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Abstract

The Welfare Quality® (WQ) protocols are increasingly used for assessing welfare of farm animals. These protocols are time
consuming (about one day per farm) and, therefore, costly. Our aim was to assess the scope for reduction of on-farm assess-
ment time of the WQ protocol for dairy cattle. Seven trained observers quantified animal-based indicators of the WQ protocol
in 181 loose-housed and |3 tied Dutch dairy herds (herd size from 10 to 211 cows). Four assessment methods were used:
avoidance distance at the feeding rack (ADF, 44 min); qualitative behaviour assessment (QBA, 25 min); behavioural observa-
tions (BO, 150 min); and clinical observations (CO, 132 min). To simulate reduction of on-farm assessment time, a set of WQ
indicators belonging to one assessment method was omitted from the protocol. Observed values of omitted indicators were
replaced by predictions based on WQ indicators of the remaining three assessment methods, resources checklist, and interview,
thus mimicking the performance of the full WQ protocol. Agreement between predicted and observed values of WQ indicators,
however, was low for ADF, moderate for QBA, slight to moderate for BO, and poor to moderate for CO. It was concluded that
replacing animal-based WQ indicators by predictions based on remaining WQ indicators shows little scope for reduction of on-
farm assessment time of the Welfare Quality® protocol for dairy cattle. Other ways to reduce on-farm assessment time of the

WQ protocol for dairy cattle, such as the use of additional data or automated monitoring systems, should be investigated.
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Introduction

The use of animal-based indicators is gaining increased pref-
erence over resource- and management-based indicators in
farm animal welfare assessment schemes. Animal-based indi-
cators, which measure the state of the animal rather than its
environment, are assumed to possess a higher validity than
resource- and management-based indicators because they are
more closely linked to the actual welfare state of animals
(Webster et al 2004; Blokhuis et al 2010). Duration of
assessing animal-based indicators on-farm, however, is a
main constraint with regard to feasibility (Miilleder et al
2007; Knierim & Winckler 2009; Blokhuis et a/ 2010). In the
Welfare Quality® (WQ) protocol for dairy cattle, for
example, 60% of the indicators are animal-based, but take
about 90% of the total on-farm assessment time (depending
on herd size; Welfare Quality® 2009). Consequently, on-farm
assessment time of the WQ protocol ranges from about 4.4 to
7.7 h for herds of 25 to 200 cows (Welfare Quality® 2009).
Assessment time and associated costs of on-farm assessments
may hamper the practical implementation of the WQ protocol
in welfare audit programmes (Knierim & Winckler 2009).

Various studies have shown associations between indica-
tors of dairy cattle welfare. Lame cows, for instance, were
associated with a lower body condition and changes in
lying behaviour (Bowell et al 2003; Ito et al 2010; Blackie
et al 2011). Also, a higher frequency of agonistic
behaviour in dairy herds was associated with larger
avoidance distances towards cows (Waiblinger et al 2003).
Although these associations may not always involve
causal relationships, it suggests that animal-based indica-
tors may have potential to predict other animal-based indi-
cators. Such predictions could replace on-farm
observations, and reduce on-farm assessment time of the
WQ protocol. So far, mainly resource- and/or manage-
ment-based indicators have been considered for prediction
of animal-based indicators (eg Miilleder et al 2007).

Two out of four assessment methods in the WQ protocol
contain more than one animal-based indicator (Welfare
Quality® 2009): behavioural observations (BO; six indi-
cators), and clinical observations (CO; 13 indicators).
When an indicator belonging to one of these assessment
methods is replaced, cows still need to be observed to
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Table |

Descriptive statistics of Welfare Quality® indicators collected using a resources checklist or interview.

Assessment method Resource- and management-based indicators (categorical)

Category (n herds)

Resources checklist Type of housing
Sufficient number of drinkers
Clean drinkers'

At least two drinkers per cow

Loose (181), tied (13)

Yes (97), partly (64), no (33)
Yes (192), no (2)

Yes (177), no (17)

Interview Access to pasture (with at least 6 h per day) Yes (145), no (49)
Releasing cows from tie stalls for at least | h per day in winter' Yes (0), no (13)
Dehorning young stock (in at least 15% of animals) Yes (181), no (13)
Method of dehorning' Chemical (I), thermal (180)
Use of analgesics' Yes (3), no (178)
Use of anaesthetics' Yes (173), no (8)
Dehorning adult cattle (in at least 15% of animals)' Yes (0), no (194)
Use of analgesics' NA?
Use of anaesthetics' NA?
Tail-docking (in at least 15% of animals)' Yes (0), no (194)
Method of tail docking' NA?
Use of analgesics' NA?
Use of anaesthetics' NA’
Animal-based indicators (continuous)

Interview % on-farm mortality 0.6 (0, 3.1)
% cows with SCC > 400,000 11.0 (0, 36.3)
% dystocia 5.0 (0, 50)

" Indicator excluded from predictions due to observed prevalence < 5%.

2 NA: not applicable.

collect data for the other WQ indicators, which takes an
equal (BO), or only slightly less (CO) amount of time.
Hence, all indicators of an assessment method should be
considered together in order to reduce assessment time.

Our aim was to evaluate the performance of a reduced
protocol, in which a set of WQ indicators belonging to one
assessment method is replaced by predictions based on
remaining animal-, resource- and management-based indi-
cators, in order to assess the scope for reduction of on-farm
assessment time of the WQ protocol for dairy cattle.

Materials and methods

Herd selection

To properly assess the scope for prediction of animal-
based WQ indicators, we aimed for data from herds that
span a wide range of levels of animal welfare. Therefore,
herds were selected based on a composite health score.
From 5,000 Dutch herds participating in a health scheme
of a Dutch dairy co-operative, a composite health score
between 0 (worst) and 50 (best) was determined over the
period January 2008 to June 2009. This score consisted

of five parameters that have been shown to correlate with
different WQ indicators (De Vries ef al 2011): cow and
young stock mortality, bulk tank milk somatic cell count
(SCC), new udder infections, and fluctuations in stan-
dardised milk production. Herds were attributed zero
points per parameter when the parameter value was
among the 10% worst, and 10 points when it was among
the 90% best values of all dairy herds in 2004.

To ensure a minimum sample of 100 herds from the 5%
lowest composite health scores and 100 herds from the rest
of the population, 250 herds were randomly selected from
each of these respective categories. Of the selected herds,
163 farmers responded positively, 75 negatively and
262 failed to respond. Due to the insufficient positive
response rate, non-responders were further contacted by
telephone. Finally, 196 farmers agreed to participate:
90 from the 5% lowest composite health scores, and
106 from the rest of the population. Composite health scores
of the participating herds (median = 40, 95% range = 27.5
to 50) were similar to the original selection of 500 herds
(median = 35, 95% range = 27.5 to 50).
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Table 2(a) Observed and predicted prevalence and agreement (Cohen’s kappa, positive [PR] and negative rate [NR]
with 95% confidence intervals [CI]) between observed and predicted values of categorical animal-based indicators
assessed in behavioural observations (BO), and clinical observations (CO).

Method Indicator Problems (n herds) Agreement?
Observed Predicted' k PR NR
Minor Moderate Severe Minor Moderate Severe 95% (CI) 95% (CI)
BO Mean time to lie down (s) 41 75 78 10 92 88 0.14 97% (92-99) 12% (4-26)
% cows colliding with stall 8l 23 90 90 0 102 0.44 72% (62-80)  73% (62-83)
components
% cows lying outside lying 152 17 25 183 0 10 0.19 15% (6-29) 97% (93-99)
area
Frequency coughing per cow 194 0 0 - - - - - -
per |5 min’
Cco % cows with dirty hind legs |5 28 151 0 0 194 0.00 100% (98-100) 0% (0-22)
% cows with dirty udder 80 45 69 132 0 60 0.25 41% (32-51)  83% (72-90)
% cows with dirty 28 24 142 I 0 193 0.07 100% (98-100) 4% (0-18)
hindquarters
% cows with ocular 170 16 8 194 0 0 0.00 0% (0-7) 100% (97-100)
discharge
% cows with nasal discharge 145 27 22 193 0 0 0.00 0% (0-14) 100% (98-100)
% cows with diarrhoea 126 20 48 191 0 2 -003 0% (0-5) 98% (94-100)
% cows with vulvar 149 31 14 192 0 2 0.03 2% (0-12) 99% (96-100)
discharge
% cows with hampered 190 4 0 - - - - - -

respiration’

' Some herds excluded because highest predicted odds were equal for two or more categories.
? Results based on two classes: ‘minor problem’ and ‘moderate or severe problem’.
* Indicator excluded from predictions due to observed prevalence < 5%.

Farm visits

Seven observers, all with previous experience in dairy
production and handling, were trained to use the Welfare
Quality® assessment protocol for dairy cattle (Welfare
Quality® 2009) in a three-day course given by delegates of
the Welfare Quality® consortium. Observers visited 14 to
48 herds during the winter months of November 2009 through
to March 2010 when the cows had been denied access to
pasture for at least two weeks. During a farm visit, observers
collected data for 17 resource- and management-based
(Table 1) and 24 animal-based (Tables 1 and 2[a], [b]) WQ
indicators in six assessment methods. Assessment methods,
which were executed in a fixed order, are described briefly
(details can be found in Welfare Quality® [2009]) below.

For avoidance distance at the feeding rack (ADF), which
was measured on a pre-defined sample of lactating and
dry cows (Welfare Quality® 2009), individual cows
were approached from a distance of 2 m on the feed
bunk. The avoidance distance was estimated at the
moment the cow moved back, turned, or pulled back the
head, and was categorised in one of four cate-
gories: > 100 c¢cm, 100 to > 50 c¢cm, 50 to > 0 cm, or
touched. For the Qualitative Behaviour Assessment
(QBA), cows were observed in segments of the barn for

20 min, regardless of the number of cows in the herd or
in a segment. After this observation, 20 descriptors were
scored on a visual analogue scale between 0 (expressive
quality of the descriptor was entirely absent in any of the
animals) and 125 mm (dominant across all observed
animals). For BO, lying behaviour, agonistic behaviour,
and coughing was recorded in segments (with a
maximum of approximately 25 lactating cows) using
continuous behaviour sampling (Martin & Bateson
1993). For CO, 13 health indicators (Table 2[a], [b])
were assessed for a pre-defined sample of lactating and
dry cows. Body condition was scored on a five-point
scale, and grouped into classes ‘very lean’ (score 1) and
‘not very lean’ (score > 2). Locomotion was scored on a
five-point scale, and grouped into classes ‘not lame’
(scores 1 and 2), ‘lame’ (score 3) and ‘severely lame’
(scores 4 and 5). Assessment details of other indicators
of CO can be found in the WQ protocol (2009). Besides
this, four resource-based, 13 management-based, and
three animal-based indicators (Table 1) were collected
using a resources checklist and an interview. Identical
indicators were used for cattle in loose housing and tie
stalls, except for lameness. Cows in tie stalls were cate-
gorised into two lameness classes (not lame or lame),
instead of three (not lame, lame or severely lame).
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Table 2(b) Difference (y-§) and Spearman rank correlation (r) between observed (y) and predicted () values of
continuous animal-based indicators assessed in the avoidance distance at the feeding rack (ADF), Qualitative
Behaviour Assessment (QBA), behavioural observations (BO) and clinical observations (CO).

Method Indicator y (median [95% range]) § (median [95% range])

y-¥ (median [95% range]) r,

ADF ADF index 68 (25.6, 92.3) 67.9 (54.7,76.2) 2.2 (-33.9, 24.2) 0.31

QBA QBA index -1.0 (-8.8, 4.6) -1.2 (-3.8,2.8) 0.4 (-6.1, 4.1) 0.54

BO Frequency of head butts per 0.7 (0.1, 2.8) 0.8 (04, 1.4) -0.1 (-0.8, 1.6) 0.38
cow per h
Frequency of displacements 0.3 (0, 1.5) 0.4 (0.0, 0.8) -0.0 (-0.5, 0.8) 0.46
per cow per h

Cco % very lean cows 2.4 (0, 20.0) 3.8 (0.9, 12.0) -1.2 (-7.6, 15.5) 0.43
% moderately lame cows 24.1 (3.6, 51.4) 24.1 (14.6, 36.3) -0.43 (-21.6, 24.0) 0.39
% severely lame cows' 6.0 (0, 28.9) 6.9 (1.8, 24.1) -1.8 (=119, 17.0) 0.50
% cows with hairless patches 33.3 (3.3, 61.5) 32.8 (21.8, 42.3) -0.1 (-26.2, 29.9) 0.33
% cows with lesions or swellings 35.3 (4.6, 94.7) 39.4 (24.3, 72.6) -4.4 (-30.7,43.4) 0.49

' Prediction concerns only loose-housing systems because severe lameness was not assessed in tie stalls.

Table 3 Threshold values for categorical indicators representing a minor, moderate or severe problem (adapted from

Welfare Quality® 2009).

Indicator Minor problem Moderate problem Severe problem
Mean time to lie down (s) <52 <52and < 63 >6.3
% cows colliding with components of the stall <20 <20and < 30 > 30
% cows lying outside lying area <3 <3and <5 >5
% cows with dirty hind legs <20 <20and < 50 > 50
% cows with dirty udder <10 <l0and < 19 > 19
% cows with dirty hindquarters <10 <l0and < 19 > 19
% cows with ocular discharge <3 <3and < 6 >6
% cows with nasal discharge <5 <5and < 10 > 10
% cows with diarrhoea < 325 <325and < 6.5 > 6.5
% cows with vulvar discharge <225 <225and < 45 > 45
% cows with hampered respiration < 325 <3.25and < 6.5 > 6.5
Average frequency of coughing per 100 cows and |5 min <3 <3and =< 6 >6

Time needed per assessment method and total assessment time
per herd were not recorded during the farm visits, but were
estimated based on the information given in the WQ protocol
(Welfare Quality® 2009). For this study, on-farm assessment
time was estimated for an average Dutch dairy herd (78
lactating cows; LEI 2008). Total estimated assessment time,
therefore, was 381 min: 44 for ADF (1 min per animal), 25 for
QBA, 150 for BO, 132 for CO (3 min per animal), 15 for the
resources checklist, and 15 for the interview.

Data processing

Data collected from the herds were expressed as ‘WQ indi-
cators’ at the herd level, using weights for the aggregation
of ADF categories and QBA descriptors, and threshold
values for the conversion into ordinal indicators as
described in the WQ protocol (2009). The percentage of

cows in each ADF category was weighted and aggregated
into an ‘ADF index’ ranging from 0 (worst) to 100 (best).
For QBA, the 20 descriptors were weighted and aggregated
into a ‘QBA index’ ranging from —10 (worst) to 7 (best).
Data related to lying behaviour, cleanliness, and disease
were converted to an ordinal scale representing a minor,
moderate, or severe problem (Table 3).

WQ indicators were not included in the statistical analyses
when the standard deviation was zero or the prevalence was
less than 5%. Because ignorance of missing values can lead
to reduced power (Donders et al 2006; Dohoo et al 2009),
multiple imputation (MI) was used to replace missing
values. MI is a technique in which a missing value is
replaced by a value that was drawn from an estimate of the
distribution of this variable (Donders et a/ 2006).
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ADF QBA behavioural observations

clinical observations

Spearman rank correlation coefficients per animal-based indicator when compared with indicators belonging to different assessment methods
(avoidance distance at the feeding rack [ADF], Qualitative Behaviour Assessment [QBA], behavioural observations, or clinical observations).

Statistical analysis

Spearman rank correlations between animal-based WQ
indicators were calculated. They were preferred over Pearson
correlations, because a number of variables could not be
assumed to be (approximately) normally distributed.
Subsequently, individual animal-based WQ indicators of
each of the four assessment methods were predicted, using
WQ indicators of the remaining three assessment methods,
resources checklist, and interview as potential predictors. For
example, to predict an indicator of BO (the ‘outcome
indicator’), indicators of ADF, QBA, CO, resources checklist,
and interview were used as potential predictors. In a first
univariate screening, each predictor variable was selected in
turn to judge its potential for prediction. A multinomial distri-
bution with a logit-link function was used when the outcome
indicator involved categorical data, a binomial distribution
with a logit-link function for binary data, and a Poisson distri-
bution with a log-link function and a multiplicative overdis-
persion parameter for count data (all models were generalised
linear models [McCullagh & Nelder 1989]).

Subsequently, the outcome indicator was predicted using
multiple predictors that were selected (P-value of Wald
test < 0.20) in the first screening. The final prediction model
was selected based on the lowest value for Akaike’s
Information Criterion (AIC). For categorical indicators, herds
were assigned to the category with the highest predicted odds.

The level of agreement between observed and predicted
values of continuous WQ indicators was shown by their
absolute difference and Spearman rank correlation (). The
latter correlation was interpreted by an informal classification
system as suggested by Martin and Bateson (1993) for a
Pearson correlation: slight (r, < 0.2), low (r,> 0.2 to 0.4),
moderate (7, > 0.4 to 0.7), high (» > 0.7 to 0.9), and very high
(r,> 0.9 to 1.0). For categorical WQ indicators, agreement
between observed and predicted values was assessed by
Cohen’s kappa coefficient (k; Cohen 1960). This coefficient
was interpreted by an informal classification system as
described by Landis and Koch (1977): poor (x < 0), slight
(k> 010 0.2), low (k> 0.2 to 0.4), moderate (x > 0.4 to 0.6),
high (x > 0.6 to 0.8), and very high (k > 0.8 to 1.0). In
addition, positive (PR) and negative (NR) rates (which are
similar to sensitivity and specificity of a diagnostic test) were
calculated. To that end, observed and predicted values were
grouped into classes ‘minor problem’ and ‘moderate or severe
problem’. The PR is defined as the probability for a ‘moderate
or severe problem’ being predicted, given a ‘moderate or
severe problem’ being observed. The NR is similarly defined
for the ‘minor problem’ class. All calculations were
performed with GenStat (GenStat for Windows 2011).

Results

The WQ protocol was executed in 196 dairy herds. Data from
two herds were excluded because the protocol could not be
executed correctly in these herds. In the remaining 194 herds,
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with herd size ranging between 10 and 211 lactating cows,
cows were loose-housed on 181 farms, and tied on 13 farms.
On 145 farms, cows had access to pasture in summer.

Twelve resource- and management-based (Table 1) and two
animal-based WQ indicators (Table 2[a]) showed a preva-
lence of less than 5% and were therefore excluded from the
statistical analyses. Missing values were replaced using MI
in eight indicators: the number of days with access to
pasture (missing in three herds), percentage of cows with
lesions and swellings (one herd), with hairless patches (one
herd), with SCC > 400,000 (seven herds), with dystocia
(one herd), and ADF (could not be executed in six herds).

Correlations between animal-based indicators

Correlations between animal-based WQ indicators ranged
from —0.51 (percentage of cows with hairless patches versus
lesions) to 0.75 (percentage of cows with dirty udder versus
dirty hindquarter). When animal-based WQ indicators
belonging to different assessment methods were compared,
correlations ranged from —0.26 (frequency of displacements
versus QBA index) to 0.35 (percentage of very lean cows
versus percentage of cows colliding with components of the
stall while lying down; Figure 1).

Predicting ADF

The correlation between observed and predicted values for
the ADF index was 0.31, which was interpreted as a low
agreement. The difference between the observed and
predicted values for the index ranged between —33.9 and
24.2 (95% range; Table 2[b]), which is comparable to an
over- and underestimation of 33.9 and 24.2%, respectively,
of cows that could be not be approached closer than 100 cm.
The final prediction model for the ADF index comprised
percentage of cows with dirty hind legs, lame, lying outside
the supposed lying area, and QBA index as predictors (see
Appendix [Available at the supplementary material to papers
published in Animal Welfare section at the UFAW website;
http://www.ufaw.org.uk/supplementarymaterial.php]).

Predicting QBA

Prediction of the QBA index resulted in a correlation of
0.54 between observed and predicted values. This was inter-
preted as a moderate agreement. The difference between the
observed and predicted values ranged from —7.0 to 6.5 (95%
range; Table 2[b]). The difference at the index level is hard to
interpret at the level of descriptors due to the large number of
terms in the QBA index. The final prediction model comprised
percentage of cows with vulvar discharge, SCC > 400,000,
lying outside the lying area, lame, severely lame, frequency of
displacements, sufficient number of drinkers, ADF index, and
herd size as predictors (see Appendix).

Predicting BO

The correlation between observed and predicted values was
0.38 for frequency of head butts and 0.46 for displacements,
which was interpreted as a low and a moderate correlation.
The difference between the observed and predicted values
ranged from —0.8 to 1.6 head butts and —0.5 to 0.8 displace-
ments per cow per hour (95% range; Table 2[b]). The final

prediction model for frequency of head butts comprised
percentage of cows with dirty hind legs, dirty hindquarters,
diarrhoea, hairless patches, mortality, and lameness as
predictors. For frequency of displacements, the final predic-
tion model comprised percentage of cows that were very
lean, dirty hind legs, nasal discharge, vulvar discharge, type
of housing, and QBA index as predictors (see Appendix).

For the indicators of lying behaviour, k ranged from
0.14 (mean time to lie down) to 0.44 (percentage of cows
colliding with components of the stall; Table 2[a]). This was
interpreted as a low to moderate agreement. NR was 12%
for the mean time to lie down (Table 2[a]), which indicates
that the probability for predicting a minor problem for this
indicator, given a minor problem being observed, was low.
PR was 15% for the percentage of cows lying outside the
lying area, which indicates that the probability for predicting
a moderate or severe problem, given a moderate or severe
problem being observed, was low. The final prediction
models for the indicators of lying behaviour comprised indi-
cators relating to type of housing, lesions, lameness, body
condition, diarrhoea, ocular discharge, cleanliness, and
QBA index as predictors (see Appendix).

Predicting CO

For the continuous indicators of CO, correlation between
observed and predicted values ranged from 0.33 (percentage
of cows with hairless patches) to 0.50 (percentage of
severely lame cows; Table 2[b]). This was interpreted as a
low to moderate agreement. The largest difference (based
on a 95% range) between observed and predicted values
ranged from 15.5% for the percentage of very lean cows to
43.4% for the percentage of cows with lesions or swellings.

For the categorical indicators, k ranged from —0.03 (percentage
of cows with diarrhoea) to 0.07 (percentage of cows with dirty
hindquarters), except for the percentage of cows with dirty
udder, which showed a k of 0.25 (Table 2[a]). This was inter-
preted as a poor to low agreement. NR was 0 and 4% for dirty
hind legs and hindquarters, respectively, whereas PR ranged
from 0 to 2% for the percentage of cows with diarrhoea, ocular,
nasal, and vulvar discharge (Table 2[a]). None of the herds
were assigned to a ‘moderate problem’, although a substantial
number of herds were observed in this category.

The final prediction model for the percentage of very lean
cows comprised herd size, the percentage of cows colliding
with components of the stall while lying down, dehorning,
and frequency of displacements as predictors (see
Appendix). For the percentage of lame and severely lame
cows, final prediction models were rather similar,
comprising indicators relating to drinkers, mean time to lie
down, frequency of head butts, ADF index, and QBA index
as predictors. In addition, the model for the percentage of
severely lame cows included herd size, access to pasture,
frequency of coughing, the percentage of cows with
SCC > 400,000, and mortality as predictors. Final predic-
tion models for the percentage of cows with hairless
patches and with lesions or swellings comprised indicators
relating to drinkers, lying behaviour, agonistic behaviour,
mortality, access to pasture, ADF index, and QBA index as
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predictors. With regard to indicators relating to cleanliness,
final prediction models comprised indicators relating to
lying behaviour, SCC, agonistic behaviour, type of
housing, access to pasture, and ADF index as predictors.
For indicators relating to disease (diarrhoea, ocular, nasal
and vulvar discharge), final prediction models comprised
indicators relating to drinkers, lying behaviour, agonistic
behaviour, access to pasture, and coughing as predictors.

Discussion

Our aim was to assess the scope for reduction of on-farm
assessment time of the WQ protocol for dairy cattle. To this
end, performance was evaluated of a reduced protocol, in
which a set of WQ indicators belonging to one assessment
method was omitted and replaced by predictions based on
remaining animal-, resource- and management-based indi-
cators. Omitting indicators belonging to BO and CO from
the protocol were estimated to result in the highest time
gain: 150 and 132 min. Omitting indicators of ADF and
QBA were estimated to result in 44 and 25 min time gain.

Herds in this study were selected on the basis of a composite
health score to achieve more variation in the level of animal
welfare. At the same time, this may have resulted in a better
agreement between observed and predicted values.
Consequently, a lower level of agreement might be found
when herds are selected randomly. To avoid reduced power
due to missing values (Donders et al 2006, 2009), multiple
imputation was used to replace missing values. The
percentage of missing values in our study was less than 1%.
This technique has shown to be an appropriate method to
deal with much larger proportions of missing values
(Schafer & Olsen 1998). Therefore, the use of multiple
imputation is not expected to have affected the results of
this study to the extent of practical relevance.

More than one-third of the 41 indicators in the WQ protocol
showed a prevalence of less than 5%. Because the majority
of these indicators were resource- or management-based,
exclusion of these indicators from the WQ protocol would
result in approximately 15 min time gain only. With the
exception of five indicators that were related to issues
regulated by Dutch law (tail docking and use of anaesthetics
for dehorning young stock), exclusion of these indicators is
not recommended because prevalence may change over
time and space, and herds that participated in this study may
not be indicative for future populations.

Agreement between observed and predicted values was poor
to moderate. The fact that WQ indicators provided little
predictive value for other WQ indicators may reflect the aim
of the Welfare Quality® project to select a minimum set of
welfare criteria (Botreau et a/ 2007). On the other hand,
factors inherent to the quality of the WQ monitoring system
may have influenced predictive value. For example, the level
of agreement between predicted and observed values is
likely to be negatively affected by low inter-observer relia-
bility (IOR) of indicators. This effect can be illustrated as
follows: when indicator ‘A’ has a high IOR (ie little variation
among different observers) and indicator ‘B’ has a low IOR
(ie large variation among different observers), a low associ-
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ation between indicators ‘A’ and ‘B’ can be expected. Hence,
a low IOR of ‘B’ negatively affects the prediction of ‘A’ by
‘B’. A high IOR, for example, has been shown for the
lameness scoring method used in our study (Winckler &
Willen 2001), whereas IOR was found to be low for QBA
(Kendall’s W between 0.14 and 0.62; Bokkers et al 2012). If
two observers, assessing lameness and QBA on the same
farms, find similar percentages of severely lame cows but
different scores for the QBA index, prediction of lameness
by QBA (and vice versa) will be negatively affected.
Obviously, the level of agreement deteriorates even more if
IOR of both outcome and predictor are low.

Another possible reason for poor agreement between
observed and predicted values, was that the observed clas-
sification was rather skewed for categorical indicators.
Half of the indicators of BO and CO were categorical,
whereas QBA and ADF contained no categorical indica-
tors. For six of the twelve categorical indicators, more than
two-thirds of the herds were in the ‘minor problem’
category. For two other indicators, more than two-thirds of
the herds were in the ‘severe problem’ category. Prediction
models assigned nearly all herds to the most frequent
category. Consequently, herds with problems were over-
looked (poor PR), or herds with proper welfare were incor-
rectly assumed to have a problem (poor NR).

Six indicators showed a moderate agreement between
observed and predicted values; percentage of cows
colliding with stall components, very lean, severely lame,
with lesions or swellings, QBA index, and frequency of
displacements. However, only omission of the QBA index
from the WQ protocol would imply a reduction of on-farm
assessment time because, contrary to the other indicators,
the assessment method (QBA) contains only one indicator.
Despite its low IOR (Bokkers et al 2012), the QBA index
showed the highest agreement (r, = 0.54) between
observed and predicted values. The QBA index was
predicted by frequency of displacements, amongst others,
for which a correlation was also found in another study
(Rousing & Wemelsfelder 2006). The ADF index was
another important predictor for the QBA index. However,
since ADF was assessed before QBA during the farm visit,
the QBA scoring might have been influenced by the obser-
vations on the cows during the ADF.

The ‘moderate’ agreement between observed and predicted
values for six indicators in the WQ protocol suggests that
these observations and predictions were not completely
unrelated. However, it also means that less than 30% of the
observed variance was explained by the prediction models.
This lack of predictive value was also illustrated by the large
absolute differences between observed and predicted values.
Therefore, it is not recommended to use these predictions as
a replacement for omitted indicators in the WQ protocol.

In order to enhance the use of the WQ protocol in welfare
audit programmes, other ways to reduce on-farm assess-
ment time should be investigated. For example, few herd
health records and resource- and management-based
variables were used to predict WQ indicators in this study,
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whereas such variables have been shown to correlate with a
large number of WQ indicators (eg Miilleder et al 2007,
Sandgren et al 2009). Compared to animal-based WQ indi-
cators, collecting herd health records and data for resource-
and management-based variables is less time consuming
and costly. Prediction of WQ indicators based on a larger
share of herd health records and resource- and management-
based variables, therefore, should be further investigated.
Because in many countries herd health records are available
in national databases, these could even be used for a first
estimate of the level of animal welfare before an on-farm
assessment is performed (Sandgren et al 2009; De Vries
et al 2011). Besides the use of additional data, automated
monitoring systems show the potential to reduce on-farm
assessment time of the WQ protocol. Mainly for the assess-
ment methods BO and CO, animal activity sensors or video
recordings could replace direct visual observations for
monitoring of, for example, lying behaviour or lameness (eg
Flower ef al 2005; Bewley et al 2010; Pluk et al 2012).

Conclusion

Replacing a set of animal-based WQ indicators belonging to
one assessment method with predictions based on remaining
WQ indicators showed little scope for a reduction of on-farm
assessment time of the WQ protocol for dairy cattle.
Therefore, except for indicators regulated by law, it is not
recommended to omit indicators of the WQ protocol for
dairy cattle. Other ways to reduce on-farm assessment time
of the WQ protocol, such as the use of additional data or
automated monitoring systems, should be investigated.
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