© 2020 Universities Federation for Animal Welfare
The Old School, Brewhouse Hill, Wheathampstead,
Hertfordshire AL4 8AN, UK

449

Animal Welfare 2020, 29: 449-461
ISSN 0962-7286
doi: 10.7120/09627286.29.4.449

www.ufaw.org.uk

Can on-farm animal welfare explain relative production differences
between dairy herds?

L Frondelius*', L Jauhiainen®, O Niskanen', M MughaF and A Sairanent

* Natural Resources Institute Finland (Luke), Production Systems, Halolantie 31 A, 71750 Maaninka, Finland
* University of Eastern Finland, Department of Environmental and Biological Sciences, PO Box |11, 80101 Joensuu, Finland
* Contact for correspondence: lilli.frondelius@Iuke.fi

Abstract

The aim of this study was to investigate factors responsible for between-herd variation in milk production, when genetic variation is
controlled. Quantitative information regarding farms’ production environment and animal welfare, as evaluated annually by veterinar-
ians and health and feeding records, were the factors studied. Principal component analysis was used to reduce the production envi-
ronment variables as well as the welfare data. Two linear regression models were devised. The first model used welfare indicators
and veterinary treatments to predict the difference between herds’ observed and potential milk yield. The second model explained
the residual of the first model by feeding and animal-based indicator data. Together, these two models explained 62% of the variance
in milk yield differences between herds. Specifically, feeding of the herd was the most important factor, accounting for 67%, followed
by the production environment/animal welfare (30%) and finally animal health, assessed through veterinary treatments, explained
the remaining 3% of the variance. A poor welfare rating adversely affected milk production. Similarly, a low score for fatness at
slaughter, poor milk quality and high mortality all showed a clear negative association with production. It was found that while feeding
remains a major factor, production environment and animal welfare also have significant roles to play when it comes to production.

Notably, those farms with major animal welfare problems were shown to display milk yield below the Finnish average.
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Introduction

There is a paucity of literature looking into the associa-
tion between on-farm welfare assessments and milk
production. Yet, demonstration of a positive association
between animal welfare and farm profitability could have
the potential to stimulate investment in improvements to
cow comfort and welfare by dairy farmers (Villettaz
Robichaud ef al 2018). Coignard et al (2014) compared
milk yield (test days) with a welfare score attained using
the Welfare Quality® (WQ) protocol (Welfare Quality®
2009a). The score for good health (WQ principle) and the
average of all four WQ principle scores were associated
with milk yield, whereby those farms scoring the lowest
had the higher producing cows. On the other hand, lower
scores in the WQ criteria expression of social behaviour
and positive emotional state were associated with reduced
milk yield. Thus, the relationship between animal welfare
and milk production appears to be multifaceted.

The development of WQ (Welfare Quality® 2009b) has
enabled quantitative measurement of animal welfare to be
carried out. However, WQ protocols are considered imprac-
tical and time-consuming for routine assessment of animal

welfare (eg Knierim & Winckler 2009; Heath et al 2014).
The estimated duration of a dairy cattle assessment is 5-8 h
depending on the size of the herd (Welfare Quality® 2009a).
Thus, WQ is not routinely used and cheaper, less time-
consuming methods of on-farm welfare assessments are
increasingly sought. Several national welfare monitoring
systems which are similar in approach to WQ, but more
simplified, are used or are under development, for example,
in Denmark (Andreasen ef al 2014), The Netherlands (Metz
et al 2015) and Italy (Bertocchi & Fusi 2014).

Data related to herd productivity, health and fertility are
routinely collected from dairy farms in developed countries,
and many studies have shown this routine herd data to be
associated with several on-farm welfare indicators (de Vries
et al 2011). For example, it has been suggested that indica-
tors reflecting issues with fertility and high mortality in
different age groups, are potential indicators of poor welfare
as well (Sandgren et al 2009; Krug et al 2015). These indi-
cators may reflect problems in stockmanship and manage-
ment (Sandgren et al 2009). Nyman et al (2011) tested
routine herd data against nine animal-based, on-farm
welfare measures (eg body condition score [BCS], cleanli-
ness, lameness, injuries). In total, 28 herd data indicators
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Table | Number of herds comprised of different data
sources in the three study years.
Data source Year

2014 2015 2016
Whole population (Finland) 8,567 8,124 7574
Milk recording (Maitoisa) 6,242 5,865 5,468
Naseva (farms with evaluation 4,259 4,300 4,484
of dairy cows included)
Feeding 3,464 3,190 2,868

Veterinarian treatments were available from all the farms included in
the data.

showed a significant association with one or more on-farm
welfare measures. Furthermore, some of the indicators
(cows with late ongoing artificial inseminations, heifers
without mating/artificial insemination by 17 months of age,
stillbirth rate, cow mortality, mastitis incidence and
incidence of feed-related diseases) were able to successfully
identify herds with good welfare. De Vries et al (2014)
studied the relationship between routinely collected herd
data and welfare indicators and found that the farms with
more lean cows also had a lower milk fat percentage, higher
somatic cell count (SCC), worse reproductive performance
and higher culling rate. Also, Brouwer et al (2015) found
that routine data (eg mortality, SCC and infectious diseases)
may be used for screening farms for poor health. However,
it is worth noting that veterinarians may not always report
treatment(s) in the databases thereby running the risk of
biasing treatment numbers (Nyman et a/ 2011).

In Finland, producers can register with a veterinary herd
health management programme (Naseva) which is adminis-
tered by ETT Animal Health Association. These farms
choosing to participate receive at least one non-emergency
visit a year from a healthcare veterinarian to focus on
potential targets for improvement in herd health manage-
ment and animal welfare. The information from routine
farm records and on-farm assessments are both utilised in
the evaluation. The welfare section is loosely based on the
WQ protocol, and over half the measures in this section are
animal-based. The management plan needs to be renewed
annually by the veterinarian in the course of a farm visit
(Hokkanen et al 2015; ETT ra 2017). A participation rate of
over 60% was recorded for 2016, ensuring that Naseva
offers an accurate and wide-ranging insight into the health
and welfare status of Finnish dairy herds.

The aim of this paper was to determine the factors which
best explain variation in production between herds. To fully
understand the effect of factors such as welfare and health
on production, it was important to deploy the most compre-
hensive approach possible. Quantitative information on
Finnish dairy production, feeding, health and welfare was
assembled and a model was constructed to elucidate the
effect of management on milk production.

Materials and methods

The quantitative data required for our study were collected
from the dairy herd recording system and its subsidiaries,
as well as from the centralised healthcare register for
Finnish cattle herds (Naseva [https://www.naseva.fi/Public
Content/IntroductionInEnglish]). The number of dairy
farms included in these differing databases (from
2014-2016) are shown in Table 1.

Dairy herd recording system and extensions

Field data for our study were collected from the Finnish
Rural Advisory Services database (ProAgria, Vantaa,
Finland). Milk production data were recorded in accordance
with the International Committee for Animal Recording
(ICAR 2017) and included both free- and tie-stall barns.
The average milk yield for these farms over the three-year
study period was 9,002 kg (8,872, 9,013 and 9,143 kg for
2014, 2015 and 2016, respectively). These milk production
data were complemented by feeding records from the
Finnish Rural Advisory Service. The base data were
augmented by several cow- and farm-based variables,
which were used to supplement the content available. These
sources of data are described in the following paragraphs.

The Maitoisa application

The models used to help estimate the breeding value need to
be able to differentiate between the genetic and manage-
ment effects on milk production and a solution to this was
found in the form of the test-day models (Jensen 2001).
Maitoisa (‘Milky’ in English), is a test-day model which
recognises management problems at the farm level and this
dairy herd management application produced our outcome
variable (Koivula et a/ 2007). The Maitoisa regression
model analysis provides an estimate of how much milk a
cow should theoretically produce, taking into account: (i)
the cow’s breeding value; (ii) stage of lactation; (iii) calving
age; (iv) season; and (v) parity. The difference between
estimated and observed value (Maitoisa variable; kg milk
per day) is dependent upon management factors, such as
feeding and production environment. At the country level,
the average of these differences is zero and so deviation
from zero allows the performance of the farm in question to
be compared with the national average (Koivula ef a/ 2007).
For our analysis, instead of using the cow-level variable, we
utilised the annual mean of each herd as an outcome
variable since this was the highest common denominator.

Feeding extension

Finnish farms make extensive use of the feed rationing
programme, CowCompass® (Mtech Digital Solutions Ltd,
Finland) which encompasses approximately 70% of the
farms participating in the milk recording scheme. The
programme includes on-farm feed intake, measured at the
herd level, typically 2—4 times per year. Accumulated data
(milk production and composition, feed composition) are
utilised for ongoing feeding ration adjustment. These annual
feed intake and diet ratio measurements do not provide a
comprehensive picture of the herd’s feeding, but they offer
a reflection of the farm’s feeding strategy since, for Finnish
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herds, the seasonality of milk production is only + 7%
(Luke 2018). Separate analysis of the composition of the
diet has been addressed via the silage (SDMI) and concen-
trate intake (CDMI) indexes for which a score of 100
signifies the base level of the calculation (Huhtanen et a/
2011). Feed rationing is also augmented by the standardised
energy corrected milk yield (sSECM), which describes the
amount of milk produced daily, assuming cows are provided
the standard diet of 100 index points (Huhtanen ez a/ 2011).
The SECM can thus be said to describe the milk production
potential of the cows on the particular farm in question. The
indices and standardised milk production used in this study
are shown in Table 2.

Veterinary treatments

Veterinary treatments consisting of 37 clinical groups are
stored within the database and comprise a total of 143
different treatment codes. These codes are entered onto the
cows’ insemination card by the veterinarian, after which the
farmer or artificial inseminator transfers them to the
database. For further analyses, 17 general classification
groups were created: reproductive dysfunctions and
diseases; paralyses; metabolic diseases; diseases of the
vascular system; diseases of the kidney and urinary tract;
abdominal diseases; gastrointestinal diseases; poisoning;
udder diseases, hoof and limb disorders; other injuries; respi-
ratory diseases; diseases of the central nervous system
(CNS); skin diseases; endoparasites; infectious diseases; and
other diseases. The number of annual treatments in the herd
was divided by herd size to provide an indicator of health.

Centralised healthcare register for Finnish cattle
herds (Naseva)

During the annual veterinary assessment, the evaluation
form and management plan are routinely completed and
transferred onto the database along with the herd’s health
status and production data. The assessment is carried out in
two distinct parts: general information on production and
management; and on-farm evaluation (comprising animal
welfare and incidence/prevention of infectious diseases).
The evaluation form consists of 55 quantitatively evaluated
measures, in addition to qualitative feedback for each
farmer. Animal welfare parameters and incidence of infec-
tious diseases are recorded separately for all the animal
groups (eg calves, heifers, dairy cows and bulls) present on
the farm and there are also two further subsections where
the farm is evaluated as a whole. The quantitative evalua-
tion operates on a three-tier scale, whereby one represents a
good situation/practice, two, a satisfying situation/practice
and three, that the situation/practice should be improved.
Values of 0 (the measure cannot be performed on the farm)
or X (the measure does not concern the farm) can also be
applied. All the measures concerning dairy cows from the
animal welfare and incidence of infectious diseases sections
were utilised as expected, and a number of measures from
the production and management and prevention of infec-
tious diseases sections were also included, when they
related to animal welfare status on the farm. Disbudding,
which relates to calves as opposed to dairy cows, was also
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Table 2 Mean (x SD) descriptive statistics of feeding
indexes, standardised energy-corrected milk, lactation
stage (days in milk) and herd size used in regression
Model 2.

Factor Mean (£ SD)
Silage dry matter intake index 105.9 (+ 5.92)
Concentrate dry matter intake index 108.3 (+ 8.72)
Standardised energy-corrected milk 2841 (* 2.87)

Days in milk 189.8 (+ 32.53)

Herd size (dairy cows) 43.7 (+ 30.39)

included. In total, forty-three measures from the Naseva
register were included for further analyses. A description of
the Naseva measures can be seen in the supplementary
material to papers published in Animal Welfare section on
the UFAW website: https://www.ufaw.org.uk/the-ufaw-
journal/supplementary-material.

Principal component analysis

Principal component analysis (PCA) is a statistical
procedure that relies upon orthogonal transformation to
convert a set of observations of potentially correlated
variables into a set of linearly uncorrelated variables called
principal components (PC). The 43 Naseva measures had a
relatively high rate of correlation, and a PCA was used to
compress the information in these data into a smaller
number of variables for further use. Additionally, PCA helps
to avoid the problem arising from multicollinearity (Jolliffe
2002) of the Naseva variables in further regression analyses.

Prior to selecting PCA variables, the variation caused by
herd and year was modelled to reveal which of these
indicate short-term change in farm production conditions
and which provide information on long-term conditions that
may also affect milk production. This was carried out with
a variance component model, whereby estimates of variance
between farms, and variations within farms were estimated.
Relative variance was calculated as a ratio of variance
between herds and total variance of the measure. If a
relative variance was less than 40%, the measure was cate-
gorised as characterising an acute situation, rather than a
condition with a long-standing effect on herd milk produc-
tion and was therefore not included in the PCA. Seven
variables were omitted from the PCA as a result of this
criterion. These were ‘symptoms of clinical salmonella’,
‘symptoms of paratuberculosis’, ‘diarrhoea’, ‘respiratory
infections’, ‘symptoms of Mycoplasma bovis’, ‘on-farm
symptoms of ringworm on assessment day’ and ‘ringworm
status of the farm in the previous three years.’

There were two Naseva measures that did not attain a high
loading (< —0.3 or > 0.3) in any of the PCs but, based on
their high values of relative variance, can be expected to
explain some of the differences between farms. These
measures were ‘fatness score in slaughter’ (relative

https://doi.org/10.7120/09627286.29.4.449 Published online by Cambridge University Press

Animal Welfare 2020, 29: 449-461
doi: 10.7120/09627286.29.4.449


https://doi.org/10.7120/09627286.29.4.449

452 Frondelius et al

Table 3 Naseva measures included in the principal component analysis, loadings (= 0.3) of the measures in two
principal components, their estimated variance between herds and relative variance.

Section Measure Principal Principal Variance Relative variance
component | component 2 estimate (%)*

Production and Diseases, treatments and on-farm 0.37 0.12 61.0

management deaths have been recorded and evaluated
Antimicrobial residuals are tested from milk 0.05 59.3
Bacteriological mastitis tests are used regularly 0.09 68.4
Calf production 0.07 53.7

Animal welfare Nutritional state 0.41 0.04 46.2

Feeding Water availability 0.48 0.20 64.5
Milk or replacer provision and 0.34 0.15 65.1
administration method

Health General condition and health 0.46 0.38 0.0l 46.2
Animal grouping and group uniformity 0.41 0.05 64.4
Coat condition 0.43 0.03 47.6
Hoof health and lameness 0.36 041 0.08 53.0
Skin and joint alterations 0.49 0.16 64.3

Housing conditions Cleanliness and dryness of animals 0.51 0.13 62.6
Air quality and temperature 0.49 0.04 583
Space allowance 0.52 0.07 732
Sufficient lying space 0.48 0.07 64.6
Lying comfort 0.54 0.15 74.5
Calving management 0.45 -0.55 0.23 83.8
Tethering and other restrictions of movement 0.46 -0.57 0.23 82.5
Slipperiness 0.32 0.38 0.05 65.3

Behaviour Behaviour within the animal group 0.36 0.01 45.0
Human-animal relationship 0.34 0.00 44.1
Stereotypic and abnormal behaviour 0.0l 393
Handling of the animals and handling facilities  0.33 0.03 67.9

Prevention of Hygiene in feeding, bedding and manure 0.45 0.12 738

infectious diseases  handling

Incidence of

infectious diseases

Clinical symptoms Streptococcus agalactiae mastitis 0.03 56.3

over the past 12

months Abortions 0.05 32,6
Infectious hoof diseases 0.51 0.06 55.8

Ringworm Ringworm status of the farm during the last 0.01 50.7

three years

t Relative variance is calculated as a ratio of variance between herds and total variance of the data including yearly measures for all herds.
* Relative variance less than 40% describes mainly momentary conditions, not conditions with a long-standing effect on the herd milk
production level. These variables were dropped from the PCA.
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variance; 53.5), and ‘disbudding’ (78.8). In contrast, the
variables ‘access to outdoor loafing area’ (84.0), ‘udder
health’ (62.0), ‘milk quality’ (61.7), ‘mortality’ (47.3), and
‘access to pasture’ (83.5) had loading in PCs, but also a high
relative variance. Additionally, these variables come under
public scrutiny. And, so, these seven measures were left out
of the final PCA and included in the further analysis as
‘individual Naseva measures.’

The final PCA comprised 29 measures (Table 3) out of the
original 43 and extracted two principal components.
Extracting more than two PCs resulted in only one measure
with a high loading in each additional PC.

Regression models

In order to check the significance of the potential interac-
tions between welfare indicators (PC and Naseva), veteri-
nary treatments, feeding indicators, sSECM, DIM and herd
size, all the variables were first added to the same regres-
sion model. In this preliminary model, feeding indicators
were available for only 3,464 herds (2,212 herds for all
years). The inclusion of all variables in the same multiple
regression model with veterinarian treatments and Naseva
data was inconclusive with respect to animal welfare as
the data from the non-matching herds (43%) needed to be
removed from the analysis. Instead, to ensure all the
possible Naseva information was included, we used two-
staged modelling. First, we fitted a model to explain the
Maitoisa variable with welfare indicators and veterinarian
treatments (Model 1). Second, residuals (ie unexplained
variability of the model) from Model 1 were calculated
and used as dependent variables, while feeding variables
were used as independent variables (Model 2). The mean
of residuals was zero, and the mean of the Maitoisa
variable was 0.45. This 0.45 was added to all residuals to
shift distribution of residuals so that it did not differ in
location from the distribution of the Maitoisa variable.
Thus, the adjusted residual of Model | represents the
Maitoisa variable without the variance that was explain-
able with the Model 1 explanatory variables. To check the
validity of the chosen method, the preliminary model was
compared with Model 2. The parameter estimates only
differed slightly between the two models, but standard
errors were higher in the preliminary model compared to
Model 2, and thus we chose to use the separate models.

In regression models, statistical significance was set at
P <0.05. Variables not reaching significance were
omitted from the final models. All statistical analyses
were performed using SAS v 9.4 (SAS Institute Inc, Cary,
NC, USA), with FACTOR (PCA analysis), GLM (General
linear model), MIXED (Mixed linear model) and CORR
(Correlations) procedures. Scatterplots were used to
check assumptions about normal distribution, the
homoscedasticity and a linear relationship between inde-
pendent and dependent variables.
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Model |: The Maitoisa variable with veterinary treatment and
Naseva data

A linear regression model was built to fit the known given
values of two PCs based on the Naseva data, the set of indi-
vidual Naseva measures and veterinary treatment to reveal
what proportion of the variance in the Maitoisa variable can
be explained by independent variables and what remains
inexplicable. Certain veterinary treatments had a similar
effect on the Maitoisa variable and were mutually corre-
lated. Thus, these treatments were combined, and the final
model had three veterinary treatment variables: treatments
for reproductive dysfunctions; treatments for metabolic,
udder and CNS diseases; and treatments for other diseases
and dysfunctionality. Those Naseva variables with low
variation between herds and that did not correlate with other
measures (such as ‘symptoms of clinical salmonella’) were
omitted from the regression models. Since the relationship
between the Maitoisa and the other variables was not linear
(as the model assumes), the majority of the variables were
categorised as follows (to achieve linearity):

1) Treatments for reproductive dysfunctions, three levels:
A (0.0-0.1 treatments per animal), B (0.1-0.2), C (0.2 or more);

2) Treatments for metabolic, udder and CNS diseases, three
levels: A (0.0-0.1 treatments per animal), B (0.1-0.2),
C (0.2 or more);

3) Treatments for other diseases and dysfunctions, five
levels: A (0.00-0.25 treatments per animal), B (0.25-0.25),
C (0.50-0.75), D (0.75-1.00), E (1.00 or more);

4) Principal Component 1 (PC1), five levels: A (score of
—1.7 or less), B (-1.7 to —=0.6), C (0.6 to +0.6), D (0.6 to
1.7), E (1.7 or higher);

5) Principal Component 2 (PC2), five levels: A (score of
—1.7 or less), B (-1.7 to —=0.6), C (0.6 to +0.6), D (0.6 to
1.7), E (1.7 or higher);

6) Fatness score in slaughter, four levels: A (score 1.00),
B (1.01-2.00), C (2.01-2.99), D (3.00);

7) Access to outdoor loafing area, two levels: A (score
1.00-2.00), B (2.01-3.00);

8) Udder health, two levels: A (score 1.00-2.00),
B (2.01-3.00);

9) Milk quality, three levels: A (score 1.00), B (1.01-2.99),
C (3.00);

10) Mortality, three
B (2.00-2.99), C (3.00);
11) Disbudding, two levels: A (score 1.00-2.00),
B (2.01-3.00);

12) Access to pasture, three levels: A (score 1.00),
B (1.01-2.00), C (2.01-3.00).

Variables represent the mean of all farm-specific observa-
tions over the study years. A total of 3,887 farms had all the
variables from all three years and were thus included in
Model 1. The number of farms classified in each category is
shown in Table 4.

levels: A (score 1.00-1.99),
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Table 4 Linear regression Model | describing the factors influencing the Maitoisa variant of the herd with least square
means, standard errors and significant differences. Independent variables were categorised to achieve linearity and are
presented with their class intervals.

Variable Level Interval N Least squares mean Standard error
Treatments for reproductive A 0.0-0.1 1,327 0.06¢ 0.44
dysfunctions (number of treatments
per animal) B 0.1-0.2 927 0.41° 0.43
C >0.2 1,633 0.69 0.43
Treatments for metabolic, udder and A 0.0-0.1 1,555 0.70° 0.43
CNS diseases (number of treatments
per animal) B 0.1-0.2 1,222 0.65° 0.43
C >0.2 1,110 0.24° 0.43
Treatments for other diseases and A 0.00-0.25 1,004 -0.31¢ 0.44
dysfunctions (number of treatments
per animal) B 0.25-0.50 1,187 0.41¢ 0.43
C 0.50-0.75 863 0.91° 0.44
D 0.75-1.00 475 l.11e 0.45
E > 1.00 358 1.46 0.45
Principal Component | (score) A <-17 28 0.65° 0.59
B -1.7-(-0.6) 1,069 0.63* 0.46
C -0.6-0.6 2,025 0.51° 0.45
D 0.6-1.7 582 -0.15¢ 0.46
E > 1.7 183 -0.48¢ 0.48
Fatness score at slaughter A 1.00 366 l.10° 0.32
B 1.01-2.00 3,447 0.99* 0.31
C 2.01-2.99 70 0.48° 0.41
D 3.00 4 -1.72° 1.20
Access to outdoor loafing area A 1.00-2.00 2,134 0.35° 0.43
B 2.01-3.00 1,753 0.55 0.43
Udder health A 1.00-2.00 2,412 0.52° 0.43
B 2.01-3.00 1,475 0.23° 0.43
Milk quality A 1.00 19 0.08: 0.71
B 1.01-2.99 3,850 0.28 0.38
C 3.00 18 -2.55° 0.67
Mortality A 1.00-1.99 2,490 0.34° 0.43
B 2.00-2.99 1,226 0.30° 0.43
C 3.00 171 -0.57° 0.45
Disbudding A 1.00-2.00 3,214 0.33 0.43
B 2.01-3.00 673 0.14° 0.43
Access to pasture A 1.00 15 0.14* 0.70
1.01-2.00 3,108 0.48° 0.40
C 2.01-3.00 764 0.81* 0.41

Means within columns showing altered superscripts differ at P < 0.05.
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Model 2: The residual of Model | explained by feeding indicator
data

In the second linear regression model, a residual of Model 1
was used as a dependent variable. The continuous variables
used in linear regression Model 2 were sECM, SDMI index
and CDMI index. The sECM describes the production
potential of a herd and the other indexes describe both the
intensity and quality of the diet. Days in milk (DIM) at two
levels (<200 or > 200 days) and average herd size at two levels
(< 60 or > 60 cows) were used as independent (binary) class
variables. In this case, the herds’ mean DIM captures extended
lactation intervals, and herd size indicates any effect related to
size. Only those farms with at least one feed intake measure-
ment per year were included, which led to 2,212 farms in
Model 2. Variables represent the mean of all farm-specific
observations over the three study years. Descriptive statistics of
feeding parameters, DIM and herd size are shown in Table 2.

Results

Principal component analysis (PCA)

PCA was used to compress correlated Naseva measures into
a potentially lower number of uncorrelated variables. Two
principal components were extracted, whereby 29 Naseva
measures with an absolute loading value of 0.30 or higher
were included (Table 3). PC1 included most of the Naseva
measures and these consisted of comfort around resting,
nutrition, behaviour, health and animals’ overall condition,
but also certain specific aspects of management. All these
measures had a positive loading on this PC and, thus, a
higher PC score equates to poorer welfare since, in Naseva,
higher points indicate a worse situation. PC1 was inter-
preted therefore as a variable of overall negative welfare.
PC2 was interpreted as a variable of housing condition and
management, and comprised measures, such as tethering
and management of calving, but also various major health
issues, such as hoof health. Most of the health- and welfare-
related variables had a positive loading in this PC, but
calving management and tethering had a negative loading,
which complicated the interpretation of this PC. In the case
of PC2, a higher PC score equates to a poorer situation
regarding animal-based welfare measures, but a better one
for management-based measures.

Regression analysis

The remaining variables in the final model in the first
regression analysis (Model 1) explaining the Maitoisa
variable are summarised in Table 4. PC2 did not have any
association with the Maitoisa and was omitted from the
final regression Model 1.

Those farms with a greater number of veterinary treatments
for reproductive dysfunctions and other combined diseases
showed a higher positive Maitoisa variable (P < 0.001)
compared to farms with less treatments in these groups.
Conversely, a higher number of treatments for metabolic,
udder and central nervous system diseases was associated
with a lower value for Maitoisa (P < 0.001).

A higher PC1 score was associated with a lower Maitoisa
value (P < 0.001). Two classes with the highest factor scores
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Table 5 Linear regression Model 2 describing the factors
influencing the Maitoisa variant of the herd with coefficient,
standard error and significant P-values.

Factor Coefficient Standard P-value
error

Silage dry matter intake index 0.061 0.0053 < 0.001
Concentrate dry matter intake 0.094 0.0040 < 0.001
index

Standardised energy-corrected  0.423 0.0117 <0.00l
milk

Days in milk (less than 200 days) -0.414 0.0749 < 0.001
Herd size (more than 60 cows) -0.392 0.0705 < 0.001

(> 0.6) had a negative Maitoisa, while farms with low or
intermediate factor scores showed a positive Maitoisa. In
individual Naseva measures — ‘fatness score in slaughter’,
‘milk quality’ and ‘mortality’ — the class with the highest
values differed from other classes (P < 0.05, P < 0.001 and
P <0.001, respectively), and had a negative Maitoisa. Higher
scores for ‘disbudding’ were also associated with a lower
Maitoisa (P < 0.05). Farms with higher scores for ‘access to
outdoor loafing area’ and ‘access to pasture’ had higher
positive Maitoisa (P < 0.01) while higher scores in ‘udder
health’ were associated with a lower Maitoisa (P < 0.01).

In Model 2, higher sECM, SDMI and CDMI indexes
showed a positive correlation with Maitoisa (P < 0.001)
(Table 5). As for DIM and herd size, the association was
negative (P < 0.001).

To summarise, the first model, with Naseva evaluations and
health records as explanatory variables, accounted for 18%
(R?) of the variance in the Maitoisa. The second model
explained 54% (R*) of the residual of Model 1, meaning
44% of original variation (0.54 x [100-18]% = 44%).
CMDI, SDMI and sECM explained 13, 4 and 34%, respec-
tively, of the remaining variation in Model 2 and 11, 3 and
28% of the original variation. DIM and herd size both
accounted for less than 1%. The two models together
explained 62% of the original Maitoisa variance. From this,
feeding indicators comprised 67%, Naseva evaluations 30%
and veterinary treatment the remaining 3%.

Discussion

The Maitosa random regression test-day model (Koivula
et al 2007) allows measures of milk production between
herds to be compared by quantifying individual animal
factors. A lower result represents a lower milk yield
compared to the average production which a genetically
similar herd should be expected to achieve. This difference
in production can occur as a result of less-intensive
feeding and/or poorer cow management. On the other
hand, a higher result is an indication of above average herd
production. The measure was originally intended to be
used on a daily basis to show the short-term situation at a
given farm. For our study, annual herd averages were
utilised to provide comparable values between herds.
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Quantitative information on the production environment
and farms’ welfare status were analysed along with health
and feeding records to estimate those factors most respon-
sible for variance in the Maitoisa test-day model. We were
able to explain the majority of the variance (62%), but a
large proportion still remained unexplained due to the
heterogeneity between herds. From the explained part, the
most important factor was found to be feeding parameters
with SECM, lactation length and herd size (67%), followed
by the production environment and animal welfare (30%).
Health problems, indicated by the number of treatments per
animal, explained the remaining 3% of the variance.

The feeding results will be discussed with an emphasis on
the production environment and animal welfare and their
relationship with veterinary treatments and the health
management programme (Naseva). A number of the Naseva
evaluation welfare measures have not previously been
specifically reported in the literature and so our discussion
will consider the indirect connections between comparable
welfare measures and milk production.

Feeding and standardised energy-corrected milk yield

Taking the total Maitoisa variation, 44% was attributable to
feeding parameters with sECM, DIM and herd size. The
most important single parameter was sSECM (28%) which
describes a cow’s observed milk production potential. In
principle, the Maitoisa should account for the animal effect
and the SECM should have minimal influence. However, the
Maitoisa explains the expected genetic value of the herd
(genotypic variation) while the sECM is based on measured
intake and milk production (phenotypic variation). Thus,
the sSECM calculation is more accurate compared to the
Maitoisa, ie the observed sECM includes feed availability
or microbiological quality, both of which are impossible to
include in the feeding records.

Feeding parameters (CDMI and SDMI) describe feeding
intensity. Feed indexes are assumed to be herd independent
because within the most common breeds the interaction
between diet and herd genotype is weak (Hammami et al
2009). The feed indexes captured 11 and 3% of the
explained Maitoisa variation for the CDMI and SDMI
index, respectively. The former is directly related to the
amount and composition of concentrates in the diet
(Huhtanen et a/ 2008) while the latter is related to digestible
value and quality of roughage preservation (Huhtanen et al
2007). An increase in both of these indices correlates
directly with milk yield. The variation in concentrate intake
in the data was = 1.7 kg DM per day which equates to + 1 kg
milk per day. Correspondingly, the variation in SDMI index
was £ 5.9 index points, which is equal to 0.6 kg silage dry
matter intake and approximately + 0.5 kg milk (Huhtanen et
al 2007). From a management perspective, adjusting
concentrate supplementation is easier than adjusting silage
quality, a concept which explains the superior effect of the
CDMI index in the Maitoisa. Dummy class variables ‘DIM’
and ‘size of the herd’ captured only a minimal amount (both
1%) of the variation but were kept in the model as they were
statistically significant.

Naseva and veterinary treatments

Although most of the variation in milk production can be
attributed to feeding and sECM, production environment
and animal management also have an effect. A high
standard of welfare is a prerequisite for cow longevity and
elevated milk yield. In most instances, reduced welfare is
associated with decreased production (eg Rajala-Schultz
et al 1999; Breuer et al 2000; Huxley 2013). However,
evidence is growing that high yielding animals have
greater susceptibility to problems related to health and
welfare (Oltenacu & Broom 2010). A review article by
Ingvartsen et al (2003) reported that the significant
increase in lactational performance over the last few
decades has occurred as a direct result of intensive
genetic selection. Moreover, there has also been further
intensification in feeding and management practices.
These trends have been accompanied by an alarming
increase in health and fertility problems, although there is
a lack of clear evidence demonstrating a causal relation-
ship with increased yield. In herd-level data there are
always a variety of confounding factors that are impos-
sible to take into consideration, and treatment rate may
not always necessarily mirror disease incidence rate (Lind
et al 2012). In our study, farms with greater incidence of
reproductive dysfunctions and combined other diseases,
per animal, had a higher positive Maitoisa variable, indi-
cating that cows in high yielding farms have a greater
tendency for health problems, particularly those related to
fertility. This is in accordance with Coignard et al (2014)
who found milk yield to be negatively associated with the
score for the WQ principle,‘good health’, leading them to
speculate that a high milk yield increases cows’ suscepti-
bility to health disorders, disorders that subsequently
affect milk yield. However, Rearte et a/ (2018) showed
that although a negative association exists between repro-
ductive performance and milk yield, the relationship is
weak and dependent on herd-level milk production.

On the other hand, the Maitoisa variable was decreased
by metabolic diseases together with udder discases and
diseases of the CNS, suggesting that these health issues
impinge directly on milk yield. That said, it is worth
noting that Maitoisa did not drop below zero, ie the
relative difference in production remained above
average. Similarly, Rajala-Schultz et a/ (1999) found
milk fever and ketosis to be associated with decreased
milk yield but that this occurred more often in high
production cows. The individual Naseva measure, ‘udder
health’, also negatively affected the Maitoisa value since
farms in lower and, thus, better classes in this measure
showed a higher positive difference. In contrast,
Ingvartsen et al (2003) found mastitis was the only
disease to demonstrate a clear link between increased
milk yield and risk of infection. Yet, here, even in the
high ‘udder health’ class, the Maitoisa remained positive.
Ingvartsen ef al concluded that, overall, the relationship
between production-related disorders and lactational
performance was highly complicated.
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Generally speaking, care must be taken with the use of
veterinary treatment databases in studies such as these.
Data loss appears to be an occupational hazard and the
extent to which records are complete varies depending on
the disease (Espetvedt et al 2012; Lind et al 2012).
Additionally, these databases are devised to only report
instances of animals treated medically as opposed to
recording all animals that are sick (Lind et a/ 2012).

The Maitoisa variable was associated with a general
status of animal welfare, on-farm. PC1 was interpreted as
being a variable of a negative overall welfare status. As
all the Naseva measures’ loadings in the PCl were
positive and, in Naseva, higher points equate to a worse
situation, a higher PC score is also indicative of poorer
welfare on the farm in question. Farms with low and inter-
mediate scores (< 0.6) in this PC had a positive Maitoisa
value, which did not differ significantly between classes.
As a contrast, farms in the two classes with the highest PC
scores showed a negative Maitoisa, and there was a
clearly defined increase in negative Maitoisa as the PC
increased. In the following paragraphs we will discuss the
variables within the PC1 separately, although their associ-
ation with Maitoisa remain highly interconnected.

In our data, lameness and hoof health were represented in
both veterinary treatments and the Naseva data. From the
Naseva data, the measure, ‘hoof health and lameness’ was
included in PC1, and was assessed on-farm through an
evaluation of the amount of lame animals and distinct
changes in hoof conformation (ETT ra 2012). Lameness
negatively impacts upon milk yield, with the decline often
beginning prior to lameness being diagnosed clinically
(Rajala-Schultz et al 1999). PC1 negatively affected the
Maitoisa variable, leading us to assume that in our study
lameness and poor hoof health had a negative association
with milk production. However, in veterinary treatments,
limb and hoof disorders were combined within ‘other treat-
ments’, which had a positive association with Maitoisa.
Although Rajala-Schultz et al (1999) found lameness to
lower milk yield, older (parity > 4) cows diagnosed as lame
were actually producing more milk than healthy
conspecifics. Also, Huxley (2013) reported high yielding
animals to be more likely to become lame, with lameness
reducing milk yield between 270 to 574 kg during one,
single lactation. Thus, it is likely that as with fertility and
other health problems, a high milk yield may also cause a
predisposition for lameness. It is worth noting, however,
that our data included only veterinary treatments of limb
and hoof disorders and information from hoof trimmers
was lacking — a factor which may have led to an underes-
timation of the prevalence of hoof disorders.

Both ‘nutritional state’ and ‘water availability’ from
Naseva’s section on feeding were positively loaded in the
PC1 and, thus, negatively associated with the Maitoisa
variable. For ‘nutritional state’, a rough estimation of the
BCS is made and the amount of thin animals (ETT ra 2012).
Results in the literature are somewhat contradictory
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regarding the association between BCS and milk yield (for
reviews, see Roche et al 2009; de Vries et al 2011), perhaps
due to the non-linear nature of this interaction (Roche et a/
2009): up to the optimum BCS milk yield is positively asso-
ciated with BCS, but a lower BCS leads to larger differences
in milk yield. In our study, the individual Naseva measure
‘fatness score in slaughter’ also showed a negative associa-
tion with the Maitoisa variant. As the score of this measure
increased, so the positive Maitoisa decreased, and farms
scoring 3 (ie more than 50% of the slaughtered cows showed
the lowest fatness score [ETT ra 2012]), had a negative
Maitoisa. In conclusion, our data showed, on average, that
farms with a high proportion of thin cows tend to have a
lower milk yield.

Virtually all the Naseva measures from the ‘housing
conditions’ section were included in the PC1. Many of the
measures in this section, such as ‘cleanliness and dryness
of the animals’ and ‘sufficient lying space’, describe
comfort around resting. Daily lying time has been
suggested to have a direct link with milk yield (Cook
2008). Insufficient lying space and poor stall maintenance
negatively affect milk production, at least in situations of
overstocking (Bach et al 2008). Irrespective of milk yield,
Cook (2008) suggested all cows require a minimum of
12 h of rest daily. Housing conditions, eg stall type and
bedding material, also affect the prevalence and severity
of integument alterations (eg Kester et al 2014; Zaffino
Heyerhoff et al 2014). Skin and joint alterations are
measured in the health section of the Naseva assessment
and were included in PC1 with a positive loading, thereby
affecting the Maitoisa negatively. On the other hand,
Potterton et al (2011) reported the odds ratios of hair loss
and ulceration to be higher for those cows yielding more
than 34 kg per day compared with very low producing
animals generating less than 21 kg a day.

Behavioural measures from Naseva, that were included in
PC1, were ‘behaviour within the animal group’, ‘human-
animal relationship’ and ‘handling of the animals and
handling facilities.” Coignard et a/ (2014) found that lower
scores in the WQ criteria ‘expression of social behaviour’
and ‘positive emotional state’ were connected with lower
milk yield. The Naseva measure ‘behaviour within the
animal group’ comprises aspects of both these WQ criteria
since it evaluates the agonistic social behaviour, but also the
play behaviour, calmness and apathy of the animals (ETT ra
2012). Social competition within a herd can affect cow
behaviour. For example, in a regrouping situation, standing
time increases and the feeding behaviour of both dominant
and subordinate cows is altered, which leads to a reduction
in milk production (Hasegawa et al 1997; Phillips & Rind
2001). Indeed, Grant and Albright (2001) concluded one of
the most potentially important factors affecting dry matter
intake and productivity in cows was enabling access to feed
for every cow in the group whenever she so desires. Dairy
cows undergo frequent handling by humans during their
life, and thus the relationship between animals and humans
is a crucial component of dairy cattle welfare (Raussi 2003).
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High cow reactivity and fear of people is linked to reduced
milk production (Rushen et al 1999; Breuer et al 2000;
Hemsworth et al 2000). In the study of Rushen et al (1999),
the presence of a person with previous aversive handling of
the cows during milking was found to increase the residual
milk by 70%. Similarly, Breuer et a/ (2000) noted several
behavioural variables indicative of fear of people were
correlated negatively with milk yield, and 19% of the
variation in milk production between farms was explained
by fear of humans. However, their study was conducted in a
region of Australia where herds have a year-round, pasture-
based production system, meaning that the results may not
be directly comparable to indoor production systems.

Access to pasture and to an outdoor loafing area were included
in the regression analysis as individual measures from Naseva.
Both had a negative effect on the Maitoisa variable, main-
taining it, however, at a positive level. Several studies have
illustrated a negative association between access to pasture
and milk production (for a review, see de Vries et al 2011).
Besides the direct effects of access to pasture or an outdoor
loafing area on milk yield, there can also be more indirect
associations based on the type of barn. It is mandatory in
Finland for tie-stall barns to enable outdoor access for dairy
cows — on pasture or to an outdoor loafing area— for at least
60 days between May and September (Council Regulation on
the Protection of Cattle 592/2010). In free-stall barns it is
permissible for dairy cows to be kept inside all year round.
Thus, it could be that the farms attaining lower (and thus
better) scores in these measures are tie-stall barns. In Naseva,
farms score a 3 if they do not fulfill the legislation and 2 if
there is no outdoor access for free-stall animals or if tie-stall
animals have only shortened access to pasture (for more than
60 but less than 90 days) (ETT ra 2012).

‘Disbudding’ is a management-based measure in Naseva.
It evaluates anaesthetic and analgesic use during disbud-
ding (ETT ra 2012). Higher scores lowered the Maitoisa,
which translates as farms that disbud calves without anal-
gesics and/or anaesthetics having lower milk yields than
those where all the calves are disbudded by a veterinarian
using sedatives, local anaesthesia and analgesics. The
association between disbudding management and milk
production is almost certainly indirect and better ‘disbud-
ding’ scores relate instead to the farm’s welfare as a
whole. In Finland, approximately 72% of farms disbud
their calves and it is more common among those that are
part of Naseva (Hokkanen et al 2015). It is also more
common on farms with a healthcare agreement to call a
veterinarian to perform the procedure.

For the individual Naseva measure ‘mortality’, farms
scoring 3 (ie their mortality rate is more than 10% [ETT ra
2012]), had a negative Maitoisa. In contrast, farms with
lower scores showed a positive Maitoisa. Mortality has been
suggested as one of the key indicators of poor on-farm
welfare (Sandgren et al 2009; Brouwer et al 2015) and,
according to our results, it could also indicate lowered milk
production, although the association is almost certainly

indirect. Sarjokari et al (2018) reported Finnish farms to
have, on average, a mortality rate of 6%, varying between 0
and 15.7%. The most commonly reported reasons for death
on-farm (including both euthanasia and unassisted deaths)
were accidents, calving difficulties, milk fever, mastitis, and
foot and claw disease. Sarjokari et al (2018) also reported
unnecessary regroupings during the dry period and unneces-
sary variations in barn facilities, such as floor types, as
creating a greater likelihood of on-farm cow death.

Along with mortality, ‘milk quality’ was also associated
with a lowered Maitoisa (farms scoring 3 had the most
negative Maitoisa, lowering it to —2.42 kg, on average). In
the Naseva evaluation, a score of 3 signifies that the SSC
of the bulk milk on the farm has repeatedly exceeded
250,000 cells ml™" (ETT ra 2012). Milk quality, as such,
cannot be considered a measure of animal welfare, but
more a measure of management and hygiene (Barkema
et al 1998, 1999). In concordance with our results, it has
been shown that farms with a low SCC
(< 150,000 cells mI™") in bulk milk have higher milk
production and, per decrease of 100,000 cells ml™" in bulk
milk SCC, the mean cumulative 305-day fat-corrected
milk production increases by 272 kg (Barkema et al 1998).

As with veterinary treatment records, debate also occurs
as to the reliability of the Naseva assessment (Mughal
et al 2017). Flaws in the Naseva assessment, relative to
other welfare assessments, consist of very cursory
instructions and a lack of fixed sample sizes in measures.
Another disadvantage is that the scoring system only
differentiates farms that are satisfactory or need to
improve from the rest of the farm population (good
situation/practice). Thus, our data are unable to demon-
strate the effect of positive welfare differences on milk
production. However, based on our results, it seems at
least that those farms with extreme Naseva results and
assessed as needing to improve, show a clearly negative
Maitoisa, thereby demonstrating a lower than average
milk production compared to Finland as a whole. The
advantage of Naseva is that more than 60% of Finnish
dairy farms participate in the programme, meaning that
these results can be considered relatively comprehensive.

Model structure

Two-stage modelling (ie using residuals as dependent
variables) has been relatively common practice in a
number of disciplines, such as accounting. Here, it
allowed us to keep 43% more observations in the most
critical part (animal welfare) of the study. However,
recent work has revealed the potential for this two-stage
approach to cause coefficient bias (Chen et al 2018). The
magnitude of said bias (in terms of coefficients and
standard errors) is a function of the correlations between
model regressors. In our case, the regressors used in the
first and second model were not correlated, and biased
results should not be expected. However, it is important to
be aware of this risk and the two-step process must be
carefully considered before using.
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Animal welfare implications

Despite the major role that feeding plays in milk production,
animal welfare and the production environment also play a
key role in explaining production differences between dairy
farms with a relatively high milk yield. Of course, incorpo-
rating this many variables as well as a PCA into the analysis
makes it extremely hard to draw many specific conclusions
regarding the associations between milk production and indi-
vidual measures of welfare. However, what seems irrefutable
is that poor animal welfare is associated with farms not
reaching their full production potential, leading to loss of
income. However, a growth in milk yield can conceivably be
linked with an increase in certain health issues as well as
veterinary treatments. Demonstrating this connection
between animal welfare and farm profitability could poten-
tially motivate farmers to invest in improvements in animal
welfare. Further research is required into how routinely
collected welfare data could help us achieve this goal.

Conclusion

The information provided by routinely updated welfare eval-
uations was found to explain some differences in production
between dairy herds. The most important factors were
feeding related, accounting for 67% of the total explained
variance, followed by the production environment/animal
welfare (30%) and animal health which explained the
remaining 3%. Dairy farms with major issues regarding
animal welfare and mortality were found to be especially
prone to producing less milk than average in Finland.
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