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To enhance productivity and welfare of individual animals maintained as a group,
management based on individual behavioral tendencies is essential, which requires
individual monitoring of animal behavior. Several behavior monitoring systems are
currently available to livestock producers. The data obtained from these systems
are analyzed to detect significantly high or low frequencies or intensities of behavior
associated with estrus, calving and poor health conditions based on thresholds or
past trends of the monitored individual. However, because behavior under grazing
is more complex and changeable than under confinement, behavioral symptoms are
more difficult to detect, and on-farm monitoring of individual animal behavior has been
less validated and utilized in grazing systems. Nevertheless, individual monitoring of all
animals in a herd is more feasible and cost-effective in small-scale intensive grazing
systems because these systems pursue high productivity at the individual level with
smaller herd size than large-scale extensive systems. Individually tailored management
to enhance productivity and welfare will be possible by focusing on inter-individual
differences in behavior within a herd. Behavior of an individual can be analyzed and
understood in more detail by comparing it with those of the herd mates. Higher or
lower levels of specific activities than the other animals can be associated with health
disorders, temporal changes in physiological states, or productivity- or welfare-related
traits. More sensitive monitoring and detection of behavioral responses of individuals to
changes in nutritional, physical and social environments will lead to more efficient and
welfare-conscious management that better meets the needs of individuals.
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IMPORTANCE OF INDIVIDUAL MONITORING OF ANIMAL
BEHAVIOR

Behavior of animals maintained as a group such as cattle has often been represented as an average
of the herd, and the average has been used to aid management as an indicator of external and/or
internal environments of animals. In grazing systems, for example, decreased daily grazing time
under extended stocking in a paddock, as a possible indicator of depleting forage availability, can be
used to assess the need for supplementary feeding or switching to a new paddock. Prolonged resting
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time during the summer days, as an indicator of heat stress,
can be a consideration for modification of the access time to
pasture. However, individual animals exhibit different behavioral
tendencies due to differences in traits such as age, sex, body
size, physiological and emotional states, social dominance,
past experiences and personality. Hence, management based
on the average behavior does not equally benefit all animals
in the herd and may even negatively affect animals biased
from the average (Richter and Hintze, 2019). To enhance
productivity and welfare of individual animals, individually
tailored management based on individual behavioral tendencies
is essential, which in turn requires individual monitoring of
animal behavior. Technological advances and cost reductions
in sensor use are making it feasible to constantly and precisely
monitor behavior of individual animals in a herd with minimal
interference. In this mini-review, we aimed at (1) briefly
reviewing current situation of commercially available monitoring
systems of animal behavior and (2) assessing prospects and
challenges for individual monitoring of behavior to enhance
productivity and welfare of animals, with particular reference to
small-scale intensive cattle grazing systems. Here, “small-scale
intensive grazing systems” refer to the systems in which fenced
sward paddocks are rotationally or seasonally grazed by some
hundreds of animals or less according to forage availability,
while pursuing high productivity at the individual level, as
distinct from pastoralism systems on rangelands covering
the landscape.

CURRENT SITUATION OF
COMMERCIALLY AVAILABLE
MONITORING SYSTEMS OF ANIMAL
BEHAVIOR

Several monitoring systems of individual animal behavior
are currently available to livestock producers. These systems
generally include wearable devices to mount on animals,
terminals to remotely collect data from the devices and
applications to see and manage behavioral data on smart
devices. In cattle production systems, devices including three-
axis accelerometers (with additional sensors) to mount on the
neck [e.g., Farmnote® (Farmnote Holdings Inc., 2020) and U-
motion® (Desamis Co. Ltd., 2020)], an ear [CowManager®
(CowManager, 2020)] or a hind leg [CowAleart® (IceRobotics
Ltd., 2020)] of an animal are currently most popular because
data on static and dynamic acceleration can respectively provide
information on angles and movements to classify the posture
and behavior of the animal (Andriamandroso et al., 2017).
Information on daily activity patterns (time spent feeding,
ruminating, resting, drinking, etc.) and activity intensities or
step counts can be obtained from these systems. The time-series
behavioral data are analyzed to detect significantly high or low
frequencies or intensities of behavioral variables associated with
estrus (Valenza et al., 2012), calving (Saint-Dizier and Chastant-
Maillard, 2015) and poor health conditions such as lameness
(Thorup et al., 2015) and dysstasia (difficulty in standing) based
on thresholds or past trends of the monitored individual. The

behavioral information is useful to avoid missing the timing
of artificial insemination, to decrease accidents at calving (e.g.,
fetal death due to dystocia) and to find and treat health
disorders in early stages, and thus can reduce economic loss
and enhance management efliciency. Despite the recent spread
into various systems (cow-calf or fattening of beef, or dairy), on-
farm monitoring of individual cattle behavior has been primarily
validated and utilized in confinement systems such as free-stall
barns, with much fewer uses in grazing systems (Jaeger et al.,
2019).

PROSPECTS AND CHALLENGES FOR
GRAZING MANAGEMENT BASED ON
INDIVIDUAL ANIMAL BEHAVIOR

Behavior under grazing is more complex and changeable than
that under confinement because animals adapt their behavior
to their ever-changing environments such as sward and weather
conditions. Therefore, behavioral symptoms are more difficult
to detect under grazing (Kamphuis et al., 2012). Nevertheless,
individual monitoring of all animals in a herd is more feasible and
cost-effective in small-scale intensive grazing systems because
these systems pursue high productivity at the individual level
with smaller herd size than large-scale extensive systems. Data
transfer from animal-mounted devices to a terminal is also
easier in small-scale systems because animals visit a fixed place
such as a barn every day. Information on continuous individual
animal behavior around the clock can be much more detailed
than a single manual inspection per day, and to some extent,
but not completely, it can replace manual labor to monitor
animals, thus saving time and money (Herlin et al., 2021).
In addition, although daily visual observations or milk yield
and quality information can help managers to notice clear
abnormalities or clinical signs such as lameness or mastitis,
behavioral monitoring has a potential to capture minor changes
in individuals and early signs of abnormality. The current
financial constraints on the introduction of the systems will
be acceleratingly reduced through a cycle of further increasing
production and decreasing prices along with the widespread
use. In the near future, the monitoring systems of behavior are
expected to be adopted widely in small-scale intensive grazing
systems, and producers will be able to know daily behavior of
all of their animals. What findings and benefits for enhancement
of productivity and welfare of animals can be gained from
individual monitoring of behavior in small-scale intensive
grazing systems?

Even though behavior under grazing is complex and
changeable, individually tailored management to enhance
productivity and welfare will be possible by focusing on inter-
individual differences in behavior within a herd. Behavior of an
individual within a herd can be analyzed and understood in
more detail by comparing the time-series data of the individual
with those of the herd mates. Through the improved detection
algorithms, a behavioral change in an individual can be judged
as a change deviated from the herd mates (Figure1lA) or
synchronized with them (Figure 1B). Even if an individual
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FIGURE 1 | Schematic diagrams of comparison of time-series behavioral data
between an animal (solid lines) and the herd mates (dotted lines). By
comparing individual behavior with those of the herd mates, a behavioral
change in an individual can be judged as a change deviated from the herd
mates (A) or synchronized with them (B). Even if an individual maintains
behavioral stability, the animal can be detected as an outlier when a difference
from the herd mates is generated (C) or maintained (D). The comparison can
also detect an animal that behaves differently from the herd mates but not as
distinctly as an outlier (E-H).

maintains behavioral stability, the animal can be detected as
an outlier when a difference from the herd mates is generated
(Figure 1C) or maintained (Figure 1D). The comparison can
also detect an animal that behaves differently from the herd
mates but not as distinctly as an outlier (e.g. Figures 1IE-H).
Higher or lower levels of specific activities in an animal than
the others can be associated with health disorders, temporal
changes in physiological states or higher or lower behavioral
responsiveness to the environment (behavioral plasticity; Biro
and Adriaenssens, 2013). Longer time spent grazing by an animal
than the herd mates may be suspected as a temporal negative
energy balance (Matthews et al, 2012). Although such cases
are often seen in cows in early lactation stages, such animals
may lose their body weights and conditions, which results in
reproductive inefficiency and temporary deprivation of freedom
from hunger, one of the Five Freedoms (Farm Animal Welfare
Council, 1993). Temporary isolation of such animals from the
herd and intensive treatment may mitigate the negative energy
balance. Individually tailored supplemental feeding according
to each animal behavior is also effective if feeders that can
identify individuals are available. However, efficient management
methods for individual animals kept mainly on pasture need to
be developed in the future. Health alarms based on the outlier
detection of a few behavioral indicators may lead to a high
number of false positive alerts, as with the detection models
based on thresholds (Brassel et al., 2019). Data collected from
various automatic recording technologies need to be processed
and integrated into a single outcome of animal production or
welfare (which is easy to understand by the consumer) (Stygar
et al., 2021). Further research is required to develop methods
to effectively combine multiple behavioral indicators with each
other and with physiological indicators obtained from milking
robots and other sources and to integrate different analytical

algorithms (threshold-based detection and comparison within
a herd).

Consistently higher or lower tendency of behavioral variable
values over a long period (e.g., years) can be related with less
changeable individual traits such as personality (Figure 1D).
Owing to increasing interests in animal personality and similar
concepts such as temperament, behavioral syndrome and coping
style, the relationships of behavioral consistency with fitness
(Smith and Blumstein, 2008) and energy metabolism (Biro and
Stamps, 2010), which support growth, survival and breeding
success of individuals, have been investigated and discussed for
various species of animals. Cattle personality has been found to
be associated with productivity-related traits [e.g., weight gain
(Petherick et al.,, 2009), feed conversion efficiency (Gregorini
et al, 2015), days from calving to body weight nadir, calf
weaning weight (Wesley et al, 2012), carcass quality (Hall
et al., 2011), and milk and fat yield (Jaeger et al., 2019)] and
welfare-related traits [e.g., body condition score as a measure
of hunger (Matthews et al., 2012) and somatic cell count as
a measure of udder health (Jaeger et al., 2019)]. Since several
personality traits are heritable (Garcia et al., 2020), application
of the associations to breeding programs of a herd by selecting
animals that have more productive and adaptive personality traits
may enhance productivity and welfare of animals. However,
this idea is still controversial because the risks along with
reduced variation of behavioral traits are still unknown (Richter
and Hintze, 2019). Because past experience affects individual
behavioral traits, giving opportunities to gain desirable behavioral
traits during development can enhance lifetime productivity
(Mulliniks et al., 2016) and welfare (Richter and Hintze, 2019)
of animals. Further research is warranted for the relationships
of personality with productivity- and welfare-related traits of
individual animals.

Incorporation of GPS into the monitoring systems can
provide valuable information on movement and spatial
distribution of individual animals under grazing (Bailey
et al, 2018). Traveling distance can be used as a proxy of
energy expenditure (Brosh et al, 2006). Spatial distribution
can be related with exploration-avoidance dimensions of
livestock temperaments (Wesley et al., 2012). Inter-individual
positional relations such as distance from herd mates and spatial
position relative to herd movement that can be calculated
from GPS data can provide information on sociability,
leadership and dominance of individuals (Sarova et al,
2010).

More sensitive monitoring and detection of behavioral
responses of individuals to changes in nutritional, physical and
social environments will lead to more efficient and welfare-
conscious management that better meets the needs of individuals
in small-scale intensive grazing systems.
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