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Abstract

Locomotor activity contributes to the fitness and physiological stability of dairy cows and is a key indicator of animal welfare.
Modern barn design should therefore aim to promote cow movement. A central question is whether such activity-promoting envi-
ronments require entirely new construction or whether existing barns can be effectively converted to meet current welfare standards.
This observational study investigates the structural and technical factors influencing cow activity under practical farming conditions.
Data were collected on 18 commercial dairy farms in Baden-Wiirttemberg, Germany, of which six featured converted existing facil-
ities and twelve newly constructed barns between 2018 and 2022. Cow activity was measured using ALT pedometers (Holz,
Falkenhagen, Germany) over 56 measurement periods from 2020 to 2022. A total of 633 cows were monitored, yielding 24,202 daily
activity records. Activity pulses were analyzed using a linear mixed-effects model accounting for repeated measures and hierarchical
data structure. The results showed no significant differences in locomotor activity between cows housed in newly built versus con-
verted barns. Similarly, no significant effect was observed for floor type (slatted vs flat). In contrast, pasture access, month of mea-
surement, milking system, parity, and days in milk significantly influenced activity levels. Cows with pasture access displayed the
highest activity, and seasonal effects pointed to environmental influences. Two farms exhibited markedly elevated activity: presum-
ably one due to long distances to pasture, the other due to feed presentation via an external hayrack — highlighting the impact of
specific management features. Contrary to earlier research, rubber flooring did not significantly affect activity. This may be
explained by the widespread use of rubber flooring (on average 80% coverage) across nearly all farms, which reduced variability.
Herd size and milk yield also showed no significant effect, likely due to the use of automated feeding systems reducing the need to
walk for feed. While causal conclusions are limited by the non-randomized study design, the results suggest that well-executed barn
conversions can offer locomotor opportunities equivalent to those of new buildings. This supports the view that modern conversions
can be a resource-efficient and welfare-compatible solution for updating dairy housing. The findings provide a valuable evidence

base for structural planning and policy development in sustainable dairy farming.
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Introduction

Movement opportunities contribute significantly to the overall
fitness and welfare of dairy cows (Shepley et al., 2020). Exercise
improves homeostasis by increasing red blood cell counts and
reducing plasma lactate (Blake er al., 1982; Davidson and Beede,
2003, 2009). It lowers NEFA levels, mitigating metabolic risks
(Adewuyi et al., 2006), and prevents ketosis through ketone
metabolism (Buer et al., 2016). Trained cows show improved car-
diovascular function (Davidson and Beede, 2003; Blake er al.,
1982). Efficient claw mechanism supports blood circulation and
horn formation, while poor nutrient delivery to the vascularized
epidermis impairs horn quality (Giinther, 1991; Greenough, 2007;
Miilling and Budras, 1998; Maierl and Miilling, 2004).

The locomotor patterns exhibited by dairy cows are character-
ized by individual consistency, reflecting both their physiological
state and the strategies they employ to cope (Miiller and Schrader,
2005; Wierig et al., 2019). While the overall activity of the herd is
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shaped by management routines, individual behavior varies
depending on factors such as parity, lactation stage, and health sta-
tus, particularly lameness (Brzozowska et al., 2014; Thorup et al.,
2015; Ji et al., 2021; Kok et al., 2023). Hut et al. (2022) showed
that behavioral time budgets for eating, lying, standing, walking,
and rumination differ significantly by parity and lactation stage,
with primiparous cows exhibiting reduced lying and increased
standing and walking postpartum. Farm management also affected
activity, as cows on conventional milking systems with pasture
access spent more time walking and standing and less time lying
than those on automatic milking systems without pasture. All cows
displayed a consistent circadian rhythm, characterized by greater
daytime activity and nighttime rest, with primiparous cows walk-
ing more during the day than multiparous cows. These patterns
correspond with findings by Maselyne et al. (2017), who reported
a steep decline in lying time until four weeks postpartum, followed
by a gradual increase, reflected similarly in motion index and step
frequency. While Miiller and Schrader (2005) found little impact
of ambient temperature and light on cow activity, other studies
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show seasonal effects, with reduced activity in winter, suggesting
behavioral thermoregulation (Brzozowska et al., 2014) and
increased standing during heat stress, especially in afternoons
(Heinicke et al., 2017). According to Abeni and Galli (2016), a
higher temperature-humidity index (THI) is associated with
increased cow activity, suggesting that it could be used as an early
indicator of heat stress.

Several factors are known that influence exercise of dairy
cows. When given the choice between pasture and indoor housing,
cows show a preference for pasture, particularly at night (Arnott et
al., 2017; Legrand et al., 2009). Pasture access significantly
increases the locomotor activity in dairy cows compared to loose
housing (Bleuler, 1981; Krohn et al., 1992; Brade 2001; Crump et
al.,2019; Benz et al., 2020; Shepley et al., 2020; Hut et al., 2022).
Shepley et al. (2020) observed increased overall activity and
behavioral variability during summer pasture access, with pasture
visits positively correlating with indoor movement.

Rubber flooring has been designed to replicate the softness of
pasture (Benz, 2002; Telezhenko and Bergsten, 2005), as
deformable surfaces are better able to accommodate anatomical
and biomechanical requirements (Keller ez al., 2009; Schmid et al.,
2009). In comparison with concrete slats, the utilization of rubber
flooring has been demonstrated to enhance claw health and encour-
age natural behaviors (Benz, 2002). However, it has been observed
that cattle tend to move more rapidly across rubber than concrete
flooring surfaces, as evidenced by numerous studies (Telezhenko
and Bergsten, 2005; Flower et al., 2007; Alsaaod et al., 2017).
Furthermore, it has been demonstrated that rubber flooring sur-
faces are associated with elevated levels of activity in cattle (Platz
et al., 2008; Jungbluth ez al., 2003; Flower et al., 2007). Providing
1.85 m of rubber flooring in front of the feed bunk increased the
time cows spent standing without eating on the rubber surface, and
also led to a slight increase in total standing time elsewhere in the
pen (Fregonesi et al., 2004).

Space availability influences cow activity, with increased
space stimulating locomotor activity (Jensen, 1999; Telezhenko et
al., 2012). High stocking density reduces activity due to restricted
space and social stress (Estevez et al., 2007). Activity also depends
on parity, lactation stage, health, and social integration (Miiller and
Schrader, 2005; Davidson and Beede, 2009; Hut et al., 2022;
Hasenpusch, 2023). Contemporary dairy housing systems are pro-
gressively designed to incorporate the aforementioned factors,
including access to pasture, deformable walking surfaces (e.g.,
rubber flooring), sufficient space allowance, and management
practices that account for parity, lactation stage, and social dynam-
ics. However, the extent to which such conditions can be replicated
in converted barns, where structural constraints may limit design
flexibility, remains uncertain. The central question that emerges
from this study is whether barn conversions can offer dairy cows
comparable locomotion opportunities to those found in purpose-
built, modern housing systems.

This observational study compares the activity data of cows
from six converted barns and twelve newly constructed barns. The
farms exhibited a high level of structural and technical standards,
as evidenced by the prevalence of rubber flooring in walking areas
and the near-universal installation of elevated feedstalls with feed-
ing place dividers. The objective of this analysis is to determine
whether a barn conversion can provide cows with movement
opportunities comparable to those available in a new barn con-
struction.

OPEN 8RCCESS

Materials and Methods

Survey data collection was carried out in 18 dairy cow farms
in Baden-Wiirttemberg, in southern Germany. The herd size
ranged between 38 and 240 cows, which is typical for family-run
farms in south-west Germany. With an area of 35,751 square kilo-
meters, Baden-Wiirttemberg is the third largest German federal
state, located in the southwest of Germany. There are approximate-
ly 5,000 dairy farms in Baden-Wiirttemberg with a total of 300,000
dairy cows. The farms were spread across Baden-Wiirttemberg in
different geographical regions and climate zones (Figure 1).

At each farm, the barn was either newly built or converted
between 2018 and 2022 as part of the EIP Agri Project “Bauen in
der Rinderhaltung in Baden-Wiirttemberg”. The project aimed to
reconcile the conflicting objectives of animal welfare and environ-
mental protection by implementing combinations of structural and
technical solutions to reduce ammonia emissions on practical
farms, while also testing these solutions for functional safety.

The farmers at each farm were required to make structural-
technical contributions in the fields of optimizing animal welfare,
reducing ammonia emissions and sustainability. In the area of
ammonia emission reduction, the main objective was to reduce the
amount of soiled, i.e., emission-active, surfaces and to minimize
the contact time between feces and urine on the remaining soiled
surfaces and to clean them effectively. As a result, feeding places
on 17 farms were designed as elevated feedstalls with dividers.
The remaining farm with a slatted floor had feeding place dividers
without platforms (farm C2). On 16 farms, emission-reducing rub-
ber flooring was used at least in the feeding alley, as this was
assumed to have the greatest effect on ammonia emission reduc-
tion and claw health (Benz ef al., 2024). One farm used an auto-
mated system to distribute straw on the alleys (farm C4).
Excluding this particular instance, in which walking surfaces were
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Figure 1. Distribution of sampled farms across the whole of
Baden-Wiirttemberg in different geographical regions and climate
zone. Blue, farms with converted barns; black, farms with new
barns.
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somewhat deformable due to the straw bedding, the average pro-
portion of rubber-covered walking area across the remaining 17
farms was 80%. Ten farms used an automatic milking system
(AMS), with one farm switching from parlor milking to AMS
within the study period (farm C2). Summer grazing was practiced
on seven farms, with one farm providing grazing in the form of
“exercise pasture” with feed provided in the barn (farm N6). Eight
farms had attached exercise yards, and a further two had integrated
exercise yards (farms N6 and N7). Barns were categorized into
converted and newly built barns. The definition of a barn construc-
tion project as a conversion was determined by the utilization of
more than 50% of the functional areas comprising lying, feeding
and milking (including the waiting area, each calculated at 50%) of
an existing barn (Table 1).

The categorization of Farm N12 as a new building was deter-
mined by the fact that only 39% of the functional areas were uti-
lized in the existing building, with 38% of lying and 28% of feed-
ing occurring in the old building. The primary determining factor
in this case was the location of the waiting area, which was situated
in the new building. Consequently, only 50% of the milking area
was considered in the calculation.

The calculation of the walking area per cow was based exclu-
sively on the area where cows could actually walk, i.e., excluding
the areas of cubicles and feedstalls. One of the farms was a com-
post-bedded barn with elevated feedstalls. In this case, the lying

ed in the feeding alleys, which are typically equipped with yielding
rubber mats. In addition, in both, the new buildings and the con-
version projects, the feed pens were designed as elevated feed
stalls with feed pen dividers at least every second feed pen. The
cubicles were all 1.2 to 1.25 meters wide, with facing cubicles at
least 5 to 5.30 meters long and cubicles against a wall 2.7 to 3
meters long. A well-designed indoor climate control concept was
consistently implemented throughout. Fans and/or roof or wall
openings were installed in some places to assist with air exchange.
The subsequent images offer a visual representation of the con-
struction methods employed in the converted barns (Figure 2).

Measurement technology; data collection and
evaluation

ALT pedometers (Holz, Falkenhagen, Germany) were used to
measure activity. The pedometers were configured to record step
activity in the form of activity pulses at a rate of 70 records per sec-
ond. It should be noted that the ALT pedometers used in this study
provided activity pulses and not activity time. The devices were
attached to the left forefoot, positioned on the front of the fetlock

Table 1. Definition of a conversion project by utilization of > 50%
of the functional areas of the existing building.
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Table 3. Floor plans with color-coded functional areas.
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C, conversion; N, new building; red frame, existing building; EY, exercise yard; iEY, integrated exercise yard (both in red); green feeding table; light green elevated feedstalls.
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with the engraved triangle facing down to ensure correct orienta-
tion. Dairy cows were randomly selected in advance from a list of
all cows at a specific farm. Cows that were lame or in poor health
were excluded from the study. Between 15 and 20 animals were
selected per period, but data were partly lost due to technical prob-
lems. This meant that a single measurement period resulted in data
sets with a smaller number of animals than originally planned. For
organizational reasons, the recording period length varied. This
was simply due to the need for staff to be available and for the
farmer to have time to help with the application and removal of the
pedometers.

The pedometers recorded ankle temperature, stride activity and
lying times (both lateral and sternal) at a fixed 60-min interval with
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sensitivity level 9 set according to the manufacturer’s recommen-
dations. This sensitivity level was chosen to ensure reliable step
detection while minimizing false activity signals. It was considered
optimal based on the floor conditions (e.g., proportion of rubber-
covered walking area) and prior testing and provided an appropri-
ate balance between detection accuracy and false signal reduction.
Activity values were then summed up to daily values.

Data was transmitted wirelessly via a modem and stored in an
SQL database for further processing. The system consisted of three
components: a pedometer logger; a modem with a PC connection;
and communications software that enabled automated data
retrieval and analysis. A total of 56 periods across 18 farms were
observed between 2020 and 2022 (Figure 3). Pedometer data on
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Figure 2. Illustration of the six converted barns, including information about e.g., walking surfaces, feeding pens, feeding systems.
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daily activity measures were available from 18 farms with a total
sample of 633 dairy cows. Some cows were measured in two peri-
ods resulting in 697 cow-by-period combinations. In each cow-by-
period, data were repeatedly measured for up to 190 days. Data
with unexpected high and low activity values smaller than 50% or
larger than 200% of the mean activity per cow-by-period were
deleted. Values larger than twice the mean normally indicated heat
behavior. Values lower than expected occurred at the first day of
measurement or are caused by technical problems. In the latter, this
often resulted in missing values on all following days.
Additionally, one cow was excluded because the day of calving
was not documented. Finally, a total of 24,202 out of 25,032 data-
points were used.

Statistical model

Data were analyzed using the following model:

Vijutmnopg = B+ o+ Y+ S +0; + igq . fm + Pmn F Cmno + ﬁ:xuﬂdmapq
+ BaXsijkimnopg + BaXaikimnopa + BaXaijkimnapq + BsXsijr
+ fgsxsmﬂnmcpu + 3i}klmnopq

WhETe ¥,1m0pg 18 the observation of cow o in lactation g observed
in period n of farm m with floor type 7, construction project j, pas-
ture £ at day p of month /, p is the intercept, o, is the fixed effect of
floor type , g; is the fixed effect of construction project j, O, is the
fixed effect of pasture k, 0, is the fixed effect of month /, 8, is the
fixed effect of lactation ¢, f,,, p,.» and c,,,,, are the random effects
of farm m, period n within farm m and cow o within period and
farm, B, (x = 1 to 6) are the slope parameters for herd size
(X1 ktmnopg)> ALK Yield (X5j0p4)> AT€R PET COW (X354/m0pg)> PTOPOTtiION
of rubber-covered walking area (Xyyopq)> day in mMilk (Xs;imu0p0)»
and total area (Xgjumuopg)> ANA €jjpgpq 18 the €rror of Vyyimop,- The
random effects p,,, and c,,,, accounts for the hierarchical sampling
and therefore for the repeated measures data structure of periods
and cows, respectively. Error effects within a farm-by-period-by-
cow combination were allowed to be temporary autocorrelated
with a first order autoregressive variance-covariance structure.
However, fitting both a constant covariance via c,,, and a first
order autoregression resulted in close to zero variance of cow
effects and a bounded covariance of 1. The latter means that the
covariance just captures the cow main effects. We therefore
dropped the autocorrelation and kept constant covariance. All
covariates were farm-specific and thus equal for all observations
from the farm. To fulfil pre-requisites of normal distributed and
homogeneous variance of residuals, data were logarithmically
transformed prior to analysis. If covariates were not significant,
they were dropped in the final model. This was the case for the
covariate herd size (p=0.4583), farm milk yield (p=0.4300), rubber
proportion (p=0.2468), area per cow (p=0.4093), and total area
(»=0.6851). Means were estimated in case of significant F tests.
These means were back-transformed for presentation purposes and
denoted as medians. Differences of adjusted means were back-
transformed and denoted as ratios. Standard errors were back-
transformed using the Delta method. Additionally, for the predic-
tive variables floor type and construction project an equivalence
test was performed. Means were considered as equivalent if their
difference was less than 15% (0.14 on the logarithmic scale).

The analysis was performed using the PROC MIXED proce-
dure in SAS. Variance component starting values as well as the
first order autoregression model was fitted using ASReml 4.2
stand-alone due to memory problems in SAS.
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Results

The results and figures presented below are based on model-
adjusted means and illustrate the effects of various fixed factors on
locomotor activity. The median activity of two of the analyzed
farms differed significantly from the average across all farms (farm
C4, p=0.0018; farm N8, p=0.0047). Overall, ten farms had activity
levels below the median (85-99%), while eight had activity levels
above the median (100-139%) (Figure 4). The characteristics of
the construction project (new build or conversion) and the floor
type (slatted or paved) had no significant impact on animal activi-
ty. Both showed equivalent activity levels, with differences of up
to 15% being considered as negligible. On the other hand, the fac-
tors pasture, month, milking system and lactation number showed
significant influences, as shown in Table 4.

Days in milk

There was a statistically significant negative effect of days in
milk on activity (0.02% per day), indicating a slight decrease in
activity with advancing lactation.

Floor type, milking system, grazing

The number of recorded activity impulses on paved floors was
slightly higher than on slatted floors (2%); however, the difference
was not statistically significant. Barns equipped with an automatic
milking system (AMS) showed significantly higher activity levels
(34%) compared to conventional milking parlors. Cows with pas-
ture access exhibited significantly higher activity (85%) than those
without access (Figure 5).

Months

From November to February, locomotor activity values were
12% below the 12-month mean, whereas the July to September
values were 29% higher (Figure 6).

Lactation number

Animals with higher lactation numbers showed decreasing
activity (Figure 7).

Discussion

This study is an observational study. It is not an experiment
where factor levels were randomly applied to farms. Therefore,
causal relationships cannot be inferred from the results of this

Table 4. Sources and p-values from analysis of variance table for
the factors pasture, construction project, floor type, month, milking
system, parity and days in milk on cow activity; p-values corre-
sponding to significant F-tests are in bold.

Effect p

Pasture (yes/no) <0.001
Construction project (conversion/new build) 0.5061
Floor type (slatted/level) 0.2448
Month <0.001
Milking system (milking parlor/AMS) 0.0016
Lactation number <0.001
Days in milk 0.0034
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study alone. It is fundamentally possible, for example, that the
newly built and converted barns differ systematically with regard
to a third variable that is not considered by our model.
Furthermore, the study does not show that activity was increased
due to building new or converted barns, as activity data prior to
building barns were not available. Additionally, data were highly
correlated due to the repeated data structure. Our attempt was
therefore to include all possible variables known to influence cow
activity into the analysis and to account for the repeated data struc-
ture by fitting an appropriate model. However, we cannot rule out
that other factors may have influenced the results without being
considered in the model. The results of the study appear to be valid
due to good agreement with the results of already known experi-
ments and the large amount of data (633 cows, 24,202 data points,
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18 farms, three years of data). However, proof of causal relation-
ships requires experimental verification and interpretation of cur-
rent results needs to make carefully.

It is clear that physical activity as measured by our pedometers
is generally beneficial to the health of cows (Lamb et al., 1979;
Lamb et al., 1981; Blake et al., 1982; Giinther, 1991; Gustafson,
1993; Milling and Budras, 1998; Bleeke, 2003; Maierl and
Miilling, 2004; Adewuyi et al., 2006; Keil et al., 2006; Davidson
and Greenough, 2007; Buer et al., 2016). Although we were able
to identify key influencing factors, our study was not designed to
determine the optimal level of locomotor activity, which remains
an open question in dairy science.

Two of the farms showed observed activity levels that deviated
upwards by around 40%. The first is Farm C 4, an organic Demeter
farm located in the very south of Baden-Wiirttemberg. The animals
graze on pasture all day from spring to autumn, except on hot days,
where pasture was allowed only at night. Although median activity
is adjusted for the pasture effect, the increased activity for that
farm is plausible as cows from this farm also graze on more distant
areas, which automatically involves longer journeys. The higher
activity can therefore be explained by the intensive grazing and the
distances to the pastures.

The second farm with higher activity, Farm N8, does not offer
grazing, but incorporates a unique feature. In addition to the auto-
mated partial mixed feed ration, a hay rack was integrated adjacent
to the exercise yard. According to the farm manager, the hay rack
is frequented by the animals. Moreover, a higher proportion of
roughage in the ration leads to more activity (Mastellone et al.,
2022). As this barn was not operational until the spring of 2022, the
housing system was novel to the animals, and thus, there was a
short period of acclimation. It is also possible that collection bias
has distorted Farm N8 results. Unlike on the other farms, it was not
possible on Farm N8 to take repeated measurements in different
seasons. Data collection occurred mostly on warm days. Since it is
known that animal activity increases in hot weather (Heinicke et
al., 2017; Ramén-Moragues et al., 2021), this could also explain
the increased activity observed on Farm N8. While the study
reflects real-world housing conditions, the influence of tempera-
ture on cow activity could not be assessed, as no on-farm temper-
ature or humidity measurements were available.

An effect of herd size, total barn area, or walking area per cow
on locomotor activity could not be confirmed in our study, as none
of these factors showed a statistically significant influence. This
contrasts with findings by Telezhenko et al. (2012), who reported
that larger barns, typically associated with larger herds, promote
greater activity, independent of individual space allowance. In line
with their results, however, we also found that walking area per
cow had no measurable impact on activity levels.

This study found no statistically significant effect of rubber
flooring on cow locomotor activity. This finding is somewhat
counterintuitive given that the design of walking surfaces is widely
recognized as a key factor in influencing the locomotor activity of
dairy cows (Shepley et al., 2020). Rubber flooring provides a com-
fortable, deformable surface that aligns with the physiological
needs of cows (Keller ez al., 2009; Schmid et al., 2009) and has
been associated with increased activity levels in previous studies
(Benz, 2002; Jungbluth et al., 2003; Bendel, 2005; Flower et al.,
2007; Platz et al., 2008). However, the lack of a significant effect
in our data is likely due to the high prevalence of rubber flooring
across all of the study farms. On 16 out of 18 farms, rubber mats
had been installed in the feeding alley at least — an area of the barn
known to concentrate cow movement and activity (Shepley et al.,
2020). These installations were originally intended to reduce
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ammonia emissions, as the feeding alley is considered to offer the
greatest mitigation potential (Benz et al., 2024). The rubber mats
used featured urine-draining properties that further improved floor
hygiene and comfort. The yielding rubber flooring also supports
slip resistance. Deformation of the mats when weight is transferred
onto them can provide better traction and prevent initial slipping
after first contact (Telezhenko and Bergsten, 2005). Nearly 80% of
the total walking area across all farms was covered with rubber
mats. This narrow variation in flooring conditions likely intro-
duced a ceiling effect, making it difficult to detect statistically dis-
tinguishable differences in locomotor activity attributable to floor-
ing type. It can thus be assumed that the high proportion of rubber
flooring masked any possibility of observing a significant effect.

Furthermore, no significant influence of the average farm milk
yield on animal activity on farm level was found. The average
annual yield of the 18 farms was 8,600 kg, with moderate disper-
sion (coefficient of variation of 0.23). It is possible that finding no
significant influence of milk yield is related to the feeding system.
In eleven of the farms, an automatic milking system was used, in
which the individual concentrated feed was delivered. In the oth-
ers, an automatic feed pusher was used. If such systems were not
in place, animals with higher milk yields -and therefore receiving
more concentrate feed, as described by Mastellone et al. (2022)-
would be expected to show increased activity. This is likely due to
their greater nutritional demands and associated feeding behavior.
According to Oberschitzl-Kopp et al. (2016), feed presentation
frequency has a significant influence on activity, but that manage-
ment factor was not tracked separately in this study. However, all
participating farms had either an automated feeding system or an
automatic feed pusher. It seems reasonable to suggest that the
introduction of automated feeding systems has served to reduce the
necessity for cows to move more frequently in order to obtain their
feed. This has potentially contributed to a reduction in the antici-
pated discrepancies in activity levels across cows with disparate
milk yields.

In alignment with the findings of Bleuler (1981), Brade (2001),
Benz et al. (2020) and Crump (2019), this study demonstrated that
the pasture factor had a statistically significant influence on the
observed activity level. The activity level was observed to be
approximately twice as high on farms with grazing compared to
those without grazing.

The month when observations were taken was also influencing
activity. The period between July and September was characterized
by activity levels that exceeded the prevailing average by one-
third. This phenomenon is hypothesized to be due to higher tem-
peratures during these months, as shown by studies such as those
by Heinicke e al. (2017), Raméon-Moragues et al. (2021), and
Abeni and Galli (2016). Note that the given means were already
adjusted for pasture.

The study also observed a significant relationship between par-
ity and locomotor activity: the higher the parity, the lower the
activity. This is consistent with Hut es al. (2022), who report
markedly reduced lying time and increased standing and walking
in primiparous cows. These differences are attributed to a combi-
nation of physiological demands and social dynamics, such as
lower hierarchical status and more evasive behavior, which may
limit access to resting areas and increase locomotor activity.

Characteristics of the building project

This study focused on investigating differences between newly
built and converted barns. Of the 18 farms analyzed, 12 had built
new barns, while six had opted for a barn conversion. No signifi-
cant differences between new and conversion barns could be
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demonstrated. A possible limitation of the result could be the fact
that four of the barn conversions analyzed also offered access to
pasture, while this was only the case for three of the new buildings.
However, as already explained, the variable “pasture” (as well as
the month, milking system, and parity) was taken into account in
the statistical model and the mean values were adjusted according-
ly. The result can therefore be interpreted in the sense that a barn
conversion can create conditions for the activity of cows compara-
ble to those offered by a new building. An important equalizing
aspect in this study is the high proportion of rubber flooring on all
farms, as the design of the walking surface is considered to be a
key element for activity (Benz, 2002; Bendel, 2005; Platz et al.,
2008; Shepley et al., 2020).

Conclusions

This observational study, which included six barn conversions
and twelve newly constructed barns, found a non-significant dif-
ference in locomotor activity levels after accounting for factors
such as grazing opportunity, seasonality, milking system, parity
and days in milk. These results suggest that well-executed barn
conversions can provide movement opportunities that are compa-
rable to those of new constructions. However, given the limited
number of converted barns (n=6) relative to newly built barns
(n=12) in our survey, it is recommended that conclusions be drawn
with caution. Further research with experiments and/or larger sam-
ples is needed to confirm these findings and refine recommenda-
tions for optimal barn design.

References

Abeni F, Galli A, 2017. Monitoring cow activity and rumination
time for an early detection of heat stress in dairy cow. Int. J.
Biometeorol. 61:417-425.

Adewuyi AA, Roelofs JB, Gruys E, Toussaint MJM, Van
Eerdenburg FICM, 2006. Relationship of plasma nonesterified
fatty acids and walking activity in postpartum dairy cows. J.
Dairy Sci. 89:2977-2979.

Alsaaod M, Huber S, Beer G, Kohler P, Schiipbach-Regul, G,
Steiner A. 2017. Locomotion characteristics of dairy cows
walking on pasture and the effect of artificial flooring systems
on locomotion comfort. J. Dairy Sci. 100:8330-8337.

Arnott G, Ferris CP, O’Connell N. 20,17. Review: welfare of dairy
cows in continuously housed and pasture-based production
systems. Animal 11:261-273.

Bendel J, 2005. [Auswirkungen von elastischen Bodenbeldgen auf
das Verhalten von Milchrindern im Laufstall].[Inaugural
Dissertation in German]. Faculty of Veterinary Medicine,
Ludwig-Maximilian University, Munich.

Benz B, 2002. [Elastische Beldge fiir Betonspaltenbdden in
Liegeboxenlaufstillen].[Dissertation in German]. University
of Hohenheim.

Benz B, Kaess M, Wattendorf-Moser F, Hubert S. 2020. Effects of
hourly grazing of dairy cows on behaviour and performance on
a practical farm. Ziichtungskunde 92:159-171.

Benz B, Eilers U, Gallmann E, Merkel A, Seege, H-J, 2024.
[Beobachtungen  zu  Aufenthaltsorten und  zum
Ausscheidungsverhalten von Kiihen auf einem strukturierten
Lauthof].[Article in German]. Agricultural engineering
79:116-130.

Blake JT, Olsen JD, Walters JL, Lamb RC, 1982. Attaining and

[Journal of Agricultural Engineering 2026; LVII:1706]

measuring physical fitness in dairy cattle. J. Dairy Sci.
65:1544-1555.

Bleuler T, 1981. [Verhaltensaktivitdten von Milchkiihen in ver-
schiedenen Haltungssystemen und deren Beziehung zu hal-
tungsbedingten Schdden. Teil I: Verhaltensaktivititen von
Milchkiihen in verschiedenen Haltungssystemen].[in German].
Institute for Animal Production, Animal Physiology and
Hygiene, ETH Zurich.

Brade W, 2001. [Wichtige Verhaltenscharakteristika des
Rindes].[Article in German]. Milchpraxis 39:146-149.

Brzozowska A, Lukaszewicz M, Sender G, Kolasinska D, Jolanta
0, 2014. Locomotor activity of dairy cows in relation to season
and lactation. Appl. Anim Behav Sci. 156:6-11.

Buer, H, Palzer A, Frohnmayer S, 2016. [NutztierSkills.
Arbeitstechniken in der Groftierpraxis: Rind, Schwein, Schaf,
Ziege].[Book in German]. Stuttgart, Schattauer Verlag.

Crump A, Jenkins A, Bethell E, Ferris C, Arnott G, 2019. Pasture
access affects behavioural indicators of wellbeing in dairy
cows. Animals (Basel) 9:902.

Davidson JA, Beede DK, 2003. A system to access fitness of dairy
cows responding to exercise training. J. Dairy Sci. 86:2839-
2851.

Davidson JA, Beede DK, 2009. Exercise training of late-pregnant
and non-pregnant dairy cows affects physical fitness and acid-
base homeostasis. J. Dairy Sci. 92:548-562.

Dohme-Meier F, Kaufmann LD, Gors S, Junghans P, Metges CC,
van Dorland HA, et al., 2014. Comparison of energy expendi-
ture, eating pattern and physical activity of grazing and zero-
grazing dairy cows at different time points during lactation.
Livest. Sci. 162:86-96.

Estevez I, Andersen IE, Naevdal E, 2007. Group size, density and
social dynamics in farm animals. Appl. Anim. Behav. Sci.
103:185-204.

Flower FC, de Passillé AM, Weary DM, Sanderson DJ, Rushen J,
2007. Softer, higher-friction flooring improves gait of cows
with and without sole ulcers J. Dairy Sci. 90:1235-1242.

Fregonesi J, Tucker C, Weary D, Flower F, Vittie T, 2004. Effect of
rubber flooring in front of the feed bunk on the time budgets of
dairy cattle. J. Dairy Sci. 87:1203-1207.

Greenough P, 2007. Bovine laminitis and lameness. A hands-on
approach. Edinburgh, Saunders Ltd.

Giinther M, 1991. Claw diseases. Jena, Gustav Fischer Verlag.

Gustafson GM, 1993. Effects of daily exercise on the health of tied
dairy cows. Prev. Vet. Med. 17:209-223.

Hasenpusch F, Seidel A, Hasler M, Thaller G, 2023. [Einfluss ver-
schiedener Bodenbeldge auf die Aktivitit von
Milchkiihen].[Article in German]. Ziichtungskunde 95:400—
411.

Heinicke J, Hepel S, Pinto S, Ammon C, Amon T, Englisch A,
Hoffmann G, 2017. Effect of heat stress on behavioural and
vitality parameters of dairy cows. Proc. Conf. Construction,
Technology and Environment in Farm Animal Husbandry
2017, Stuttgart-Hohenheim. pp. 64-69.

Hut PR, Kuiper SEM, Nielen M, Hulsen JHJL, Stassen EN,
Hostens MM. 2022. Sensor based time budgets in commercial
Dutch dairy herds vary over lactation cycles and within 24
hours. PLoS One 17:¢0264392.

Jensen MB, 1999. Effects of confinement on rebounds of locomo-
tor behaviour of calves and heifers, and the spatial preferences
of calves. Appl. Anim. Behav. Sci. 62:43-56.

Jungbluth T, Benz B, Wandel H, 2003. Soft walking areas in loose
housing systems for dairy cows. Proc. Fifth Conf. International

OPEN 8RCCESS



Article

Dairy Housing, Fort Worth. pp. 171-177.

Keil NM, Wiederkehr TU, Friedli K, Wechsler B, 2006. Effects of
frequency and duration of outdoor exercise on the prevalence
of hock lesions in tied Swiss dairy cows. Prev. Vet. Med.
74:142-153.

Keller A, Clauss M, Muggli E, Nuss K, 2009. Even-toed but
uneven in length: the digits of artiodactyls. Zoology (Jena)
112:270-278.

Kok A, Ternman E, Thorup VM, 2023. The neglected potential of
24-h pattern analysis in dairy cow behaviour monitoring. J.
Dairy Res. 90:252-256.

Krohn CC, Munksgaard L, Jonasen B, 1992. Behaviour of dairy
cows kept in extensive (loose housing/pasture) or intensive (tie
stall) environments 1. Experimental procedure, facilities, time
budgets—diurnal and seasonal conditions. Appl. Anim. Behav.
Sci. 1992:37-47.

Lamb RC, Anderson MJ, Walters JL, 1981. Forced walking prepar-
tum for dairy cows of different ages. J. Dairy Sci. 64:2017-
2024.

Lamb RC, Barker BO, Anderson MJ, Walters JL, 1979. Effects of
forced exercise on two-year-old Holstein heifers. J. Dairy Sci.
62:1791-1797.

Legrand AL, von Keyserlingk MAG, Weary DM, 2009. Preference
and usage of pasture versus free-stall housing by lactating
dairy cattle. J. Dairy Sci. 92:3651-3658.

Maierl J, Miilling C, 2004. Functional anatomy. Diseases of the
hooves and toes of cattle. Stuttgart, Schattauer Verlag.

Maselyne J, Pastell M, Thomsen PT, Thorup VM, Héanninen L,
Vangeyte J, et al., 2017. Daily lying time, motion index and
step frequency in dairy cows change throughout lactation. Res.
Vet. Sci. 110:1-3.

Mastellone V, Musco N, Infascelli F, Scandurra A, D’Aniello B,
Pero ME, et al., 2022. Higher forage: Concentrate ratio and
space availability may favour positive behaviours in dairy

cows. J. Vet. Behav. 51:16-22.

Miiller R, Schrader L, 2005. Individual consistency of dairy cow
activity in their home pen. J. Dairy Sci. 88:171-175.

Miilling C, Budras K-D, 1998. The intercellular cement
(Membrane Coating Material, MCM) in the bovine claw.
Wiener Tierédrztliche Monatsschrift 85:216-223.

Oberschitzl-Kopp R, Haidn B, Peis R, Reiter K, Bernhardt H,
2016. Investigations on the behaviour of dairy cows during
automatic feeding on an AMS farm. Agric. Eng. 71:55-65.

Platz S, Ahrens F, Bendel J, Meyer HHD, Erhard MH, 2008. What
happens with cow behaviour when replacing concrete slatted
floor by rubber coating: a case study. J. Dairy Sci. 91:999-
1004.

Ramoén-Moragues A, Carulla P, Minguez C, Villagra A, Estellés F,
2021. Dairy cows activity under heat stress: a case study in
Spain. Animals (Basel) 11:2305.

Schmid T, Weishaupt MA, Meyer SW, Waldern N, Von Peinen K,
Nuss K, 2009. High-speed cinematographic evaluation of
claw-ground contact pattern of lactating cows. Vet. J. 181:151-
157.

Shepley E, Lensink J, Vasseur E, 2020. Cow in Motion: A review
of the impact of housing systems on movement opportunity of
dairy cows and implications on locomotor activity. Appl.
Anim. Behav. Sci. 230:105026.

Telezhenko E, Bergsten C, 2005. Influence of floor type on the
locomotion of dairy cows. Appl. Anim. Behav. Sci. 93:183-
197.

Telezhenko E, Von Keyserlingk MAG, Talebi A, Weary DM, 2012.
Effect of pen size, group size, and stocking density on activity
in freestall-housed dairy cows. J. Dairy Sci. 95:3064-3069.

Wierig M, Engels C, Miiller U, Biischer W, 2019. Sensor-based
recording of the behavioural patterns of dairy cows in a cubicle
housing system. Proc. Conf. Construction, Technology and
Environment in Farm Animal Husbandry, Bonn. pp. 100-105.

Supplemental Material:

Floor plans of the 18 farms are available at: https://nbn-resolving.org/urn:nbn:de:bsz:950-opus4-42508

Received: 24 January 2025; Accepted: 10 October 2025.

Contributions: all the authors made a substantive intellectual contribution, read and approved the final version of the manuscript and agreed to be account-

able for all aspects of the work.

Conflict of interest: the authors declare no conflicts of interests and confirm accuracy.

Funding: the project was funded as part of the European Innovation Partnership "Agricultural Productivity and Sustainability" (EIP-AGRI). The funding
measure was part of the Rural Development Plan for Baden-Wiirttemberg 2014-2020 (MEPL III). The project was funded by the state of Baden-
Wiirttemberg and the European Agricultural Fund for Rural Development (EAFRD).

Availability of data and materials: the datasets used and/or analyzed during the current study are available from the corresponding author on reasonable

request.

Publisher's note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not guaranteed

or endorsed by the publisher.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

OPEN 8RCCESS

[Journal of Agricultural Engineering 2026; LVII:1706]





