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ADAPTIVE CAPACITY OF CATTLE UNDER
INTENSIVE PRODUCTION: FROM ENVIRONMENTAL
STRESS TO PRECISION MONITORING

The intensification of cattle production has substantially increased animal
productivity but has simultaneously increased the importance of maintaining physiological
adaptation under changing technological and environmental conditions. High-producing
cattle are exposed to a combination of factors associated with housing, feeding,
microclimate, herd management, and production intensity. Their ability to maintain
physiological stability and productive performance under these conditions is therefore an
important component of sustainable herd management.

This issue is particularly relevant in intensive dairy farming, where technological
systems are primarily designed to support high productivity. However, production
efficiency depends not only on milk output but also on the ability of animals to maintain
health and functional stability over time. Previous studies in Holstein cattle have shown
that housing and technological conditions can influence both adaptation to industrial milk
production and the duration of productive use [3, 6]. Thus, the biological response of
animals should be considered alongside conventional production indicators when
evaluating the effectiveness of management systems.

Environmental conditions represent an important component of this interaction.
Even in modern cattle facilities, temperature and relative humidity vary considerably
throughout the year and may alter the thermal load experienced by animals. The
temperature-humidity index provides an integrated means of characterising these
conditions and identifying periods of potentially increased thermal challenge [5].
However, environmental indices describe exposure rather than the actual biological
response of an individual animal. Consequently, assessment of the production
environment should be complemented by animal-based indicators.

Physiological biomarkers provide one approach to such assessment. Changes in
blood serum cortisol have been demonstrated in dairy cows exposed to heat stress,
reflecting activation of physiological mechanisms involved in the response to adverse
thermal conditions [4]. At the same time, animals exposed to similar external conditions
may differ considerably in their stress responsiveness. Research in breeding bulls has
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demonstrated differences in morphometric and histological characteristics of the testes and
sperm production between animals with different reactions to stress [1]. These findings
support the broader concept that individual stress responsiveness may be associated with
biologically and economically important functions.

The existence of individual variability also highlights a limitation of periodic
environmental and laboratory measurements. Such measurements provide valuable
information but reflect only particular stages of a continuously changing interaction
between the animal and its environment. Adaptive responses may develop between
scheduled examinations, creating a need for indicators that can be monitored more
frequently under commercial conditions.

Precision livestock technologies provide new opportunities in this respect.
Behavioural characteristics can be recorded continuously and may provide additional
information about changes in the functional state of individual animals. In particular, new
approaches to recording rumination behaviour in dairy cows demonstrate the potential of
sensor-based systems for obtaining objective data under production conditions [2].
Continuous behavioural monitoring can therefore complement environmental and
physiological measurements without replacing either of them.

The combination of these approaches creates a logical sequence for assessing
adaptive capacity. Environmental monitoring identifies potentially challenging conditions,
behavioural indicators reflect changes in the animal's functional response, while
physiological biomarkers provide information on internal biological changes. This is
particularly important because successful adaptation does not imply the absence of
physiological responses. Rather, it reflects the ability of the organism to adjust its
regulatory processes while maintaining health and productive function.

Such an approach also corresponds to the transition from conventional herd-level
assessment towards precision livestock management. Average herd characteristics may
conceal considerable individual variability, whereas continuous animal-based monitoring
allows changes to be identified at the level of individual cows. Integrating these
observations with information on environmental conditions may therefore improve the
early recognition of periods when adaptive demands increase and more detailed
physiological assessment is warranted.

The practical relevance of this concept extends beyond short-term responses to
environmental stress. Housing and technological conditions are associated with the
duration of productive use of Holstein cows [6], while successful adaptation remains an
important prerequisite for maintaining high productivity under intensive production
systems [3]. Therefore, monitoring adaptive capacity may contribute not only to the
detection of immediate responses to environmental challenges but also to management
strategies aimed at preserving health, reproductive function, and productive longevity.

In conclusion, adaptive capacity of cattle under intensive production should be
assessed through complementary environmental and animal-based indicators. The
integration of microclimate assessment, physiological biomarkers, and precision
monitoring of behaviour provides a framework for evaluating both environmental
exposure and the biological response of animals. Such an approach may support earlier
identification of increased adaptive demands and facilitate management decisions aimed
at maintaining animal health, welfare, reproductive function, and long-term productivity.
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