housing conditions and
the ability to move freely promote normal behaviour-
al and physiological adaptation in cows after calving,
whilst restricting physical activity may adversely affect
their general condition and the course of the postpar-
tum period (Henao-Gonzalez et al., 2023). Timely di-
agnosis of metabolic disorders and optimisation of
the diet are also of great importance. Monitoring the
concentrations of B-hydroxybutyrate and calcium in
blood serum during the first 24 hours after calving en-
ables the timely detection of subclinical ketosis and
hypocalcaemia and the implementation of appropri-
ate corrective measures. Both conditions are associat-
ed with an increased risk of postpartum disorders and
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may adversely affect uterine contractility, the course
of uterine involution, the restoration of the oestrous
cycle, and the subsequent reproductive performance
of cows. Thus, high-quality technical management
and the humane treatment of animals are fundamen-
tal prerequisites for maintaining reproductive health,
minimising postpartum pathologies and ensuring an
adequate level of welfare.

A conceptual model for integrating reproduction

into a sustainable livestock farming system

The modern development of the agricultural sector
is oriented towards the implementation of sustaina-
ble agriculture principles, which involves a balanced
combination of economic efficiency, environmental
responsibility and social sustainability. In livestock
production, an important component of the social di-
mension of this concept is ensuring high standards
of animal welfare, which are increasingly regarded
as an integral element of sustainable production sys-
tems (Hargreaves-Méndez & Hotzel, 2023; Schoor et
al., 2023). For a long time, reproductive performance
was viewed exclusively through the prism of economic
productivity - reducing the time between calving and
successful insemination, and increasing the number
of offspring per cow (Fedak et al., 2023). However, in
the conceptual model of sustainable development, re-
productive function acts as a system-defining element
that integrates the biological integrity of the organism,
society’s ethical requirements and the long-term prof-
itability of the sector.

The decline in reproductive capacity of high-yield-
ing dairy cows under intensive production conditions
is regarded as one of the most sensitive manifesta-
tions of the overload on the organism’s physiologi-
cal and adaptive mechanisms (Nielsen et al., 2023;
Rhoads, 2023). The combination of a high metabolic
load, a negative energy balance, stress factors and
postpartum adaptation limits the animal’s adaptive
reserves, manifesting as impaired reproductive func-
tion, increased morbidity and reduced welfare (Proud-
foot, 2023). Although modern programmes for hor-
monal synchronisation of the oestrous cycle are an
effective tool for reproductive management, their use
without concurrent adjustments to feeding, housing
conditions, transition period management, and the
elimination of causes of metabolic and inflammato-
ry stress does not ensure a sustainable improvement
in reproductive performance and does not prevent an
increased risk of infertility and premature culling of
females (Sorathiya, 2024).

The modern concept of sustainable livestock farm-
ing regards productive longevity as one of the key
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integrated indicators of production efficiency. Achiev-
ing this is based on maintaining a high level of animal
health and welfare, which ensures the normal func-
tioning of physiological mechanisms of adaptation
and reproduction and creates the conditions for the
fuller realisation of reproductive potential. Reducing
forced culling by providing a comfortable environ-
ment, optimising management and minimising tech-
nological and metabolic stress helps to lower the risk
of chronic diseases, in particular mastitis, lameness
and postpartum disorders, improves the recovery of
reproductive function after calving and, consequent-
ly, extends the productive lifespan of animals (EFSA
AHAW Panel (EFSA Panel on Animal Health and Animal
Welfare) et al., 2023; Thomsen et al., 2023). Extending
productive life also reduces the need to rear replace-
ment young stock, as a lower rate of cow replacement
reduces the need for replacement animals and the as-
sociated costs. Modelling of dairy production systems
shows that improving reproductive efficiency and,
consequently, reducing the need to replace cows con-
tributes to a simultaneous increase in productive lon-
gevity and the economic and environmental efficiency
of production (Winter et al., 2024). Thus, a reduction
in forced culling and the need for herd replacement
are interrelated mechanisms through which improve-
ments in health, welfare and reproductive efficiency
translate into increased economic efficiency and sus-
tainability in livestock farming.

Reproductive health and a high level of animal
welfare are key factors in the environmental sustain-
ability of modern livestock farming. Improving fertility,
reducing morbidity and increasing productive longev-
ity contribute to a more efficient use of resources, a
reduced need for replacement stock and lower green-
house gas emissions per unit of production, which is
of particular importance in the context of global cli-
mate change (Diavao et al., 2023; Astuti et al., 2024).
An important aspect in this context is the reduction
of the greenhouse gas footprint of livestock farming.
A decline in reproductive efficiency — in particular, a
longer period from calving to successful insemination,
an increase in the calving interval and the duration of
non-productive days - reduces the efficiency of feed
utilisation and increases the intensity of greenhouse
gas emissions per unit of output. Conversely, optimising
reproduction through improvements in animal welfare,
health and management promotes more efficient feed-
to-product conversion and reduces the environmen-
tal footprint of production. Equally important is the
economic and financial sustainability of production.
Growing public demand for ethically produced live-
stock products is making animal welfare a key factor
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in market competitiveness (Schutz et al., 2023). A focus
on disease prevention, high welfare standards, proper
management and humane treatment helps to reduce
the need for medicinal interventions, boosts consumer
confidence, adds value to products and strengthens the
producer’s reputation.

Integrating reproductive indicators into the animal
welfare assessment system requires a shift from a re-
active model, focused primarily on treating individual
postpartum and reproductive pathologies, to proactive,
preventative management (LeBlanc, 2023; Pascotti-
ni et al, 2023). In the concept of sustainable livestock
farming, priority is given to the early detection of risk
factors, the optimisation of feeding, housing conditions,
biosecurity and welfare, and the systematic monitoring
of herd health, which makes it possible to prevent the
development of reproductive disorders even before
clinical signs appear (Ramakant et al., 2023). This mod-
el comprises three key levels: The first is the basic level
(environment and management). Consistent adherence
to animal hygiene requirements, a balanced diet, com-
fortable housing conditions, sufficient space for the an-
imals, prevention of overcrowding in pens and positive
staff-animal interactions are key components of mod-
ern welfare management. Together, these measures
help to maintain the animals’ health, normal behav-
iour, reproductive function and long-term productivity
(Nielsen et al., 2023; Sorathiya, 2024).

The second is the diagnostic and monitoring level
(digitalisation). Systematic, automated monitoring of
behavioural indicators (rumination, physical activity, ly-
ing and resting times), combined with the assessment
of biochemical markers of metabolic and oxidative
stress, enables the early detection of health and wel-
fare issues even before the development of pronounced
clinical signs (Tufarelli et al., 2023). This approach is
a key component of modern precision livestock farm-
ing and enables timely adjustments to management
and preventative measures (Mirzaei et al., 2023). The
third is the physiological level (reproduction optimisa-
tion). A high level of animal welfare, ensured by optimal
housing conditions, a balanced diet and the minimisa-
tion of stress, creates the physiological conditions for
the timely restoration of post-partum oestrus cycles,
the preservation of females’ reproductive potential,
improved conception rates and reduced early embry-
onic mortality (Denicol & Siqueira, 2023; Diavao et
al., 2023). The proposed model is structural and logical
in nature and describes the directional relationships
between technological and environmental factors, the
physiological adaptive response, behavioural reactions,
reproductive indicators and the overall state of animal
welfare (Fig. 3).
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Figure 3. Conceptual model of the relationship between technological stress, physiological indicators
and reproductive function within the animal welfare system

Source: developed by the authors

Unlike a set of recommendations, the model de-
fines a sequence of interrelated levels and indicators
through which housing conditions and environmental
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stressors are transformed into physiological and be-
havioural changes, and subsequently into reproductive
dysfunction and changes in welfare (Fig. 4).
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Figure 4. Multilevel welfare indicators through the lens of reproductive function

Source: developed by the authors

A particular place in this system is occupied by cor-
tisol concentration as a biomarker of the physiological
response to stress. However, cortisol is not regarded as
an independent determinant of welfare but is inter-
preted in conjunction with behavioural, physiological,
biochemical and reproductive indicators. This approach
provides a multiparametric assessment of welfare and
establishes the rationale for moving from the mon-
itoring of individual indicators towards an integrated
assessment of animal condition. Thus, reproductive
health is not merely one of many production charac-
teristics but a key integrated marker of the biological
harmony between the animal and the human-designed
technological environment. Without ensuring an ad-
equate level of welfare and minimising stress load,

genuinely sustainable development of livestock pro-
duction cannot be achieved.

The proposed conceptual model considers the re-
productive health of farm animals not as an isolated
outcome of the reproductive system’s functioning, but
as an integrated indicator shaped by physiological con-
dition, housing conditions, technological factors, be-
haviour, stress levels and the animals’ overall welfare.
This approach is consistent with the modern under-
standing of welfare as a complex state of the animal,
shaped by the interaction of its physiological capabil-
ities, behaviour and environmental conditions. One of
the key tenets of the proposed model is the interrela-
tionship between environmental conditions, physiolog-
ical response and reproductive outcomes. Heat stress is
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a prime example of such a multi-level effect. A study by
B. Stefanska et al. (2024) showed that heat stress in the
period immediately prior to calving is associated with
subsequent changes in productivity, fertility and the
immunometabolic status of dairy cows. This supports
the proposition of the proposed model that adverse en-
vironmental influences can have delayed consequences
for reproductive function, manifesting themselves even
after the immediate period of stress has ended.

It is also important to note that environmental in-
fluences can manifest directly at the level of reproduc-
tive cells. Thus, husbandry practices can influence re-
productive health not only through general indicators
of productivity or physiological status, but also directly
through the conditions under which the reproductive
system functions. P. Skliarov et al. (2026) reviewed cur-
rent approaches to the prevention of nutritional infer-
tility in cows and heifers. The study systematises the
importance of a complete and balanced diet, ensuring
animals receive the necessary macro- and micro-nutri-
ents, monitoring vitamin and mineral status, and taking
the animals’ physiological condition into account when
formulating rations. The authors concluded that the
prevention of nutritional infertility should be based on
systematic and continuous monitoring of the metabolic
support for reproductive function.

Another important component of the proposed
model is animal behaviour. Behavioural changes may
reflect functional disturbances, stress and adaptive
responses even before the appearance of pronounced
clinical signs. In this context, behavioural indicators
should be considered not only as independent meas-
ures of welfare, but also as potential intermediary links
between housing conditions, physiological status and
reproductive outcomes.This approach is consistent with
the principle that welfare should be assessed based on
a combination of complementary indicators, rather than
a single parameter. This takes on particular significance
in light of the development of precision livestock farm-
ing technologies. Automated monitoring enables infor-
mation on the behavioural and physiological character-
istics of animals to be obtained on a near-continuous
basis. At the same time, digital technologies should be
regarded as a tool to complement, rather than replace,
clinical and veterinary assessment. Their value lies in
the ability to detect deviations from individual norms
in a timely manner and to combine the signals obtained
with other indicators of the animal’s condition. A con-
temporary analysis of the possibilities offered by pre-
cision livestock farming also highlights the potential
of digital technologies for monitoring health and wel-
fare, whilst at the same time drawing attention to the
need to take into account the ethical, technological and
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environmental aspects of their application (Papakon-
stantinou et al., 2024).

A. Pavlenko et al. (2023) investigated changes in
the behaviour, health and productivity of dairy cows
following the transition from tethered to loose hous-
ing. The authors assessed the animals’ adaptation to
the new housing system and compared behavioural
and production indicators before and after the change
in conditions. It was found that the transition to loose
housing was accompanied by changes in the cows’ be-
haviour, health indicators and productivity. The results
confirmed that a change in the housing system signifi-
cantly affects the biological and behavioural character-
istics of the animals and should therefore be taken into
account when assessing their welfare.

M. Pons et al. (2025) investigated the effect of dif-
ferent housing conditions on behavioural and biochem-
ical indicators of welfare in dairy cows in mixed feeding
systems. The authors compared cows housed in compost
barns with animals kept in open-air housing on a soil sur-
face. It was found that the type of housing influenced a
number of behavioural indicators, in particular the dura-
tion of lying down, standing, walking and rumination, as
well as the concentration of total protein and globulins
in the blood. The results confirmed that housing type is
an important factor that must be taken into account in a
comprehensive assessment of dairy cows’ welfare. H. Ma-
rina et al. (2024) investigated the factors determining
social interactions among dairy cows, using data on the
spatial location of the animals and social network anal-
ysis. The authors assessed how the individual character-
istics of cows and their housing conditions influence the
formation and maintenance of social bonds within the
herd. It was found that social interactions between cows
are not random but are shaped by individual and group
factors. The authors concluded that the analysis of social
behaviour could be a promising tool for assessing the
social environment and welfare of dairy cows.

J. Thompson et al. (2022) conducted a long-term
randomised study to assess the impact of increased
living space on the behaviour, productivity and repro-
ductive performance of dairy cows. In the study, 150
Holstein cows were housed for one year under two dif-
ferent space allocation levels - 3 and 6.5 m? of living
space per animal. It was found that increased space
led to longer lying and rumination times and higher
milk yield, but was accompanied by a longer time to
conception following calving. The authors concluded
that housing conditions can simultaneously influence
behavioural, productive and reproductive characteris-
tics in different ways, which highlights the need to take
them into account comprehensively when assessing an-
imal welfare and the sustainability of dairy production.



An important mechanism linking the physiological,
behavioural and reproductive components of the pro-
posed model is the stress response. Stress can alter the
neuroendocrine regulation of reproductive function and
affect reproduction through a complex of interrelated
physiological mechanisms (Wrzecinska et al, 2021). At
the same time, reproductive disorders should not au-
tomatically be interpreted as a direct consequence of
a single specific stressor. They may result from the cu-
mulative impact of adverse environmental conditions,
metabolic stress, diseases, management failures and the
organism’s inability to adapt. In this context, reproduc-
tive health should be regarded as an indicator of the
long-term outcome of the interaction of many factors.
Unlike an isolated physiological or behavioural indica-
tor, reproductive function integrates the effects of envi-
ronmental factors and management practices over an
extended period. At the same time, its informative value
depends on the specific species, age, physiological state,
productivity and the husbandry system employed.

The proposed model is also consistent with the
modern approach to assessing positive welfare. Along-
side the detection of diseases, stress or other negative
states, it is necessary to take into account the animals’
ability to fulfil their behavioural needs and develop
positive states. Accordingly, reproductive health can
be regarded as one component of a comprehensive as-
sessment system, but not as a substitute for other wel-
fare indicators. Approaches to defining and assessing
animal welfare emphasise the need to use complemen-
tary indicators and to draw a clear distinction between
indicators of health, behaviour and general welfare (Pa-
pageorgiou & Simitzis, 2022).

An important aspect of the proposed model is also
the assessment of the implications of digital monitoring
for management decision-making. The mere acquisition
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of large amounts of data does not guarantee an im-
provement in animal welfare. Appropriate selection of
indicators, determination of threshold values and cor-
rect interpretation of the information obtained are es-
sential. F. Edwardes et al. (2024) showed that the choice
of a classification model for the automated detection of
suboptimal mobility may involve a trade-off between
economic and welfare outcomes. This is directly rele-
vant to the proposed concept, as a monitoring system
should be oriented not only towards production effi-
ciency but also towards the timely detection of condi-
tions that may adversely affect animal health, welfare
and, ultimately, reproductive function.

Further support for an integrated approach is pro-
vided by the findings of H. Neave et al. (2024), who
demonstrated an association between the social con-
text of cow-calf interactions, maternal behaviour and
oxytocin concentration. The authors also noted that the
hormonal response depended on the strength of the
bond between the dam and her offspring. This demon-
strates that behavioural and social interactions may
be associated with physiological processes relevant to
animal welfare. At the same time, such relationships
need to be interpreted comprehensively, as no single
behavioural or hormonal indicator can independently
characterise overall welfare status. Thus, the results of
the literature analysis support the proposed conceptual
model, in which the technological environment, phys-
iological and metabolic status, behaviour, stress and
reproductive function are regarded as interconnected
components of a single system. A fundamental feature
of the proposed approach is the consideration of repro-
ductive function not as an isolated production indicator
but as one of the integrated outcomes of an animal’s
adaptation to housing conditions, management practic-
es and the surrounding environment (Fig. 5).
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Figure 5. Practical application of the model in management

Source: developed by the authors

At the same time, reproductive function cannot be
regarded as a universal, standalone indicator of wel-
fare. High fertility does not necessarily indicate optimal

welfare, just as an isolated reproductive disorder is
not always a direct consequence of inadequate hous-
ing conditions. Thus, the practical application of the
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proposed model involves a comprehensive assessment
of reproductive, clinical, physiological, behavioural and
environmental indicators. Overall, the proposed model
can be used as a conceptual basis for the further de-
velopment of reproductive welfare monitoring systems.
Its practical significance lies in the ability to combine
traditional veterinary assessment methods with behav-
ioural, physiological and digital indicators, which will
enable a shift from reactive detection of reproductive
problems to their early prediction and prevention. In
this approach, reproductive health is viewed as a long-
term, integrated outcome of the interaction between
the environment, management, health, stress, behav-
iour and the animal’s adaptive capacity.

CONCLUSIONS
Activation of the hypothalamic-pituitary-adrenal axis
in response to chronic and environmental stress is
accompanied by systemic hypercortisolaemia, which
leads to direct suppression of the gonadotropic axis
at the hypothalamic, pituitary and ovarian levels. This
process is exacerbated by metabolic distress, oxida-
tive damage to oocytes and systemic endotoxinaemia
(LPS-induced translocation), which collectively cause
anovulation, anaphrodisia, increased embryonic mor-
tality and the creation of transgenerational epigenetic
risks for the offspring. Assessing reproductive function
through the lens of the Five Domains model confirms
its significance as one of the sensitive biological in-
dicators of an animal’s psycho-emotional and locomo-
tor state. Disruptions in the domains of nutrition, the
physical environment, health and behavioural autono-
my translate into negative mental states (anxiety, pain,

systems and methods of separating mothers from their
offspring can have both positive and undesirable con-
sequences for the animals’ health, behaviour and adap-
tation; thus, no single form of contact can be considered
universally optimal without taking specific operational
conditions into account. The proposed conceptual mod-
el is based primarily on evidence from the dairy cattle
sector, where the interrelationships between housing
conditions, stress, physiological and behavioural re-
sponses, reproductive function and welfare have been
studied most comprehensively. At the same time, its
structural and logical framework is based on general
biological principles, which creates the conditions for
adaptation to other species and livestock systems. Such
interspecies extrapolation is conceptual in nature and
requires separate empirical verification.

Prospects for further research lie in the experimen-
tal validation of the proposed conceptual model and
the identification of quantitative relationships between
indicators of welfare, stress, physiological status, behav-
iour and reproductive function. Of particular promise
is the development of integrated systems for the early
prediction of reproductive disorders based on a combi-
nation of clinical, hormonal, metabolic, behavioural and
digital indicators. Further research should also identify
specific threshold values and validated combinations of
indicators for different species and production systems,
as well as evaluate the effectiveness of such systems
in long-term field studies. This will enable a transition
from a conceptual model to a practically validated tool
for monitoring reproductive welfare and supporting
management decisions in sustainable livestock farming.
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AHoTauia. CyvacHe rnobanbHe TBApMHHWMLTBO nepebyBae nig BNAMBOM TPaHCHOPMALLIAHUX 3MiH, 3yMOBEHMUX
HeobXiOHICTIO BNPOBAMKEHHS KOHLEMNUi CTanoro po3BMTKY, ETMYHOIO roCnofapitoBaHHS Ta BMCOKMX CTaHAAPTIB
[06po6yTy TBApWH. TpUBaNuiA Yac y 300TEXHIYHIM Hayui Ta NpaKTWULi PenpomYKTUBHI MOKA3HUKM OLLIHIOBANMUCS
nepeBaXKHO KPi3b NPU3MYy €KOHOMIYHOI edeKTUBHOCTI Ta iHTeHCM@iKaLii BUpOOHMUTBA, TOAI SK IXHE 3HAYEHHS SK
OOHOr0 3 NOKasHWKiB BionoriyHoro, i3ioNoriYHOro Ta NCMXOEMOLIMHOIO CTaHy TBAPWMH 3a/IMILANOCA HEeJOCTaTHbO
pO3KpUTUM. MeToK LOCNiAXeHHS Byno TeopeTMyHe 06I'pYHTYBaHHA Ta po3pobKa LiNiCHOT KOHLEeNTyanbHoi Mogeni
BiATBOPEHHSA 9K K/HOUYOBOI CKNaf0Boi LO06pO6YTY CiNbCbKOroCcnoaapCbkux TBAPUH A1 3a6e3neyeHHs LOBroCcTpOKOBOI
CTiIMKOCTI TBAPMHHMLBKOI ranysi. MeTogonoris poboTi 6asyBanacs Ha 3aCTOCYBaHHI CMCTEMHO-CTPYKTYPHOIO aHanisy,
HayKOBOrO y3arasbHEHHS, NOPIBHAHHSA T8 KOHLLENTYyanbHOro MOAENOBAHHS pe3ynbTaTiB Cy4acHMX QyHOaMeHTanbHUX
i NpUKNagHUX AOCNIOKEHD, iHOEKCOBAHMX Y HayKOMETpUUYHKUX Ba3ax aaHux Scopus Ta Web of Science. Y pe3synbrari
[OCNIAKEHHS AEeTani30BaHO HEMpPOEHAOKPUHHI Ta (i3ioN0riYHi MexaHi3Mu MPUTHIYeHHS penpoayKTUBHOI QYHKLUi
nig4 BM/JMBOM TEXHOMOFYHOrO Ta CEPeAOBMLLHOIO CTPecy, BMKAMKAHOrO akTMBALIEK rinoTanamo-rinodisapHo-
HagHUPHMKOBOI OCi Ta MNiABMILEHHAM piBHA KOpTM301y. BCTAHOBNEHO MpPUYMHHO-HACNIAKOBI 3BA3KM MiX
NOPYLEHHIMW YMOB YTPUMAHHS, XPOHIYHUM CTPECOM Ta 3aTPUMKOK BiJHOBMIEHHS CTAaTeBOI UMKIIYHOCTI nicng
poais. O6rpyHTOBaHO 3HAYEHHS peani3aLii NpUpoaHOT PENPOAYKTUBHOT Ta MAaTEPUHCHKOI MOBEAIHKM 9K BAXK/IMBOIO
iHOMKaTopa GOpMYBaHHS NO3UTUBHOMO €MOLLIMHOrO CTaHy TBapUH Y KOHTEKCTI cyyacHoi Mogeni «[19Tn foMeHiB».
CchopMOBaHO KOHLENTYaNbHY paMky, WO iHTErpye napaMeTpu penpoayKTMBHOIO 340pOB'A, MOBEAIHKOBI peakLii Ta
TEXHOMOTIYHI YUHHUKM Y EAMHY CUCTEMY OLHKM 006p0o6yTy. [TpakTUYHE 3HAYEHHS OAEPXKAHMUX pPe3yNbTaTiB Nonarae
y po3pobui HaykoBO 06rpyHTOBaHMX NiAXOAIB A0 aAanTaLii TEXHONOTIYHMX NPOLLECiB Y TBAPMHHULTBI, LLO A€ 3MOTY
e(PEeKTMBHO MOEAHATU BUCOKMI piBEHb A0O6pOBYTY TBAPMH i3 IXHbOK BiATBOPHOK 34aTHICTIO Ta LOBrOCTPOKOBOH
€KOHOMIYHOI0 eeKTUBHICTIO rOCNOAAPIOBAHHS

KntouoBi cnoBa: penpoayKTMBHE 340pOB'A; MOAENb MATU AOMEHIB; TEXHONOrIYHUIA CTPeC; MaTepMHCbKa MOBEAIHKA;
disionorivyHa CTivKicTb
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