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PREFACE
The current book contains a number of chapters based on the work done by scientists
working on the work package 2.2 of the EU-project Welfare Quality® ‘Integration of
animal welfare in the food quality chain: from public concern to improved welfare and
transparent quality’. One aim of Welfare Quality® has been to develop a scheme for
assessing animal welfare.
The aim of the current work package was to test and validate possible measures of animal
welfare in such a scheme for poultry, pigs and cattle. This book deals with the measures
on cattle. The measures included in this book have been assessed for dairy cows, fattening
bulls and veal calves.
Welfare Quality® has identified four welfare principles; good feeding, good housing, good
health and appropriate behaviour. These four welfare principles has been further divided
into twelve welfare criteria (see Table). The focus has been on animal based measures,
while resource based measures and management based measures have been used to
supplement these. The areas covered in the lives of the animals are on farm and at
slaughter. The transport is only covered in the loading/unloading phase, because the effect
of the transport can often be seen in the state of the animals at the slaughter plant.
The measures evaluated have been of three categories. The first category are measures
that have not previously been validated, the second category is measures that have been
validated, or have high face validity (there is e.g. no need to do a study to validate that
wounds cause bad welfare) but for which we do not know the repeatability of the measure.
The last category finally consists of measures for which there are already validated
protocols (e.g. for body condition score), in these cases the project groups evaluated the
alternatives and selected the most appropriate measure to be used.

Welfare principles
Good feeding
Good housing

Good health

Appropriate behaviour

Welfare criteria
1 Absence of prolonged hunger
2 Absence of prolonged thirst
3 Comfort around resting
4 Thermal comfort
5 Ease of movement
6 Absence of injuries
7 Absence of disease
8 Absence of pain induced by management
procedures
9 Expression of social behaviours
10 Expression of other behaviours
11 Good human-animal relationship
12 Positive emotional state
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Preface

This book is based on the work of different research groups, each chapter therefore deals
with related aspects of animal welfare, e.g. ‘health scores’, which covers 15 potential
measures of the health of the animal. This means that although there are only 23 groups
of measures/chapters, the number of measures evaluated is much higher since each group
contains information on a number of different measurements.
The current book consists of all of the measures that have been evaluated for inclusion in
the welfare assessment scheme of Welfare Quality (whether they were later included or
not). In addition we have included two appendices on possible management and resource
based measures. However, these have not been tested in the current project. Finally, there
is a third appendix with a brief note on statistics and sampling.
Described below is how each of chapters relate to the twelve animal welfare criteria.
1.
2.

3.

4.
5.

6.

7.

8.

9.

Absence of prolonged hunger. The proposed measure for prolonged hunger in cattle
was condition scoring (Chapter 1).
Absence of prolonged thirst. There is currently no good animal based measure for
this criterion. The resource and management based measure suggested is the number
of water cups and that they are functioning (Appendix 1 and 2).
Comfort around resting. The hypothesis that the behaviour around resting can be
used as a measure of the comfort of dairy cattle and bulls was investigated (Chapter
2). The cleanliness of the animals is also an indicator of comfort around resting
(Chapter 3). This could also possibly be measured at the slaughter plant (Chapter 4)
Thermal comfort. no animal-based measure of thermal comfort on farm was
investigated.
Ease of movement. The main restriction the animals experience is the either the use
of tie stalls, or because the animals are densely stocked, this concern has therefore
been addressed in the resource appendix.
Absence of injuries. There are two main types of injuries investigated for this welfare
criteria. The first one is lameness (Chapter 5). The second one is integument
alterations (Chapter 6). Included in this type of injury are swellings and skin
condition, including udders (in dairy) and prepuce (in bulls). Bruises may also be
discovered on the carcasses at slaughter (Chapter 7). The category of injurious
behaviours (slipping, stepping on other individuals etc.) has also been investigated
for possible inclusion in the final scheme (on farm: Chapter 8, at slaughter: Chapter
9).
Absence of diseases. Respiratory, enteric, and reproductive problems can be assessed
on farm in a valid and feasible way (Chapter 10). Dead on arrival at the slaughter
plant is another possible candidate for monitoring the health of the animals (Chapter
4)
Absence of pain induced by management procedures. The pain caused by mutilation
(e.g. dehorning) is most easily recorded as a management measure (see the
management appendix). At slaughter the stunning effectiveness is regarded as an
important measure within this area of concern (Chapter 11).
Expression of social behaviour. Social behaviour can both be agonistic and cohesive.
The use of direct registrations of agonistic behaviour (as opposed to wounds) was
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10.

11.
12.
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investigated (Chapter 12). In cattle the possibility of measuring social licking as a
cohesive behaviour was investigated (Chapter 13).
Expression of other behaviours. For the welfare criteria ‘expression of other
behaviours’ several types of behaviours were investigated. There are behaviours that
indicate poor welfare, e.g. abnormal behaviours, including stereotypes (Chapters 8
and 14).
Good human–animal relations. The avoidance reaction of the cattle can be used to
measure the human animal reaction (Chapters 15, 16, and 17).
Positive emotional state: Possible indicators of positive emotional state is exploration
and play behaviour (Chapters 18 and 19). Fearfulness is the opposite of a positive
emotional state. The measurements of fear on farm (Chapter 21 and 22) and at
slaughter (Chapter 9) were investigated. Finally, it is possible to gather information
concerning the overall emotional state of the animal as it is perceived by means of
Qualitative Behaviour Assessment (Chapter 23).
B. Forkman
September 2009
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1
Condition sCoring for dairy
and beef Cattle and veal
Calves
K.a leach, U. Knierim and H.r. Whay

1.1 sUmmary

body condition reflects the body fat content and thus the nutritional status of an animal,
as indicated by its body reserves. body condition has important implications for health.
there can be problems of dystocia and fatty liver disease, and delayed return to oestrus,
with over-fat dry cows. in early lactation, high producing dairy cows can lose a great deal
of condition due to their negative energy balance, and this can have a detrimental effect
on health and fertility. Poor body condition may reflect previous prolonged hunger or ill
health.
Published body condition scoring systems were reviewed, many of which require
palpation, and are very detailed. since palpation will not be feasible for beef animals in
welfare assessments, we propose a simplified system, based on a published scale, but using
visual assessment of the loin and tailhead areas. this will identify animals which are too
thin, and also too fat in the case of dairy cattle. a representative random sample of the
dairy herd, including dry cows, should be scored. beef cattle will often be more difficult
to view than dairy cows. for these we suggest that, if random sampling (to give a reliable
prevalence figure for thin animals), is not possible, the assessor should view all groups as
thoroughly as possible and any animals classified as ‘too thin’ should be reported. there
are risks of either double counting or false negatives with this method. more than a certain
number of animals which are ‘too thin’ should trigger a second, more detailed
investigation. no condition scoring methods have been validated for veal calves to date.
it would be possible to use the same system for assessing calves, but the validity and
implications of condition score in young calves are not known.

1
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1.2 introdUCtion

body condition reflects the body fat content (Wagner et al., 1988) and thus the nutritional
status of an animal, as indicated by its body reserves. it reflects the nutritional history of
the animal, rather than the current nutrition. body condition has important implications for
health. for example, there can be problems of dystocia and fatty liver disease and delayed
return to oestrus with over-fat dry cows (reid et al., 1986), while in early lactation, high
producing dairy cows can lose a great deal of condition due to their negative energy
balance, and this can have a detrimental effect on health and fertility (butler, 2003). low
body condition per se is an indicator that the energy needs of the animal are not being met
by the dietary energy supply. body condition monitoring is quite widely used as a tool in
management of both beef and dairy cattle. the purpose of including body condition scoring
within a welfare assessment would be to identify the proportion of animals that are either
too thin or too fat, indicating increased risk of disease, and/or inappropriate former and
possibly current nutrition. once these animals have been identified, their management can
be improved.
a wide range of body condition scoring systems have been developed and used for
research purposes and practical monitoring on commercial farms. these were reviewed
and discussed in order to decide upon a suitable method.

1.3 metHods

the history of the development of body condition scoring was reviewed. the various
scoring systems in use were considered in terms of their feasibility, validity, simplicity
and reliability. the suitability of existing methods, and the possibility of creating a new
method were considered, in the context of farm assessment of welfare. the practicalities
of applying the chosen system to dairy, beef and veal calves were addressed. the proposed
system was tested for reliability between observers by three observers scoring the same set
of photographs. two were experienced in condition scoring and one was inexperienced,
and was given the training materials to study before being asked to score the pictures.

Condition Scoring
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1.4 resUlts and disCUssion

various condition scoring systems have been developed in different countries. the main
distinctions between systems are:
•
•

Whether they are merely visual or require palpation, and
Whether the animal is assessed as a whole, or separate scores are given for different
anatomical regions, which are then summarised or adjusted to give a whole animal
score.

the most commonly used and familiar systems for condition scoring in the UK use a six
point scale from 0 to 5, and are based on the work of lowman et al (1974) (who published
the first system for beef cattle), and mulvany et al. (1977) who applied the system to dairy
cows. these systems were produced as tools for monitoring the condition of cows at
different stages of the production cycle, and aiding management. slightly different
descriptions were created for the two types of cattle, related to their tendency to deposit
fat at different anatomical locations at the higher levels of fat deposition. these two
systems were designed to include palpation of the tailhead and loin areas, however, notes
on mulvany’s system suggest that palpation is only necessary for the refinement of
allocating half scores. in fact, scoring by visual assessment alone is commonly practiced.
Condition score assessment in north america has developed along slightly different lines,
with greater divergence between approaches for dairy cattle and beef cattle. the earliest
publications were of descriptive methods for beef cattle, generally a nine point system
requiring both visual assessment and palpation (e.g. richards et al., 1986; Wagner et al.,
1988). edmondson et al. (1989) developed and validated a system for dairy cows, based
on visual assessment. this method requires consideration of separate regions of the body,
but a whole animal score is finally allocated. the structured technique of assessing
different areas of the body can be useful in training, but the method is quite detailed since
quarter scores are included. the combination of assessing a large number of body areas,
with a large number of possible scores, makes the system rather complex. fergusson et al.
(1994) carried out an experiment to define the principal components of a system for dairy
cows which was similar to that of edmondson et al. (1989), in that seven body regions
were separately assessed, and given a score between 1 and 5, with quarter scores, based
on simple text descriptions of the appearance of the underlying bone structures. although
the descriptions were visual, tactile assessment was also permitted. Principal components
analysis was then used to determine the particular criteria for individual cut-off points.
for example, this analysis showed that the appearance of the thurl region (U or v shape)
was the critical component separating scores above or below 3, and the appearance of
hook and pin bones determined whether cows were at or above 2.75. these results allowed
the development of a scheme or key system, versions of which are used by many of the
american state agricultural advisory services, e.g. <http://cahpwww.vet.upenn.edu/dairy/
bcs_cht.htm>.

4
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both the UK-style and american-style systems have been widely used in research, for
investigating relationships between body condition, or its change, and many aspects of
health, fertility and production. However, as already mentioned, they are also used at a
practical level, providing targets for optimum condition at certain stages of the production
cycle, particularly for dairy and suckler cows. for fattening beef cattle they are used more
in relation to carcass composition.
for the purposes of this welfare assessment, the ability to detect animals which are at an
inappropriate condition is the main objective. this means that a simple classification of
‘too thin’, ‘acceptable’ and ‘too fat’ will suffice. Using the same description for the
condition score classes for both beef and dairy animals would simplify both the training
and assessment procedures. However, slightly different thresholds were eventually decided
upon for dairy breeds, compared with dual purpose breeds and beef breeds, to recognise
that condition loss is less likely, and therefore more of a concern, in dual purpose or beef
breeds. a method requiring palpation was not considered feasible, particularly for beef
animals, therefore a system which could be operated using only visual assessment was
needed.
in terms of welfare, it is generally accepted among users of the UK condition scoring
system that there is cause for concern when any animals fall below condition score 2 and
when pregnant dry cows reach condition score 4 or above (Ward, 2003). the american
systems generally suggest cause for concern at scores which equate closely to these cutoff points. a simple description of the features which characterise animals above and below
these cut-off points, based on the UK descriptions, was therefore derived (tables 1.1 and
1.2). this largely agreed with descriptors of equivalent differential points from other
systems. the indicators for all four body regions should be present to classify an animal
as ‘too thin’ or ‘too fat’.
although there can be discussion about the capacity and necessity of dairy cows to lose
body condition in early lactation, the condition identified by this system as ‘too thin’ (i.e.
condition score less than 2 according to lowman et al. (1973) or edmondson (1989) should
be universally unacceptable for any animal at any stage of lactation.
the proportion of animals in a group classified as ‘too fat’ or ‘too thin’ should therefore
be determined. animals for sampling within a dairy herd could be selected by the same
methods as for clinical scoring and condition scoring. the same sample of animals could

table 1.1 Classification of dairy breeds as too thin and too fat.
region
tailhead
loin
vertebrae
general

too thin (lowman/mulvany score <2,
edmondson et al. score <2.5)
Cavity around tailhead
deep depression between backbone and
hip bones (tuber coxae)
ends of transverse processes sharp
tailhead, hip bones (tuber coxae), spine
and ribs prominent

too fat (lowman/mulvany/ edmondson et
al. score 4 or more)
tailhead cavity full and folds of fatty tissue
present
Convex between backbone and hip bones
(tuber coxae)
transverse processes not discernible
outlines of fat patches visible under skin

Condition Scoring

/

5

table 1.2 Classification of of beef and dual purpose breeds as too thin and too fat.
region

too thin (lowman/mulvany score
<3, edmondson et al. score <3.25)

tailhead

Cavity around tailhead

loin

visible depression between
backbone and hip bones (tuber
coxae)
ends of transverse processes
distinguishable
tailhead, hip bones (tuber coxae)
visible

vertebrae
general

too fat (cows in dairy systems
only) (lowman/mulvany/
edmondson et al. score 4 or more)
tailhead cavity full and folds of
fatty tissue present
Convex between backbone and hip
bones (tuber coxae)
transverse processes not
discernible
outlines of fat patches visible
under skin

be used. Power calculations will indicate the number of cows that need to be scored to
estimate the prevalence of a condition (e.g. ‘too fat’ or ‘too thin’) within a group of a
certain size (finite population), with a set confidence interval (see appendix 3). a minimum
number of cows to score should be set, to ensure that small herds are properly assessed –
we suggest a minimum of 30 cows. if there are different management groups they should
be sampled proportionally. dry cows should definitely be sampled and assessed.
the random sample of cows may be selected by marking every rth cow encountered while
walking through the housing, in the parlour, or while they are restrained at the feed trough
(r being calculated from the herd size and power calculation determining the number of
animals required: ie r = n/n where n is herd size and n is sample size). Care should be
taken not to exclude animals which are lying down. the same sample of animals may be
used for other animal-based assessments, such as clinical indicators and cleanliness.
alternatively, animals for the sample may be identified from a herd list, and observed
within or as they leave the milking parlour, or every nth cow entering the parlour could be
assessed. However, this will commit the assessor to being present for the whole of the
milking time. this may be efficient for smaller herds.
if all the animals in a group have been restrained for examination, animals can be released
individually once they have been scored. if they are already loose, their numbers must be
recorded as they are scored, or their identity determined, for example by a second mark,
to prevent scoring the same animal twice. Where there are a number of different groups
of cows, care must be taken that all are proportionally represented in the herd sample.
beef cattle are likely to be kept in conditions where they cannot be closely controlled, and
in this situation, only a group level assessment will be feasible. in this case, for each group,
detection of any animals which are ‘too thin’ should be recorded. However, there are risks
of either double counting or false negatives with this method.
after development of the current system, two experienced observers scored the same
photographs using the new system, with percentage agreement of 90% for beef cattle and
79% for dairy cows. including the observations of an inexperienced observer, trained only
using photographs, reduced the percentage agreement to 67% and 65% for the two groups
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of animals respectively. this suggests that training on live animals should definitely be
included.
body condition assessment for veal calves has not been validated, therefore it is not
possible to make definitions and recommendations for target condition scores.

1.5 ConClUsions

body condition for welfare purposes can be assessed with a simple three category system
of ‘too thin’, ‘acceptable’ and ‘too fat’. these categories are differently defined for dairy
and dual purpose or beef breeds. dairy cows can be scored individually, with a random
representative sample being taken. beef cattle are likely to be less easy to score
individually. identification of any animals which are too thin should be attempted, although
there is a risk of either double counting or underestimation. body condition assessment for
veal calves has not been validated, therefore it is not possible to make definitions and
recommendations for target condition scores

2
Reliability testing conceRning
behaviouR aRound Resting in
cattle in daiRy cows and beef
bulls
n. brörkens, g. Plesch, s. laister, d. Zucca, c. winckler, M. Minero and u. Knierim

2.1 suMMaRy

lying is a high priority behaviour and disturbances around resting are highly welfare
relevant as they may be associated with insufficient recuperation and frustration, increased
risks for lameness and alterations or injuries regarding hair, skin and joints. a wide variety
of different measures of behaviour around lying has been used in the literature. some of
the measures are not applicable within a short-term on-farm welfare assessment. for other
measures information about their suitability as on-farm welfare measures is limited.
it was the aim of this study to investigate in dairy cows and beef bulls these behavioural
measures around resting with regard to their feasibility, inter-observer reliability and shortto long-term intra-farm variability (consistency). for this purpose, observations on 35
dairy (16 cubicle houses, 7 deep litter systems, 12 tie stalls) and 19 beef farms (9 deep litter,
10 fully slatted floors) were carried out on three days for about 5 h each. farm visits took
place at approximately 60 and 180 days (tie stalls: 120 days) after the first visit.
additionally, inter-observer reliability was tested in direct observations on 5 farms, from
video clips with 65 lying down occurrences and from 57 pictures with in total 67 lying
animals.
Many categories of behaviour around resting occurred so infrequently that their reliable
recording is questionable with regard to a short-term observation of about 2 hours. interobserver reliability was generally good (spearman rs or Kendall’s w = 0.75-1.00) for those
measures that could be recorded more than once per observation hour, except for the
percentage of collisions during rising or lying. as this measure showed a good consistency
of results over time (Kendall’s w=0.88), it is suggested to improve training and investigate
inter-observer reliability again in the next stage of the project. in general, only a small
7
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number of measures showed an acceptable consistency of results over time, especially
when observation times of one or two hours were simulated.
we finally recommend to include into an on-farm welfare monitoring system for dairy
cows the measures ‘duration of lying down’, taking the total duration of at least 6 voluntary
occurrences, and the ‘percentage of collisions during lying down’ during these occurrences.
additionally, during the first two hours after the morning feeding, the ‘percentage of cows
lying partly or completely outside the lying area’ should be recorded by instantaneous
scan sampling over the whole pen every 10 to 20 minutes. during the two hours of
observations, further behavioural measures can be recorded. in beef bulls, a new measure
‘ratio of lying bulls ruminating to all bulls ruminating’ is proposed that should be tested
and evaluated in further stages of the project. furthermore, ‘duration of lying down’ can
reliably be recorded, if a minimum of 8 voluntary occurrences in bulls heavier than 350
kg is achieved. this might take on average 5 hours. however, during this time further data
can be collected.

2.2 intRoduction

lying is a high priority behaviour (Munksgaard et al., 2005) and cattle rest mainly while
lying. disturbances of the behaviour around resting may be associated with insufficient
recuperation and frustration (Munksgaard and simonsen, 1996), increased risks for
lameness (singh et al., 1994) and alterations or injuries regarding hair, skin and joints
(wechsler et al., 2000). a number of different measures around resting have been used in
past studies with regard to beef bulls and dairy cows. while some of these measurements
such as total lying time or number lying periods cannot be recorded in short-term
observations, others may be suitable for the on-farm welfare assessment. among them
are:
•
•
•
•
•
•
•
•
•
•

time needed to lie down and to get up (durations of rising and lying down)’
percentage of animals colliding with housing equipment during rising or lying down;
percentage of animals with altered or abnormal rising or lying down behaviour;
percentage of animals slipping during lying down or rising;
percentage of interrupted lying down or rising movements (unsuccessful lying down
or rising attempts);
percentage of animals in the different lying positions;
percentage of cattle ruminating during lying;
synchrony of lying;
percentage of animals lying partly or completely outside lying area (only in dairy
cows);
percentage of animals standing in lying area (only in dairy cows in loose housing).

Reliability Testing Concerning Behaviour around Resting in Cattle
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it was the goal of this study to apply these measures on dairy and beef bull farms in order
to investigate their feasibility, inter-observer reliability and the consistency of results over
time.

2.3 Methods

2.3.1 inteR-obseRveR Reliability testing (ioRt)

during several meetings between partners, detailed definitions of the measures were
developed and intensive training including reliability testing undertaken. formal interobserver reliability testing took place during the following sessions:
1.

2.

3.

4.

July 2005 (germany), before start of regular observations, 2 observers (a, b): onfarm observations of 21 rising occurrences and video observations of 34 lying down
occurences
september 2005 (austria), 55 days after first observations, 2 observers (a, b): onfarm recordings of 20 scans with in total 51 lying animals, 6 rising and 13 lying
down occurrences on 2 dairy farms.
June 2006 (italy), 310 days after first observations, 3 observers (a, b, c): on-farm
recordings of 30 scans with in total 35 lying animals, 8 rising and 21 lying down
occurrences on 2 dairy farms.
July 2006 (separately at different places), around 400 days after first observations,
2 observers (a, b): video observations of 65 lying down movements and scoring of
57 pictures with in total 76 lying animals

in test session 3 a third observer from italy participated in the reliability testing. for test
session 4, pictures of animals in different lying positions and videos of animals lying down
had been taken during the earlier farm visits from about the same position as for the onfarm observations. Pictures and videos showed one or several animals kept in different
housing conditions.
no distinction was made between dairy cows and beef bulls as the behaviour patterns are
the same in both categories of cattle.
depending on the number of observers, spearman (rs) or Kendall’s w correlation analyses
were performed. for nominal data , the prevalence adjusted bias adjusted kappa coefficient
PabaK was calculated.

10
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2.3.2 on-faRM RecoRdings

observation of resting behaviour on 19 beef bull farms (9 deep litter including sloped
straw flow systems and 10 fully slatted systems, 30–220 animals per farm, 5-27 bulls per
pen) and 35 dairy farms (16 cubicle houses, 7 deep litter including sloped straw flow
systems, 12 tie stall systems; herd size 12–100 cows) were carried out in germany and
austria (table 2.1) on three days to test short-, medium- and long-term variability of the
measures within farms (see figure 2.1) using Kendall’s w correlation analysis. all
observations took place from august 2005 until april 2006.
farm visits took place 60 and 180 days (± 10 days; one farm on day 227 instead of 180)
after the first visit (beef cattle farms, dairy loose housing systems). in dairy farms with tie
stalls, the third visit took place 120 days after the first visit because of organisational
reasons.
in dairy cows, separate groups of dry or periparturient cows or cows in hospital pens were
not observed. in herds larger than 25 cows, the observations were carried out in segments
of the barn which were expected to contain on average not more than 25 cows per segment.
this was mainly done because of the concurrent observation of other behaviours (e.g.
social behaviour, play) by behaviour sampling which sets an upper limit to the number of
animals that can be observed at one time. however, also scan sampling was difficult to
perform for the whole barn at one time, because of the high number of measures that
required a considerable time span. within this time often animals changed their behaviour.
Moreover, lying positions, lying down and rising were best recorded from an elevated

table 2.1 overview of farms visited in each country.
dairy cows

total
beef bulls
total

cubicles
deep litter
tie stalls
deep litter
fully slatted floor

austria
8
3
6
17
4
5
9

figuRe 2.1 schedule for on-farm observations.

germany
8
4
6
18
5
5
10

total
16
7
12
35
9
10
19
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seat, but the high chair often did not allow an overview over the whole pen and needed to
be moved from segment to segment.
for fattening bulls, three weight classes were defined in line with the literature and
common farming practice:
•
•
•

initial fattening period: 200–350 kg (no animals with <200 kg);
Medium fattening period: >350–550 kg;
final fattening period (finishing bulls): >550 kg.

all present weight classes were observed at equal share within each observation hour.
only pens with more than 3 animals were included.
observation sessions lasted in total about 5 hours including recording of rising and lying
down, scan sampling and moving between segments. they started after the main feeding
period in the morning, and were carried out by one observer positioned on the feeding
table on an elevated observation chair.

2.3.3 Rising and lying down

during the development of parameters, we had considered to record durations of rising and
lying down events separately for the carpal and remaining phase (for lying down the carpal
phase is defined as starting when one of the front legs is being bent, before touching the
ground, and ends when the hind quarters start falling down. the remaining phase ends
when the animal has pulled the front legs out from underneath the body. for rising it begins
when the animal starts lifting the hind quarters from the ground and ends when the first
claw (front leg) touches ground. the remaining phase ends when both front legs (claws)
touch ground). however, this turned out to be less feasible than recording the total duration
(carpal + remaining phase). at the same time, durations of carpal phase and total durations
were highly correlated both for rising (observer a: r=0.91; b: r=0.94; n=21) and lying
down (a: r=0.82; b: r=0.81; n=30). therefore, it was decided to only record total durations
(definition see table 2.2).
during the on-farm observations, as far as possible, durations of each voluntary normal
rising and lying down occurrence were taken by stop watch. it was intended to record 10
occurrences each for bulls per weight class and 20 each for dairy cows. interrupted or
abnormal lying down or rising movements were only counted. only medium weight and
finishing bulls were observed, because it was expected that durations of rising and lying
down in young animals are not yet critical in welfare terms. Moreover, we wanted to
exclude a carry-over effect from the rearing conditions regarding possible abnormalities
in rising or lying down.

12
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table 2.2 observed behaviours around resting, their definitions and way of calculation.
Parameter name
lying down/
Rising
rising

description
Measure
event starts when the animal starts
lifting the hind quarter from the
ground. the rising sequence ends
when both front legs touch ground and
the animal stands with its whole body
weight on all four legs again.
lying down
event of lying down starts when one
duration in seconds
carpal joint of the animal is bent
(before touching the ground). the
whole lying down sequence ends
when the hind quarter of the animal
has fallen down and the animal has
pulled the front legs out from
underneath the body.
collision
during rising or lying down the
animal hits against housing equipment
with any part of the body.
slipping
during rising or lying down at least
one claw or leg is accidentally sliding
Ratio of specific
abruptly out of place.
interrupted
the sequence of lying down or rising events/all lying down or
is not finished by the animal.
rising events
horse-like rising
animal gets up with its outstretched
front legs first.
hind quarter first
animal lies down with its hind legs
first and bends the front legs
afterwards.
lying and other outside lying area
animal lies with its whole body
behaviour
outside the supposed lying area
around resting
(cubicle or littered area) – only for
dairy cows.
hind quarter out of animal lies with hind quarter (both
lying area
hind legs) outside the lying area
(cubicle or littered area) – only for
dairy cows.
hind quarter on edge animal lies with a considerable part of
its hind quarter on edge of cubicle or
lying area (in sloped straw flow
system) – only for dairy cows.
head resting
animal is lying with its head
Ratio of number of cows
positioned in a relaxed way either on in specific lying
position/all cows lying
the floor, housing equipment or its
own body.
hind leg stretched
animal lies with at least one of its
hind legs stretched away from its body
at an angle of ≥ 90.
lying on side
animal lies in lateral position with
whole body weight put on one side
and legs not underneath the body,
either stretched or bent.
backwards
animal lies backwards in the cubicle
with head at the position where the
hind quarter is supposed to be – only
for dairy cows and cubicle systems.

Reliability Testing Concerning Behaviour around Resting in Cattle
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table 2.2 cont. observed behaviours around resting, their definitions and way of
calculation.
Parameter name
lying and other sitting
behaviour
around resting
standing on lying
area
Ruminating
synchrony of lying

description
animal sits dog-like on its hind
quarter with front legs fully stretched.
sitting animals are generally included
into ‘lying’ for the calculation of the
measures
animal is standing in cubicle or on
littered area (2 floor system) with at
least two legs - only for dairy cows
and loose housing.
animal is lying and ruminating which
can be recognised by the regular
movement of the jaw bones and ears.
the maximum proportion of animals
lying simultaneously (when different
segments are observed, the value is
calculated from the total number of
segments in order to cover the whole
pen).

Measure
Ratio of number of sitting
animals/all animals lying

Ratio of number of cows
standing on lying area/all
cows on lying area (lying
and standing)
Ratio of number of lying
animals ruminating/all
animals lying
Maximum number of
lying animals/all animals
per pen

2.3.4 lying and otheR behaviouR aRound Resting

numbers of standing and lying animals in specified lying positions were recorded by
instantaneous scan sampling every 10-30 minutes depending on the number of different
sections/pens to be observed on the farm so that the whole barn was scanned within one
hour or two hours if more than six sections needed to be observed. one hour or 2 hours,
respectively, were divided by the number of sections/pens so that within one hour or 2
hours each section was observed once for at least 10 minutes. in case of the whole barn
being only one segment, scans were performed every 30 minutes (table 2.3).
in bulls up to 4 pens per weight class were observed, with each pen being scanned at least
twice per observation day.

2.3.5 decision on MeasuRes

a stepwise approach was taken in order to evaluate the suitability of the measures for an
on-farm welfare assessment protocol and the following arbitrary thresholds were set:
1.
2.

on-farm incidence had to be higher than 1.0 per hour of farm visit for reliable and
feasible recording as well as differentiation between farms.
in terms of inter-observer reliability, correlation coefficients between observers for
the remaining measures had to be rs or w>0.70.
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table 2.3 length of scan sampling intervals in minutes for different number of
sections/pens.

scan sampling
interval in minutes

3.
4.

1
30

number of sections/ pens
within one hour
within two hours
2
3
4
5
6
7
8
9
10
11
30
20
15
12
10
17
15
14
12
11

12
10

in terms of intra-farm consistency, again for the remaining measures correlation
coefficients between results from different observation days had to be w>0.70.
for reliable and consistent measures, results from reduced observation times were
checked again for intra-farm consistency.

2.4 Results

2.4.1 descRiPtive MeasuRes of behaviouR aRound Resting

descriptive measures regarding rising and lying down durations are presented in table
2.4, and regarding the proportion of different lying positions and standing on lying area
in table 2.5.
the maximum percentage of synchronously lying dairy cows and bulls ranged from 25 %
to 100 % with a mean of 62 % (bulls: 61 %) (sd dairy: 12.2; bulls: 13.6).

2.4.2 incidences of behaviouRal PaRaMeteRs aRound Resting

Rising and Lying Down
in beef bulls it was often not possible to record the intended number of rising and lying
down occurrences within 4 or 5 hours. for dairy cows the same was true for rising (table
2.6 with occurrences per observation hour).
during lying down movements (903 in bulls, 2,143 in dairy cows), collisions with
equipment occurred more often than slipping, which was very rarely observed (table 2.6).
overall incidences of events during lying down/rising movements were of the same
magnitude in both countries, except for horse-like rising which was observed far more
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table 2.4 durations of rising and lying down in dairy cattle and beef bulls in different
housing systems (Mean; Minimum value, Min; maximum value, Max; standard deviation,
sd; observed sequences, n).
system

Rising (seconds)
n Mean Min Max
cubicles
882
4.71 1.81 80.00
deep litter
249
3.50 2.04 8.86
dairy cows
tie stalls
427
4.90 1.47 50.78
beef bulls (m) deep litter
154
2.99 1.96 4.68
(f)
deep litter
148
3.20 1.71 5.49
beef bulls (m) fully slatted
155
3.32 1.39 6.83
(f)
fully slatted
112
3.65 1.39 7.39
Notes: m=medium fattening period; f=final fattening period.

sd
n
4.54 1042
.81 474
4.05 627
.60 252
.70 247
.91 250
1.12 154

lying down (seconds)
Mean Min Max sd
5.45 2.28 36.50 2.28
4.15 2.25 8.89 1.00
6.05 2.31 146.16 6.08
3.98 2.02 10.46 1.10
4.11 2.10 8.46 1.09
5.50 2.76 14.61 1.96
5.93 2.28 15.87 2.10

table 2.5 Mean percentages of animals lying in different positions or standing on lying
area in dairy and beef (all weight classes merged)
system hind leg hQ not head lying on Rumistretched visible resting
side
nating

dairy
cows

sitting

back- stanlying
wards ding on partly or
lying completely
area
outside
lying area
47/04/01 00/03/01
.00
1.55 1.93
54.70
.00
n.a.
8.75
.00

cubicles 16.14
26.99 09/10/24
.67
deep
9.98
48.89 09/09/16
.52
litter
tie stalls 22.60
.28
9.97
.72
47.95
.00
n.a.
48.46
dairy cows
16.74 24/03/01 09/10/04
.66
48.27 12.08
00/02/01
.00 09/10/22
beef
deep
5.52
49.96 11.59 09/02/21 4.24
.00
n.a.
n.a.
n.a.
bulls
litter
fully
8.99
15.58 11.59
1.32
43.85
.00
n.a.
n.a.
n.a.
slatted
beef bulls
6.57
39.59
1.89
1.94
41.33
.01
n.a.
n.a.
n.a.
total
13/04/01 29.68
1.35 09/01/13 45.75 00/02/01
mean
Notes: hQ=hind quarter; n.a =not applicable; m=medium fattening period; f=final fattening period; lying
partly or completely outside lying area = hQ on edge + hQ out + outside lying area.

often in austrian dairy cows (81 of 98 sequences observed in total, most of them in cubicle
and tie stall systems).
only rising and lying down as well as collisions in dairy cows occurred at average
incidences that allow to reliably record the behaviours within a limited observation time.
all other behaviours (slipping, abnormal rising or lying down sequences, and collisions
in beef bulls, table 2.6) were, therefore, excluded from the further analysis.

Lying and Other Behaviour around Resting
the overall incidences of resting behaviours were of the same magnitude in both countries.
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table 2.6 Mean frequencies of rising and lying down occurrences per farm visit and hour
in dairy cows and beef bulls (medium and final weight classes merged).
normal sequences
system
total collisions slipping

beef bulls deep
09/01/29 00/01/01
litter
fully
.89
00/02/01
slatted
beef bulls
09/01/08 00/02/01
dairy
cubicle 09/04/09 09/03/24
deep
5.66
.00
cows
litter
tie stall
2.96
.15
dairy cows
3.78
09/01/15
Mean of rising
09/02/15
.47
lying
beef bulls deep
09/02/11
.13
down
litter
fully
09/01/26
.35
slatted
beef bulls
1.68
.24
dairy
cubicle
7.00
09/05/14
deep
8.89
00/08/01
cows
litter
tie stall
4.40
1.48
dairy
09/06/02
2.47
cows
Mean of lying down
3.39
09/01/12
Notes: exceed threshold of 1.0 occurrences/hour.
Rising

.00
.14

abnormal sequences
total interrupted horselike

00/09/01 00/01/01 00/08/01
.28

00/02/01

.23

00/08/01
.19 00/01/01
.16
00/03/01 00/09/01 00/02/01 00/07/01
.00 00/04/01 00/04/01
.00

hind
quarter
first
.00
.00
.00
.00
.00

00/07/01
.34
00/04/01
.21
00/06/01
.20
.00 00/05/01

00/03/01
00/03/01
00/02/01
00/03/01

.31
.18
.17
.00

.00
.00
.00
00/02/01

00/06/01

.39

00/07/01

.00

.29

00/03/01
00/01/01
.00

.22
.13
.00

00/05/01
00/09/01
.00

.00
.00
.00

.16
00/01/01
.00

00/03/01
00/02/01

.27
.18

.19
00/12/01

.00
.00

00/09/01
00/04/01

00/03/01

.21

00/08/01

.00

00/11/01

on average 5 dairy cows were observed standing on the lying area (in cubicles or on
littered area) per farm visit and hour. those frequencies of the other behaviours around
resting that occurred more than once/hour are displayed in bold in table 2.7.
in conclusion, resting measures that are feasible for on-farm welfare assessment behaviour
are presented in box 2.1.

2.4.3 inteR-obseRveR Reliability

Rising and Lying Down
inter-observer agreement for the total durations of rising and lying down was rs>0.80
throughout the different test sessions with video and on-farm recordings (table 2.8).
slipping during rising and lying down sequences was never observed in any of the ioRt
sessions. also, testing ioR for abnormal rising or lying down was not possible as it neither
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table 2.7 Mean number of lying animals showing different behaviour around resting per
farm visit and hour in dairy and beef cattle.
number of
animals

lying
animals

Ruminating

head hind leg
resting stretched

lying on
side

sitting backwards lying partly or
completely
outside lying
area
beef bulls
29.13
12.04*
3.17*
1.91*
.56
.00
n.a.
n.a.
dairy cows
27.69
13.37*
2.78*
4.64*
.18
.01
.00
3.32*
Notes: * exceed threshold of 1.0 occurrences/hour; n.a. = not applicable; all weight classes merged.

box 2.1 Resting measures that are feasible for on-farm welfare assessment behaviour.
Dairy cows
duration of rising
duration of lying down
Percentage of collisions during rising or lying
down
Percentage of animals lying with hind leg
stretched
Percentage of animals lying partly or completely
outside lying area
Percentage of animals lying with head resting
Percentage of animals ruminating during lying
Percentage of animals standing on lying area
synchrony of lying

Beef bulls
duration of rising
duration of lying down
Percentage of animals lying with hind leg
stretched
Percentage of animals lying with head resting
Percentage of animals ruminating during lying
synchrony of lying

table 2.8 inter-observer reliability (spearman correlation coefficient, rs) between
observers a and b for total durations of lying down and rising in different test sessions.
n
34
13
21
65

rs
.85**
.98**
.98**
.95**

1
21
2
6
duration of rising
3
8
Notes: figures in italics exceed threshold of rs=0.70.

.85**
.83**
.83**

duration of lying
down

test session
1
2
3
4

test conditions
video, dairy cows
on-farm, dairy cows
on-farm, dairy cows
video, bulls and
dairy
on-farm, dairy cows
on-farm, dairy cows
on-farm, dairy cows

occurred during an ioRt on farm, nor was it possible to record respective videos for ioR
testing.
collisions with housing equipment during rising or lying down were observed during
sessions 3 and 4 with very low agreement between the two observers (PabaK=0.20) and
moderate agreement in video observations after revision of the definition from ‘hit’ to
‘forceful hit’ (PabaK=0.78). thus, it appears that based on a more precise definition and
possibly after better training sufficient agreement can be reached.
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table 2.9 inter-observer reliability (spearman rank correlation coefficients, rs, and
Kendall’s coefficient of concordance w) for lying and other behaviours around resting in
different test sessions for observers a, b and c.
ioR
session

analysis

n

lying1

Ruminating

standing
on lying
area

head
resting

hind legs lying partly sitting, lying
stretched
or
on side,
completely backwards,
outside hindquarters
lying area
out
1.00**

rs
20
0.99** 0.97** 0.99**
0.99**
(a, b)
w
30
1.00** 0.86*
0.82*
0.83*
0.50
not seen
not seen
2
(a, b, c)
rs
30
1.00** 0.93** 1.00**
0.67*
0.81**
(a, b)
4
rs
57
1.00**
n.a.
not seen
0.95** 0.82**
0.75**
1.00**
pictures (a, b)
Notes: * p=0.05; ** p=0.01; 1 basis for calculation of synchrony of lying; figures in italics exceed threshold
of rs=0.70; 2 c = less trained; n.a. = not applicable.
2
on-farm
3
on-farm

Lying and Other Behaviour around Resting
assessment of lying or standing (on lying area) as well as ruminating while lying was
generally highly repeatable between observers throughout the test sessions (table 2.11).
Reliability of the assessment of hind leg positions relative to the rest of the body, or of the
head position was less consistent. however, correlation coefficients were all above 0.80,
except for ‘hind legs stretched’ when a third, less well trained observer participated in the
testing (session 3, table 2.9).
sitting, lying on side, lying backwards in cubicles and with hind quarters outside lying area
never occurred during on-farm ioRt. however, because the positions are rather
conspicuous, they showed a high repeatability when pictures were used (session 4, table
2.9).
in conclusion, resting measures that can reliably be recorded within on-farm welfare
assessment are presented in box 2.2.

2.4.4 consistency oveR tiMe

Rising and Lying Down
Kendall’s correlation coefficients for durations of lying down and rising at the three
observation days as well as for percentages of collisions during lying down were all above
the threshold of 0.7 in dairy cows (table 2.10).
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box 2.2 Resting measures that can reliably be recorded within an on-farm welfare
assessment.
Dairy cows
duration of rising
duration of lying down
(Percentage of collisions during rising or lying
down)
Percentage of animals lying with hind leg
stretched
Percentage of animals lying partly or completely
outside lying area
Percentage of animals lying with head resting
Percentage of animals ruminating during lying
Percentage of animals standing on lying area
synchrony of lying

Beef bulls
duration of rising
duration of lying down
Percentage of animals lying with hind leg
stretched
Percentage of animals lying with head resting
Percentage of animals ruminating during lying
synchrony of lying

table 2.10 consistency over time (across days 1, 60 and 180) concerning durations of
rising and lying down, and concerning the percentage of collisions during lying down.
dairy cows
beef bulls (m & f)
Kendall’s w
p
Kendall’s w
p
duration of rising
.74
.000
.50
.075
duration of lying down
.78
.000
.82
.001
% collisions during lying down
.95
.000
n.r.
n.r.
Notes: * exceed threshold w=0.70; m & f = all data from medium and final weight classes merged; n.r. =
not recommended.

when a reduction of observation time was simulated by only taken those occurrences into
account that could on average have been recorded within one to four hours (basis for
calculations), for dairy cows consistency sharply decreased for durations of rising, but not
for lying down (table 2.11). in beef bulls only lying down observed over 2 hours
approached the threshold. however, looking at all results of simulated reductions of
observation time in beef bulls, and considering that only two occurrences of lying down
per farm were the basis for the farm values, this result is likely to be accidental.
although for collisions during rising we found relatively high correlations between results
from different days, we excluded the measure from further analysis, because it can only
be recorded if rising is specifically observed. however, levels of duration of rising showed
low consistency for a limited number of occurrences which led to the exclusion of this
measure from our candidate list.
for durations of lying down and collisions during lying down in dairy cows, there were
good correlations between results from longer and shorter observations (table 2.12).

Lying and Other Behaviour around Resting
Regarding resting behaviour in beef bulls, only the percentages of lying bulls ruminating
showed a sufficient consistency over time in finishing bulls (table 2.13). in the medium

20

/

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

table 2.11 consistency over time (across days 1, 60 and 180) concerning durations of
rising and lying down, and collisions in dairy cows with simulated reductions of
observation time to 1 to 4 hours.
Kendall’s w
p
number of events
Kendall’s w
p
Rising
number of events
dairy cows
Kendall’s w
collisions during
p
lying down
number of events
Kendall’s w
collisions during
p
rising
number of events
lying down
Kendall’s w
p
number of events
beef bulls
Rising
Kendall’s w
p
number of events
Notes: figures in italics exceed threshold w=0.70.
lying down

1 hour 2 hours
.72
.74
.000
.000
6
12
.39
.56
.219
.008
3
6
.88
.93
.000
.000
6
12
.83
.86
.000
.000
3
6
.50
.70
.082
.004
1
2
.48
.38
.105
.300
1
2

3 hours
.76
.000
18
.67
.000
9
.94
.000
18
.86
.000
9
.59
.021
3
.39
.284
3

4 hours
.78
.000
24
.68
.000
12
.94
.000
24
.87
.000
12
.60
.021
4
.37
.330
4

table 2.12 correlations (spearman rs) between durations of lying down and collisions
recorded during one to four hours of observation (1–4, simulated data on the basis of
results from table 2.8) and total number of recorded occurrences (all).

lying down
dairy cows
collisions during
lying down

rs
p
number of
events
rs
p
number of
events

1-to-all
.88
.000
6

2-to-all
.93
.000
12

3-to-all
.99
.000
18

4-to-all
1.00
.000
24

.97
.000

.99
.000

.99
.000

1.00
.000

6

12

18

24

table 2.13 consistency over time (across days 1, 60 and 180) concerning lying and other
behaviour around resting in the different weight classes of beef bulls.
initial period
Kendall’s
p
w
hind leg stretched
.21
.870
behaviour head resting
.37
.326
around
Ruminating
.58
.026
resting
synchrony of lying
.23
.828
Notes: figures in italics exceeds threshold w=0.70.

Medium period
Kendall’s
p
w
.43
.177
.57
.031
.66
.008
.39
.275

final period
Kendall’s
p
w
.63
.207
.41
.225
.82
.043
.39
.272
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table 2.14 consistency over time (across days 1, 60 and 180) concerning lying and other
behaviour around resting in dairy cows and beef bulls (medium and final weight class
merged).
dairy cows
Kendall’s w
p
.63
.001
.87
.000

hind leg stretched
lying partly or completely
lying area
outside
behaviour
head
resting
.60
.003
around
Ruminating
.57
.006
resting
synchrony of lying
.54
.012
standing on lying area
.59
.019
Notes: figures in italics exceed threshold w=0.70; n.a. = not applicable.

beef bulls
Kendall’s w
p
.49
.094
n.a.
.61
.74
.37

.016
.002
.339
n.a.

weight class, the correlation coefficient was near to the threshold. finishing bulls are not
continuously present at the farms, whereas medium weight bulls are the class that can
most consistently be found. Moreover, differentiation between medium and final weight
is often difficult. we, therefore also investigated correlations of results over time for the
two weight classes merged, but no improvement of consistency was reached by this (table
2.14). however, as the correlation between percentages of ruminating lying bulls over
time was still above a Kendall’s w of 0.70, we regard it acceptable for reasons of feasibility
to observe both weight classes without differentiation.
in dairy cows, the only consistent measure over time was the percentage of animals lying
partly or completely outside the lying area (table 2.14).
when simulating a reduction of observation time by only taking results from the first or
the last two observation hours into account, consistency even slightly increased when the
first two hours were selected, but decreased for the last two hours of observation (table
2.15).
in conclusion, resting measures recommended for an on-farm welfare assessment are
presented in box 2.2.

2.5 discussion

2.5.1 Rising and lying-down MoveMents

inter-observer reliability for lying down and rising was consistently high in all test sessions
(rs: 0.83-0.98), even with limited experience of the observers in the first session. this was
probably due to an intensive training beforehand. in dairy cattle, it was possible to record
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table 2.15 consistency over time (across days 1, 60 and 180) concerning ‘percentage of
dairy cows lying with hind quarter on edge of lying area’ and ‘percentage of lying and
ruminating beef bulls’ (medium and final weight class) when a reduction of observation
time to 2 hours (first and second, third and fourth observation hour) is simulated.
Measure

hour 1+2
Kendall’s w
p
.88
.000

hour 3+4
Kendall’s w
p
1
.80
.000

lying partly or completely outside lying area
(dairy cows)
Ruminating (beef bulls, m & f)
.77
.001
.63
.012
Notes: 1 value of hour 3+4 missing for two farms; m & f = medium and final weight classes merged.

box 2.2 Resting resting measures recommended for an on-farm welfare assessment.
Dairy cows
duration of lying down
(Percentage of collisions during lying down)
Percentage of animals lying partly or completely
outside lying area

Beef bulls
(duration of lying down)
Percentage of animals ruminating

reasonable numbers of 3 or 6 events per hour of observation, respectively. in general,
behaviours preceding the lying down event such as stepping onto the lying area and
sniffing the ground make it easier to observe lying down compared to rising which often
starts without conspicuous signs beforehand and thus is easily missed during on-farm
observations.
considering further the aspects of consistency over time and the limited observation
available in an on-farm welfare assessment situation, in dairy cows only ‘duration of lying
down’ can clearly be recommended for the monitoring system. even with only 6 lying
down occurrences per farm a sufficiently representative value for the farm was achieved.
for rising, our data suggest that not even from an average of 12 rising occurrences per
farm a representative value can be calculated for the individual farm. consistency over
time was only acceptable when about 18 to 19 occurrences per farm were available. it
may be considered to include ‘duration of rising’, if it is possible to record the behaviour
during a longer time span in which further data are collected. however, at present we do
not recommend the measure for feasibility reasons.
in beef bulls, in general much lower numbers of rising and lying down could be recorded.
here the measure ‘duration of lying down’ can only be recommended, if the welfare
assessment protocol allows the recording over a longer time span during which further
data are collected. with our data, an acceptable consistency over time was only reached
with on average about 8 lying down occurrences per farm (within about 5 observation
hours).
collisions with housing equipment during lying down were rather frequent in dairy cattle.
additionally, consistency was very high in dairy cows (w=0.95). although inter-observer
reliability was partly problematic (PabaK=0.20 and 0.78), after revision of the definition
(e.g. ‘hit’ to ‘forceful hit’) and intensive training this measure appears to suitable for
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inclusion into the assessment protocol. however, an improvement in inter-observer
reliability would have to be demonstrated in the next stages of the project.
animals slipping during rising or lying down events as well as all abnormal behaviours
around rising and lying down such as interrupted movements, animals lying down with
their hind quarter first, animals rising with front legs first (horse-like) were observed very
infrequently in dairy and beef cattle (abnormal behaviours: 0.04–0.39 events per hour)
during on-farm observations. therefore ioR testing could not be performed. all these
measures were excluded from further analysis and cannot be recommended for on-farm
application.

2.5.2 lying and otheR behaviouR aRound Resting

animals lying were almost identically recorded by different observers (rs: 0.99–1.00) and
also animals ruminating (during lying) were assessed highly reliably (rs: 0.86–0.97).
levels of synchrony of lying (maximum value of animals lying simultaneously) were not
consistent over time. however, the method applied in this study of scanning segments
instead of the whole barn was not optimal for this measure. where many segments were
observed, in the worst case, it only produced 2 complete scans for the whole group within
four hours of observation. this method was chosen because of the high number of
measures that had to be recorded at one time. if only a very limited number of measures
have to be recorded, it would be feasible and recommendable to scan whole pens –and not
segments- at relatively short intervals (10–20 minutes). then synchrony of lying could
tentatively be included and evaluated again as it is easily assessed.
consistency over time was only sufficient in dairy cows for the ‘percentage of cows lying
partly or completely outside lying area’ (w=0.88 for data from first two hours after
morning feeding) inter-observer reliability (rs: 0.75) could only be tested in one session
using photographs (behaviour shown in 6 out of 57 animals). disagreement might have
been caused by the two-dimensionality and the perspective of the pictures. from on-farm
observations improved inter-observer reliability can therefore be expected. the importance
of training was also shown for the measure lying with hind leg stretched for which the
overall agreement between three observers was substantially reduced by one observer who
was not as experienced as the others.
in beef bulls consistency over time was acceptable for the ‘percentage of bulls ruminating
during lying’ (w=0.77 for data from first two hours after morning feeding and for bulls
heavier than 350 kg). however, this measure is very likely heavily influenced by the total
number of ruminating bulls. differences are, therefore, possibly more feeding related than
related to resting comfort and not necessarily linked with welfare concerns with respect
to resting. we realised that a better option had been to record the ratio of bulls ruminating
during lying to all bulls ruminating in order to only capture the extent of rumination
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associated with lying. however, as the number of standing bulls ruminating had not been
recorded, we could not test this measure. we recommend to use further stages of the project
to test and evaluate this measure.
all other measures around resting occurred too infrequently during farm visits in both
animal categories and therefore can not be recommended.

2.6 conclusions

in conclusion, we recommend to include into an on-farm welfare monitoring system for
dairy cows the measures ‘duration of lying down’, taking the total duration of at least 6
voluntary occurrences, and the ‘percentage of collisions during lying down’ during these
occurrences. additionally, during the first two hours after the morning feeding, the
‘percentage of cows lying partly or completely ouside lying area’ should be recorded by
instantaneous scan sampling over the whole pen every 10 to 20 minutes. during the two
hours of observations, further behavioural measures can be recorded.
in beef bulls, we recommend to record the ‘duration of lying down’, but a minimum of
eight voluntary occurrences in bulls heavier than 350 kg should be achieved which might
take on average five hours. however, during this time further data can be collected. in
further stages of the project possibly the measure ‘ratio of lying bulls ruminating to all
bulls ruminating’ should be tested and evaluated.

3
Cleanliness sCoring for dairy
and beef Cattle and veal
Calves
K.a leach, U. Knierim and H.r. Whay

3.1 sUmmary

Cleanliness of cattle reflects the environment in which they are kept and has implications
for a number of health issues. there is some evidence that cattle find dirty environments
aversive, especially when first introduced to them. associations between dirty udders and
mastitis, and dirty legs and digital dermatitis, have been shown. dirt on the body may
cause skin irritation, although published evidence of this has not been found. a number of
systems of cleanliness scoring have been published, for use in scientific studies, or giving
management advice.
We propose a simplification of one of these published systems for dairy cows, which
reduces the number of categories from four to two – acceptable or too dirty. this would
involve scoring dairy cows for cleanliness in three different anatomical areas: udder, lower
legs, and hind quarters; since dirt in these areas has different health implications. the
proportion of animals which are scored as ‘too dirty’, according to a set of descriptive
criteria, in each of these regions will be recorded. both milking and dry cows should be
assessed, since intra-mammary infections often originate from cows being kept in dirty
conditions in the dry period.
since beef cattle will be more difficult to view safely and satisfactorily, we propose a
simpler system, in which the side view of the animal is assessed as a whole, rather than
scoring separate areas. veal calves could be assessed in the same way as dairy cows if
individually housed, but if they are group housed this may be difficult.
experience has shown that hygiene scoring is quite subjective, and training should include
clear instructions, discussion, and viewing live animals.
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3.2 introdUCtion

Cattle are frequently exposed to large amounts of mud and faeces in their environment.
there is some evidence from behavioural choice experiments that cattle find these dirty
environments aversive, particularly when first introduced to them, and will avoid them if
possible (Phillips and morris, 2002). such conditions could therefore be considered as
compromising the welfare of cattle. additionally, the hygiene of the environment is known
to be related to infectious diseases such as mastitis (schukken et al., 1990) and digital
dermatitis (roderiguez-lainz et al., 1996). the cleanliness of the teats and lower limbs is
directly important for health, since if these areas are dirty, they are more likely to be
contaminated with micro-organisms which may invade the udder, or affect the skin. a
direct relationship with subclinical mastitis has been reported by schreiner and ruegg
(2003). the presence of mud or faeces on the skin may be irritant, causing discomfort.
the cleanliness of animals themselves reflects the nature of their past environment, even
if very recent measures have been taken to disguise poor environmental hygiene, and
therefore can be a useful indicator on farm welfare visits.
assigning scores for different areas of the animal gives indications as to the source of
contamination. for example, dirty lower legs imply cows are walking through mud or
slurry, dirty flanks indicate dirty and wet lying conditions. a particular pattern of manure
splashed on the flanks is a sign that the cow has been flicking its tail, covered with thin
faeces. this combination of behaviour and faecal consistency may be associated with
disturbed rumen function (Huxley and Whay, 2006).
in young calves, dirty flanks and perinaeal area will reflect the presence of gastrointestinal
problems – if the calves have suffered from or are suffering from scours, the flanks and
perinaeal area are likely to be more dirty.
the cleanliness of cattle has been introduced relatively recently as an indicator in scientific
and veterinary investigations relating to animal health and welfare. a small number of
similar scoring systems, referred to as ‘cleanliness scores’ or ‘hygiene scores’ has been
developed.

3.3 metHods

searches were made of the scientific literature and internet resources to discover
cleanliness/hygiene scoring systems which have been used. the feasibility of using the
various systems was considered, as was the relevance of the assessment to different types
of cattle. repeatability of the proposed systems for dairy and beef cattle was tested between
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two experienced observers assessing photographs. an inexperienced trainee’s scores were
also compared.

3.4 resUlts and disCUssion

the first published system of assessing cleanliness of cows was proposed by faye and
barnouin (1985). five areas: the anogenital area, back of the udder, the bottom part of the
hind legs (from the hock to the dewclaws), the udder sides and belly and the thighs were
clearly defined. the cleanliness of each area was scored on a scale, where:
0 = no dirt;
0.5 = some small dirty parts;
1 = large dirty parts covering less than half the area;
1.5 = large dirty parts covering more than half the area;
2 = area completely covered with dirt.
the scores were illustrated by drawings. When an area had two sides, only the dirtier side
was scored. this system has been used in welfare assessment on the continent, e.g. by
Krebs et al. (2001). it was used in a modified form by napolitano et al. (2005). the scores
for all five regions are often summed to give a single value for the animal.
bergsten and Pettersen (1992) assessed cleanliness when investigating the effects of
electronic position training for cows in tie-stalls. they assessed five areas of the body:
each side above and below the hock, viewed laterally, and the tail end directly from behind,
from video films, and awarded scores from 0 (perfectly clean) to 3 (very dirty). two
observers scored independently, and then an iterative process was continued until a score
was agreed upon. However, publications gave no clear description of these categories.
Hughes (2001) developed a scoring system for use in the dairy industry, which has been
applied, for example, in observations on the association between cleanliness and mastitis
(Ward et al., 2002). separate scores, on a scale from 1 (very clean) to 5 (heavily soiled),
are allocated to the flanks, hind legs, udder and tail. a series of photographs is given to
illustrate the scores. the cow is scored from both sides, and if scores differ, the higher
score is taken.
another system has been developed and applied for practical use on farms by Cook, at the
University of Wisconsin-madison school of veterinary medicine, which can be found at:
<http://www.vetmed.wisc.edu/dms/fapm/fapmtools/hygiene.htm>.
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this categorises manure contamination on the udder, lower rear limb, and upper limb and
flank, with verbal, diagrammatic and photographic descriptions of four categories for each
site. the system has been widely used in extension work.
schreiner and ruegg (2002) used leg and udder hygiene scores when investigating the
influence of tail docking on cleanliness and subclinical mastitis. they used model
photographs to illustrate four categories:
1.
2.
3.
4.

completely free of dirt or has very little dirt;
slightly dirty;
mostly covered in dirt;
completely covered, caked in dirt.

an alternative very simple method is used in the UK ‘bWaP’ welfare assessment scheme
(leeb et al., 2004). the same areas – lower limb, udder, upper leg and flank are scored as
clean or dirty, with the threshold for dirtiness being a patch of dirt the size of a hand.
in the UK, a cleanliness scoring system for cattle at slaughter is in regular commercial
use. in the mid 1990’s, following outbreaks of e. coli 0157 in the UK, abattoirs introduced
UK standards for Cleanliness of Cattle submitted for slaughter. this system is in place
for food hygiene reasons, but it could equally be used in welfare assessments. although
the assessment concentrates on areas of the body important in the slaughter process,
excessive dirt in these areas suggests the animal has been kept in unhygienic conditions
generally. there are 5 categories, ranging from 1 – clean and dry, to 5 – filthy and wet. the
food standards agency (2002) publication ‘red meat safety and Clean livestock’ gives
photographic examples of animals in each category, but no clear verbal description.

3.4.1 Selection of a Cleanliness Scoring System
all the existing systems used for dairy cattle are largely similar, with the main differences
being the degree of detail, and format, of the description for each category. the criteria for
choice were a simple system, with clear descriptions, concentrating on the clinically
important areas.
it is suggested that a simplification of Cook’s system should be used (table 3.1). this
covers the clinically important areas for dairy cows, i.e. the lower limb and udder, with
additional information on the flanks. the condition of the flanks gives an indication of
the cleanliness and dryness of the lying area, which is important in terms of environmental
mastitis. We propose including the rear view of the hind quarters (above the udder) also,
since dirt from here may transfer to the udder. the terms ‘splashing’ and ‘plaques’ need
to be more clearly defined, particularly as we propose that scores 3 and 4 indicate the
animal is ‘too dirty’, and therefore the distinction between 2 and 3 is important. it is
suggested that ‘plaques’ should apply to areas of dirt which either cover more than half the
area being assessed, or have a ‘third dimension’, ie a visible thickness to the layer of dirt.
each body area would be classed as ‘acceptable’ or ‘too dirty’, and the proportion of
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table 3.1 Proposed cleanliness scoring system for dairy cattle and calves.
region

acceptable
score 1
score 2
lower hind legs
little or no manure above minor splashing above
(coronary band to hock) the coronary band
the coronary band
Hind quarters – upper
no manure present
hind leg (above the hock),
flank, and rear view
excluding udder
Udder (not calves)
no manure present

minor splashing of
manure
minor splashing of
manure near the teats

too dirty
score 3
separate or continuous
plaques of manure above
the coronary band
separate or continuous
plaques of manure
distinct plaques of
manure on udder or any
dirt on and around the
teats

Notes: based on Cook, n.d.

animals sampled scoring ‘too dirty’ would be the summary measure used. both sides of
the animal should be viewed if possible and the dirtiest side scored. the same system
could be used for veal calves.
for beef cattle, we recommend that the assessment should be made from outside the pen,
for safety reasons. therefore, scoring specific areas of a selected sample of animals is not
feasible, and a simpler, ‘whole animal score’ is required. We propose that an assessment
is made at group level of the proportion of animals in which more than a quarter of the side
view (excluding head and lower legs), is covered with plaques of dirt.
We define ‘plaques’ as areas of dirt which have a third dimension (visible thickness) or
cover more than half the region being assessed.

3.4.2 Repeatability and Reliability
Cleanliness scoring using a five point system, based on similar diagrammatic
representations to those of Cook, was tested for between-observer reliability by faye &
barnouin (1985), by comparing the scores of 9 observers for the various areas of the body
with those of an ‘expert’. spearman correlation coefficients ranged from 0.67 to 0.94,
depending on the observer and the area being assessed. divergence was greatest for the
lower leg and least for the udder. all correlations were highly significant (p < 0.001).
schreiner and ruegg (2003) analysed the repeatability of scoring within observer, using
their four point system, by duplicate scoring of 100 cows. repeatability was 77% for
udders and 85% for legs. When scores were grouped as ‘Clean ‘ (score 1 or 2) and ‘dirty’
(score 3 or 4), repeatability increased to 95% for udders and 96% for legs.

3.4.3 Validation
Cleanliness is considered very important for dairy cows, in view of the implications for
intramammary infection, and the possible indication of rumen dysfunction (animals might
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be more dirty if faeces were very loose due to rumen upsets). the relationship with risk
factors for lameness (prolonged contact with large amounts of slurry) is also important. for
beef cattle the main relevance would be in relation to lameness, possible rumen
dysfunction, and the general level of care of the animals. for veal calves, the main issue
reflected in cleanliness is likely to be the occurrence of scours. an assessment of the flanks
of the animal, and the rear view of the perinaeal area, are considered the most relevant for
this group, although there is no published literature on the cleanliness of veal calves.

3.4.4 Feasibility
in terms of sampling, Hughes (2001) recommends scoring 20 cows at random to assess a
herd, taking approximately 30 minutes, while Cook advocates whole herd scoring in herds
under 100 cows, or 25% of each group in larger herds. in the context of a welfare
assessment, it would be reasonable to score the same random sample of animals as is
selected for condition scoring, and clinical scoring, in the case of a dairy herd. individually
penned veal calves could be sampled in a similar way to dairy cows. sample sizes (see
separate chapter) will be large for many eU dairy herds if 95% confidence intervals and
5% absolute precision are required. for beef cattle, it will be necessary to conduct the
assessment from outside the pen, and therefore at group level, for reasons of feasibility and
safety. this may pose difficulties in observing the legs, if the animals are lying down.
there is a risk of either under estimation, or double sampling of the animals which are too
dirty. therefore we suggest that the assessment is made at group level, using the whole
animal assessment as described earlier and recording the proportion of the group which are
‘too dirty’.

3.5 ConClUsions

Cleanliness does have a relationship with animal welfare, through links with mastitis,
lameness and gastrointestinal problems. a system of cleanliness scoring simplified from
that of Cook is proposed for use on dairy cows and veal calves, applying random sampling.
the proportion of the animals scored which are unacceptably dirty in a particular body area
will be the outcome measure. three body areas will be assessed, which have implications
for different aspects of welfare. for beef cattle, detailed examination of individuals is not
feasible and a simple assessment of one side of the body is all that could be expected.

4
CarCass Damage, DeaD on
arrival anD DowngraDes at
slaughter in Cattle
r. westin, a. velarde, a. Dalmau and B. algers

4.1 summary

Clean, healthy, unstressed animals and animals free from blemishes are profitable animals
both from an economic and welfare point of view. to evaluate such parameters,
questionnaires have been sent to 10 abattoirs (4 in Belgium, 3 in spain, 3 in sweden) with
questions regarding present procedures for measuring and documentation of ‘dead on
arrival’ and animal welfare related parameters resulting in carcass damage and downgrades
in the slaughter line.
‘Dead on arrival’ and other welfare related parameters possible to detect at clinical live
animal inspection at slaughter are unsuitable candidates for auditing of animal welfare in
cattle since they are rare and documentation records are not available in all abattoirs.
a scoring system developed and tested by swedish meat industry association (Kött and
Charkföretagen, 2006) is concluded to be a promising method for assessment of cleanliness
of cattle within welfare Quality. the measure reflects the farm hygiene conditions. ‘Dead
on arrival’ and other welfare related parameters possible to detect at clinical live animal
inspection at slaughter are unsuitable candidates for auditing of animal welfare in cattle
since they are rare and documentation records are not available in all abattoirs.
in assessment of cleanliness each animal is individually scored into one of 4 categories
depending on the level of dried in manure. Fresh faecal contamination is not recorded.
•
•
•

Category 0 – ‘clean’: animals which are clean or slightly soiled with dried in manure
in critical areas.
Category 1 – ‘moderately soiled’: animals which are noticeably soiled with dried in
manure in critical areas.
Category 2 – ‘heavily soiled’: animals which are heavily soiled with dried in manure
or ‘manure armour’ in critical areas.
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•

Category 3 – ‘extremely heavily soiled’: animals which are extremely heavily soiled
with dried in manure and/or ‘manure armour’ in critical areas, large spread and/or
urine/manure burn marks in the skin.

the ‘critical areas’ monitored are:
•
•
•
•
•
•

under surface/mid line of abdomen;
under surface of the chest;
hook and achilles tendon;
under surface of the neck;
udder and genitalia;
area around the anus, including rear part of udder.

4.2 introDuCtion

animals presented for slaughter needs to be clean, healthy, unstressed and free from
blemishes in order to be profitable. Dirty animals increase the risk for faecal contamination
of the meat, the carcase of a sick animal will be fully or partly rejected, stress and bleedings
decrease meat quality and may cause meat rejection (greogry, 1998). Besides the
economic value, these parameters are related to animal welfare. animals arriving dead or
dying during lairage also are considered important both from an economic and a welfare
point of view. the aim of this study is to define and standardise measures of ‘dead on
arrival’, and animal welfare related parameters resulting in carcass damage and
downgrades in the slaughter line. measuring of bruising and meat ph is not included in
this study.

4.3 methoDs

Questionnaires have been sent to 10 abattoirs (4 in Belgium, 3 in spain, 3 in sweden) with
questions regarding present procedures for measuring and documentation of ‘dead on
arrival’ and animal welfare related parameters resulting in carcass damage and downgrades
in the slaughter line. visits have been made to three abattoirs when veterinarians and
slaughter house personnel were interview and different clinical findings were documented
on photo.
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4.4 results

in all abattoirs deaths during transport of cattle were very unusual. in one abattoir it had
never occurred. in the other companies the number of ‘dead on arrivals’ varied from
1/9,000 to 1/30 000 slaughtered animals. in two abattoirs ‘dead on arrivals’ were not
documented at all. in 7 this was documented on the trade/transport document. one abattoir
did not say if or how ‘dead on arrivals’ were documented.
the only animal welfare related parameter that may cause downgrading of the carcase
that is assessed by all companies except one was cleanliness of the animal. the 3 swedish
abattoirs use a standardised scale with 4 categories of cleanliness (0–3) devised by the
swedish meat industry association (Kött & Charkföretagen, 2006). this scale is
implemented in all large swedish abattoirs (rutegård, 2006, personal message). a similar
scale is used in one of the other asked abattoirs. this scoring system is based on 5
categories insted of 4 (--, -, 0, +, ++). Five companies only assess the animals as clean or
not (0–1).
other parameters related to animal welfare possible to detect during live animal inspection
are clinically assessed by the veterinarians working at the slaughter plants. Clinical
findings easy to detect, that may result in immediate rejection or downgrades at the
slaughter line are fractures, abscesses, wounds and exhaustion (askar, 2006, personal
message). overgrown/deformed claws and broken horns or horns growing into the scull
are also findings related to animal welfare but they will in most cases not cause any
downgrading or meat rejection (askar, 2006 personal message). in most of the asked
abattoirs these findings were not regularly documented during live animal inspection.
according to veterinarians working at slaughter plants all these findings nowadays are
extremely rare (askar, 2006 personal message; Brattberg, 2006 personal message).

4.5 DisCussion

Deaths during transport and clinical findings possible to assess at live animal inspection
related to animal welfare such as fractures, abscesses, wounds, exhaustion,
overgrown/deformed claws and broken horns or horns growing into the scull are rare. an
observer can therefore not expect to find any of these findings during a short visit to an
abattoir. abscesses, old wounds, overgrown/deformed claws and horns growing into the
scull are related to farm conditions wile fractures, broken horns, exhaustion and eventually
fresh wounds are more related to transport and lairage conditions. to be able to use these
parameters in an audit system all abattoirs would need to record those findings
systematically. this is however not done at the moment. ‘Dead on arrival’ is often
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documented but since it occurs so seldom we conclude it to be an unsuitable candidate for
auditing of animal welfare in cattle.
the cleanliness of animals reflects the hygiene level of their surrounding. Clean animals
are thus likely to be living under good farm conditions. Cleanliness was assessed to some
extent in all asked abattoirs except one. assessment of cleanliness is possible to conduct
during regular slaughter procedures. the method devised by the swedish meat industry
association (Kött & Charkföretagen, 2006) is tested an evaluated with good results
(rutegård, personal message). we therefore conclude that this is a promising method for
assessment of cleanliness of cattle within welfare Quality. since the measure is an
indicator of farm conditions, it should be used in farm assessments of animal welfare even
if it is audited at abattoirs.

4.6 ConClusion

the scoring system developed and tested by swedish meat industry association (Kött &
Charkföretagen, 2006) is a promising method for assessment of cleanliness of cattle within
welfare Quality. the measure reflects the farm hygiene conditions. ‘Dead on arrival’ and
other welfare related parameters possible to detect at clinical live animal inspection at
slaughter are unsuitable candidates for auditing of animal welfare in cattle since they are
rare and documentation records are not available in all abattoirs.

5
Lameness in dairy and beef
cattLe and veaL caLves
K.a. Leach, c. Winckler and H.r. Whay

5.1 summary

Lameness constitutes a major welfare issue in cattle, causing pain and alteration to normal
behaviour. recent figures for the prevalence of lameness in dairy cattle in european
countries range from 22% (Whay et al., 2003) to 45% (Winckler and brill, 2004) for loose
housing systems, and from under 1% up to 21% for systems in which cows are tied for at
least part of the time (bielfeldt et al., 2005; sogstad et al., 2005). the prevalence in beef
cattle is generally lower.
scoring of gait by observation while animals are walking remains the most feasible
measure of lameness, despite its subjective nature. examination for lesions is too labour
intensive, and automatic methods of measuring floor-foot forces or weight-bearing are not
sufficiently developed for regular practical use. However, gait scoring requires that
individual animals can be clearly seen, walking on a suitable surface. this is possible with
loose housed dairy cows, but cannot be achieved for tied cows, or the majority of beef
cattle, which are unaccustomed to handling.
for loose housed dairy cows, we recommend locomotion scoring using a three point scale
– 0: sound, 1: lame: 2 severely lame, based on a published, validated scale. the prevalence
of lame and severely lame cows in the herd can be calculated. Percentage agreement
between two observers was 83% for the proposed scale. for tied cows we have developed
a new ‘standing scoring’ system, based on the stance of the cow and movement within the
stall. this method gives acceptable repeatability (70% agreement within and 89% between
observers), and, although it is less sensitive than locomotion scoring, a correction factor
can be applied to adjust the prevalence for comparison with herds assessed by locomotion
scoring. random sampling of the milking portion of dairy herds with over 30 cows is
suggested. However, power calculations indicate that a large number of cows will need to
be assessed in many eu dairy herds. therefore the time required will probably be
considerable. the animals selected could also be used for assessment of other clinical
parameters, although dry cows should also be included in the sample for other parameters.
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for beef cattle, due to practical and safety issues associated with handling, the only feasible
possibility applicable to all farms and systems would be group assessment to identify the
number of severely lame animals detected in a group of known size. However, the
sensitivity of detection is likely to be low and influenced by the housing system. thus
assessments in different types of housing could not be fairly compared. there are no
studies validating this approach. there are no validated methods for lameness assessment
in veal calves either. Lameness could not be easily assessed in individually penned calves,
but group housed calves might be assessed in the same way as beef cattle.

5.2 intrOductiOn

Lameness is a definite welfare problem, indicating pain (Whay et al., 1997) and restricting
normal behaviour in cattle (singh et al., 1993; Hassal et al., 1993). a wide selection of
methods for assessing lameness by observing the gait of cattle has developed in recent
years (Whay, 2002). these are often referred to as ‘locomotion scoring’ or ‘gait scoring’
systems. some of these are more suited to experimental work, being very detailed, while
others are simpler and more appropriate for monitoring at herd level. the presence of
clinical foot lesions is another indicator of lameness in cattle, but detecting these lesions
requires intensive expert handling of the animals, including lifting their feet, and therefore
is not applicable for the purposes of monitoring schemes at herd level. technology
measuring the forces under the feet has been used to demonstrate differences between
lame and sound cows (rushen et al., 2006), and relationships between reaction forces and
gait (dyer et al., 2004) but is not at the stage of development to be feasibly useful in
commercial welfare assessments. Gait scoring currently remains the only feasible
approach.

5.3 metHOds

a review of lameness assessment methods was made by Whay (2002), which served as the
starting point for the possible existing methods of lameness assessment which could be
used. the range of systems considered included those developed by manson and Leaver
(1988), sprecher (1997), Whay et al. (1997), breuer et al. (2000) and Winckler and Willen
(2001), and the system currently used by rsPca inspectors when carrying out welfare
assessments on farms in the uK: 0 (sound), 1 (abnormal but not lame), 2 (lame), 3
(severely lame).
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Once a lameness scoring system had been decided upon, the practicalities and approaches
for applying it to dairy cattle, beef cattle and veal calves were discussed.
a new method was developed for assessing lameness in tied cows, since none was
available (Leach et al., 2009). With the help of a veterinary surgeon experienced in the
husbandry of cows kept in tie-stalls, a number of potential indicators for lameness in
standing cows were identified. these were: rotation of a foot from the medial axis of the
body, resting a foot, repeated weight-shifting (‘stepping’), standing on the edge of a step
to relieve pressure on a foot, and reluctance to bear weight on a foot when moving
sideways. four observers together carried out pilot exercises, assessing tied cows using
these criteria and then scoring the cows as lame or not lame when walking. following
discussion, the assessment procedure was formalised. three observers used this formalised
procedure to assess 138 tied cows on 7 farms. 110 of these were scored by all three
observers, and the rest by only 2 of the observers. On three of these farms, locomotion
scoring was also carried out by one observer, giving a score of lame or not lame for 76
cows in total, to allow comparison of ‘standing score’ and locomotion score. data for
testing intra-observer repeatability of the standing score was gathered on two farms where
the same observer scored the same cows (n = 46) 6 to 12 hours apart. comparison between
standing score and a five point locomotion score (Winckler and Willen, 2003) was later
carried out by two observers on four farms, with a total of 99 cows. these data sets were
used to test repeatability, sensitivity and specificity of the new method, and the
relationships between lameness prevalence rates detected using the ‘standing score’ and
locomotion score.

5.4 resuLts and discussiOn

5.4.1 Selection of a Lameness Scoring Scale for Cows Able to Move Freely
manson and Leaver’s scale (manson and Leaver, 1988) was not considered suitable as it
is complex, and has a strong emphasis on subtle alterations in gait without lameness; also
a behavioural component is incorporated which is not clearly defined. the arched back
criterion which is crucial to sprecher’s scale (sprecher, 1997) is often not seen in heifers
which are lame (Whay, personal communication); also, this indicator was not affected by
the use of anaesthetics in lame cows (rushen et al., 2006), suggesting it may be a long term
learned response to chronic pain, and may persist beyond the duration of lameness.
therefore this system was not considered suitably robust. the ‘headbob’ included in the
system of breuer et al. (2000) was not considered to be helpful as a primary distinguishing
factor, so this system was excluded.
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the decision was made to use a scale with three categories.
0
1

2

not lame. timing of steps and weight-bearing equal on all four feet.
Lame – i.e. imperfect temporal rhythm in stride creating a limp (irregular foot fall
– uneven temporal rhythm between hoofbeats, weight not borne for equal time on
each of the four feet).
severely lame. strong reluctance to bear weight on one limb, or more than one limb
affected.

this amounts to a simplification of the scheme of Winckler and Willen (2001), with
categories 1 and 2 combined into ‘not lame’ and categories 4 and 5 combined into ‘severely
lame’, or a simplification of the rsPca method, again with ‘sound’ and ‘abnormal but not
lame’ combined. after considerable discussion, it was decided that separating out the
‘abnormal gait’ was an unnecessary complication, since lameness per se was the critical
issue in this case.

5.4.2 Development of a Lameness Scoring System for Tied Cows
the following indicators for lameness in standing cows were validated: rotation of a foot
from the medial axis of the body, resting a foot, repeated weight-shifting (‘stepping’),
standing on the edge of a step to relieve pressure on a foot, and reluctance to bear weight
on a foot when moving sideways. all of these, with the exception of rotation, occurred
significantly more often in cows which were lame when walking than in those which were
sound. following analysis of the individual indicators, in relation to locomotion score, it
was confirmed that, to optimise sensitivity and specificity, a cow showing a single
indicator, with the exception of rotation, should be classified as lame.

5.4.3 Validity and Reliability
Work by Whay et al. (1997) indicates that lame cows, as defined by locomotion scoring,
have a reduced nociceptive threshold, and improvement in gait of lame cows has been
reported after administration of analgesics (sedlbauer et al., 2006). these findings provide
validation for locomotion scoring as a welfare indicator. the fact that more severe
lameness presents a greater overall welfare insult (e.g. greater restriction on movement,
reducing the animal’s ability and or willingness to reach or compete for resources) was the
reason for differentiating two levels of lameness severity.
in terms of reliability, Winckler and Willen’s five point system achieved 68% agreement
between observers, with observers differing by one point in 30% of cases (Winckler and
Willen, 2001). the majority of disagreements occurred between sound cows and those
with ‘abnormal locomotion’ but not lameness. if the ‘sound’ and ‘abnormal’ categories
are amalgamated, as in the proposed scheme, much of this disagreement is removed and
83% agreement is achieved. the scheme chosen employs familiar concepts, and is simple,
with clearly defined categories. it is feasible to carry out in many farm situations.
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agreement between observers on the standing score ranged from 85 to 93 % (PabaK 0.7
to 0.86). Within observer repeatability was 70% for one observer scoring 46 cows twice
within 12 hours. the scoring system for tied cows showed 78 to 87% agreement with
locomotion score, depending on the observer. scoring the standing cow was less sensitive
than locomotion scoring, with lameness prevalence being underestimated by 25 to 33%,
depending on farm and observer. regression of prevalence of lameness detected using
locomotion score (Pls) on that detected using standing score (Pss) using the data for 3
observers on 4 farms revealed the following relationship:
Pls = (1.54 * Pss) – 2.3 (r2 = 9.47)
this equation, or a simple correction factor of 1.5 could be used to correct for the
underestimation caused by the lower sensitivity of the standing score.
specificity of the standing score for detecting cows which were lame when walking was
always over 0.81.

5.4.4 Sampling
there are two possible approaches for lameness scoring – either
1.
2.

the whole herd is scored; or
a representative (random) sample of animals is scored.

On balance, in terms of feasibility, it was decided that for loose housed dairy herds, the
representative sampling method should be used, since the time required to score all animals
in large herds would be prohibitive. Power calculations are used to calculate the number
of cows that need to be scored to estimate the prevalence of lameness within a group of a
certain size (a finite population). a minimum number of cows to score should be set, to
ensure that small herds are properly assessed – we suggest 30 cows. in general, in tied
herds all the cows should be assessed. these herds are likely to be relatively small, and the
test is less sensitive than locomotion scoring.
in many cases it will not be practical, safe or possible to have sufficient control over beef
cattle to direct them for standard locomotion scoring. Housing for beef cattle tends to be
less well adapted for accessibility and controlled movement of animals than that for dairy
cattle, and the animals are less accustomed to handling. in these cases it may only be
possible to detect severely lame animals, from observations made at a distance, often from
outside the pen. this amounts to group assessment, rather than individual animal
assessment. in fact, because the sensitivity of detection even of severely lame animals will
be affected by stocking rate and housing design, this method cannot be used as a fair
comparison between farms. any lame animals identified during such observations should
be indicated to the farmer, and the assessor should ensure that these animals have been
appropriately treated.
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for groups of veal calves, individual marking and scoring might be possible, depending
on pen size, group size and the demeanour of the animals. for large or flighty groups, the
same comments as for beef cattle will apply.
for young individually housed veal calves locomotion scoring is not feasible, and has not
been validated at all. therefore no recommendations can be made at present.

5.4.5 Carrying out the Assessments
in dairy herds in which the cows are free to move, the widely accepted approach for all
locomotion scoring systems can be employed for the milking portion of the herd, i.e. an
observer watches each cow individually, walking freely on a smooth, hard, non-slippery
surface. an ideal time to do this is as cows leave the milking parlour, however, this may
not be feasible in large herds where milking may take up to 4 hours. if in a separate group,
the dry cows may be more difficult to control in this way, particularly if they are out at
grass. thus we recommend limiting observations to the milking cows. in herds where
cows are kept in tie-stalls but regularly released, conventional locomotion scoring can be
carried out by releasing the cows individually and observing their gait.
Where cattle are tied and it is not possible to release them to observe locomotion, an
alternative approach must be taken, based on behavioural observations and animal
measures, which can be made with the cows in the stalls. the cow is observed when
standing undisturbed, and when it is moved from side to side in the stall. using a series of
indicators cows can be classified as lame or not lame.
for beef animals, it will be much more difficult to control the movement of individuals,
and the only possibility is for group assessment. it is recommended that in this case, each
group should be observed from a safe point, and the number of severely lame animals
noted. the assessor should attempt to observe all animals in the group walking, if this can
be done safely. if a lame animal is noted, the assessor should ascertain from records that
the animal has been treated suitably; if not, this should be an immediate requirement. if
more than a threshold proportion of severely lame cattle are recorded, this should trigger
a more detailed investigation, at a later date. (the threshold level needs to be decided upon
at the next stage of the consultation process). the possibility of locomotion scoring beef
cattle at loading when they leave the farm, or at the point of slaughter, was considered.
However, this would require a separate visit from the main assessment, and was therefore
discounted. (if in fact, other parameters are being assessed when the animals arrive for
slaughter, locomotion scoring might be possible as they are unloaded). it is recognised
that the group assessment method suggested for beef cattle has a high risk of false
negatives, dependent on group size and the design of the building. the lameness will also
be underestimated if the animals are observed walking on a soft surface, e.g. straw bedding.
also, the sensitivity of the method will depend upon the stocking rate and housing system,
and therefore this method cannot be used fairly to make comparisons between farms.

Lameness

/

41

as described in the sampling section, locomotion scoring of veal calves has not been
validated. it is not appropriate for individually penned animals, but for group housed veal
calves, individual marking and scoring might be possible, depending on pen size, group
size and the demeanour of the animals. for large or flighty groups, the same approach as
with beef cattle would have to be taken.

5.5 cOncLusiOns

Lameness is considered an important indicator of welfare in cattle. Locomotion scoring of
individual animals is a feasible, validated and well recognised method of assessment for
dairy cattle which are able to move freely. a very simple three point scale distinguishing
lame and severely lame animals from those which are sound is considered most appropriate
for inclusion in welfare assessment. a method for assessing tied cows based on stance and
movement within the stall has been developed. this is less sensitive than locomotion
scoring but identifies approximately 60% of lame cows and 70% of severely lame cows,
as defined by locomotion scoring. a regression equation provides a correction factor which
can be used to adjust the prevalence of lameness detected using the standing score to an
estimate of the prevalence which would be detected using a locomotion score. there is no
validated method for lameness assessment of veal calves. detection of severely lame
animals is the only feasible option with beef cattle and probably for group housed veal
calves also. the strong influence of housing conditions on the sensitivity of these
observations render them unsuitable for making comparisons between farms. they can
only serve to draw attention to some of the most severe problems. a threshold level for
severely lame animals must be decided upon, and if this threshold is exceeded, further
investigations should be carried out. Likewise, acceptable proportions of the dairy herd in
each lameness category need to be defined.

6
Scoring of cattle: integument
alterationS of dairy and beef
cattle and veal calveS
H. Schulze Westerath, K.a. leach, H.r. Whay and u. Knierim

6.1 Summary

literature was reviewed and personal experiences taken into account in order to propose
an assessment system for skin alterations in cattle that can be used in the framework of a
broader on-farm welfare assessment tool. in the published studies a wide variety of
different methods regarding detail as well as regarding type of the qualitative and
quantitative descriptions of the alterations were used. moreover, there was no scheme
covering all alterations of the integument. instead, usually particular body parts or types
of alterations were investigated depending on the focus of the study. there was an almost
complete lack of published data on the issues of validity, reliability and feasibility. only
two studies provide data from reliability testing and also on time needed for the
assessment. on this basis, we propose a new assessment scheme that includes general
aspects from a number of published systems and differentiates between lesions or swellings
on the one hand and only loss of hair on the other. as the on-farm assessment will often
only allow for visual assessment from a certain distance, only alterations of a minimum
diameter of 2 cm at the largest extent and overt swellings can be taken into account. the
number of swellings/lesions (i.e. broken skin either in the form of a scab or a wound
dermatitis due to ectoparasites and (partly) missing teats) and of hairless patches
(hyperkeratosis possible) shall be recorded, assessing one complete side of the animal
including udder and prepuce in dairy cows and bulls, but excluding the underside of the
belly and inner sides of the legs above the carpal and tarsal joints, as they are often not
clearly visible. four measures of skin alterations are generated from these recordings: the
mean number of animals affected on the farm per alteration category and the mean number
of alterations per category per animal. the scheme can be applied to dairy cows, beef
cattle and calves. the proposed assessment system is easy to learn and simple to apply. We
estimate that the assessment takes no longer than 2 minutes per animal depending on the
number of alterations, accessibility of the animals and complexity of the farm regarding
groups and buildings. assessors should be trained with the aid of photographs of various
affected animals and additionally on farm. reliability should be tested during training.
43
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6.2 introduction

the integument is the skin, including its various layers and their appendages. in the context
of a welfare assessment of cattle, the hair, skin and claws are most important. adjacent
tissues such as muscles or joints may also be affected and are typically included in an
assessment of the integument. Whether certain parts of the body that belong (in part) to the
integument, such as tails or horns, are removed (mutilations) is also welfare relevant, and
should be considered in association with an assessment of the farm management. alteration
of claws or joints may result in lameness, but scoring of lameness will be covered in
another report. as an assessment of the claws’ condition is not feasible within a short-term
welfare assessment, only the assessment of hair and skin (including joints) will further be
considered.
the scope of our work is to review the literature with respect to methods used for the
assessment of alterations of the integument in cattle (dairy, beef and veal calves).
alterations of the integument may be due to different causes, and poor nutrition may,
additionally, play a role with regard to hair condition and to a possible predisposition for
lesions. the different causes can largely be differentiated by the type of the resulting
alteration. for explanatory reasons, a brief overview on the different types of possible
alterations will be provided. However, the exact origin of the alteration generally has only
little effect on the welfare state of the animal. therefore, we will focus our further
discussion on different published assessment methods on general descriptions of alterations
rather than on cause-specific ones. the reason for this is our goal to identify an assessment
scheme that is easy and quick to learn and apply, and that has good reliability. one keyword
to meet these requirements is simplicity. if the assessment scheme were required to lead
to the provision of advice on how to improve conditions, more differentiation according
to possible causes would be necessary.

6.2.1 typeS of alterationS of tHe integument and tHeir Specific aSSeSSment

Alterations Due to External Parasites
infestations with the ectoparasites described below are enhanced by malnutrition and also
by humid housing conditions resulting in higher numbers of more severely infested
animals in indoor housing especially in winter. young animals and animals with long hair
are more likely to be affected by ectoparasites (rosenberger, 1970). in cattle, two types of
skin disease due to ectoparasites are common:
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mange (scabies)
mange is caused by mites. the mites either burrow and feed on dermal structures
(sarcoptic mange) or live at the skin surface and feed on epidermal debris or tissue fluids
by sucking (psoroptic mange) or biting (chorioptic mange). due to mite bites and reaction
to saliva, mange is connected with scabs and severe itching (pruritis), which in turn causes
damage of the integument due to rubbing and licking. advanced lesions are described as
hairless, scaly and scabby areas and crusts. preferential locations for mange are the lateral
udder in cows and the insides of the hind legs in young stock, as well as the area around
the tail and sacrum and at the head and neck (rosenberger, 1970).
pediculosis
the ectoparasites causing pediculosis are lice. distinction is drawn between chewing and
biting lice (mallophage) which feed on exfoliated epithelium and skin debris, and sucking
lice (anoplura) feeding on blood and tissue fluid. depending on degree of infestation,
hairless patches, skin irritation and chronic dermatitis in association with itching can be
observed. Similar to mange, consequential injuries through self-inflicted trauma can be
found. even though pediculosis is supposed to be harmful only when infestation is heavy,
hide damage and decreased growth even at lower levels (rosenberger, 1970) indicate
welfare relevance already at this point. favoured sites of infestation are the neck and the
area around the withers of cattle.
in clinical examination, the degree of infestation with ectoparasites is measured by
counting individuals on cattle or from a skin scraping (e.g. rosenberger, 1970; colwell &
Himsl-rayner, 2002). coles et al. (2003) assessed damage due to external parasites in the
hides after slaughter, but not in a quantitative manner.

Alterations Due to Actions of Pen Mates
agonistic interactions
While agonistic interactions in dehorned cattle mostly do not lead to overt skin damage,
horned cattle can inflict severe injuries. the degree of injuries depends on the form of the
horns and temperament of the cows, the suitability of housing conditions, the management
and human-animal relationship (menke et al., 1999). following menke (1996), lesions
inflicted by horns can be differentiated from lesions due to housing equipment by their
vertical direction and are mostly located at the rump of the animals. groth (1984, 1985)
mentions that especially in bulls, horn inflicted lesions can be found at the head.
Stepping on teats or tails
depending on udder size and shape as well as housing conditions (e.g. ekesbo, 1966;
blom, 1983; groth, 1985), injury on teats can occur through stepping of pen mates, or
often the cow herself (but udder lesions can also occur after collisions with barbed wire
fences on pasture). resulting teat lesions are described as erosions, contusion and tear-off
(partial or total) (groth, 1984, 1985), or superficial and deep wounds, scab, erosion and
loss of teats (Zerzawy, 1989), injuries (platz et al., 1999; bareille et al., 2003), lesions
(danuser and regula, 2001), or tramped teats (ekesbo, 1966).
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especially in fattening bulls, stepping on the tail-tip can cause cracks, injuries (scab, blood
secreted tissue fluid, purulent or necrotic) and swellings (Schrader et al., 2001), or necrosis
(groth, 1984, 1985).
cross-sucking/inter-sucking
cross-sucking or inter-sucking, mainly in young animals, but sometimes also in dairy
heifers and cows, may cause hairless patches or injuries at the prepuce (groth, 1984, 1985;
plath et al., 1998), scrotum or teats (lidfors and isberg, 2003, review). due to the fact that
ears are among the preferred sites of cross-sucking, alterations may be found also there.

Housing Equipment
in general, most alterations of the integument are caused by repeated collisions or contact
with housing structures. they are also called technopathies, and they are most prevalent
at leg joints (carpus, fetlock joints, stifle and tarsus), withers, neck, hip and spine/backbone,
as well as brisket and shoulders. However, protruding and sharp-edged parts of equipment
in the housing system may cause injuries at any part of the body (groth, 1985).

6.3 reSultS

6.3.1 metHodS of aSSeSSment of SKin alterationS

using our own data bases and cab abstracts for literature searching, we found 37 relevant
studies in which alterations of the skin were assessed and that report in sufficient detail
about their assessment scheme, with most of them relating to dairy cows. results of
reliability testing are presented in only two studies. also in two studies, information is
given on time requirements of the assessment, although this included additional measures
in both cases and did not match the recommended recording scheme in total. no
investigation could be found on necessary sample sizes or on the welfare impact of
different alterations on cattle. most of the studies aimed at comparing effects of different
housing or management conditions on health of the animals or at determining risk factors
for skin alterations.
the different working groups vary considerably with regard to the classification,
quantification and welfare evaluation of skin alterations. the easiest method is to only
record any alteration as present without any classification (alban et al., 1996; Hindhede
et al., 1996; mogensen et al., 1997; bareille et al., 2003). However, often alterations are
differentiated in varying detail according to location, type and dimension or severity of
alteration. furthermore, they are either counted, assessed in terms of area affected or
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allocated a score. allocating a score includes evaluation of the severity of alterations (less
severe alterations are allocated lower scores) and calculation of the degree of damage on
the whole animal.

6.3.2 claSSification of alterationS

the location of an alteration potentially yields information about its cause. for the reasons
stated above, we will disregard location in the following and concentrate on the
classification of type and size.
types of alterations can be hyperkeratosis (=callosity), pale hairless, red hairless,
abrasions, open or infected wounds, superficial lesions, open sores, scabs of dried blood,
scars, crusty skin, local inflammations, cellulites, abscesses, phlegmone, ulcerations and
swellings as described and assessed, with varying grade of differentiation, in different
studies (ekesbo, 1966; gruner, 1972; groth, 1984, 1985; Zerzawy, 1989; rodenburg et al.,
1994; troxler, 1994; menke, 1996; friedli et al., 1999; Hindhede et al., 1999; Schaub et
al., 1999; chaplin et al., 2000; Weary and taszkun, 2000; Wechsler et al., 2000; danuser
and regula, 2001; Schrader et al., 2001; vokey et al., 2001; livesey et al., 2002; Klaas et
al., 2003; Whay et al., 2003; Kögler et al., 2004; Zurbrigg et al., 2005; Keil et al., 2006;
Schulze Westerath et al., 2007).
in most cases, the size or grade of the alterations was differentiated. for instance, the area
affected was recorded or alterations were graded as slight or severe, or even as slight,
medium or severe. often the size of alterations was divided into classes by their diameter,
with 2 cm and 4 or 5 cm, respectively, being usual thresholds, but also more detailed
differentiations were made (<1 cm, 1 2 cm, 2–4 cm, 4–8 cm, >8 cm).

6.3.3 Quantification of alterationS

Quantifying the amount of alterations is another important aspect in the evaluation of the
impact on the animal. as reviewed by Webb and nilsson (1983), variables of measuring
alterations are the frequency and number of alterations, the severity of alterations, the
number of types of alterations and the number of sites at which alterations are found. the
quantity of alterations can be calculated as number or percentage of animals or sites
affected (e.g. ekesbo; 1966; gruner, 1972; Zerzawy, 1989; rodenburg et al., 1994; chaplin
et al., 2000; Weary and taszkun, 2000; danuser and regula, 2001; livesey et al., 2002;
Whay et al., 2003; Kögler et al., 2004; Zurbrigg et al., 2005), or as number of lesions per
animal or per location (troxler, 1994; friedli et al., 1999; Schaub et al., 1999; Wechsler
et al., 2000; Schrader et al., 2001). occasionally, skin alterations were assessed as area
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affected (e.g. Weary and taszkun, 2000; also used by mowbray et al., 2003, measured by
means of the diameter in x- and y-axes).
Some authors scored the alterations, and registered only the most severe score at a given
site (e.g. Krebs et al., 2001; Kögler et al., 2004) another approach is to calculate total
alteration scores (Walberg, blom, both cited in Webb and nilsson, 1983; gustafson et al.,
1993; busato et al., 2000; vokey et al., 2001; bahrs, 2005; Schulze Westerath et al., 2007).

6.3.4 Welfare evaluation of alterationS

Some authors used interpretative classifications of the alterations in terms of their welfare
impact. for instance, Kögler (2003) judged hairless patches as mild alterations, abrasion
of the skin as medium and swellings at the bursa as severe alterations. in a similar way,
but only using two categories, livesey et al. (2002) characterised hair loss as minor
abnormality and skin abrasion, subcutaneous swelling and enlargement of the hock joints
or associated synovial structures as severe abnormalities. Slightly deviating, groth (1985)
termed not only hair loss, mild abrasion and callosity, but also swelling of the bursa at the
leg joints as light alterations. open infected wounds, phlegmone, bursitis and arthritis were
judged as critical and associated with pain. However, none of these evaluations were based
on any validity studies.
only few reference values for a herd welfare assessment on the basis of skin alterations
can be found. bartussek et al. (2000) provide limits regarding the percentages of animals
affected by minor to bad degrees of damage in order to evaluate herd welfare as very good
to very bad. platz et al. (1999) within a herd health assessment system allocated lower
scores when more than 0 % or 2.5 % of animals showed technopathies. the dlg (2000)
defined maximum prevalences of different degrees of tarsal joint alterations in order to
evaluate soft lying mats for cubicles as recommendable in terms of animal welfare.
However, the scientific basis for the different reference values is not provided or discussed.
moreover, little or no definition of the categories of alteration is given by bartussek et al.
(2000) and platz et al. (1999).

6.3.5 reliability

danuser & regula (2001) report agreements between two observers of 75 % for swellings
at carpus or tarsus (yes – no), 78 % for injuries at the rump (no – one abrasion – more than
one abrasion) and 79 % for alterations at the tarsus (no alteration – hairless patch – redness
or swelling – open wound or abscess). they investigated 94 animals and used kappavalues for the comparison. Zurbrigg et al. (2005) trained numerous inspectors to assess skin
alterations through scoring cards and on farm until an agreement of 80 % with previous
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scores and with those of other inspectors were reached. details about methods used
(including number of inspectors) and amount of training are not given. However,
agreement on recording teat injuries was low (Zurbrigg et al., 2005).

6.3.6 feaSibility

Skin alterations were either evaluated by palpation or by inspection or by both. in most
investigations all animals of a herd or batch were examined. Whay et al. (2003) selected
20 % of the cows by examining every fifth animal. in one case where the effects of
different lying mats were investigated, focal animals were selected according to a
minimum time spent in the housing system and stage of lactation (dlg, 2000).
from only two studies data are available about the necessary time for the assessment of
the integument. Zurbrigg et al. (2005) report that half a day was spent for one herd of dairy
cows. they assessed the condition of the hock (no alteration – swollen – hairloss – broken
skin or scabs) and additionally, other animal-based parameters (presence of an arched
back, position of the claws and animal cleanliness) and stall-based measurements were
assessed. Krebs et al. (2001) needed no more than three minutes for the examination of a
cow including an assessment of cleanliness, status of coat and claws and alterations at the
legs (no alteration – loss of hair – swelling or inflammation – presence of open wound or
abscess, the most severe was scored) and at other parts of the body (no alteration – loss of
hair – superficial wounds – deep wounds or abscesses).

6.4 diScuSSion

the assessment schemes for skin alterations vary considerably between studies. methods
are specific to the subject of investigation and the animal category (dairy, beef, calves).
this leads to differences in body location investigated, in the degree of differentiation
concerning type and extent of alterations, and in the sampling methods. no scheme appears
to be directly applicable for a welfare assessment scheme covering all aspects of the
condition of the integument in cattle. However, broadly used categorisations of alterations
are hairless patches, alterations characterised by broken skin in different forms, and
swellings, which are judged diversely on their severity. values often used to distinguish
different sizes of skin lesions are 2 cm and 4 or 5 cm. the frequency of animals affected
and the mean number of alterations per animal or per location are often calculated. due
to handling problems with bulls or cows in extensive housing conditions, a palpatory
assessment of skin alterations is not feasible. With this precondition, solely clearly visible
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alterations can be assessed. Small alterations, especially at the tail-tip, very likely cannot
reliably be recorded.

6.5 concluSionS

based on the literature review and our own practical and scientific experience, we propose
the following on-farm assessment scheme for skin alterations in cattle:
animals are visually examined from one side from a maximum distance of 2 m. this
allows the inspector to assess bulls without entering the pen and extensively housed cattle
without the need for capture. only alterations with a minimum diameter of 2 cm at the
largest extent are recorded, and two categories are distinguished: i. hairless patches (area
with hair loss including extensive thinning of the coat as a response to parasites, skin not
damaged, hyperkeratosis possible); ii. lesions (damaged skin either in the form of a scab
or a wound, dermatitis due to ectoparasites and (partly) missing teats) and overt swellings.
alterations of the two categories are counted per animal and the percentage of animals
affected as well as the mean number of alterations per animal calculated for each category.
the same sample of animals can be used for the assessment of the integument as for the
scoring of cleanliness, body condition and lameness.
the proposed assessment system is easy to learn and simple to apply. We estimate that the
assessment takes no longer than 2 minutes per animal depending on the number of
alterations, accessibility of the animals and complexity of the farm regarding groups and
buildings. assessors should be trained with the aid of photographs of various affected
animals and additionally on farm. reliability should be tested during training.

7
Assessment of UltimAte pH And
BrUising in CAttle
r. Westin, A. Velarde, A. dalmau and B. Algers

7.1 sUmmAry

there are strong relationships between animal welfare, meat quality, ultimate pH and
bruising. this makes ultimate pH and assessments of bruise level valid candidates for
animal welfare auditing.
Questionnaires have been sent to 10 abattoirs in 3 eU countries (Belgium, spain and
sweden). the results show that both sampling procedures (point of time for sampling after
slaughter, sample site) and acceptable pH range varies (<5.8 up to 6.2) within and between
the countries. it was therefore concluded that it is not possible to use the companies own
records in a welfare audit.
the Australian Carcass Bruise scoring system (ACBss) is concluded to be a good method
for scoring of bruising in cattle. the carcase is divided into 7 defined areas (butt, rump and
loin, rib, forequarter, back, hip, and pin). in each area, the level of bruising is assessed on
the basis of diameter (slight = 2–8cm, medium = 8–16cm, Heavy = >16cm) and depth
(deep = other than surface muscle involved). Bruises below 2 cm in diameter are not
recorded, as well as fire bruises (superficial bleedings in the fat) and bruises caused by
shackling. this makes a total of six categories: slight (s), slight-deep (sd), medium (m),
medium-deep (md), Heavy (H), Heavy-deep (Hd). Bruise scores are then calculated by
multiplying the assessed bruises in each site class by a weighting factor (s=1, sd=3, m=3,
md=5, H=5, Hd=7) and summing these values.
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7.2 introdUCtion

meat pH and bruising are well known parameters of meat quality, closely related to animal
welfare and economically valuable (gregory, 1998; Atkinson, 2000). Carcase bruise marks
arise for instance when the live animal strikes against fences or sharp corners causing
blood vessels to rupture. transport and lairage conditions, facility design and animal
handling procedures have been shown to influence the level of bruising in cattle (mcnally
and Warriss, 1996; Weeks et al., 2002).
When an animal is slaughtered, its muscle continues to metabolize energy thru breakdown
of glycogen. As glycogen storage decreases, lactic acid instead accumulates causing meat
pH level to drop during the early post-mortem period. normal pH levels drop from pH 6.8
to 5.6 within 24 hours known as the ultimate pH (Atkinson, 2000). stress in the live animal
also leads to depletion of glycogen storage since stress-induced release of adrenalin
triggers energy metabolism and the breakdown of glycogen. if the muscle does not contain
sufficient levels of glycogen at slaughter, only a small drop in ultimate pH level will occur
and the meat is likely to become dark, firm and dry (dfd). thus, a high pH after 24 hours
indicates that the animal has been metabolically stressed before slaughter (gregory, 1998).
exposing animals to long-term stress conditions i.e. extreme environmental temperatures,
being mixed with unfamiliar cohorts, long transportation and lairage times, and prolonged
rough handling can contribute to causing dfd in slaughter animals (Atkinson, 2000;
gregory, 1998). there are however several different ultimate pH limits that has been used
for assessment of dfd incidence in cattle (fabianson et al., 1982).
the aim of this study was to examine what pH ranges are considered as acceptable in
different eU countries considering meat quality/incidence of dfd in cattle. the objective
was also to develop and evaluate a scoring method for assessment of carcase bruising.

7.3 metHods

Questionnaires have been sent to 10 abattoirs (4 in Belgium, 3 in spain, 3 in sweden) with
questions regarding accepted meat pH ranges and present measuring procedures for
sampling of ultimate pH and bruise carcase bruising. one of the abattoirs was visited
during one day when bleedings on carcases were documented on photos. Contact has been
made with 3 different swedish veterinarians working with meat inspection to discuss
assessment of bruising. in addition, literature regarding methods for scoring of carcase
bruising has been scanned.
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7.4 resUlts And disCUssion

7.4.1 pH
All 10 abattoirs answered the questionnaires. in 9 of the 10 abattoirs pH was regularly
measured and controlled after slaughter. Accepted pH ranges and sampling procedures are
listed in table 7.1.
the results in table 1 indicate that there are differences both within and between different
european countries regarding acceptable levels of ultimate pH. three abattoirs accepted
a pH of up to 6.2, two accepted pH 6.0, one accepted pH 5.9 and the last three accepted
pH 5.8. one abattoir did not use pH as a measure of meat quality at all. seven abattoirs
measured pH in m. longissimus dorsi.
meat with a high ultimate pH (dfd meat) is less resistant to microbial spoilage and is
less tasty compared to meat with normal pH (gregory, 1998). differences in acceptable pH
ranges can thus have economically reasons. However, different pH limits ranging from
5.8 to 6.4 have been suggested in the literature (fabiansson et al., 1984) and still there are
different opinions. in a recent survey of 1000 animals a longissimus muscle pH of 5.87 was
identified as the approximate cut-off limit between normal and dfd meat (page et al.,
2001). the authors in another study conclude that carcasses that fall into the ultimate pH
range of 5.8–6.0 should be regarded as ‘dfd’ if they are steers or heifers but ‘normal’ if
they are bulls (Wulf et al., 2002). A lot of research investigating the relationship between
animal welfare and high pH define dfd as ultimate pH ≥6.0 (gregory, 1998; scanga et
al., 1998; Apple et al., 2005).

tABle 7.1 Accepted meat pH range and use pH-sampling procedures for 10 abattoirs.
Abattoir
(Country)

Accepted pH range

muscle used for sampling time lag post
slaughter

1. (Bel)
2. (Bel)
3. (Bel)
4. (Bel)
5. (esp)
6. (esp)

not measured
5.5<pH<6.2
<5.8
5.8<pH<6.2
4.3 to < 5.9
5.5 to < 6.0
sometimes pH 5.4 is accepted.

–
gluteus muscle
m. longissimus dorsi
m. latissimus dorsi
m. longissimus dorsi
m. longissimus dorsi

7. (esp)
8. (sWe)
9. (sWe)

< 6.0
< 6.2
<5.8 if 5.8–6.2
new sampling is done after 12h.
<5.8 if 5.8–6.2
different parts of the carcase are
individually measured.

m. semi–membranosus
m. longissimus dorsi
m. longissimus dorsi

24h
12h
24h

10%
100%
100%

m. longissimus dorsi

24h

100%

10. (sWe)

–
24h
+/– 48h
24h
24h
24h

Amount of
animals
sampled
0%
?
50%
6%
2%
20%
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there is a strong relationship between animal welfare and muscle pH. this makes meat
pH a valid candidate for auditing of welfare. However, measurement must be taken after
slaughter (24–48 h after slaughter), at the same site and acceptable pH range must be
defined. since all three parameters varies both within and between different eU countries,
it is at the moment not possible to use the slaughter companies own records.

7.4.2 Carcass Bruise Scoring
no asked abattoir used any standardized method for scoring of bleedings/bruises on
carcase. the carcases are visually inspected and bleedings are trimmed but no
documentation is performed unless crime against animal protection legislation is
suspected. At swedish abattoirs, the farmers got compensation for the trimmed meat if
the bleedings are pronounced and have arose after the animal left the farm. However, there
is no standardized system in use for assess of the age of the bleedings.
in the literature three methods for scoring of bruising has been identified. the most
frequently used in research is ‘the Australian Carcass Bruise scoring system’ (ACBCC)
developed by the Australian meat and livestock Corporation and the Queensland
department of primary industries (Anderson and Horder, 1979). in this method, bruising
is recorded on seven different areas on both sides of the carcase (butt, rump and loin, rib,
forequarter, back, hip, and pin). At every area, the level of bruising is assessed on the basis
of diameter (<2cm, 2–8cm, 8–16cm, >16cm) and depth (other than surface muscle
involved or not). Bruise scores are then calculated by multiplying the assessed bruises in
each site class by a weighting factor (1,3,5 or 7) and summing these values. several
different possibilities for comparison of bruise levels are than available i.e. mean bruise
score per carcase, distribution of bruising and proportion of bruised animals (Wythes et al.,
1985; Weeks at al., 2002). the second identified method, devised by mcnally and Warriss
(1996), is very similar to ABCss but assessment is based on area instead of diameter (2–
400cm2, 400–800cm2, 800–1200cm2…) and the depth of the bruise is divided into 3
categories (<1cm, 1–2cm, >2cm) instead of two. Bruise score in each site class are then
calculated from the bruised area divided with 400 and multiplied with a weighting factor
(1, 2 or 3). summation of these values will than give the average bruise score for the whole
carcase. the third described method is used in national Beef Quality Audits in north
America. five or seven different sites are studied (round, loin, rib, chuck, brisket, flank and
plate). the severity of a bruise is subjectively scored into 3 or 4 categories (minor, medium,
major, extreme/critical) reflecting the weight of trim needed to remove the bruise (roeber
et al., 2001; Bolemanet et al., 1998; mcKenna et al., 2002). the scoring result is used for
analysis of severity of bruises within site but no average score for the whole carcase is
calculated. instead the number of bruises on carcase is used for comparison between
carcasses.
All of these methods are quite similar. the carcase is divided into several different areas
where bruises are individually scored. scoring is based on spread and depth of the bruise,
or the weight of trim needed to remove the bruise. in ACBss and the method devised by
mcnally and Warriss (1996) a total carcass score is than calculated by adding the subscores
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from each recorded site, making it possible to calculate a total score of the whole carcase
and an average mean score within all monitored carcasses. one of the advantages with
dividing the carcases into different defined sites is that different problem areas related to
animal welfare can be identified. this kind of information can be very valuable and is
useful in a company’s bruise preventive work (Haeger, personal message, 2006).
According to the original proposal, observers were supposed to assess carcases bruise
level on a scale from 0–3. if assessment of bruise level is done without considering the
location of the bruises, the possibility of identifying specific problem areas related to
animal welfare is lost. such a scoring system is therefore not preferable (Haeger, personal
message).
the Australian carcase bruise scoring system (ACBss) is well documented and has been
used in several abattoir surveys in both Australia and europe (Jarvis et al., 1995; Wythes
et al., 1985; Weeks et al., 2002). We therefore conclude that this scoring method is well
suited for scoring of bruise level within the Welfare Quality project and by using this
method, previous research results can be used as reference. since the method is previously
tested and evaluated (Anderson and Horder, 1979) no inter-observer reliability tests has
been performed as proposed in the original proposal.

7.5 ConClUsion

Both ultimate pH and scoring of bruising in cattle are valid candidates related to animal
welfare. However, sampling of pH must be done at the same time after slaughter, at the
same site and a standardized acceptable pH range must be defined. since all three
parameters varies both within and between different eU countries, it is not possible to use
the slaughter companies own records. ‘the Australian Carcass Bruise scoring system’ is
concluded to be a good method for assessment of bruising.

8
Reliability of measuRes of
injuRious and abnoRmal
behaviouR in daiRy and beef
cattle
n. brörkens, s. laister, s. lolli, d. Zucca, c. Winckler, m. minero, e. canali and
u. Knierim

8.1 summaRy

injurious behaviours such as slipping, falling or stepping on other group mates may lead
to wounds and skeletal or muscle problems. Reduced welfare in cattle is also assumed
with the occurrence of stereotypies such as tongue rolling or redirected behaviours such
as intersucking or chewing of objects in cattle.
it was the aim of this study to investigate injurious and abnormal behaviours as on-farm
measures of welfare in dairy cows and fattening bulls with regard to feasibility, interobserver reliability and short- to long-term intra-farm variability (consistency). for this
purpose, continuous behaviour sampling was carried out on three days for 4 h each on 43
dairy (20 cubicle houses, 11 deep litter systems, 12 tie stalls) and 20 beef farms (10 deep
litter, 10 fully slatted floors) in austria, Germany and italy. in beef farms, three weight
classes were defined (200–350 kg, 350–500 kg, >550 kg). farm visits took place at
approximately 60 and 180 days (tie stalls: 60 and 120 days) after the first visit. interobserver reliability was tested during direct observations (6 dairy, 2 beef farms) and using
video clips (n=55).
in this study abnormal behaviours occurred only rarely during the 4 hours of on-farm
observations (median events/animal*hour = 0.00) in both dairy and beef cattle farms.
abnormal behaviours therefore have not been considered in further statistical analysis and
can not be recommended as reliable parameters for on-farm welfare assessment in cattle.
only in beef bulls, the injurious behaviours slipping (median: 0.13–0.24
events/animal*hour), mounting (median: 0.19–0.28 events/animal*hour) and total
injurious behaviour (median 0.44–0.60 events/animal*hour) occurred sufficiently frequent
57
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for reliable recordings. due to low incidences inter-observer-reliability analysis was only
possible for slipping and only from video observations, but revealed unsatisfactory
agreement between observers (Kendall’s W= 0.64).
Regarding consistency over time, slipping reached acceptable levels only when medium
and finishing bulls were pooled (W=0.72). furthermore, mounting and the total of all
injurious behaviours were not found to be consistent over time regardless of the weight of
the animals (W<0.70).
in conclusion, none of the behaviours studied is suggested for inclusion in an on-farm
welfare assessment protocol for dairy or beef cattle.

8.2 intRoduction

injurious behaviours such as slipping, falling or stepping on other group mates may lead
to wounds and skeletal or muscle problems (van der tol et al., 2005). for example,
trampling by pen mates is regarded a major cause of tail tip alterations in beef bulls
(schrader et al., 2001).
With regard to abnormal behaviours in cattle, stereotypies such as tongue rolling or
redirected behaviours such as inter-sucking or chewing of objects have been described as
potential indicators for impaired welfare in calves (scientific veterinary committee 1995;
Rushen and de Passillé, 1995), heifers (Redbo, 1992; Redbo et al., 1996; Redbo and
nordblad, 1997), dairy cows and fattening animals (sambraus and Gotthardt, 1985; Graf,
1994).
the objective of this study was to investigate injurious and abnormal behaviours as onfarm measures of welfare in dairy cows and fattening bulls with regard to feasibility,
inter-observer reliability and short- to long-term intra-farm variability (consistency).
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8.3 methods

8.3.1 inteR-obseRveR Reliability testinG (ioRt)

ioRt of injurious and abnormal indicators was based on (1) direct observations on six
dairy and two beef farms and (2) recordings from video clips. for the investigation of
inter-observer reliability no distinction was made between dairy cows and fattening bulls
as behaviour patterns are similar in both cattle categories.

On-farm IORT
on-farm ioRt was carried out three times at different stages of the project with different
numbers of observers being present at each date (table 8.1). the first testing took place
after two days of initial training before on-farm data collection started. the training
included discussions, video and on-farm training. the second ioRt was about 50 days
after observers a and b had started on-farm data collection; two additional observers (c
and d) participated, who had received about half a day of training. the final on-farm ioRt
took place after data collection had been finished.
observers were always located near to each other in the barn allowing a free view on the
area observed.
spearman rank correlation (rs) was used to test agreement within pairs of observers.
additionally Kendall’s coefficient of concordance (W) was calculated for agreement
between 3 and 4 observers, respectively.

table 8.1 overview of on-farm ioRt.
meeting

1 Germany
2 austria
3 italy

mm/yyyy

number of
farms visited

07/2005
4
09/2005
2
06/2006
2
total
8
dairy
6
1
beef
2
Notes: 1 07/2005; a, b, c, d = observers.

sample size (pens, segments)
a
35
10
15
60
50
10

b
35
10
15
60
50
10

c
–
7
15
22
22
–

d
–
10
–
10
10
–
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IORT Using Videos
after completion of the on-farm data collection and after the final on-farm ioRt in june
2006, three trained observers (a, b & c) separately watched 55 video sequences of about
2 to 14 minutes (07:05 hours in total). the video clips had been recorded on different beef
and dairy farms and contained representative situations of the behaviours that were in the
scope of the study. the video observations followed the same rules as provided in the
instructions for data collection.
again spearman rank correlations and Kendall’s coefficient of concordance (W) were
used.

8.3.2 investiGation of intRa-faRm consistency

in total, 43 dairy farms (20 cubicle, 11 deep litter, 12 tie stall systems; herd size 12 – 150
cows) and 20 beef fattening farms (10 deep litter, 10 fully slatted floor systems; animals
per farm: 30-220, 5-27 bulls per pen) in austria, Germany and italy (only dairy) were
included in the study (table 8.2). the dairy cows belonged to different breeds with
holstein friesian, simmental-fleckvieh and brown swiss being the most prevalent breeds.
the fattening bulls were simmental-fleckvieh (s-fv), limousin and s-fvxlimousin
crosses. other breeds such as belgian blue, brown swiss, holstein friesian, tyrolean
Grey or charolais were also kept in small numbers.
observations of injurious and abnormal behaviours as defined in table 8.3 were carried
out on three days at intervals of approximately 60 and 180 days after the first visit (beef
cattle farms, dairy loose housing systems). in dairy farms with tie stalls, the third visit
took place 120 days after the first visit (figure 8.1).

table 8.2 overview of number and type of farms visited in each country.
austria
daiRy
cubicles
deep litter
tie stalls
total
beef
fully slatted
deep litter
total

Germany

italy

total

8
3
6
17

8
4
6
18

4
4
–
8

20
11
12
43

5
5
10

5
5
10

–
–
–

10
10
20
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table 8.3 list of behaviours observed and their definitions.
behaviour
slipping
(sP)
falling
(fa)
stepping on…
(only beef bulls)
stepping on…
(only beef bulls)
mounting
(mo)
(only beef bulls)
injurious total
(inj)
tongue rolling
(tR)
chewing on equipment
(cW)
intersucking
(is)
sitting
(si)
abnormal total
(abn)

definition
one or more claws accidentally slide out of place or glide off edges and/or the
animal is losing balance.
an animal accidentally looses balance and its body quickly moves towards the
ground and touches it with udder, sternum, carpal joint, knee or with the whole
flank or abdomen. if falling is caused by previous slipping then slipping is
counted separately.
… tail (st): a standing or walking bull puts its foot on the tail of a lying group
mate and puts weight on it. each step is counted. only tested in fully slatted
housing systems.
… other parts of the body than tail (sb): a standing or walking bull puts its
foot on any part of the body other than tail of a lying group mate and puts
weight on it. each step is counted.
a bull lifts itself up on its hind legs and jumps with its forelegs onto another
group mate either from behind, the side or front. the receiver may be standing
or lying.
dairy cows: inj = sP + fa
beef bulls: inj = sP + fa + st + sb + mo
the animal is repeatedly twisting, twirling or swinging the tongue in a
stereotypic way inside or outside the open mouth, or stretches out the tongue
for longer than 10 seconds; sometimes the neck and head is stretched upwards.
a new bout is recorded if the behaviour is interrupted for more than 10 s.
the animal takes any equipment in its mouth and chews on it for more than 10
seconds. a new bout is recorded if chewing is interrupted for more than 10
seconds.
the actor gets hold of teat, udder, ear, tail, prepuce or skin fold of a group mate
with its mouth and pulls at it with the muscles of its cheeks and tongue as if it
wants to get milk out of it.
the animal is sitting dog-like on its hind quarter with front legs fully stretched
for longer than 10 seconds. a new bout is recorded when the animal has either
adopted another lying position or risen in between.
abn = tR + cW + is + si

fiGuRe 8.1 schedule for on-farm observations.
Data Recording on Dairy Farms
on each farm the lactating dairy cows were observed excluding separate groups of dry or
periparturient cows, as well as cows in hospital pens. behaviour performed by or with
animals in heat was not recorded.
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behaviour was recorded using continuous behaviour sampling and observations lasted for
4 h after morning feeding (or after feed had been pushed up). the observer was positioned
on the feed bunk on an elevated observation chair.
in herds larger than 25 cows, the observations were carried out in segments of the barn
which were expected to contain on average not more than 25 cows per segment. these
segments covered all accessible areas (lying areas, feeding places, concentrate feeders,
outdoor loafing areas etc.). the duration of continuous observations within each segment
was adjusted to the number of segments so that each segment was observed at least once
per two hours (minimum observation period 10 min) or at least twice within four hours
respectively.
the number of animals which were feeding, standing/walking and lying within the
segment was recorded at the beginning and at the end of each observation period. data
were then analysed as the mean number of events per animal and hour, taking the absolute
frequency of behaviours, the duration of observations per pen/segment and the average
number of animals in the pen/segment during the observation into account.
from all values obtained on segment level the mean incidence at herd level was calculated
(occurrence of behaviour/animal*hour). spearman rank correlations and Kendall’s
coefficient of concordance were used to test consistency between visits (1–60–180/120).

Data Recording on Beef Farms
three weight classes were defined in line with the literature and common farming practice:
•
•
•

initial fattening period (i): 200–350 kg;
medium fattening period (m): 350–550 kg;
finishing fattening period (f) ≥550 kg.

Pens holding less than three animals were excluded from observations.
behaviour was recorded in the same way as on the dairy farms.
all weight classes present were observed for equal periods within each observation hour
and each pen was observed at least twice during the 4 hour period. Pens with more than
25 bulls were divided into 2 or more segments (see dairy cattle).
also data processing within each weight class followed the same rules as for dairy cattle.
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8.3.3 decision on measuRes

We followed a stepwise approach in deciding on the usefulness of the behavioural
measures for on-farm welfare assessment protocols:
1.
2.
3.

median on-farm incidence had to exceed 0.10 events/animal*hour to allow for
reliable and feasible recording as well as differentiation between farms;
in terms of inter-observer reliability (ioR), correlation between observers had to be
rs or Kendall’s W≥0.70.
in terms of intra-farm consistency, again for the remaining measures correlation
coefficients between results from different observation days had to be Kendall’s
W≥0.70.

8.4 Results

8.4.1 incidences of aGonistic social behaviouRs

in dairy cows, all injurious or abnormal behaviours occurred at median incidences of less
than 0.10 events/animal*hour (table 8.4). median incidences of both total injurious and
total abnormal behaviours also did not exceed the threshold of 0.10 events/animal*hour.
in beef bulls, injurious behaviours occurred more frequently and the median level of total
injurious behaviour ranged from 0.44 to 0.60 events/animal*hour (table 8.4). mounting
was the injurious behaviour most often observed and was most frequent in medium
fattening bulls (0.28 events/animal*hour). incidences of slipping were highest in finishing
(0.24 events/animal*hour) and lowest in initial fattening bulls (0.13 events/animal*hour).
median incidences of other injurious behaviours (falling, stepping on tail, stepping on
bull) were always below 0.10. similar to dairy cows, the median frequency of abnormal
behaviours in beef bulls never exceeded 0.00 events/animal*hour.

box 8.1 measures of injurious and abnormal behaviour that are feasible for on-farm
welfare assessment.
Dairy cows
Beef bulls
injurious: none
injurious:
abnormal: none
slipping
mounting
total injurious behaviour
abnormal: none
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table 8.4 descriptive measures (median, mean, minimum (min) and maximum (max)
values, standard deviation of the mean (sd) and variance (var)) of incidences of injurious
and abnormal behaviours in dairy cows and beef bulls (events/animal*hour); for beef cattle
overall data for the three farm visits are presented.
behaviour

animals

day
Weight

1
60
180
overall
1
slipping
60
daiRy
(sP)
120
tie stalls
overall
i
m
beef
f
1
60
daiRy
180
loose housing
overall
1
falling
60
daiRy
(fa)
120
tie stalls
overall
i
m
beef
f
i
stepping on tail
m
beef
(st)
f
i
stepping on other parts of
m
the body than tail
beef
(sb)
f
i
mounting
m
beef
(mo)
f
1
60
daiRy
180
loose housing
overall
1
injurious total
60
daiRy
(inj)
120
tie stalls
overall
i
m
beef
f
Notes: * exceed the threshold of 0.1 events/animal*hour
daiRy
loose housing

median mean min max
.02
.03
.03
.03
.01
.04
.02
.03
.13*
.18*
.24*
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.22*
.28*
.19*
.04
.03
.03
.03
.01
.04
.02
.03
.51*
.60*
.44*

.09
.08
.05
.07
.03
.04
.03
.03
.26
.46
.39
.00
.00
.00
.00
.00
.00
.00
.00
.01
.01
.01
.01
.00
.00
.04
.03
.05
.37
.37
.33
.09
.09
.05
.08
.03
.04
.03
.03
.66
.85
.74

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.70
.48
.41
.70
.14
.15
.11
.15
1.41
2.34
3.45
.06
.02
.05
.06
.00
.00
.00
.00
.15
.18
.19
.19
.05
.15
.23
.23
.23
2.46
1.65
2.54
.70
.48
.41
.70
.14
.15
.11
.15
2.46
3.45
4.20

sd

var

n

.17
.12
.09
.13
.05
.05
.04
.04
.33
.56
.62
.01
.00
.01
.01
.00
.00
.00
.00
.03
.03
.03
.04
.01
.02
.07
.07
.08
.51
.36
.45
.17
.12
.09
.13
.05
.05
.04
.04
.55
.71
.85

.03
.01
.01
.02
.00
.00
.00
.00
.11
.31
.38
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.01
.00
.01
.26
.13
.21
.03
.01
.01
.02
.00
.00
.00
.00
.30
.50
.72

31
31
31
93
12
12
12
36
56
57
57
31
31
31
93
12
12
12
36
56
57
57
56
57
57
56
57
57
56
57
57
31
31
31
93
12
12
12
36
56
57
57

Reliability of Measures of Injurious and Abnormal Behaviour

/

65

table 8.4 cont. descriptive measures (median, mean, minimum (min) and maximum
(max) values, standard deviation of the mean (sd) and variance (var)) of incidences of
injurious and abnormal behaviours in dairy cows and beef bulls (events/animal*hour); for
beef cattle overall data for the three farm visits are presented.
behaviour

animals

daiRy
loose housing
tongue rolling
(tR)

daiRy
tie stalls

beef

daiRy
loose housing
chewing on equipment
(cW)

daiRy
tie stalls

beef

daiRy
loose housing
intersucking
(is)

daiRy
tie stalls

beef

daiRy
loose housing
abnormal total
(abn)

daiRy
tie stalls

beef

day
Weight
1
60
180
overall
1
60
120
overall
i
m
f
1
60
180
overall
1
60
120
overall
i
m
f
1
60
180
overall
1
60
120
overall
i
m
f
1
60
180
overall
1
60
120
overall
i
m
f

median mean min max
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.06
.00
.00

.01
.01
.01
.01
.04
.03
.03
.03
.24
.11
.10
.00
.00
.00
.00
.00
.00
.00
.00
.02
.02
.02
.00
.00
.00
.00
.00
.00
.00
.00
.02
.00
.00
.01
.03
.02
.02
.04
.04
.03
.03
.28
.14
.12

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.27
.08
.08
.27
.33
.35
.21
.35
2.88
1.28
.63
.04
.03
.00
.04
.04
.00
.00
.04
.25
.29
.30
.00
.00
.00
.00
.00
.00
.00
.00
.30
.15
.10
.27
.21
.14
.27
.33
.35
.21
.35
3.25
1.28
.63

sd

var

n

.05
.02
.02
.03
.10
.10
.06
.09
.49
.25
.18
.01
.01
.00
.01
.01
.00
.00
.01
.06
.06
.06
.00
.00
.00
.00
.00
.00
.00
.00
.05
.02
.01
.05
.04
.03
.04
.10
.10
.06
.09
.53
.26
.19

.00
.00
.00
.00
.01
.01
.00
.01
.24
.06
.03
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.01
.01
.00
.01
.28
.07
.04

31
31
31
93
12
12
12
36
56
57
57
31
31
31
93
12
12
12
36
56
57
57
31
31
31
93
12
12
12
36
56
57
57
31
31
31
93
12
12
12
36
56
57
57
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in conclusion, measures of injurious and abnormal behaviour that are feasible for on-farm
welfare assessment are presented in box 8.1.

8.4.2 inteR-obseRveR Reliability

On-farm Observations
due to low or zero occurrences of behaviours, measures of inter-observer agreement could
not be calculated for any of the behaviours investigated.

Video Observations
on the 55 video clips, 16, 13 and 15 slipping events were recorded by observers a, b and
c, respectively. Rank correlations between single observers as well as Kendall’s W for
overall agreement did not reach acceptable levels (rs and W<0.7; table 8.5). again, ioR
for mounting could not tested using video recordings due to low incidence of the
behaviour.

8.4.3 consistency oveR diffeRent PeRiods of time (intRa-faRm vaRiability)

due to the very low on-farm incidences of the behaviours falling, stepping on tail, stepping
on bull as well as of abnormal behaviours (table 8.4), results on consistency are only
presented for slipping, mounting and for total injurious behaviours in fattening bulls (table
8.6). spearman rank correlations between single farm visits for slipping were generally low
(rs=0.08-0.59). the consistency regarding levels of slipping behaviour was higher in

table 8.5 spearman rank correlation coefficients (rs) and Kendall’s coefficient of
concordance (W) for inter-observer agreement based on video clips (n=55).
behaviour
slipping (sP)

rs
p

a_b
.57
.000

observer pairs
a_c
.34
.011

Kendall's W
b_c
.46
.000

.64
.000

box 8.2 measures of injurious and abnormal behaviour that revealed sufficient interobserver reliability.
Dairy cows
Beef bulls
none
injurious: none (only slipping tested)
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table 8.6 spearman rank correlation coefficients (rs) for short- (1_60, 60_120), mid(60_180, 1_120) and long-term (1_180) intra-farm consistency and Kendall’s coefficient
of concordance (W) for slipping, mounting and total injurious behaviour in fattening bulls
of different weight classes (i=200–350 kg, m=350–550 kg, f=>550 kg).
behaviour
slipping (sP)

Weight class

1_60
60_180
1_180
Kendall’s W
rs
.35
.40
.08
.52
p
.150
.096
.737
.031
m
rs
.50
.51
.59
.68
p
.035
.009
.031
.000
f
rs
.50
.56
.52
.67
p
.035
.017
.023
.000
m & f1
rs
.47
.70
.62
.72
p
.051
.001
.005
.000
mounting
i
rs
.31
.41
.10
.54
(mo)
p
.210
.087
.693
.019
m
rs
.03
.13
.29
.43
p
.895
.615
.235
.149
f
rs
.06
–.23
.19
.32
p
.812
.348
.443
.534
m & f1
rs
.13
.06
.29
.44
p
.598
.801
.226
.128
injurious total
i
rs
.36
.32
.04
.51
(inj)
p
.144
.192
.884
.036
m
rs
.28
.25
.31
.51
p
.263
.317
.199
.034
f
rs
.42
.39
.52
.62
p
.085
.115
.021
.002
1
m&f
rs
.41
.42
.56
.64
p
.088
.086
.012
.001
1
Notes: m & f = all bulls > 350 kg (merging data from pens with medium and finishing weight class bulls);
figure in italics exceeds threshold of W=0.70.
i

medium and finishing bulls than in light bulls, but reached acceptable levels only when
medium weight and finishing bulls were pooled (m&f, W=0.72).
consistency regarding levels of mounting was even lower than for slipping and overall
consistency (Kendalls’ W) was always below 0.70. lumping all injurious behaviours
together (injurious total) did not improve consistency levels to acceptable levels in the
different weight classes or when medium weight and finishing bulls were pooled.
in conclusion, no measures of injurious and abnormal behaviour revealed sufficient
consistency over time in both dairy and beef cattle.
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8.5 discussion

in the dairy farms studied, incidences of injurious and abnormal behaviours were very
low and also the totals of the single measures (injurious total, abnormal total) did not reach
the set minimum incidence level for reliable recordings of 0.1 events/animal*hour. no
behaviours can therefore be recommended for on-farm welfare assessment in dairy cattle.
in beef bulls most parameters also occurred rarely during the 4 hours of on-farm
observations. however, slipping (sP) and mounting (mo) were more frequently recorded
(median: sP: 0.13–0.24 events/animal*hour; mo: 0.19–0.28 events/animal*hour). the
lowest frequency of mounting was found in finishing bulls. this was probably caused by
horizontal bars above the finishing bull pens in some farms which inhibit jumping onto
each other.
although median frequency of falling, stepping on tail or stepping on other parts of the
body than tail was 0.00, reasonable peak values were obtained in single farms (maximum
values between 0.05 and 0.23 events/animal*hour). lumping all injurious behaviours
together led to median incidences of total injurious behaviour of 0.44–0.60
events/animal*hour in the different weight classes thus allowing reliable recordings.
due to low incidences of behaviours during both on-farm observations as well as when
behaviours were recorded from video clips, investigation of inter-observer-reliability could
only be performed with regard to slipping. the unsatisfactory agreement (Kendall’s W=
0.64). might be due to difficulties in recognizing the rather quick movements of the legs
in a less visible place (poorly lit floor of the pens). furthermore, the term ‘[...] and/or the
animal is losing balance’ might have led to different assessments during the ioR sessions.
although inter-observer agreement was poor (slipping) or missing (mounting), intra-farm
consistencies were calculated assuming that conspicuous behaviours such as mounting
should be reliably observed and inter-observer reliability for slipping is likely to be
improved by refining the definition or proper training.
however, overall consistency of levels of injurious and abnormal behaviours was generally
below the threshold of W=0.7 and was not markedly improved when behaviour classes
were lumped together or weight classes in beef bulls were merged.
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8.6 conclusions

due to low levels of occurrence and unsatisfactory consistency over time no measures of
injurious and abnormal behaviour are recommended for inclusion in on-farm welfare
assessment protocols for both dairy and beef cattle.

9
Assessment of feAr And
injurious behAviours At
slAughter
r. Westin, A. velarde, A. dalmau and b. Algers

9.1 summAry

Pre slaughter handling can be very frightening and stressful to animals. A scoring method
for assessment of behaviours related to fear and injury has been developed and evaluated.
the presented method is a promising scoring method for assessment of behaviours during
driving of cattle into the stun box. however, final conclusions about the feasibility of this
method for scoring during unloading of cattle can not be made until the effect of an
increased training on inter-observer agreement is evaluated.
during sampling, the following behaviours are recorded.
•
•
•

•
•
•

run (rn) – the animal runs, by itself or as a reaction to the handler driving it
forward.
move backwards/turn around (mb) – the animal move backwards, turn around or
tries to turn around, by itself or as a reaction to the handler trying to drive it forward.
freeze (fr) – the alley is free but the animal refuses to continue in spite of the
handler physically trying to drive it forward. An animal that stops but continues to
walk when the handler drives it forwards is not freezing.
no locomotion behaviour occurred (no) – the animal does not ‘run’, ‘move
backwards’ or ‘freeze’.
slip/fall – the animal looses its foothold.
vocalize – the animal vocalizes in any way.

At unloading, sampling is done at group level. the group of animals unloaded together is
monitored from walking of the transport vehicle until entering the stable building or
gathering pen. if one animal in the group displays any of the defined behaviours, this is
recorded in the audit protocol (Appendix 1). When monitoring cattle at driving into stun
box, sampling is done at individual level when an animal is driven into the stun box.
71
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monitoring is performed until the animal is stunned. As soon as the first observed animal
is stunned, observation of the next animal in front of the line starts.
from the scoring results, ‘the percentage of unloadings where animals display behaviours
related to fear or injury’ and ‘the percentage of animals driven into stun box that display
behaviours related to fear or injury’ can be calculated.

9.2 introduCtion

facility design and animal handling practice are well known to influence fear level and the
behaviour of cattle at slaughter plants (gregory, 1998; Weeks et al., 2002; grandin, 2005).
distractions which impede animal movement and poor maintenance of facilities such as
worn, slick floors are identified as two common causes of animal welfare problems in
slaughter plants (grandin, 1996). Animals will often stop and even refuse to move through
a handling system if there are distractions such as sparkling reflections, air blowing
towards the animals, high pitched noise and movement up ahead of the approaching
animals. these distractions can ruin the performance of a well designed facility (grandin,
1996; gregory 1998). vocalization has also been shown to be strongly associated with
stressful events at pre-slaughter handling, such as electric prodding, slipping, missed
captive bolt stun and excessive pressure exerted on the animal’s body by a restraining
device (grandin, 1998). several restaurant companies have been auditing animal welfare
in slaughter plants since 1999 which has resulted in great improvements in pre-slaughter
handling of cattle (grandin, 2005). there are also examples of beef producing companies
owning and running abattoirs that have implemented their own welfare audit programs
(jonsson, personal message, 2006). the aim of this study was to develop and evaluate a
method for assessment of fear and injurious behaviours at unloading and driving of cattle
at abattoirs, possible to conduct during commercial conditions.

9.3 methods

visits have been made in two swedish and one spanish abattoir. during each visit cattle
were observed and filmed during unloading and driving into the stunning box. After this,
discussions between the collaborators were held and injurious behaviours (slip/fall) and
behaviours indicating fear (run, move backwards, freeze, vocalize) possible to monitor
during commercial conditions were defined. (for definitions, see Chapter 3.1) from
collected material, one film exemplifying defined signs of fear and injurious behaviours
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and another showing continues sequences of unloading and driving of animals into the
stun box were made.
six observers were trained by reading written instructions of how to monitor the defined
behaviour at unloading and driving of cattle and by looking at the film with examples of
the behaviours. After training, monitoring was done individually by each observer for two
days in a row by looking at 18 film sequences of unloading of animals from transport
vehicles (in total 113 animals) and 12 sequences of driving animals into the stun box (in
total 12 animals). When monitoring of unloading, animals unloaded together in a group
were regarded as one observation unit and if one or more animals in the group displayed
any of the defined behaviours (run, move backwards, freeze, slip/fall, vocalize) this was
recorded in the audit protocol (Appendix 1). in addition the number of cattle in the group
monitored was counted. if an animal was prodded or hit any interior structure comments
were made. When monitoring driving of cattle into the stun box only the animal in front
of the line was observed.
fleiss’ kappa coefficients (fleiss, 1971) for inter-observer reliability during monitoring
of unloading respectively monitoring of driving into stun box were calculated separately
for each of the studied behaviours (run, move backwards, freeze, slip/fall and vocalize) by
using the ‘Attribute Agreement Analysis’ function in minitab (minitAb® release 14.1,
minitab inc, 2003). during monitoring of unloading, no animal vocalized and during
monitoring of driving into stun box no animal did run or slip/fall. no statistic analysis was
therefore possible to perform for these behaviours.

9.4 results

in total 30 observations including 125 animals were made by all six observers. during
monitoring of unloading, group size differed from 2 to 13 animals. Kappa values and the
number of inter-observer agreements day 1 and 2 are shown in table 9.1. for monitoring
of unloading, the lowest value of kappa was obtained for observation of move backwards
(0.44) and the highest kappa value was obtained for observation of slip/fall (0.64). for
monitoring of driving into stun box the lowest kappa value was obtained for freeze (0.70)
and the highest for move backwards (0.95).
one animal was forced to walk forward by use of an electrified prodder, which all
observers commented.
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tAble 9.1 number of inter-rater agreements within 6 observers and corresponding kappa
values for studied behaviours.
behaviour
run

unloading
no. agreements1 fleiss’ kappa
10 (55.6%)
.56
10 (55.6%)
.60
(.58)
9 (5.0%)
.42
9 (5.0%)
.46
(.44)
10 (55.6%)
.47
14 (77.8%)
.44
(.46)
11 (61.1%)
.70
8 (44.4%)
.58
(.64)
–3
–

driving into stun box
no. agreements2 fleiss’ kappa
–3
–

day 1
day 2
(mean)
move backwards
day 1
10 (83.3%)
.89
day 2
12 (100%)
1.00
(mean)
(.95)
freeze
day 1
10 (83.3%)
.76
day 2
8 (66.7%)
.64
(mean)
(.70)
slip/fall
day 1
–3
–
day 2
(mean)
vocalize
day 1
11 (91.7%)
.84
day 2
12 (100%)
1.00
(mean)
(.92)
Notes: 1 number of exact agreements within all observers in 30 observations including 113 animals; 2 number
of exact agreements within all observers in 12 observations including 12 animals; 3 no animal displayed the
actual behaviour.

9.5 disCussion

running, moving backwards and freezing are all behaviours associated with locomotion
displayed when an animal tries to escape from or avoid a frightening situation (gregory,
1998). Cattle are herd animals and the behaviour of one animal will often influence other
animals in the herd. if a group of animals are moving and one starts to run, the others are
thus likely to follow. At most abattoirs, animals are unloaded in small groups. in our
opinion, sampling of these behaviours at group level is therefore more informative and
more related to animal welfare than sampling on individual basis. Animals vocalizing or
slipping/falling are not believed to influence other animals in the same extent. this means
that they can be counted to assess the number of injurious and stressful event on individual
level as well. to make monitoring of all behaviours equal at unloading, we did however
not choose to record these behaviours at individual level. but, it is possible that a well
experienced observer would be able to record vocalize and slip/fall at individual level at
the same time as running, moving backwards and freezing is recorded at group level.
the value of kappa evaluates the strength of agreement between observers. it has a
maximum value of 1.00 when agreement is perfect, a value of zero indicates no agreement
better than chance (fleiss, 1971). the strength of agreement for a value of kappa between
0 and 1.00 can be interpret as poor’ if less than 0.20, ‘fair’ if 0.21–0.40, ‘moderate’ if 0.41–
0.60, ‘good’ if 0.61–0.80 and ‘very good’ if 0.81–1.00 (Altman, 1991). According to this
grading system the received kappa values in this study indicates a good to very good interobserver agreement when monitoring driving of animals into the stun box but only an on
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average moderate inter-observer agreement when monitoring unloading. At monitoring
of driving into the stun box one single animal is observed, while during monitoring of
unloading several animals are studied at the same time. group size during this study varied
from 2 up to 13 animals. if the group size is large we can expect simultaneous assessment
of several behaviours to be complicated resulting in lower inter-rater agreement. however
better agreement than the one obtained is preferable in order to conclude that measuring
should be done in this way. during monitoring of unloading the observers where instructed
to count all animals in the group observed. this can draw attention from assessment of
displayed behaviours. during live observations at abattoirs information about how many
animals are unloaded from a truck can instead be obtained from the driver of each unloaded
transport vehicle which would possibly facilitate sampling. Another possible cause of low
inter-observer agreement is insufficient training. no training was conducted where
observers and instructor watched video sequences together and discussed interpretation of
borderline cases. We believe that a more thorough training can increase inter-observer
agreement. this should be evaluated before final conclusions about feasibility can be
made.
According to the original proposal, live observations were supposed to be carried out by
the trained observers. however, this was not possible to arrange since no slaughter plant
did allow this.

9.6 ConClusions

the proposed method is a promising method for assessment of behaviours related to fear
and injury during driving of cattle into the stun box. however, final conclusions about
feasibility of this method performed at unloading can not be made until the effect of an
increased training on inter-observer agreement

10
Cattle HealtH StatuS
e. Canali, H.R. Whay and K.a. leach

10.1 SummaRy

Disease and mortality among dairy and beef cattle is a problem both in terms of welfare
and economic loss. Welfare assessment protocols designed for the assessment of individual
farms may take into account parameters which directly or indirectly reflect the health of
dairy and beef cattle. Data regarding health are sometimes recorded on a routine basis,
yet may not be readily available, or may be recorded in variable formats. a review of
literature was carried out to determine the most suitable and feasible measures of health
for dairy cows, fattening bulls and veal calves. a first table of possible health status
measures, listing the validity, and feasibility of each measure was produced. these
measures were discussed by a panel of veterinary or scientific experts in cattle health,
Some measures were deleted due being less common symptoms or needing a specific
clinical expertise for diagnosis. Sampling methods for measures obtained by observation
were considered, and it was decided that, after using a sampling strategy which covers all
buildings and production groups, measures should be summarised at a farm level. the
resulting protocol covers fifteen potential health status measures. Simple measure
descriptions are given for: Coughing, Sneezing, Increased respiratory rate, Nasal discharge,
Ocular discharge, Diarrhoea, mastitis, Vulvar discharge, mortality, Bloated rumen, tail
necrosis, Dystocia, anaemia, Downer cows, and Culling rate.the suitability of Dystocia,
Downer Cows and Culling rate as measures is limited at present by the number of farms
where these data are recorded. assessing an adequate sample of animals will be timeconsuming on large farms.

10.2 INtRODuCtION

the objective of this task was to put forward a proposal for the standardisation of some
signs of health status in cattle. Diseases are important welfare problems. effective health
care therefore requires that cattle be kept in appropriate environments. Preventive
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measures, for example good hygiene and appropriate vaccination regimes, can help avoid
infection of herds. many diseases are multi-factorial. their development may depend on
the husbandry conditions of the cattle. effective health care therefore requires that cattle
are kept in environments which do not cause stress and reduced immunocompetence
(SCaHaW report, 2001). Some health measures can be assessed by observations on the
animals, but others can only be assessed if records are kept on the farm. there are limited
publications relating to welfare assessment schemes looking at the health status parameters
and how they are assessed. Clinical signs are often used but standardization of clinical
signs is very rare and they are used mainly for veterinary diagnostic purposes. therefore
literature on possible health measures was reviewed, and discussions were held to decide
on the most suitable and feasible measures to include in protocols to assess the health
status of dairy cows, fattening bulls, and veal calves, before drawing up a protocol of
recommended measures.

10.3 metHODS

Initially a review of the available literature on cattle health measures and clinical signs used
in welfare assessment was carried out. the group met on one occasion in milan (17–18
January 2006). Further work was carried out by each researcher separately and discussed
via email. Drafts of the deliverables were circulated between the members. From the work
carried out by each researcher it was decided that the proposal should focus on health
related data just at farm level. Initial discussion focussed on the need for a tabulation of
possible health status measures for cattle to ease the understanding of the variety of
possible measures. according to the available literature and personal experience in
preparing and using monitoring systems incorporating clinical signs, the partners prepared
a first table of possible health status measures; the validity, and feasibility of each measure
were listed. although other criteria could have been selected, the ones described above
appeared to be a reasonable method for ranking the measures. the second step was to
discuss this table with a group of experts. the members of the group were chosen for their
experience in this area (veterinarians and animal science cattle experts) in two meetings
in milan. Some measures were deleted due to the fact of being less common symptoms or
needing a specific clinical expertise for diagnosis.
after the choice of health measures, particular attention was paid to the practical sampling
strategy, which should suit different production systems, different concentrations of
animals per group and animals with little habituation to human proximity (i.e. fattening
bulls). From references and discussions with other members of the Welfare Quality project,
it has been decided to record the numbers of animals which present signs as a proportion
of the total number of animals in the pen or in the herd. the proposal mentions particular
considerations for sampling methods for dairy cows, fattening bulls and veal calves.
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10.4 ReSultS aND DISCuSSION

10.4.1 lIteRatuRe ReVIeW

Respiratory and digestive disorders are quite common in beef and dairy cattle especially
in young animals (Radostits et al., 1999; eFSa. 2006). anaemia can be found in veal
calves, and could be detected checking the haemoglobin levels of the animals (eFSa,
2006.)
Diarrhoea is caused by dietary factors or by infections due to viruses, bacteria or parasites.
enteritis is clinically recognized by the observation of faeces with a looser consistency than
normal. Colour as well as smell of the faeces might be affected. Respiratory disorders can
be caused by infection (viral, bacterial), parasites and environmental causes (i.e. ammonia,)
(Radostits et al., 1999). the signs usually found are fever, nasal discharge, and coughing
(Radostits et al., 1999).
mastitis and metabolic disorders are quite common in dairy cows. Information on these
pathologies can be achieved by different methods such as performing direct observations
on the cows ( i.e. when they are in the milking parlour), looking at the farm records (or
asking the farmer questions) or looking at the somatic cell count data.
tail tip inflammation has been reported in intensive fattening bull units with close
confinement since the 1970s (SCaHaW report, 2001). the lesion occurs more often in
young bulls on slatted floors while a lower frequency has also been reported in tethered
bulls and sporadically in heifers kept in the same housing system as fattening bulls. this
lesion is caused in most cases by traumatic injuries (tail tramping) which subsequently
become infected. the lesion usually begins at the tip of the tail with a typical inflammatory
reaction that gradually extends upwards. When the incidence of tail tip inflammation is
high this can lead to economic loss due to reduced weight gain, and death losses due to
pyaemia, and veterinary costs (SCaHaW report, 2001).

10.4.2 meaSuReS CHOSeN

the measures chosen for inclusion in the protocol are shown in table 10.1, along with the
animal group for which they are relevant and their ranking in terms of suitability.
equipment required:
•
•

appropriate disposable clothing and footwear
Recording sheets, clipboard and supply of pens
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taBle 10.1 Summary of the health measures considered for cattle.
Clinical measure/record

animals for which
measure is appropriate
DC / FB/ VC
DC / FB/ VC
DC / FB/ VC
DC / FB/ VC
DC / FB/ VC
DC / FB/ VC
VC
FB/ VC
DC
DC
DC
DC
DC

How to assess

Coughing
Percentage on total number of animals
Sneezing
Percentage on total number of animals
Nasal discharge
Percentage on total number of animals
Increased respiratory rate
Percentage on total number of animals
Ocular discharge
Percentage on total number of animals
Diarrhoea
Percentage on total number of animals
Bloated rumen
Percentage on total number of animals
tail necrosis
Percentage on total number of animals
metritis
Percentage on total number of animals
mastitis
Farm records on somatic cell counts
Dystocia
Farm records
Downer cows
Farm records
Culling rate (for accident or
Farm records
serious disease)
life expectancy
DC
Farm records
mortality
DC / FB/ VC
Farm records
Notes: DC dairy cows; FB fattening bulls; VC veal calves.

•
•

Ranking
High
High
High
High
High
High
High
High
High
High
medium
medium
medium
low
High

Spray marker
Buckets and disinfectant for boots

10.4.3 taKINg tHe meaSuRemeNt

Precisely how each measurement should be taken will vary from parameter to parameter,
however the majority are assessed by counting the number of clinical signs on the total
number of animals in the pen (fattening bulls, veal calves) or in the production group
(dairy cows).
the strategy to observe clinical signs varies according to the categories of animals and size
of pen and groups:
•

•
•

there should be no need for the inspector to enter small pens of veal calves (i.e.
containing less than 10 animals). It could be possible to check to pens simultaneously
(5 or less calves).
For larger pens, the inspector will need enter the pen and walk through slowly from
one side to the other.
For fattening bulls animals should be checked without entering the pens, but the
chosen pens should offer high visibility.
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For dairy cows the inspector should spend 15 minutes inside the structure (however more
time may be required if there are a large numbers of animals in the herd).
On entering the housing area:
•
•

Walk slowly one step per second
avoid abrupt movement

10.4.4 SamPlINg metHOD

For the majority of parameters it is necessary to consider the animals on an individual
basis. the sampling strategy should include samples of all different housing types on the
farm. Sampling should be done across the different stages of production for fattening bulls
and veal calves. all production groups should be sampled for lactating dairy cows.

10.4.5 geNeRal SamPlINg NOteS

Dairy cows
•
Cows must be sampled at every production stage.
•
If the cows are divided into production groups each group should be inspected and
productive stage should identified.
•
If there are 15 or fewer animals in the herd, all should be sampled.
•
If there are more than 15 animals in the herd, a proportion should be assessed
according to appendix.
•
It is important to check a proportion of animals which approach the inspector and
also a proportion of animals which avoid him/her and remain far away. the inspector
will walk slowly through the herd. Cows that have been checked should be identified
using stock marker spray to avoid double counting.
Veal calves and fattening bulls:
•
a minimum of 4 pens per production stage (beginning, middle and end of production
stage) per building is suggested, sample size on farms of different total populations
should be subject to discussion at the full farm protocol stage.
•
If there are different systems of buildings, all types must be sampled.
•
Where there are identical buildings/systems for a production stage, these should be
sampled representatively (e.g. 50% from each of two buildings).
•
Where there are multiple non-identical buildings/systems for a production stage, a
representative sample from each should be taken relative to the number of animals.
•
It is important to assess pens in all the different part of the buildings such near door,
in the middle and near fans.
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•
•

Where pens contain 15 animals or fewer, all subjects within should be sampled.
the assessor need not enter pens with small numbers of veal calves if these are
easily viewed from the passageway.
In pens/paddocks containing over 50 calves, a proportion of the animals should be
assessed according the appendix 1: Inspectors should assess calves in each part of
the pen and not only those animals which approach him/her animals that have been
checked should be identified using stock marker spray to avoid double counting.
Fattening bulls should always be assessed without entering the pen.

•

•
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10.4.6 SPeCIFIC PROCeDuReS FOR aSSeSSINg tHe meaSuReS

Respiratory Problems
Respiratory problems are more common in beef cattle than in dairy cows and they can
impair animal health and welfare. Coughing, sneezing (not so common in cattle), nasal and
ocular discharge and increased respiratory rate (varying degrees of breathing difficulty
and noise) are useful signs. Particular attention should be paid to bulls at the beginning of
the fattening cycle. the method described to assess these signs is suitable for veal and
fattening bulls, and can be used for cows, however they are not often observed showing
signs of respiratory distress. Due to the difference in rearing systems for these categories
of animals, separate descriptions of assessment are reported below.
methods
Veal calves and fattening bulls
Coughing, sneezing:
•

the inspector should spend 5 minutes per pen listening to and counting the number
of coughs and sneezes. For each pen, the occurrences of each event will be counted
together with the number of animals present in the pen. It could be possible to check
two pens simultaneously (5 or less calves). If one or few animals show the majority
of coughing and sneezing the inspector will note this.

Ocular discharge, nasal discharge and increased respiratory rate:
•
•
•

For each pen, the occurrences of each clinical sign will be counted together with the
number of animals present in the pen.
there should be no need for the inspector to enter small pens of veal calves (i.e.
containing 5 or less calves ).
For larger pens, the inspector will need enter the pen and walk through slowly from
one side to the other assessing a proportion of animals according the sampling
procedure.

Cattle Health Status

/

83

Dairy cows
Coughing, sneezing:
•

the inspector should spend 15 minutes inside the structure (however more time may
be required if there are a large number of animals in the herd) listening to and
counting the number of coughs and sneezes. If the cows are divided into production
groups each group should be inspected.

Ocular discharge, nasal discharge and increased respiratory rate:
•

For each group, the occurrences of ocular discharge, nasal discharge and increased
respiratory rate will be counted together with the number of animals present in the
group. the inspector will walk slowly through the herd assessing a proportion of
animals according to the procedure described in the sampling strategy section.

Enteric Problems: Diarrhoea
methods
•

Diarrhoea is commonly assessed looking at the consistency of the faeces through the
use of a faecal score. many similar faecal scores are reported in literature as a
diagnostic tool. However in order to be used in a welfare scheme we think it could
be better to use a very simple such as a two point faecal score: 1=diarrhoea, loose
faeces with reduced solid matter; and 2=severe diarrhoea, aqueous faeces with
markedly reduced or little solid matter, blood. However, it is necessary to know the
diet fed to the animals. In veal calves faeces are commonly liquid but presence in the
pen of yellow faeces with a characteristic odour should be recorded with a note even
in absence of animals which shows clinical signs.

Veal calves and fattening bulls
•
the inspector should spend 5 minutes per pen. For each pen, the occurrence of
subjects with signs of scouring (animals with loose faecal material around the anal
region, faecal staining) will be counted together with the number of animals present
in the pen. there should be no need for the inspector to enter small pens of veal
calves (i.e. containing less than 10 animals). It may be possible to simultaneously
observe two small pens for veal calves (5 calves per pen). For larger pens, the
inspector will need to enter the pen and walk through slowly assessing a proportion
of animals according the instructions in the sampling strategy section.
as enteritis is very common in young animals particular attention should be paid to the
pens which host calves of less then 1 month old. For fattening bulls, animals should be
checked without entering the pens.
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Dairy cows
•
the inspector should spend 15 minutes inside the structure (however more time may
be required if there are a large number of animals in the herd). If the cows are divided
into production groups each group should be inspected. For each group, the
occurrences of subjects with abnormal consistency of the faeces or scouring signs
will be counted together with the number of animals present in the group. the
inspector will walk slowly through the herd assessing a proportion of animals
according the procedure described in the sampling strategy section.

Enteric Problems: Bloated Rumen
Veal calves
•
For each pen, each animal that shows noticeable signs of rumen distension will be
counted together with the number of animals present in the pen. Sampling strategy
should be as for the above clinical signs.

Enteric Problems: Anaemia
Veal calves
•
Currently the most effective method is to use farm records (haemoglobin levels).
therefore in the future farms who want to enter the scheme should keep the relevant
records.

Reproductive Problems (Dairy cows): Mastitis
methods
three different methods to assess the occurrence of mastitis on the farm can be used:
performing direct observations (checking the udder) on the cows when they are in the
milking parlour, looking at the farm records (or asking the farmer questions) or looking at
the somatic cells counts.
•

Currently the most effective method is to use somatic cell counts therefore in the
future farms who want to enter the scheme should keep the relevant records.

Reproductive Problems (Dairy cows): Metritis (Vulvar Discharge)
methods
•

the inspector should spend 15 minutes inside the structure (however, more time
may be required if there are a large number of animals in the herd). If the cows are
divided into production groups each group should be inspected. For each group, the
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number of subjects with abnormal vulvar discharge will be counted together with the
number of animals present in the group. the inspector will walk slowly through the
herd assessing a proportion of animals as described above in the sampling strategy
section.

Reproductive Problems (Dairy cows): Dystocia
methods
•

Currently the most effective method is to use farm records regarding the cows which
could not have calved successfully without assistance. In the future farms who want
to enter the scheme should keep the relevant records.

Other Clinical Conditions: Downer Cows (Metabolic Disorders in Dairy Cows)
methods
•

Currently the most effective method is to use farm records, In the future farms who
want to enter the scheme should keep the relevant records.

Other Clinical Conditions: Tail Necrosis (Veal Calves and Fattening Bulls)
methods
•

the inspector should spend 5 minutes per pen. For each pen, the occurrence of
subjects with signs of necrosis of tip of the tail will be counted together with the
number of animals present in the pen. there should be no need for the inspector to
enter small pens of veal calves (i.e. containing less than 10 animals). It may be
possible to simultaneously observe two small pens for veal calves (5 calves per pen).
For larger pens, the inspector will need enter in the pen and walk through slowly
assessing a proportion of animals according to the description in the sampling
strategy section.
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Other Data: Mortality
Dairy cows, veal calves, fattening bulls
methods
•
Currently the most effective method is to use farm records, In the future farms who
want to enter the scheme should keep the relevant records.
life expectancy (dairy cow)
methods
Currently the most effective method is to use farm records such as years of life, number
of lactations or number of calvings. In the future farms who want to enter the scheme
should keep the relevant records.
Culling rate (dairy cow)
methods
Currently the most effective method is to use farm records, In the future farms who want
to enter the scheme should keep the relevant records. (However culling will be noted only
if due to severe accident or disease and inspector will not record culling for productive
reasons such as low fertility or low productivity).

Examples
Photographic or video examples are not presented here but will be prepared in line with
the requirements of the WQ monitoring scheme, and after decisions have been made on
the practicality and usefulness of the measures described above.

Type of Data
Data are cardinal: each clinical sign is expressed in relation to the total number of animals
in the pen or in the herd.
the percentage may be expressed at pen level or at farm level.
We will not use ordinal scale for the clinical signs except for diarrhoea as we think that to
give a score which expresses the severity of sign ( i.e. 0 no nasal discharge, 1 mild =non
purulent discharge, 2=severe purulent discharge) will need not only a longer training but
also specific preparation and education of the observers ( veterinarians).
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Validity of the Measure
the measures have not been validated within this project. However it has been recognized
that disease impairs welfare (see references such as last eFSa reports on calves and beef
cattle reported in the reference section).

Reliability of the Measure
No reliability testing has been carried out in this study, as the proposal was only for
standardisation. Reliability testing could be carried out within training for SP2.

Feasibility of the Measures
the measures are feasible; however we do have concerns about:
•

•

•

•

the amount of time necessary for adequate sampling, particularly on large farms
with many pens or groups of animals and systems used ( i.e. dairy cow tied or loose
systems);
fattening bulls: due to the danger of entering into the pen there is the necessity to
check them from the outside and it could be possible that some pens can not be
checked clearly from the outside (no longer a random sample of the pens, a biased
choice)
some parameters such as vulvar discharge will need to be checked with the farmer
as it could be a problem to distinguish a real pathological sign from normal discharge
after parturition;
data collected from farm records (such culling, mortality) require that the farmers are
already accustomed to registering these data properly.

It could be possible that some clinical signs or mortality may be more prevalent at certain
periods of the year. However, none of the parameters seems to be influenced by diurnal
factors, and so can be recorded at any time of day. However observations should be
performed in a quiet period.
attention should be paid to the productive phase and physiological state due to the fact that
some diseases are more prevalent at certain times ( i.e. downer cow after parturition,
respiratory and enteric problems in first month of life in calves). this point is very
important especially if the goal of the final protocol is not only a certification but also the
possible check of risk factors for animal welfare and suggestions for the farmer.
Dairy cows, fattening bulls and veal calves should be assessed, although some parameters
are specific to cows only (i.e. mastitis, vulvar discharge) or fattening bulls and veal calves
(i.e. anaemia, tail necrosis).
the training period should be quite rapid.
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Rank of the Measure (1=low to 4=high) (See Table 10.1)
We rank some of the measures as highly suitable (rank 4) for the final monitoring system.
We feel that some of them can be included in the final protocol as they are valid and can
be recorded rapidly. the measures ranked less then 4 are valid but need a system of keeping
data that is not present at the moment in the majority of the farms. life expectancy has
been scored 1 since, although for dairy cows this could be a welfare parameter, nowadays
culling is more linked to productivity than other causes.

10.5 CONCluSIONS

the measures selected and ranked as most suitable for the final monitoring system were
Coughing, Sneezing, Increased respiratory rate, Nasal discharge, Ocular discharge,
Diarrhoea, mastitis, Vulvar discharge, mortality, Bloated rumen (veal calves) and tail
necrosis (veal calves and fattening bulls). the selected dairy cow measures of Dystocia,
anaemia, Downer cows, and Culling rate were considered slightly less suitable since the
assessment, although valid, relies on records rather than animal observation, and few farms
keep these records at present. life expectancy for dairy cows was given a low suitability
since in modern dairy systems it is more likely to be related to productivity than to health.
there are some concerns about the time needed for adequate sampling on large farms, and
bias may be introduced into some of the measures on fattening bulls by the need to observe
without entering the pen.

11
Assessment of stun QuAlity in
CAttle
R. Westin, A. Velarde, A. Dalmau and B. Algers

11.1 summARy

An effective stunning that induce instantaneous insensibility is of great concern to assure
a high standard of animal welfare. A method for assessment of stun quality has been tested
and evaluated and the general conclusion is that the presented method is a good candidate
for measuring stun quality in cattle.
two hundred animals, of which at least 80 consist of bulls, are individually monitored
from stunning until onset of bleeding. the symptoms displayed by the animal during this
time period are marked in a stun audit protocol. According to the symptoms displayed, the
stun of each animal is identified as good, poor or undefined.
the symptoms indicating the stun quality level are listed as follows.
•
•
•

Good stun – the animal shows no signs of eye movements and has dilated pupils,
fixed in a staring gaze.
Poor stun – the animal show one or several of the following symptoms: corneal
reflex, spontaneous blinking, righting reflex and respiration.
undefined stun – the animal show eyeball rotation up to sticking, nystagmus,
gasping/groaning or excessive kicking in combination with eyeball rotation,
nystagmus or gasping/groaning.

in addition to displayed symptoms, the animal type of each individual (bull, cow, heifer,
steer, calf) is noted in the protocol.
A sum-up of all animals displaying symptoms in each category will finally give:
•
•
•

the number or percentage of animals deeply stunned at first attempt;
the number or percentage of animals poorly stunned at first attempt;
the number or percentage of animals with an undefined stunning.
89
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the proportion of bulls deeply/poorly stunned compared to non-bulls should also be
calculated since the stunning of bulls is identified as a problem area.

11.2 intRoDuCtion

An effective stunning that induce instantaneous insensibility is of great concern to assure
a high standard of animal welfare. Captive bolt stunning is the most common method to
stun cattle at slaughter in europe (eikelenboom, 1983). However, misplacement of the
captive bolt or use of incorrect cartridge can easily lead to a poor stun. Poor maintenance
of the captive bolt equipment is also a common reason to poor stunning (Grandin, 1996).
A method for assessment of stunning effectiveness in cattle has recently been developed
by Prof. Bo Algers and sophie Atkinson at the swedish university of Agricultural
sciences. this method has been used for surveys of stun quality in 7 different abattoirs in
sweden (Algers and Atkinson 2006). According to this method, stun quality is assessed by
monitoring the symptoms displayed of an animal from stunning until onset of bleeding.
the symptoms displayed by the animal identify the stun quality as either: 1) a good or
deep stun, 2) a poor stun, 3) a stun that fits into neither deep nor poor stunning categories
due to symptoms not understood for its relationship to stun quality. the symptoms
indicating stun quality are described in table 11.1.

tABle 11.1 symptoms that indicate stun quality level.
stun quality
Deep or good stun
Poor stun

undefined stun quality but
separating stun from deep stun
quality or poor stun quality
symptoms.

•
•
•
•
•
•
•
•
•
•
•
•

symptoms
Dilated pupils fixed in a staring gaze
no eye ball rotation up to sticking
minimal kicking and reaction to sticking procedures
Corneal reflex
spontaneous blinking
full or partial eye ball rotation up to sticking
Breathing/respirations
Righting reflex while hanging on the rail
eye ball rotation up to sticking only with no other symptoms
nystagmus
Gasping, groaning
excessive kicking or struggling at sticking in combination with
above symptoms in this category.
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11.3 metHoDs

During a two day visit to two different abattoirs cattle were recorded during stunning and
sticking. from the collected material a film, exemplifying different behaviours displayed
at stunning of cattle was made. 6 observers (2 from spain, 4 from sweden) where than
trained in monitoring stunning effectiveness by reading written instructions and watching
the film. After training, monitoring of stunning where carried out for 33 animals on video
recordings for two days in a row. During monitoring each cattle was observed individually
from stunning until onset of sticking. symptoms indicating stun quality (table 11.1) were
marked in a stun audit protocol (Appendix 1). (Definitions of these symptoms are found
in Chapter 3.1.) in addition to the listed behaviours, the animal type (bull, heifer, steer, cow,
calf) was described for each animal monitored.
Kappa coefficients for inter-observer reliability were calculated by using the Attribute
Agreement Analysis in minitab (minitAB® Release 14.1, minitab inc, 2003). Kappa
coefficients (Altman, 1991) were calculated separately for signs of eye movements (dilated
pupils, spontaneous blinking, nystagmus or eye ball rotation up to sticking), righting reflex
(yes/no) and excessive kicking (yes/no). no monitored animal displayed corneal reflex,
breathing or gasping/groaning so no statistical analysis involving these symptoms were
conducted.

11.4 Results

Regarding signs of eye movement, all observers obtained exact agreement in 28 cases day
1 (84.9%) and 30 cases day 2 (90.9%). the overall value of kappa for agreement between
all six observers were 0.79 respectively 0.86. in two cases where no exact agreement was
made, at least one observer had marked that the animal displayed ‘eye rotation’. According
to the definition of ‘eye rotation’ (appendix 1), this symptom is only to be noted if it lasts
until sticking. in both these cases the animal’s eyes became fixed in a blank stare before
sticking and should therefore not have been marked as ‘eye rotation’ in the protocol. two
other cases involved the symptom ‘nystagmus’. in one case one observer noted
‘nystagmus’ when the others noted ‘spontaneous blinking’ and in the other case ‘eye
rotation’. only one animal was monitored with more than two different answers between
the observers. this animal was re-shot shortly after falling out on the crate and the
observers had only a few seconds to monitor the behaviour.
the number of exact agreements for ‘righting reflex’ were 17 day 1(51.5%) and 16 day 2
(48.5%). the corresponding values of kappa were 0.37 the first day, respectively 0.49 the
second day. statistic analysis of ‘excessive kicking’ show that exact agreement between

92

/

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

all observers was done in 22 observations day 1 (66.7%) and 25 day 2 (75.8%). these
figures give corresponding values of kappa of 0.28 and 0.61.
the value of kappa evaluates the strength of agreement between observers. it has a
maximum value of 1.00 when agreement is perfect, a value of zero indicates no agreement
better than chance, and a negative value shows that the agreement is worse than chance.
According to Altman (1994) the strength of agreement for a value of kappa between 0 and
1.00 can be interpret as ‘poor’ if less than 0.20, ‘fair’ if 0.21–0.40, ‘moderate’ if 0.41–
0.60, ‘good’ if 0.61–0.80 and ‘very good’ if 0.81–1.00. using these intervals, the calculated
kappa values indicate a very good inter-rater agreement for ‘signs of eye movements’, a
good agreement for ‘excessive kicking’ and a fair agreement for ‘righting reflex’.

11.5 DisCussion

if an animal isn’t properly stunned it can regain consciousness and sensibility (nijhoff,
1983). A conscious animal will be able to feel pain from the stunning, the shackling and
from the sticking procedure. it is therefore of major welfare concern that as few animals
as possible are at risk of regaining consciousness. A method for measuring stun quality in
cattle can be a useful tool to enhance the animal welfare in european abattoirs. A report
by Grandin (2005) shows that the enforcement of an animal welfare audit system at
abattoirs in the united states, yielded large improvements in the handling and stun quality
of cattle.
some abattoirs do keep a record of the number of animals that are re-stunned (Karin
Jonson, personal message). During the visits to the abattoirs it was noticed that some
animals were re-shot without displaying any symptoms of a poor stun, and others were not
re-stunned even if displaying symptoms of poor stunning. the number of animals stunned
more than once is hence not equivalent to the number of animals insufficiently stunned.
if only such a record was used for monitoring stun quality it could discredit abattoirs where
the staff re-stun animals often ‘just in case’ to ensure a good stunning even if the animals
do not display any symptoms of poor stunning and credit the abattoirs that never or seldom
re-stun animals even if they are poorly stunned.
the kappa values for all studied behaviours increased during the second day of monitoring.
even for ‘righting reflex’ the kappa value increased in spite of one case less of exact
agreement between all six observers. this reflects that an increased proportion of the
observers agreed even if exact agreement between all observers were not obtained during
the study period. the increasing values of kappa the second day shows that training and
experience is important for this scoring method, in particular when monitoring signs of
righting reflex and excessive kicking. some of the observers were unfamiliar with stunning
of cattle before attending to this study and they found it hard to separate the righting reflex
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and excessive kicking from the normal spinal reflexes that the stunning provokes. With
more training the kappa values for these symptoms probably would be higher why a longer
training period of observers should be considered.
the stun quality of stunned cattle depends on the application of the gun or captive bolt and
the energy transmitted to the brain by the bullet or bolt (eikelenboom, 1983). stunning of
bulls with heavy sculls has been identified as a problem area in stun audits (Algers and
Atkinson, 2006; Grandin, 2005). it is therefore important that a large enough proportion
of the studied animals consist of bulls. During the swedish survey (Algers and Atkinson,
2006) a minimum of 200 animals where monitored at every abattoir and at least 80 of
these were bulls. these amounts of animals were sufficient to detect differences in stun
quality between bulls and other animals.

11.6 ConClusions

the presented method is a good candidate for measuring stun quality in cattle. A minimum
of 200 animals should be scored for signs of eye movements, respiration, righting reflex
and excessive kicking from stunning until onset of bleeding. 80 or more must be bulls
since these are the most difficult to stun properly. A thorough training is important to
ensure good inter-rater agreement.

12
Reliability of measuRes of
agonistic behaviouR in daiRy
and beef cattle
s. laister, n. brörkens, s. lolli, d. Zucca, u. Knierim, m. minero, e. canali and
c. Winckler

12.1 summaRy

agonistic encounters can be regarded as normal behaviour in cattle. an increased
incidence of agonistic behaviours may indicate unpleasant or stressful situations or lead
to injuries. therefore agonistic social behaviours have been regarded as potential measures
to be included in an on-farm welfare monitoring scheme.
it was the aim of this study to investigate agonistic social behaviours (head butt without
displacement, displacement, chasing, fighting, chasing up and the total number of these
agonistic behaviours) as on-farm measures in dairy cows and fattening bulls with regard
to feasibility, inter-observer reliability and intra-farm variability (consistency). continuous
behaviour sampling was carried out on three days for 4 h each on 43 dairy (31 loose
housing systems, 12 tie stalls) and 20 beef farms (10 deep litter, 10 fully slatted floors) in
austria, germany and italy. in beef farms, three weight classes were defined (200–350 kg,
350–550 kg, 550 kg). farm visits took place at approximately 60 and 180 days (tie stalls:
60 and 120 days) after the first visit. inter-observer reliability was tested during direct
observations (6 dairy, 2 beef farms) and using video clips (n=55).
chasing and fighting were very rarely observed in dairy and beef cattle (median <0.10
events/animal*hour). this is also the case for chasing-up with the exception of finishing
beef bulls (median frequency 0.13 events/animal*hour). however, low incidences of
chasing-up made inter-observer reliability testing impossible and it did not show any
consistency over time (Kendall’s W=0.24). however, the behaviours chasing, fighting and
chasing-up can be considered in a total agonistic behaviour measure.
inter-observer reliability from direct observations was generally sufficient for head butts
without displacement, displacements and total agonistic behaviours (W=0.83–0.97
95

96

/

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

depending on number of observers). Recording from video clips also led to acceptable
levels of agreement between observers (W=0.83, 0.85 and 0.87 respectively).
in loose housed dairy cattle, consistency over time was higher for displacements than for
headbutts without displacements (2h observations: W=0.75 vs. 0.70) and was also
acceptable for all agonistic measures lumped together (W=0.74). however, none of the
potential measures for dairy cattle in tie stalls proved to be consistent over time. in beef
bulls, consistency over time increased when all agonistic behaviours were lumped together.
the same was true when the weight classes medium and finishing bulls were pooled.
acceptable levels of consistency were then reached (W=0.74).
in conclusion, with regard to inter-observer repeatability and intra-farm consistency we
suggest to use total agonistic behaviours as a measure of agonistic social behaviour in
loose housed dairy cattle on-farm welfare assessment. additionally, head butts without
displacements and displacements may be differentiated. in beef bulls, it is recommended
to differentiate between two weight classes (200–350 kg; >350 kg) and to also use as a
measure total agonistic behaviours; head butts without displacement may be differentiated
in beef bulls as well.

12.2 intRoduction

as farm animal species live in groups or herds, non-agonistic and agonistic interactions
between animals contribute to establishing and maintaining the social structure. group
size (Kondo et al., 1989), housing system and dimensions of the housing system
(Wierenga, 1984), as well as management strategies (Wierenga and hopster, 1982;
Knierim, 1999; bøe and færevik, 2003) influence the occurrence and quality of agonistic
interactions. a certain, yet mostly unknown, level of agonistic encounters can therefore be
regarded as normal. an increased incidence of agonistic behaviours, however, may indicate
unpleasant or stressful situations as it has been shown by e.g. mixing piglets at weaning
(otten et al., 1997), mixing beef bulls for finishing (mounier et al., 2005) or introducing
new individuals in a resident group (albright and arave, 1997; coppedge et al., 1997).
furthermore, in horned cows the frequency of agonistic interactions is positively correlated
with the occurrence of skin injuries (menke et al., 1999) and it is likely that also in
dehorned cows aggressive interactions result in less obvious lesions such as haematomas.
therefore agonistic social behaviours have been regarded as potential measures to be
included in an on-farm welfare monitoring scheme.
although agonistic social behaviour measures have been suggested for (Whay et al., 2003;
Winckler et al., 2003) or applied in on-farm welfare assessment protocols (capdeville and
veissier, 2001), relatively little is known about the minimum duration or the time frame
of observations in order to get a representative picture of a given farm. Pilot studies in
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dairy herds have shown that agonistic interactions can be reliably recorded during the first
hours after feeding, showing the highest inter-day repeatability for this period of the day.
moreover, it has been recommended to record interactions involving physical contact only
(Winckler et al., 2002). there is, however, almost no information available on the
reliability of social behaviour recordings in fattening cattle.
the objective of this study was to investigate different agonistic social behaviours such as
head butts without displacements, displacements, fighting or chasing as on-farm measures
in dairy cows and fattening bulls with regard to feasibility, inter-observer reliability and
short- to long-term intra-farm variability (consistency). With respect to consistency, the
question is addressed how representative single recordings are, considering that certain
changes due to seasonal effects and management influences (e.g. regrouping, purchase of
new animals) are to be expected.

12.3 methods

12.3.1 inteR-obseRveR Reliability testing (ioRt)

ioRt of agonistic behavioural measures was carried out based on (1) direct observations
on six dairy and two beef farms and (2) recordings from video clips. for the investigation
of inter-observer reliability no distinction was made between dairy cows and beef bulls as
behaviour patterns are similar in both categories of cattle.

On-farm IORT
on-farm ioRt was carried out three times at different stages of the project with different
numbers of observers being present at each date (table 12.1). the first testing took place
after two days of initial training before on-farm data collection started. the training
included discussions, video and on-farm training. the second ioRt was about 50 days
after observers a and b had started on-farm data collection; two additional observers (c
and d) participated, who had received about half a day of training. the final on-farm ioRt
took place after data collection had been finished.
observers were always located near to each other in the barn allowing a free view on the
area observed.
spearman rank correlation (rs) was used to test agreement within pairs of observers.
additionally Kendall’s coefficient of concordance (W) was calculated for agreement
between 3 and 4 observers, respectively.
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table 12.1 overview of on-farm ioRt.
meeting

1
2
3

mm/yyyy

germany
austria
italy

number of farms
visited

07/2005
09/2005
06/2006
total
dairy
beef1
1
Notes: 07/2005; a, b, c, d = observers.

4
2
2
8
6
2

sample size (pens, segments)
a
35
10
15
60
50
10

b
35
10
15
60
50
10

c
–
7
15
22
22
–

d
–
10
–
10
10
–

IORT Using Videos
after completion of the on-farm data collection and after the final on-farm ioRt in June
2006, three trained observers (a, b and c) separately watched 55 video sequences of about
2 to 14 minutes (07:05 hours in total). the video clips had been recorded on different beef
and dairy farms and contained representative situations of the behaviours that were in the
scope of the study. the video observations followed the same rules as provided in the
instructions for data collection.
again spearman rank correlations and Kendall’s coefficient of concordance (W) were
used.

12.3.2 investigation of intRa-faRm consistency

in total, 43 dairy farms (20 cubicle, 11 deep litter, 12 tie stall systems; herd size 12–150
cows) and 20 beef fattening farms (10 deep litter, 10 fully slatted floor systems; animals
per farm: 30–220, 5–27 bulls per pen) in austria, germany and italy (only dairy) were
included in the study (table 12.2). the dairy cows belonged to different breeds with
holstein friesian, simmental-fleckvieh and brown swiss being the most prevalent breeds.
the fattening bulls were simmental-fleckvieh (s-fv), limousin and s-fvxlimousin
crosses. other breeds such as belgian blue, brown swiss, holstein friesian, tyrolean
grey or charolais were also kept in small numbers.
observations of agonistic behaviours as defined in table 12.3 were carried out on three
days at intervals of approximately 60 and 180 days after the first visit (beef cattle farms,
dairy loose housing systems). in dairy farms with tie stalls, the third visit took place 120
days after the first visit.
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table 12.2 overview of number and type of farms visited in each country.
daiRy
cubicles
deep litter
tie stalls
total
beef
fully slatted
deep litter
total

austria

germany

italy

total

8
3
6
17

8
4
6
18

4
4
–
8

20
11
12
43

5
5
10

5
5
10

–
–
–

10
10
20

table 12.3 list of behaviours observed and their definitions.
head butt without displacement interaction involving physical contact where the actor is butting, hitting,
(hb)
thrusting, striking or pushing the receiver with forehead, horns or horn
base with a forceful movement; the receiver does not give up its present
position (no displacement, see definition below).
displacement
Dairy loose house systems & beef bulls: interaction involving physical
(dP)
contact where the actor is butting, hitting, thrusting, striking, pushing or
penetrating the receiver with forehead, horns, horn base or any other
part of the body with a forceful movement and as a result the receiver
gives up its position (walking away for at least half an animal-length or
stepping aside for at least one animal-width). ‘Penetrating’ is defined as
an animal shoving itself between two other animals or between an
animal and barn equipment (e.g. at feeding rack, at water trough, in
cubicle). if after a displacement neighbouring animals also leave their
feeding places but physical contact as described above is not involved,
this reaction is not recorded as displacement.
Dairy tie stall systems: interaction involving physical contact where the
actor is butting, hitting, thrusting, striking or pushing the receiver with
forehead, horns, horn base or any other part of the body with a forceful
movement and as a result the receiver is stepping at least one step aside
or moving the head away from the drinker where it has just been
drinking.
chasing
the actor makes another animal flee by following fast or running behind
(ch)
it, sometimes also using threats like jerky head movements. chasing is
only recorded if it follows an interaction with physical contact. if,
however, chasing occurs in the context of fighting then it is not counted
separately.
chasing was not applied in tie stalls.
fighting
two contestants vigorously pushing their heads (foreheads, horn bases
(fi)
and/or horns) against each other while stemming their feet into the
ground in sawbuck position and both exerting force against each other.
other agonistic interactions (head butt, displacement, chasing) are not
recorded additionally as long as they are part of the fighting sequence. a
new bout starts if the same animals restart fighting after more than 10
seconds or if the fighting partner changes.
fighting was not applied in tie stalls.
chasing-up
the actor uses forceful physical contact (e.g. butting, pushing, shoving)
(cu)
against a lying animal which makes the receiver rise.
total agonistic behaviour
total agonistic behaviour was calculated as the sum of all agonistic
(ago)
behaviours defined above:
loose housed dairy cows & beef bulls: ago = hb+dP+ch+fi+cu
dairy cows in tie stalls: ago = hb+dP+cu
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Data Recording on Dairy Farms
on each farm the lactating dairy cows were observed excluding separate groups of dry or
periparturient cows, as well as cows in hospital pens. behaviour performed by or with
animals in heat was not recorded.
behaviour was recorded using continuous behaviour sampling and observations lasted for
4 h after morning feeding (or after feed had been pushed up). the observer was positioned
on the feed bunk on an elevated observation chair.
in herds larger than 25 cows, the observations were carried out in segments of the barn
which were expected to contain on average not more than 25 cows per segment. these
segments covered all accessible areas (lying areas, feeding places, concentrate feeders,
outdoor loafing areas etc.). the duration of continuous observations within each segment
was adjusted to the number of segments so that each segment was observed at least once
per two hours (minimum observation period 10 min) or at least twice within four hours
respectively.
the number of animals which were feeding, standing/walking and lying within the
segment was recorded at the beginning and at the end of each observation period. data
were then analysed as the mean number of events per animal and hour, taking the absolute
frequency of behaviours, the duration of observations per pen/segment and the average
number of animals in the pen/segment during the observation into account.
from all values obtained on segment level the mean incidence at herd level was calculated
(occurrence of behaviour/animal*hour). spearman rank correlations and Kendall’s
coefficient of concordance were used to test consistency between visits (1–60–180/120).

Data Recording on Beef Farms
three weight classes were defined in line with the literature and common farming practice:
•
•
•

initial fattening period (i): 200–350 kg
medium fattening period (m): 350–550 kg
finishing fattening period (f) ≥550 kg

Pens holding less than three animals were excluded from observations.
behaviour was recorded using continuous behaviour sampling and observations lasted for
4 h after morning feeding (or after feed had been pushed up). the observer was positioned
on the feed bunk on an elevated observation chair.
all weight classes present were observed for equal periods within each observation hour
and each pen was observed at least twice during the 4 hour period. Pens with more than
25 bulls were divided into 2 or more segments (see dairy cattle).

Reliability of Measures of Agonistic Behaviour

/ 101

figuRe 12.1 schedule for on-farm observations.
data processing within each weight class followed the same rules as for dairy cattle.

12.3.3 decision on measuRes

We followed a stepwise approach in deciding on the usefulness of the behavioural
measures for on-farm welfare assessment protocols.
1.
2.
3.

4.

median on-farm incidence had to exceed 0.10 events/animal*hour to allow for
reliable and feasible recording as well as differentiation between farms.
in terms of inter-observer reliability (ioR), correlation between observers had to be
rs or Kendall’s W≥0.70.
in terms of intra-farm consistency, again for the remaining measures correlation
coefficients between results from different observation days had to be Kendall’s
W≥0.70.
for reliable and consistent measures, results from reduced observation times were
checked again for intra-farm consistency.

12.4 Results

12.4.1 incidences of agonistic social behaviouRs

in dairy as well as in beef cattle head butts without displacement (hb) were the most
frequent agonistic behaviour observed (table 12.4). in dairy loose house systems it
occurred more than twice as often as in tie stall systems (median 0.54/animal*hour vs.
0.24/animal*hour). in beef bulls head butts without displacements were most frequent in
medium and rarest in initial fattening bulls.
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table 12.4 descriptive measures (median, mean, minimum (min) and maximum (max)
values, standard deviation of the mean (sd) and variance (var)) of incidences of agonistic
social behaviours in dairy cows and beef bulls (events/animal*hour)
behaviour

housing system

daiRy
loose housing
total agonistic behaviour
daiRy
(ago)
tie stalls

beef

daiRy
loose housing
head butts without
displacement
(hb)

daiRy
tie stalls

beef

daiRy
loose housing
displacements
(dP)

daiRy
tie stalls

beef

chasing
(ch)

daiRy
loose housing

beef
Notes: for beef cattle overall measures for
threshold of 0.1 events/animal*hour.

day
Weight

median mean min max

1
60
180
overall
1
60
120
overall
i
m
f
1
60
180
overall
1
60
120
overall
i
m
f
1
60
180
overall
1
60
120
overall
i
m
f
1
60
180
overall
i
m
f
the three farm

sd

var

n

1.11 1.43 .43 4.53 1.01 1.02 31
1.10 1.30 .21 4.29 .81 .65 31
1.28 1.45 .25 3.73 .95 .90 31
1.11 1.40 .21 4.53 .92 .84 93
.35 .39 .00 .84 .23 .05 12
.27 .33 .05 .92 .24 .06 12
.16 .22 .00 .69 .22 .05 12
.29 .31 .00 .92 .24 .06 36
3.32 3.50 1.03 8.14 1.73 2.98 56
5.15 5.62 1.00 14.81 3.29 1.85 57
4.80 5.29 .45 14.25 3.23 1.43 57
.45 .73 .03 2.99 .62 .39 31
.63 .66 .03 1.89 .43 .19 31
.56 .73 .07 2.13 .57 .33 31
.54 .70 .03 2.99 .54 .30 93
.35 .35 .00 .75 .21 .04 12
.25 .29 .05 .81 .22 .05 12
.13 .20 .00 .66 .22 .05 12
.24 .28 .00 .81 .22 .05 36
1.57 1.95 .44 5.25 1.22 1.49 56
3.50 3.58 .18 1.13 2.36 5.55 57
3.10 3.65 .15 1.95 2.53 6.40 57
.56 .64 .16 1.72 .45 .20 31
.49 .59 .06 2.64 .47 .22 31
.57 .65 .06 1.71 .44 .19 31
.51 .63 .06 2.64 .45 .20 93
.03 .04 .00 .09 .04 .00 12
.02 .04 .00 .14 .05 .00 12
.00 .01 .00 .11 .03 .00 12
.00 .03 .00 .14 .04 .00 36
1.23 1.41 .38 2.89 .76 .58 56
1.63 1.89 .15 6.17 1.23 1.52 57
1.34 1.46 .15 4.65 .90 .82 57
.00 .01 .00 .06 .02 .00 31
.00 .01 .00 .08 .02 .00 31
.00 .01 .00 .10 .02 .00 31
.00 .01 .00 .10 .02 .00 93
.00 .01 .00 .19 .03 .00 56
.00 .00 .00 .11 .02 .00 57
.00 .00 .00 .00 .00 .00 57
visits are presented; figures in italics exceed

in tethered dairy cows displacements (dP) were only rarely observed (median: 0
events/animal*hour), while it occurred as often as head butts without displacements in
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table 12.4 cont. descriptive measures (median, mean, minimum (min) and maximum
(max) values, standard deviation of the mean (sd) and variance (var)) of incidences of
agonistic social behaviours in dairy cows and beef bulls (events/animal*hour)
behaviour

fighting
(fi)

housing system

daiRy
loose housing

beef

daiRy
loose housing
chasing-up
(cu)

daiRy
tie stalls

beef

day
Weight
1
60
180
overall
i
m
f
1
60
180
overall
1
60
120
overall
i
m
f

median mean min max
.00
.00
.00
.00
.00
.00
.00
.00
.02
.02
.02
.00
.00
.00
.00
.08
.03
.13

.01
.00
.01
.01
.04
.05
.05
.04
.04
.04
.04
.00
.00
.00
.00
.10
.10
.13

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.08
.03
.07
.08
.45
.35
.56
.51
.19
.21
.51
.04
.00
.03
.04
.55
.68
.59

sd

var

n

.02
.01
.02
.02
.08
.09
.10
.10
.06
.05
.07
.01
.00
.01
.01
.13
.13
.13

.00
.00
.00
.00
.01
.01
.01
.01
.00
.00
.01
.00
.00
.00
.00
.02
.02
.02

31
31
31
93
56
57
57
31
31
31
93
12
12
12
36
56
57
57

loose housed herds (median 0.51/animal*hour). the incidence of displacements in beef
cattle was about half of that of head butts without displacements.
in dairy as well as in beef cattle chasing (ch), fighting (fi) and chasing up (cu) occurred
less than 0.10 times per animal and hour except for cu in finishing bulls (median: 0.13
events/animal*hour).
in conclusion, measures of agonistic social behaviour that are feasible for on-farm welfare
assessment are presented in box 12.1.

12.4.2 inteR-obseRveR Reliability

On-farm Observations
measures of inter-observer agreement could only be calculated for the behaviours total
agonistic behaviours (ago), head butt without displacement (hb) and displacement (dP)
as observations did not provide enough data for the other behaviours such as chasing (only
observed once by one observer), fighting (observed only twice by different observers) or
chasing up (observed only once by observers a & b).
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box 12.1 measures of agonistic social behaviour that are feasible for on-farm welfare
assessment.
Dairy cows
Beef bulls
total agonistic behaviour
total agonistic behaviour
head butts without displacement
head butts without displacement
displacements
displacements
chasing up

table 12.5 inter-observer reliability in different test sessions (spearman rank correlation
coefficients, rs, Kendall’s coefficient of concordance, W) for total agonistic behaviours,
head butts without displacements and displacements
behaviour

session

1

total agonistic
behaviour
(ago)

2

3

overall

1

head butts without
displacement
(hb)

2

3

overall

1

2
displacements
(dP)
3

overall

rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n
rs
p
n

a_b
.78
.000
35
.79
.000
10
.96
.000
15
.89
.000
60
.70
.000
35
.83
.003
10
.96
.000
15
.83
.000
60
.92
.000
60
.95
.000
10
.94
.000
15
.94
.000
60

a_c

observer pairs
a_d b_c b_d

.76
.028
7

.94
.000
10

.83
.010
7

.94
.000
10

.94
.000

c_d

Kendall’s W
abc abcd

.95
.000
7

.96
.000

15

15
.92
.000

22

.94
.000
10

22

.61
.148
7

.96
.000
10

.79
.006
10

.94
.000

.82
.023
7

.88
.000

.95
.000
7

.97
.000
22

.84
.000
7

.79 1.00
.006 .000
10
7

.86
.000

15

15
.83
.000

22

.79
.006
10

.87
.000
22

.79 1.00
.92
.006 .000 .000
10
7
22

.81
.92
.94
.89
.67
.027 <.001 .002 <.001 .102
7
10
7
10
7
.86
.90
.000
.000
15
15
.83
.92
.87
.89
.67
.92
.000 <.001 .000 <.001 .102 .000
22
10
22
10
7
22

.83
.000
7

.85
.000
7
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agreement on hb varied between 0.61 and 1.00 (rs) for single pairs of observers at
different test sessions (table 12.5). generally, agreement increased with repeated sessions.
considering the agreement across all sessions, rank correlations ranged between 0.79 and
1.00 with the lowest correlations in pairs with observers having the least experience.
Kendall’s coefficient of concordance for both three and four observers was above 0.80.
With regard to dP, inter-observer reliability in live observations reached high levels with
rank correlations always between 0.80 and 0.95 except within the pair of less trained
observers (c_d). the calculated parameter ago reached satisfactory to good rank
correlations (rs=0.76–0.96) and showed very good overall agreement within three and
within four observers respectively (Kendall’s W =0.97/0.84).

Video Observations
the total frequencies of behaviours observed in 55 video clips are given in table 12.6. as
chasing, fighting and chasing up only rarely or never occurred on the videos, these
measures were only included in the analysis of total agonistic behaviour.

table 12.6 frequencies of behaviours observed by different observers (a, b, c) on 55
video clips.
behaviour

total frequency of observed behaviours
observer a
observer b
observer c
177
160
119

head butts without displacements
(hb)
displacements
(dP)
chasing
(ch)
fighting
(fi)
chasing up
(cu)
total agonistic behaviour
(ago)

143

113

126

1

0

2

1

2

0

5

7

5

327

282

252

table 12.7 spearman rank correlation coefficients (rs) and Kendall’s coefficient of
concordance (W) for inter-observer agreement based on video clips (n=55).
behaviour
head butts without displacement
(hb)
displacements
(dP)
total agonistic behaviour
(ago)

rs
p
rs
p
rs
p

a_b
.81
.000
.79
.000
.87
.000

observer pairs
a_c
.72
.000
.84
.000
.87
.000

Kendall’s W
b_c
.70
.000
.71
.000
.79
.000

.83
.000
.85
.000
.89
.000
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box 12.2 measures of agonistic social behaviour that revealed sufficient inter-observer
reliability.
Dairy cows
Beef bulls
total agonistic behaviour
total agonistic behaviour
head butts without displacement
head butts without displacement
displacements
displacements
as for live observations, acceptable ioR was found for head butts without displacement,
displacements and total agonistic behaviour with Kendall’s W being 0.83, 0.85 and 0.89,
respectively. however, rank correlations between single pairs of observers in some cases
only reached moderate levels but were always above 0.70 (table 12.7).
in conclusion, measures of agonistic social behaviour that revealed sufficient interobserver reliability are presented in box 12.2.consistency over different periods of time
(intra-farm variability)

12.4.3 consistency oveR diffeRent PeRiods of time (intRa-faRm vaRiability)

Dairy Cows
in tie stalls, levels of head butts without displacements (hb) and displacements (dP) were
rather inconsistent with Kendall’s W=0.54 for both parameters (table 12.8). merging all
agonistic behaviours (ago) did not increase consistency.
in loose housing systems, levels of dP were more consistent than hb with rank correlation
coefficients between farm visits being always equal or above 0.70 (hb: below 0.70).
Results for the sum parameter ago were slightly more consistent than for hb. however,
the overall repeatability of head butts without displacement, displacements as well as total
agonistic behaviours reached levels above the threshold (Kendall’s W = 0.74–0.84).

Fattening Bulls
Regarding short-, mid- and long-term repeatability of head butts without displacement,
displacements or total agonistic behaviour most rank correlation coefficients were below
0.70 (table 12.9). also the overall consistency in finishing bulls was always below 0.70.
Kendall’s W above this threshold were reached in initial and medium weight bulls as well
as when no distinction between medium weight and finishing bulls was made (m&f).
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table 12.8 spearman rank correlation coefficients (rs) for short- (1_60, 60_120), mid(60_180, 1_120) and long-term (1_180) intra-farm consistency and Kendall’s
coefficient of concordance (W) for total agonistic behaviours, head butts without
displacements and displacements in dairy cattle.
housing system

behaviour

daiRy
tie stalls

total agonistic behaviour
(ago)
head butts without displacement
(hb)
displacements
(dP)

rs
p
rs
p
rs
p

daiRy
loose housing

total agonistic behaviour
(ago)
head butts without displacement
(hb)
displacements
(dP)

rs
p
rs
p
rs
p

1_60

60_120

1_120

.59
.045
.41
.183
.43
.161
1_60
.66
.000
.65
.000
.70
.000

.48
–.12
.114
.704
.58
–.06
.047
.846
.28
.18
.379
.573
60_180 1_180
.63
.66
.000
.000
.60
.57
<.001
<.001
.75
.85
.000
.000

Kendall’s W
.54
.046
.54
.047
.54
.051
.76
.000
.74
.000
.84
.000

Notes: figures in italics exceed threshold of W=0.70.

Reliability of Recordings from Reduced Observation Time
for the behaviours head butt without displacement and displacement correlations between
results derived from four hour observations and two or one hour observations were above
0.80 and highly significant (table 12.10).
in loose housed dairy cows and beef bulls intra-farm consistency across time was
recalculated comparing the 4 h observations with the first two hours (hours 1+2) and the
second two hours of observation (hours 3+4; table 2.11 and table 12.12).
for both hb and dP as well as ago Kendall’s W for hour 1+2 generally slightly decreased
compared to the total observation time. consistency further decreased when only data
from hour 3+4 were taken into account. considering the first two hours of observation, in
dairy cows the threshold level of 0.70 was reached regarding all measures. in beef cattle,
this was the case for hb and dP in the initial weight category (i) and when medium and
finishing bulls were taken together (m&f) whereas ago exceeded the threshold only in
m&f bulls.
in conclusion, measures of agonistic social behaviour recommended for an on-farm
welfare assessment are presented in box 12.3.
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box 12.3 measures of agonistic social behaviour recommended for an on-farm welfare
assessment.
Dairy cows (only loose housed)
Beef bulls
total agonistic behaviour
total agonistic behaviour
head butts without displacement
head butts without displacement
displacement
displacement
table 12.9 spearman rank correlation coefficients (rs) for short- (1_60), mid- (60_180)
and long-term (1_180) intra-farm consistency and Kendall’s coefficient of concordance
(W) for total agonistic behaviour, head butts without displacement, displacements and
chasing up in fattening bulls of different weight classes.
behaviour
total agonistic behaviour
(ago)

Weight class
iinitial (i)

1_60
60_180
1_180 Kendall’s W
rs
.76
.63
.58
.79
p
.000
.005
.01
.000
medium (m)
rs
.42
.60
.51
.68
p
.083
.008
.026
.000
finishing (f)
rs
.46
.67
.47
.68
p
.055
.002
.041
.000
m & f1
rs
.49
.66
.66
.74
p
.038
.003
.002
.000
head butts without
initial (i)
rs
.74
.53
.51
.73
displacement (hb)
p
<.001
.023
.026
.000
medium (m)
rs
.52
.60
.49
.70
p
.027
.009
.035
.000
finishing (f)
rs
.35
.74
.52
.68
p
.152
<.0001
.021
<.001
m & f1
rs
.60
.79
.58
.77
p
.008
.000
.009
.000
displacements (dP)
initial (i)
rs
.45
.04
.24
.50
p
.060
.871
.323
.044
medium (m)
rs
.61
.66
.67
.77
p
.008
.003
.002
.000
finishing (f)
rs
.43
–.10
.18
.45
p
.072
.704
.450
.105
m & f1
rs
.68
.69
.84
.82
p
.002
.001
.000
.000
chasing–up (cu)
initial (i)
rs
.19
–.31
.16
.86
p
.441
.217
.523
.000
medium (m)
rs
–.08
–.04
.02
.30
p
.746
.864
.945
.620
finishing (f)
rs
–.44
.05
–.05
.24
p
.069
.854
.839
.847
m & f1
rs
–.23
–.11
.06
.27
p
.365
.675
.819
.746
1
Notes: m & f = all bulls > 350 kg (merging data from pens with medium and finishing weight class bulls);
i=200–350 kg, m=350–550 kg, f=>550 kg; figures in italics exceed threshold of W=0.70.
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table 12.10 spearman rank correlation coefficients for incidence of head butts without
displacement and displacements in loose housed dairy and beef cattle between 1 and 4
hours and 2 and 4 hours of observation.
animals

dairy
(loose housed)

behaviour
head butts without displacement
(hb)
displacements
(dP)
head butts without displacement
(hb)

beef
displacements
(dP)

day
1
60
180
overall
1
60
180
overall
1
60
180
overall
1
60
180
overall

1h_4h
.77
.75
.79
.78
.73
.75
.81
.78
.92
.92
.96
.94
.82
.95
.84
.89

p
2h_4h
p
.000 .91
.000
.000 .87
.000
.000 .85
.000
.000 .89
.000
.000 .92
.000
.000 .80
.000
.000 .88
.000
.000 .87
.000
<.001 .94 <.001
<.001 .87 <.001
<.001 .94 <.001
<.001 .96 <.001
<.001 .90 <.001
<.001 .97 <.001
<.001 .94 <.001
<.001 .93 <.001

n
31
31
31
93
31
31
31
93
20
18
19
57
20
18
19
57

table 12.11 Kendall’s coefficient of concordance (W) for consistency over farm visits
for total agonistic behaviour, head butts without displacement and displacements in loose
housed dairy cows for the first and second two hours of observation.
behaviour
total agonistic behaviour
(ago)
head butt without displacement
(hb)
displacement
(dP)

W
p
W
p
W
p
n

total observation
time (4 h)
.76
.000
.74
.000
.84
.000
31

hours 1&2

hours 3&4

.74
.000
.70
.000
.75
.000

.55
.003
.50
.015
.65
.000

29

29

12.5 discussion

in this study the agonistic behaviours head butt without displacement (hb), displacement
(dP), chasing (ch), fighting (fi), chasing-up (cu) and the total sum of agonistic
behaviours (ago) were tested with regard to inter-observer reliability and short-, mid- and
long-term consistency in dairy cattle and beef bulls. We focused on interactions involving
body contact; threats and avoiding were not considered because such behaviours can be
less clearly defined and likely are prone to subjective interpretation of e.g. subtle
movements. We did therefore not expect to reach acceptable levels of inter-observer
reliability.
during repeated on-farm visits, in both dairy and beef cattle chasing and fighting were
very rarely observed regardless of the housing system (median incidence 0.0 events per
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table 12.12 Kendall’s coefficient of concordance (W) for consistency over farm visits
for total agonistic behaviour, head butts without displacement and displacements in beef
bulls for the first and second two hours of observation.
Weight class

behaviour
total agonistic behaviours
(ago)

i
m
f
m&f

head butts without displacement
(hb)

i
m
f
m&f

displacements (dP)

i
m
f
m&f

W
p
W
p
W
p
W
p
W
p
W
p
W
p
W
p
W
p
W
p
W
p
W
p

n
Notes: figures in italics exceed threshold of W=0.70.

total
observation time
(4 hours)
.79
.000
.68
.000
.68
.000
.74
.000
.73
.000
.70
.000
.68
<.001
.77
.000
.50
.044
.77
.000
.45
.105
.82
.000
18

hour 1&2

hour 3&4

.66
.001
.66
.000
.63
.002
.72
.000
.70
.000
.67
.000
.60
.004
.72
.000
.48
.069
.73
.000
.33
.491
.77
.000
18

.33
.490
.45
.119
.52
.030
.61
.003
.55
.013
.56
.011
.56
.011
.63
.001
.41
.211
.43
.147
.38
.305
.48
.069
18

animal and hour). such very low incidences of behaviour make data recording and
interpretation difficult and would require long-term continuous observations in order to get
reliable information on these specific types of behaviour. chasing-up was also rarely
observed in dairy cows as well as in initial and medium weight bulls. only in finishing beef
bulls it occurred at a median frequency of 0.13 per animal and hour and was therefore
included in further data analysis. however, inter-observer reliability testing was not
possible because it did not occur during the direct observations and was too infrequent
also on the video clips. it furthermore did not show any consistency over time in finishing
bulls (Kendall’s W=0.24). however, such rare behaviours can be further considered in onfarm assessment protocols through the parameter total agonistic behaviours (ago).
With regard to the remaining parameters (head butts without displacement, displacements,
total agonistic behaviour), inter-observer reliability for direct observations was generally
sufficient (Kendall’s W=0.83–0.97 depending on number of observers). for head butts
without displacement, inter-observer reliability was often higher within pairs of trained
observers compared to pairs with less trained observers. more importantly it could be
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shown in the course of the different testing sessions that experience increased agreement
over time, thus underlining the impact of thorough training. the rather low agreement
regarding displacements within the pair of less trained observers in their first test session
(rs c_d=0.67) is in this line. Recording head butts without displacement, displacements
and total agonistic behaviour from video clips also lead to acceptable levels of agreement
between (then experienced) observers (Kendall’s W=0.70–0.90), which nevertheless were
slightly lower than those derived from live observations. this might have been caused by
the two-dimensionality which makes it more difficult to estimate whether a change in
position as given in the definition has really occurred (one cow width or half a cow length,
respectively). furthermore it is likely that recording from video clips increases the chance
of disagreement on occurrence and forcefulness of physical contacts due to deficits in light
conditions, sound and resolution.
since 4 h observations are likely to be too time-consuming within an on-farm assessment
protocol, shortening the observation time was simulated. it was shown that reducing the
on-farm observations from 4 h to 2 h would not cause a major loss of information.
consistency measures discussed below therefore refer to these reduced data sets (tables
14 and 15).
in dairy tie stall systems, headbutts without displacements as well as displacements showed
very low consistencies (0.54 for both parameters). this might be due to the rather low
frequencies of the behaviours (less then half the frequency of head butts per time unit in
loose housing systems, almost no displacements). merging all agonistic behaviours into
the parameter ago did not improve consistency and therefore none of the parameters can
be recommended for tethered animals.
in dairy loose housing systems, the occurrence of displacements was more consistent than
of headbutts without displacements. although with increasing length of interval between
farm visits one could expect more changes in herd composition or management routines
and thus in the incidence of certain behaviours, no such effect on consistency measures was
found. however, considering the overall repeatability, both headbutts without displacement
and displacements as well as total agonistic behaviour showed acceptable consistency
(Kendall’s W=0.70–0.75).
also in beef bulls, repeatability of social behaviour measures did not depend on the length
of interval between farm visits. in the different weight classes, acceptable overall
consistency levels were only reached for headbutts without displacement in initial fattening
bulls and for displacements in medium weight bulls. therefore, considering each weight
class separately, no single behaviour parameter would meet the requirements. Pooling
medium and finishing bulls (m&f) resulted in acceptable consistency in both parameters.
such pooling could furthermore improve feasibility of the recordings since live weight
estimation appeared to be rather difficult in heavier bulls (about 550 kg) and groups were
often heterogeneous. yet, a distinction between younger bulls (up to 350 kg) and older
ones should still be made since the younger animals are not sexually mature yet and the
development of dominance relationships can be expected in bulls of the initial weight class
(bouissou, 1985; schloeth, 1961). however, this would mean that only head butts could
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be included (Kendall’s W: i=0.70, m&f=0.72) or that the initial fattening bulls would
have to be dropped from the protocol. a feasible option for taking all weight classes and
behavioural measures into account is again to use the measure total agonistic behaviour
(ago) for which the threshold for consistency across farm visits was exceeded (Kendall’s
W≥0.70) in initial (i) as well as in m&f weight bulls.

12.6 conclusions

With regard to inter-observer repeatability and intra-farm consistency we suggest to use
the measures total sum of agonistic behaviours, head butts without displacements and
displacements in loose housed dairy cattle for on-farm welfare assessment. none of the
potential measures for dairy tie stall cattle proved to be reliable as defined in this study.
in beef bulls, it is recommended to differentiate between two weight classes (i= 200–350
kg; m&f= >350 kg) and to record total agonistic behaviours consisting of all single agonistic behaviours and head butts without displacement.

13
Validation of social licking as
an indicator for positiVe
emotions
s. laister, a-m. regner, k. Zenger, c. Winckler, n. Brörkens, r. Quast and U. knierim

13.1 sUmmary

social licking in cattle is considered to be a socio-positive behaviour during which pleasant
emotions are likely to occur. it is either performed spontaneously or after solicitation but
can also follow agonistic behaviour. psychological and physiological calming effects of
social licking have been postulated. it was the goal of this study to investigate the validity
of social licking as an indicator of good animal welfare with regard to heart rate
measurements in both acting and receiving animals in two different housing systems.
Behavioural observations and heart rate measurements were carried out on 24 lactating
Holstein-friesian dairy cows kept in a tie stall with zero-grazing as well as on 20 lactating
fleckvieh-simmental dairy cows kept in a sloped-floor deep litter loose housing system
with an outdoor loafing area. Heart rates were measured with 10 and 20 heart rate meters
(polar Horse trainer s810i) at a time, respectively. licking bouts and general activity of
the cows were observed for 3 h in the morning after milking and feeding by direct
observations and from video recordings (tethered animals only). Using general linear
mixed models, heart rates during licking were compared with the mean heart rate during
5 min before and after licking as well as with the median heart rate over the whole
observation period.
in tethered animals, only actors had lower heart rates during licking compared with the
period before. spontaneous licking had a larger effect than licking after solicitation. While
being licked after solicitation numerically, but non significantly reduced heart rate, it was
increased when receivers were spontaneously licked. actors licking after solicitation and
receivers showed increased heart rates during licking compared to the median heart rate
over the whole observation period. in loose housed cows, heart rates were reduced in
actors licking spontaneously only when they were standing or feeding but increased in
lying actors. receivers showed lower heart rates only when they were licked after
solicitation.
113
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We found indications of calming effects of licking, although the findings from tied and
loose housed animals are not completely consistent. altogether it is very likely that
especially voluntary licking and being licked usually increases well-being of the
individual, no matter if receiver or, according to our results from tie stalls, actor. However,
on herd level it is questionable whether high numbers of animals performing licking
always reflect an overall better welfare compared to animals of a herd with lower licking
frequencies. in the literature it is suggested that licking may also be carried out in order to
reduce social tension or to reduce the own stress response to restrictive conditions. our
results are consistent with these hypotheses in that in the tie stalls more pronounced and
consistent heart rate reductions were found in actors, especially in those that licked
spontaneously. moreover, the increased heart rates compared to the median heart rates my
indicate that licking occurred during a stressful period or was induced by it, although this
needs further investigation.
We conclude that social licking might indicate positive effects on (at least part of) the
animals involved but on the basis of changes in heart rate at present cannot be regarded as
a true indicator of positive emotions. therefore, the use of social licking as a welfare
measure in on-farm assessment protocols is not recommended.

13.2 introdUction

in the past, usually the assessment of animal welfare focussed on indications of impaired
welfare. during the last years, however, the interest in indicators of good welfare, namely
positive emotions, has increased (e.g. knierim et al., 2001; désiré et al., 2002). the search
for such indicators is at its early beginnings and has not yet generated many candidate
indicators, especially not those that are suitable for use in an on-farm welfare assessment
(Winckler et al., 2003).
social licking is often suggested as a positive candidate indicator for cattle welfare (e.g.
knierim et al., 2001; Winckler et al., 2003). it is a form of non-agonistic behaviour (sato
et al.. 1993) which is either performed spontaneously or after solicitation (sambraus, 1969;
sato et al., 1991) but can also follow agonistic behaviour (reinhardt, 1980). cows
receiving licks often show behavioural signs of enjoyment such as partly closing their
eyes. Based on this observation, sato et al. (1991) postulate a psychological and
physiological calming effect of social licking which was also suggested by sambraus
(1969) with regard to the licking of cows in estrous by bulls. physiological measurements,
namely of heart rate of animals receiving social grooming confirmed this hypothesis in
primates (Boccia et al., 1989; aureli et al., 1999) and cows (sato and tarumizu, 1993).
However, in all cases sample size was minimal and analysis of the data partly questionable.
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it was the goal of this study to investigate the physiological effects of social licking more
closely. our question was not only how the receiver, but also how the actor may experience
the licking. moreover, we wondered about results and assumptions that social licking
increases under more restrictive housing conditions (reinhardt, 1980; krohn, 1994;
emmerig, 2004). krohn (1994) reports that cows kept in tie stalls showed higher
frequencies of social licking than cows in loose housing which we can confirm from own
unpublished observations. therefore, we investigated the effects of licking on heart rate
in two different housing systems - tie stalls and cubicles - in order to explore possible
differences in the patterns of responses.
it was our basic assumption that decreases in heart rates in licked or licking animals would
indicate relaxation or calming which is expected to be experienced as pleasant emotion
while increases in heart rate may be due to tension or fear which likely will be experienced
as unpleasant.

13.3 metHods

13.3.1 dairy coWs in a tie stall Barn

Behavioural observations and heart rate measurements were carried out for 8 days on a
privately owned german farm with a tie stall barn for 23 lactating cows and zero-grazing.
measurements were taken with 10 heart rate monitors (r-r intervals; polar Horse trainer
s810i) at a time for 3 hours each day after morning milking and feeding. Behavioural
observations started twenty to thirty minutes after attaching the belts with the monitors.
general activity of the cows (standing, lying, feeding or drinking) was assessed using
instantaneous scan sampling every 2 minutes. all occurrences of social licking were
recorded by one observer positioned on the feed table. the exact start (at first tongue
stroke) and end (immediately after last tongue stroke) as well as the category of licking
(table 13.1) was later determined from video recordings taken with three stationary video
cameras covering the whole barn. data from in total 24 Holstein-friesian cows were
recorded.

taBle 13.1 definition of licking categories.
licking categories
spontaneous
(as actor or receiver)
solicited
(as actor or receiver)
after agonistic interaction
(as actor or receiver)

definition
the licking is not overtly initiated by the receiving cow.
licking following a clear request: approach of a cow in a submissive
posture of head and neck, possibly touching the other cow’s mouth or
gently butting against her neck if the other cow does not react.
licking that occurs directly after butting or fighting between the same
animals involved.
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13.3.2 loose HoUsed dairy coWs

the study was carried out in november/december 2005 with in total 20 simmentalfleckvieh dairy cows housed in a sloped floor deep litter housing system with solid
concrete floors in the passages. the animals had permanent access to an outdoor loafing
area and were fed indoors, with additional grass silage being offered in the outdoor loafing
area. on in total 16 days, 10 (days 1–5) or 20 animals (days 6–16) were fitted with heart
rate monitors (r-r intervals, polar Horse trainer s810i) during and shortly after the
morning milking.
Behaviour observations were carried out by two observers, started approximately 10 min
after the last animal had been equipped with a heart rate monitor and lasted for 3 to 4
hours. instantaneous scan sampling at 5 min intervals was used to assess the cows’ general
activity (standing/walking, feeding/drinking, lying). all occurrences of social licking were
recorded with the exact start and end time (for categories, see table 13.1).

13.3.3 data processing and statistical analysis

only licking bouts ≥10 seconds and heart rate recordings containing not more than 5%
identified errors were taken into account. Heart rate curves were corrected up to two times
with moderate filter power. additionally, heart rates lower than 40 beats per minute and
higher than 180 beats per minute were regarded as being unrealistic under the given
conditions and excluded. moreover, only those licking bouts were investigated where the
general activity remained unchanged in the period before and during licking.
means of heart rates during licking, from the period of 5 minutes before and after licking,
and as additional reference values, medians over the time of the observation period the cow
was performing the same activity as she was doing while licking or being licked (referred
to as reference period) were calculated.
statistical analysis was carried out separately for tied and loose housed animals and for
both actors and receivers. data were analysed with general linear mixed models (spss
12.0). firstly, the time of measurement (before, during or after licking) was taken into
account as fixed effect, with individual cow and day of measurement as random effects.
in a second step, separate analyses were carried out for the different categories of licking,
with time of measurement, general activity and their interaction as fixed effects. individual
cow and day of measurement were again random effects.
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13.4 resUlts

13.4.1 dairy coWs HoUsed in a tie stall Barn

in total, 117 recorded licking bouts fulfilled the criteria mentioned above (table 13.2).
Heart rate measures for social licking after agonistic interaction were only obtained twice
in receivers.

Overall Effects of Licking
actors had lower heart rates during licking than before licking and tended to have higher
heart rates compared to the median heart rate over the whole observation period (table
13.3). after licking, heart rate did not further change in actors.

taBle 13.2 number of valid licking bouts per category in tied animals.
licking categories
spontaneous
actor

receiver

activity

standing
standing
solicited
lying
feeding
standing
spontaneous
lying
lying & feeding
feeding
solicited
standing
feeding
after agonistic interaction
standing

total

number of licking bouts
24
10
4
27
8
12
5
11
14
1
1
117

taBle 13.3 effects of licking on heart rates in actors and receivers – tied cows.

actors

receivers

differences between ls
means (beats per minute)
licking vs. 5 min
–2.4
before
licking vs. 5 min
–.2
after
licking vs.
+1.5
reference period
licking vs. 5 min
–.7
before
licking vs. 5 min
–.7
after
licking vs.
+1.6
reference period

f–value

standard error

p–value

f1,52=16.981

.58

.000

f1,52=12.607

.68

.806

f1,52=3.684

.77

.060

f1,118=.646

.82

.423

f1,126=3.735

.77

.390

f1,125=3.935

.78

.049
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in receivers, heart rate during licking did not significantly differ from the period before and
after licking had been received, but was higher than the median heart rate over the whole
observation period.

Effects of Different Licking Categories
for actors, but not receivers, there was a tendency for a smaller decrease in heart rate
(differences between lsmeans=1.8 bpm) when they licked after solicitation compared to
spontaneous licking (differences between lsmeans=2.9 bpm; table 13.4). after licking,
heart rates further decreased when licking had been solicited but remained unchanged
after spontaneous licking. compared to the median heart rate over the whole observation
period actors showed higher heart rates only during licking after solicitation. this was
more pronounced in lying than in standing animals.
licking after solicitation numerically, but non significantly reduced heart rate in receivers
(difference between lsmeans=1.7 bpm). However, being spontaneously licked caused a
significant increase (difference between lsmeans=3.1 bpm) which was followed by a
decline of a similar magnitude. Heart rate during being spontaneously licked moreover
exceeded the median over the whole observation period.

13.4.2 loose HoUsed dairy coWs

in total, 278 licking bouts fulfilling the criteria mentioned above were recorded (table
13.5).

Overall Effects of Licking
in loose housed cows, social licking had no general effect on heart rate in both actors and
receivers (table 13.6).

Effects of Different Licking Categories
in actors, no significant influence on heart rate was found for any of the licking categories
investigated (table 13.7), but average heart rates were numerically lower during than
before and after performing licking which had been solicited (differences of lsmeans=1.5
and 2.0 bpm, respectively, not significant). However, the general activity significantly
influenced changes in heart rate for spontaneous licking. a marked decrease and
subsequent increase (difference of lsmeans=3.0 and 3.4 bpm) was observed in feeding
animals, whereas lying animals showed a reverse pattern, i.e. increase during the licking
period.

receiver

actor

spontaneous

after
solicitation

spontaneous

after
solicitation

licking
category

licking vs.
5 min before
licking vs.
5 min after
licking vs.
ref. period
licking vs.
5 min before
licking vs.
5 min after
licking vs.
ref. period
licking vs.
5 min before
licking vs.
5 min after
licking vs.
ref. period
licking vs.
5 min before
licking vs.
5 min after
licking vs.
ref. period
+3.1
+2.4
+3.0

75.6
75.3
75.0

78.7
77.7
78.0

–.1

76.9

76.8

–1.7

77.9

76.2
+.3

–.1

78.5

78.4

75.8

–1.1

79.9

78.8

76.1

–2.9

81.4

+5.5

78.4

83.9
78.5

+3.3

81.1

84.4

82.7
82.3

82.9

82.5

79.1

78.0

78.5

–

–

–

–

–

82.8

82.4

78.8

77.0

76.7

–

–

–

–

–

75.0

75.4

75.1

74.7

75.0

75.7

78.4

78.8

78.5

78.1

78.6

73.0

73.1

77.0

74.7

73.6

77.4

78.5

79.9

81.4

75.8

76.4

–

–

72.9

72.1

75.0

68.5

7.1

74.7

–

–

–

–

–

–

81.2

8.5

69.8

–

–

–

–

–

–

–

–

81.0
–

–

84.8

–

–

89.7

9.2

.014

.048

75.4
76.4

.033

.887

–
8.5

.729

.140

.960

.182

.000

.000

.000

–

–

–

–

–

–

–

.001

.001

.002

.025

.008

.458

–

–

–

.165

.011

.380

.484

.107

.837

.091

.967

–

–

–

.013

.071

Heart rate (bpm)
p–
p–
p–
overall
feeding
standing
lying
lying/feeding value value value
no
Δ bpm during
no
during
no
during
no
during
no licking activity l*a
during
(a)
licking licking
licking licking licking licking licking licking licking licking (l)
86.2
–1.8
–
–
78.5
78.0
9.3
94.4
–
–
.252
.041
84.4
.163
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taBle 13.4 effects of licking category and activity on heart rates in actors and receivers
– tied cows (lsmeans).

Notes: bold: significant effects of licking; italics: significant effects of interaction licking*activity; bpm:
beats per minute.
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taBle 13.5 number of valid licking bouts per category in loose housed animals.
licking categories
spontaneous

actor

solicited

after agonistic interaction

spontaneous

receiver

solicited

after agonistic interaction

activity
feeding
standing
lying
feeding
standing
lying
feeding
standing
lying
feeding
standing
lying
feeding
standing
lying
feeding
standing
lying

total

number of licking bouts
23
25
22
3
18
11
3
12
1
20
13
60
5
19
32
1
10
–
278

taBle 13.6 effects of licking on heart rates in actors and receivers – loose housed cows.

actors

receivers

differences
between ls
means (beats per
minute)
licking vs. 5 min
–.4
before
licking vs. 5 min
–.7
after
licking vs.
+.1
reference period
licking vs. 5 min
–.9
before
licking vs. 5 min
–.7
after
licking vs.
+.7
reference period

f–value

standard error

p–value

f1,202=.258

.73

.612

f1,196=1.049

.71

.307

f1,187=.021

.833

.884

f1,285=2.051

.59

.153

f1,287=1.390

.57

.239

f1,272=1.603

.58

.207

on the other hand, heart rate in receivers was only influenced when they had been licked
after solicitation. Heart rate during licking after solicitation was lower than before and
after the licking bout (difference of lsmeans=2.4 and 2.7, respectively) and compared
with the median heart rate over the whole observation period (of the same activities). this
decrease was only observed in feeding and standing animals and did not occur in lying
animals.

receiver

actor

licking vs. 5
min before
licking vs. 5
after solicitation
min after
licking vs. ref.
period
licking vs. 5
min before
licking vs. 5
spontaneous
min after
licking vs. ref.
period
licking vs. 5
min before
after agonistic licking vs. 5
min after
interaction
licking vs. ref.
period
licking vs. 5
min before
licking vs. 5
after solicitation
min after
licking vs. ref.
period
licking vs. 5
min before
licking vs. 5
spontaneous
min after
licking vs. ref.
period
licking vs. 5
min before
after agonistic licking vs. 5
min after
interaction
licking vs. ref.
period

licking
category

–2.4
–.5

+.2
+.4

91.5
91.8
9.9
9.7
9.5
89.7
9.8
9.6
89.9
92.1
92.5
93.3

92.3
91.8
92.9
88.3
87.8
87.3
9.3
9.0
9.1
92.5
92.9
94.1

+.8

+.4

–.6

–2.7

–2.4

+2.0

.0

+.8

+.3

91.3

91.6

96.5

96.8

96.2

94.7

94.4

94.6

9.9

91.1

92.1

93.2

92.4

93.5

94.5

93.9

+1.6

93.9

92.2

92.3

91.8

91.5

–.8

91.1

93.7

9.8

9.0

–2.0

94.0

95.3

94.3

91.8

89.0

88.9

89.1

88.8

95.5
93.8

89.8

85.8

86.7

86.6

92.2

9.8

9.3

91.5

9.7

9.8

9.2

89.8

95.4

93.1

95.0

95.0

96.4

96.3

96.0

97.3

97.3

96.7

95.9

95.9

92.5

89.7

89.9

91.8

9.4

9.1

91.8

9.5

91.1

93.8

9.9

92.0

93.8

91.4

92.0

93.7

9.4

–

–

–

86.6

86.7

86.4

85.2

85.7

86.0

93.4

–

–

–

84.0

86.0

86.2

.643

.852

.863

.649

.343

.455

.002

.002

86.0
84.2

.010

.269
86.2

82.5

.981

88.1

92.2

.745

86.6

9.3

.556

.334

.708

.490

.159

83.0

88.2

86.6

83.0

88.4

89.3

9.1

9.0

87.5

88.0

.135

.003

.407

.567

.538

.001

.000
.022

.567
.003

.676

.000

.000
.000

.044

.000

.043

.022

.045
.000

.415

.545

.000

.022

.004

.001

.470

.213

.174

.045

.000

.000

.000

.053

Heart rate (bpm)
p–value p–value p–value
feeding
lying
standing
l*a
licking activity
during no licking during no licking during no licking
(a)
(l)
licking
licking
licking
87.4
86.7
91.6
95.6
9.2
91.3
.306
.008
.489

+.3

91.6

89.6

overall
during no licking Δ bpm
licking
91.2
–1.5
89.7
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taBle 13.7 effects of licking category and activity on heart rates in actors and receivers
– loose housed cows (lsmeans).

Notes: bold: significant effects of licking; italics: significant effects of interaction licking*activity; bpm:
beats per minute.
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13.5 discUssion

in tethered cows, heart rates showed expected patterns in that lying animals had lower
heart rates than more active animals (at least in the receivers, but numbers of lying actors
were very low). interestingly, licking more clearly led to a decrease in heart rates in actors
than in receivers although the number of analysed active lickings was much lower (38 vs.
79 received lickings). moreover, the effect was stronger when the actors performed the
behaviour spontaneously instead of reacting to a request of the other cow. possible
explanations of this finding may relate to the specific conditions in tie stalls: the forced
spatial vicinity between the cows and impossibility of avoidance may lead to social tension
so that licking is used for appeasement (reinhardt, 1980; sato et al., 1991; Waiblinger et
al., 2002; emmerig, 2004). fraser and Broom (1990) furthermore speculate that social
grooming may be a way to cope with restrictive conditions by self-narcotisation, as opioids
from studies with rats and primates are known to be involved in allogrooming both in the
receiver and the actor (keverne et al., 1989; niesink and van ree, 1989). in both cases of
appeasement and self-narcotisation a decrease in heart rate were to be expected which is
consistent with our results for actors. in receivers, variability in responses was higher,
even including heart rate rises in cows being licked spontaneously.. from the behavioural
observations that were unsystematic in this regard, it especially appeared that cows being
licked spontaneously sometimes showed a mild startle response after being touched by
the other cow. Both, receivers being licked spontaneously and actors licking after
solicitation, had higher heart rates than during comparable periods without licking (median
heart rate). this might indicate that the licking occurred during a stressful period or was
induced by it. However, as the data basis is not strong enough for far-reaching
interpretations this aspect deserves further investigation. overall the calming or relaxing
effect of licking could only clearly be confirmed in actors.
in loose housed cows, lying animals also had lower heart rates compared to other activities.
no general calming or relaxing effect of licking was observed in both actors and receivers.
yet, looking only at animals which performed spontaneous licking during
standing/feeding, a reduction of heart rate was present. this is in line with the results of
the tethered cows, where all cows performing spontaneous licking were standing. on the
other hand, the increase in heart rate in lying actors may be explained by the physical
activity of the animal performing the behaviour (Baldock et al., 1988; marchant et al.,
1997). interestingly, in receivers a calming effect was only observed when they had
solicited licking. this effect was again restricted to standing and feeding animals. tensionreduction after agonistic interactions as suggested by Boccia et al. (1989) could not be
confirmed.
calming or relaxing effects could be shown in loose housed cows, but were restricted to
specific categories of licking and/or the underlying general activity with no or even
arousing effects in lying animals. actors might perceive licking pleasant or experience
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tension-reduction if they ‘voluntarily’ perform this behaviour while this is the case for
receivers when they are being licked after solicitation.

13.6 conclUsions

We indeed found indications of calming effects of licking, although the findings from tied
and loose housed animals are not completely consistent. altogether it is very likely that
licking and being licked usually increases well-being of the individual, no matter if receiver
or, according to our results from tie stalls, actor. However, on herd level it is questionable
whether high numbers of animals performing licking always reflect an overall better
welfare state compared to animals of a herd with lower licking frequencies. in the literature
it is suggested that licking may also be carried out in order to reduce social tension or to
reduce individual stress responses to restrictive conditions. our results are consistent with
these hypotheses in that in the tie stalls more pronounced and consistent heart rate
reductions were found in actors, especially in those that licked spontaneously. moreover,
from the tie stall data there was an indication that licking occurred during a stressful period
or was induced by it, although this needs further investigation.
We conclude that social licking might indicate positive effects on (at least part of) the
animals involved (in terms of reducing stress or stabilising social bonds) but on the basis
of changes in heart rate at present cannot be regarded as a true indicator of positive
emotions. therefore, the use of social licking as a welfare measure in on-farm assessment
protocols is not recommended.

14
Reliability of on-faRm
behaviouRal obseRvations of
abnoRmal behaviouR in veal
calves
e.a.m. bokkers, h. leruste, l.f.m. heutinck, m. Wolthuis-fillerup,
J.t.n. van der Werf, b.J. lensink and c.G. van Reenen

14.1 summaRy

the objective was to study inter-observer and test-retest reliability of different behavioural
observations to be used in an on-farm animal welfare monitoring system for veal calves.
twenty-three veal calf farms varying in size, housing system, feeding regime and age of
the calves were visited twice with two observers simultaneously. behaviour was recorded
20 min before and 20 min after feeding in eight pens per farm.
for most behavioural elements recorded around feeding farms differed significantly and
inter-observer and test-retest reliabilities were high and significant as well.
the behavioural observations around feeding were feasible, distinctive and reliable to
perform on-farm. these methods are promising tools to use in an animal welfare monitor
for veal calves.

14.2 intRoDuction

abnormal behaviour is widely accepted as an indicator for poor welfare (fraser and
broom, 1997; anonymous, 2001) while play behaviour is an indicator for good welfare
(fagen, 1981; newberry et al., 1988). Play behaviour of calves has been studied
extensively (e.g. Jensen et al., 1998; Jensen and Kyhn, 2000) as well as abnormal
125
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behaviour. veal calves typically develop abnormal oral behaviour, comprising the
following four behavioural elements: tongue playing, tongue rolling, sham ruminating,
and persistent biting/sucking on substrates such as bars and troughs (bokkers and Koene,
2001). although housing system may affect the frequency of abnormal oral behaviour in
veal calves (bokkers and Koene, 2001), it has been clearly demonstrated that abnormal
oral behaviour to a large extent evolves due to a lack of appropriate roughage in the diet
(heeres et al., 2000; van vuuren et al., 2004). other abnormal (oral) behaviours in veal
calves include cross-sucking and excessive self-licking. cross sucking, defined as one calf
sucking the ear, mouth, scrotum, prepuce, tail, udder area or navel of another calf (lidfors,
1993), is seen most often in young calves that are separated from their mother. Persistent
preputial sucking may detrimentally affect the prepuce (swelling, irritation, inflammation)
of the calf being sucked and the calves that suck may risk a poor health and reduced growth
due to drinking urine (de Wilt, 1985). self licking is a normal behaviour for a calf, but it
can develop to an abnormal, excessive level, especially when a calf is kept in social
isolation (terosky et al., 1997; bokkers and Koene, 2001).
until now, relatively simple and feasible behavioural measures in veal calves have been
sufficiently validated under experimental conditions. before behavioural observation
methods, however, can be considered for inclusion into an animal welfare monitoring
system, they have to be studied for feasibility and reliability under commercial conditions.
the aim of this study was to investigate the feasibility of behavioural observation methods
to study spontaneous behaviour in veal calves kept under commercial conditions, and to
analyse inter-observer reliability and test-retest reliability for different variables. variables
that appear feasible and reliable may be suitable for an on-farm animal welfare monitoring
system.

14.3 methoDs

twelve veal farms (11 farms with small groups, i.e. < 20 calves per pen, and one farm
with large groups and automatic milk dispensers) were included in this study. these farms
varied according to type and origin of calves, group size, size of the farm, diet (amount of
milk replacer and amount and type of solid feed), climate control, day light intensity, and
management. they were assumed to represent a cross-section of veal farms in the
netherlands.

14.3.1 Farm Visits
each farm was visited twice to collect data, with a 1–3 days interval between two visits to
be able to study test-retest reliability of the observations. farms were visited two weeks
prior to slaughter. During all visits, data were collected by two observers simultaneously
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in order to study inter-observer reliability. four observers (two men and two women)
visited the farms in different combinations, but always the same combination of observers
within a farm. they were wearing workwear of the farmer. although the observers were
experienced in behavioural research, they completed a training assessment with videos
and photos of calf behaviour and practised together at a farm beforehand. one woman did
observations at all farms.

14.3.2 Observations of Spontaneous Behaviour
behaviour in the homepen was observed in eight randomly selected pens 20 min before
and 20 min after evening feeding. by performing the behavioural observations relative to
a fixed event, i.e. feeding, results between farms and days could be compared. the
ethogram included two postures (i.e., standing and lying) and 20 behavioural activities. in
case of small groups (< 20 calves per pen) four pens were observed at the same time. the
observers stood next to each other in the feeding corridor. before starting the observation,
a 5 min adaptation period was maintained. the observers had 30 s of observation time per
pen and they switched to the next pen at the same moment (clockwise). in total 10 scans
per pen per observation were recorded. after 20 min the observers moved to the next four
pens to repeat this procedure. after the calves had been fed, behavioural observations
started at the first location again. at farms with large groups, two pens were observed (2
× 20 min for each pen around the same time as for small groups).

14.3.3 Data Analysis
Data were analysed at pen level with the statistical software package Genstat (2005).
spearman’s rank correlations were calculated as a measure for reliability between days
and between observers. correlation coefficients were considered low when below 0.4,
moderate when 0.4 to 0.7, high when 0.7 to 0.9, and very high when 0.9 and higher (martin
and bateson, 1993). inter-observer reliabilities were analysed for the three pairs of
observers. overall, inter-observer reliabilities were analysed with Kendall’s coefficient of
concordance. test-retest reliability was analysed at pen level with the mean over the two
observers per pen as unit, and at farm level with the mean over observers and pens per farm
as unit.
except for lying idle, standing idle and walking, behaviour is expressed without
distinguishing between lying and standing. Play behaviour is the sum of running, jumping,
mounting, and butting behaviour. comfort behaviour is the sum of stretching, scratching,
nose licking and self-licking behaviour. the level of each behaviour was calculated for the
20 min period before and the 20 min after feeding. farm effects for all variables were
analysed with the Kruskal-Wallis test.
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14.4 Results

significant farm effect were found for a number of behaviours, including: lying idle
(p<0.001 before and after feeding on days 1 and 2), tongue rolling/tongue playing (before
feeding: p<0.001 on day 1 and p<0.05 on day 2; after feeding: ns), manipulating fence
(before feeding: p<0.01 on days 1 and 2; after feeding: ns on day 1 and p<0.05 on day 2),
manipulating feeder (p<0.01 before and after feeding on days 1 and 2), manipulating pen
mate (before feeding: p<0.001 on days 1 and 2; after feeding: p<0.001 on day 1 and ns on
day 2), and (sham) rumination (p<0.01 before and after feeding on days 1 and 2). for play
behaviour, no significant farm effect was found.
test-retest correlations differed per behaviour. before feeding, significant test-retest
correlations were obtained for lying idle (days within pen: r=0.63; p<0.001; n=90; days
within farm: r=0.34; ns; n=12), tongue rolling/tongue playing (days within pen: r=0.41;
p<0.001; n=90), manipulating fence (days within pen: r=0.56; p<0.001; n=90; days within
farm: r=0.92; p<0.001; n=12), manipulating feeder (days within pen: r=0.55; p<0.001;
n=90; days within farm: r=0.73; p<0.01; n=12), manipulating pen mate (days within pen:
r=0.43; p<0.001; n=90; days within farm: r=0.64; p<0.05; n=12), and (sham) rumination
(days within pen: r=0.33; p<0.01; n=90; days within farm: r=0.60; p<0.05; n=12). after
feeding, test-retest reliabilities for tongue playing/tongue rolling were non-significant.
after feeding significant test-retest reliabilities were found for lying idle (days within pen:
r=0.36; p<0.01; n=90; days within farm: r=0.67; p<0.05; n=12), manipulating fence (days
within pen: r=0.26; p<0.05; n=90; days within farm: r=-0.02; ns; n=12), manipulating
feeder (days within pen: r=0.66; p<0.001; n=90; days within farm: r=0.79; p<0.01; n=12),
manipulating pen mate (days within pen: r=0.37; p<0.001; n=90; days within farm: r=0.36;
ns; n=12), and (sham) rumination (days within pen: r=0.39; p<0.001; n=90; days within
farm: r=0.75; p<0.01; n=12).
inter-observer correlations (Kendall’s coefficients of concordance, n=64) were generally
high and significant for the different behaviours before and after feeding: lying idle (before
and after feeding: 0.73 and 0.73, respectively; p<0.01), tongue playing/tongue rolling
(before and after feeding: 0.75 and 0.73, respectively; p<0.01), manipulating fence (before
and after feeding: 0.73 and 0.71, respectively; p<0.01), manipulating feeder (before and
after feeding: 0.76 and 0.74, respectively; p<0.001), manipulating pen mate (before and
after feeding: 0.71 and 0.71, respectively; p<0.01), play behaviour (before and after
feeding: 0.66 and 0.56, respectively; p<0.01), and (sham) rumination (before and after
feeding: 0.71 and 0.66, respectively; p<0.01).
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14.5 conclusions

most inter-observer and test-retest reliabilities for the behavioural measures were
significant, and correlation coefficients were higher at farm level than at pen level. this
is relevant for the development of an animal welfare monitoring system aimed at
estimating animal based parameters at farm level. behavioural observations around feeding
were feasible to perform on farm, although there were some minor practical constraints.
it can be concluded that the observation method for spontaneous behaviours represents a
reliable tool for utilization in an animal welfare monitoring system.

15
MeasureMent of huMan-aniMal
relations in veal calves
housed in large groups
h. leruste, J. lensink and c.g. van reenen

15.1 suMMary

the human-animal relationship is an important component of the welfare of farm animals.
under experimental conditions, relatively simple and feasible behavioural measures of
the human-calves relationship have been validated. this study aims at determining simple
and valid tests which would be good candidates to integrate in an animal-based-on-farm
assessment tool. they should reflect the actual level of fear of human of the group of
calves, be repeatable at short and medium term (test-retest), work for large groups
(between 20 and 60 calves) and not be affected by an observer effect.
observations were performed on 20 farms in france. calves were housed in large groups
and fed with an automatic milk dispenser. observations were performed on 4 days: 2
observations at a two day interval at week 9 and 2 observations at a two day interval at
week 13. observations were performed simultaneously by two trained observers. four
categories of measures were performed: reaction of the group to humans standing in front
of the pen (% of calves reacting), reaction of the group towards unfamiliar persons entering
the pen (% of calves escaping and following), voluntary approach of the group of
motionless unfamiliar persons (latency for the 1st touch, mean number of calves close to
the persons and speed-of-approach of the group) and reaction of the calves to being
touched by a human (% of calves that could be touched).
observers agreed for all the measures evaluated: reaction to humans in front of the pen
(r=0.96; p<0.001; n=20), % of calves escaping (r=0.84; p<0.001; n=20), latency for the 1st
touch (r=0.99; p<0.001; n=20), mean number of calves close to the observers (r=0.98;
p<0.001; n=20), speed-of-approach score (r=0.96; p<0.001; n=20) and number of calves
touched (r=0.93; p<0.001; n=20). inter-observer reliability was a bit lower for the
percentage of calves following the observers (r=0.70; p<0.001; n=20). the mean number
of calves close to the observers and the speed-of-approach score showed good repeatability
at short term (respectively r=0.74; p<0.001; n=61 and r=0.66; p<0.001; n=61) and at
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medium term (respectively r=0.63; p<0.001; n=66 and r=0.54; p<0.001; n=66). the other
measures showed medium to low consistencies at short and medium term. We observed a
habituation of the calves to the tests with an increase of the approach between day 1 and
day 4.
the latency to touch the observers, the mean number of calves close to the motionless
observers and the percentage of calves escaping and following the observers when they are
crossing the pen are good candidates for the welfare monitoring system. they permit to
assess the voluntary approach of the group and the reaction to humans moving. the other
measures don’t seem to be reliable. this experiment permitted to propose two valid
observations for on-farm assessment of human-animal relations.

15.2 introduction

the human-animal relationship is an important component of the welfare of farm animals.
several studies show that the behaviour of the farmer has an impact on both the welfare
of calves and the productivity of the veal unit. calves learn to discriminate between people
by using their previous experience with these persons. de passillé et al. (1996) found that
calves, tested in their home pen, showed longer latency to touch a person who had
previously handled them negatively. the daily behaviour of the farmer has an impact on
the emotional response of calves to handling and transport (lensink et al., 2001b). calves
originated from veal units where the farmer was considered as providing positive
behaviours needed fewer efforts to be loaded/unloaded in a truck, had lower heart rates
during loading/unloading and less incidents at slaughterhouse. their carcasses were also
fund to be paler and their meat had a lower ph. lensink et al. (2000a) found that farmers
who had positive contacts with their calves had higher productivity levels in terms of daily
weight gain and feed conversion.
under experimental conditions, validity of simple behavioural measures reflecting
responsiveness of veal calves to humans has been examined in different ways. calves
housed individually or in group pens of two calves were subjected to an experimental
regime putatively affecting fear of humans, and based on either a positive or a neutral
handling treatment by the stockpersons (lensink et al., 2000a, 2001b). the calves’ fear
reaction to humans was measured by simple approach and avoidance tests during and
shortly after milk feeding in the home environment. these responses were found to be
significantly influenced by the treatment, providing evidence for their predictive validity.
Most importantly, the effect of the handling treatment did not significantly interact with
the effect of housing (lensink et al., 2001a), suggesting that findings obtained in
individually housed calves may also apply to group-housed ones. secondly, individual
differences in the behavioural reactivity of veal calves to simple behavioural tests in the
home pen have been shown to be associated with individual differences in their
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responsiveness to a widely used standard test measuring voluntary approach behaviour to
a human in a test arena (lensink et al., 2000a, 2003). since the behavioural response of
farm animals to this latter test is generally believed to reflect fear of humans (hemsworth,
2003), this finding provides evidence for concurrent validity of simple measures recorded
in the home environment. additional support for the validity of these measures, as well as
for their feasibility when used on commercial veal farms, was obtained in a study
demonstrating a clear link between the stockperson’s behaviour towards the calves during
feeding (in terms of putatively neutral, positive or negative interactions) and fear responses
of calves to humans as recorded in approach and avoidance tests (lensink et al., 2000b).
therefore, based on current knowledge, we assume that relatively simple and feasible
behavioural measures in veal calves in the area of the human-animal relationship have
been sufficiently validated. human-animal relations can be easily assessed on experimental
conditions. only few studies have been performed so far on feasibility and reliability of
these measures under truly commercial conditions. the development of welfare monitoring
schemes (eu project) creates a need for a valid method to assess human-animal relations
on farm.
lensink et al. (2003) studied the repeatability (test-retest reliability) of behavioural
responses to a human of group-housed veal calves under semi-commercial conditions.
they measured the reaction of calves when touched during feeding and found that it was
repeatable in time. rousing et al. (2005) also tested the repeatability of the reaction to
human approach of group-housed calves during feeding. they found that satisfying interobservers agreement and between days consistency. these tests seem then valid and
applicable on farm. nevertheless, in these studies the group size examined was either 2 or
5 (in lensink et al., 2003) or 3 to 10 (in rousing et al., 2005). a group size between 5 and
7 is currently the most common in the european union, however, husbandry systems with
much larger groups (between 20 and 60 calves) fed by an automatic Milk dispenser
(aMd) are gaining popularity. therefore, feasibility of the measurement in this system
must be studied.
this study aims at determining simple and valid tests which would be good candidates to
integrate in an animal-based-on-farm assessment tool. they should reflect the actual level
of fear of human of the group of calves, be repeatable at short and medium term (testretest) and shouldn’t be affected by an observer effect.

15.3 Methods

as presented above, four categories of measures were performed:
•

reaction of the group to humans standing in front of the pen
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reaction of the group toward an unfamiliar person entering the pen
voluntary approach of the group toward an unfamiliar person
reaction of the calves to being touched by a human

on farm observations were performed on 20 farms in france between october 2005 and
March 2006. calves were housed in large groups (between 20 and 64 calves per pen) and
fed with an automatic milk dispenser (aMd). observations were performed on 4 days: 2
observations at a two day interval at week 9 (9 weeks after the arrival of the calves in the
farm) and 2 observations at a two day interval at week 13. Between 1 and 6 pens were
observed per farm (for a total of 67 pens observed). observations were performed
simultaneously by two trained observers.
the two observers calmly entered the building and staid for 15 seconds in front of the pen.
they then entered the pen and crossed it in a standardized manner, they stood motionless
for 3 minutes at the back of the pen and let the calves approach. at the end of the 3 minutes
they tried to touch the forehead of the calves which were in an arm’s length from them.
these four tests permitted to build 7 measures: % of calves reacting to humans standing
in front of the pen, % of calves escaping the observers crossing the pen, % of calves
following the observers crossing the pen, latency for the first calf to touch the observers,
mean number of calves standing close to the motionless observers (during the 3 minutes
test), speed-of-approach score of the group, and % of calves in an arm’s length distance
from the observers that could be touched.

15.3.1 Data Analysis
inter-observer repeatability was assessed through spearman rank correlations. Betweenday consistency was assessed at short term (day1–day2 and day3–day4) and at medium
term (week9–week13) using spearman rank correlations.
analyses of variance were used to assess the effects of environmental parameters (size of
the group, feeding system…) on the observation and to analyse farm and pen effects. the
model included:
•
•
•

fixed variables: day of observation (or week of observation) and number of calves
in the pen;
random variable: farm;
interactions: farm and day (or week), number of calves and day (or week).

the evolution of the variables in time was assessed thanks to a repeated measurement
analysis.
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15.4 results

a farm effect was found for all measures except for the number of calves touched.
observers agreed for all the measures evaluated: reaction to humans in front of the pen
(r=0.96; p<0.001; n=20), % of calves escaping (r=0.84; p<0.001; n=20), latency for the 1st
touch (r=0.99; p<0.001; n=20), mean number of calves close to the observers (r=0.98;
p<0.001; n=20), speed-of-approach score (r=0.96; p<0.001; n=20) and number of calves
touched (r=0.93; p<0.001; n=20). inter-observer reliability was a bit lower for the % of
calves following the observers (r=0.70; p<0.001; n=20).
the mean number of calves close to the observers and the speed-of-approach score showed
good repeatability at short term (respectively r=0.74; p<0.001; n=61 and r=0.66; p<0.001;
n=61) and at medium term (respectively r=0.63; p<0.001; n=66 and r=0.54; p<0.001;
n=66). the other measures showed medium to low consistencies at short and medium
term: reaction to humans standing in front of the pen (r=0.44; p<0.001; n=56 and r=0.54;
p<0.001; n=60), % of calves escaping (r=0.43; p<0.001; n=59 and r=0.36; p=0.003; n=66),
% of calves following (r=0.33; p=0.01; n=60 and r=0.60; p<0.001; n=65), latency to touch
the observers (r=0.47; p<0.001; n=61 and r=0.56; p<0.001; n=66) and % of calves touched
(r=0.25; p=0.06; n=58 and r=0.29; p=0.02; n=64). We observed a habituation of the calves
to the tests, they were following more the observers and approaching faster and were more
numerous to stand close to the observer at week 13 than at week 9 (p<0.001).
a pen effect was found for all measures: between 12% and 24% of farms showed a pen
effect. the breed of the calves did affect all measures except the mean number of calves
close to the observers and the speed-of-approach score. for all measured were a difference
was found, crossbred calves seemed less fearful of humans than holstein calves. the size
of the group influenced the proportion of calves escaping (p=0.07), the mean number of
calves close to the observers (p<0.001) and the speed-of-approach score (p<0.001).
Most of the measures are linked. groups which are reacting strongly to the presence of
humans are reacting also when they are crossing the pen (escaping: r=0.20; p<0.001 and
following: r=0.33; p<0.001) they approach faster of the observers (lower latency to touch:
r=-0.24; p<0.001 and higher speed-of approach score: r=0.16; p=0.01) and are more
numerous around the observers (means number of calves: r=0.20; p=0.002). the mean
number of calves touched is not linked with all the other variables but this might be due
to a low variability within this measure. speed-of approach score is highly correlated to
the mean number of calves close to the observers (r=0.95; p<0.001).
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15.5 conclusions

the latency to touch the observers combined with the mean number of calves close to the
observers in the three minutes test are the best candidates regarding the different criteria.
they permit to assess the voluntary approach of the group. they could be completed by
an assessment of the reaction to humans moving thanks to the percentage of calves
escaping and following the observers when they are crossing the pen. the reactions to the
human presence in the building and to humans trying to touch the calves don’t seem to be
reliable measures.
this experiment permitted to develop two valid observations (providing four valid
measures) for on-farm assessment of human-animal relations. final decisions on good
candidates will be made after the analysis of the data on the assessment of human-animal
relations in small groups.

16
Assessment of HumAn–AnimAl
relAtionsHips in dAiry cows
i. windschnurer, c. schmied, X. Boivin and s. waiblinger

16.1 summAry

the animal’s relationship to humans (AHr), i.e., the perception of humans and of the
interactions with humans, was shown to have a major impact on animal health,
productivity, and welfare and thus is an important parameter to include in on-farm welfare
assessment (Hemsworth and coleman, 1998; Boivin et al., 2003; waiblinger et al., 2003;
winckler et al., 2003). the aim of this project was to test different tests for measuring the
Animal Human relationship in dairy cows with respect to their reliability and partly
validity.
in loose-housed dairy cows, besides already existing measures some simple tests were
developed and both were evaluated with respect to validity and reliability (inter-observer
reliability, between-experimenter, and test-retest repeatability). this was done in the course
of two separate studies. one study on 33 commercial dairy farms allowed evaluating the
validity of the tests for measuring AHr by analysing correlations between human handling
behaviours during milking and the animals’ responses during the tests. in the course of the
other study, performed on 16 commercial dairy farms, the reliability of the tests was
investigated as well as inter-test relationships.
six behavioural tests were evaluated: avoidance distance in the barn (Ad), avoidance
distance at the feeding place (Adf), approach to a stationary human in the barn (App),
reactions of lying animals to a human passing or touching them (lp; lt) and reactions of
animals standing in an alley to a human walking through the herd and trying to touch them
(wt).
regarding validity, Ad showed the strongest and highest number of correlations with
milker behaviour. the more positive handling behaviours where recorded for milkers, the
lower was the average Ad, the median value of Ad and the proportion of animals with a
higher Ad (>1m, >2m) (r = –0.42 to –0.49; p<0.05 to 0.01; n= 33). some Adf measures
also showed significant negative correlations with positive milker behaviour (average
Adf: r = –0.38; % of animals with Adf>0.5m: r = –0.35; both p<0.05, n= 33). the other
137
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tests showed no significant correlation to milker behaviour, although a tendency was found
for wt. with regard to inter-test relationships, also a measure of convergent validity, high
correlations (partly > 0.8) were found between Ad, Adf, and wt.
with regard to between-experimenter repeatability (level of consensus between results
when the test is performed twice by different experimenters) also Ad and Adf turned out
to be the most reliable measures. At farm level, both avoidance distance measures (Ad and
Adf) showed mainly high (r≥0.8) to moderate (r≥0.7<0.8) repeatability. in contrast, the
other tests did not show such a high repeatability (no to moderate repeatability, depending
on the measure).
inter-observer reliability (level of consensus when two persons observe and record the
same event/test at the same time) was high for all of the tests (e.g., for Ad r= 0.99 / 0.99;
Adf: r= 0.97 / 0.98).
with regard to tie-stall systems, only one farm could be visited. three experimenters
subjected 54 animals to Adf. the inter-observer reliability was comparable to Adf in
loose housing, but the repeatability was lower. However, at an individual level the
repeatability was also lower in loose-housed animals (= consistency in individuals
reactions). thus, at farm level a sufficient repeatability can be expected.
to conclude, reliable and valid measures have been found for the assessment of the animalhuman relationship in dairy cows in different housing systems.

16.2 introduction

the animal’s relationship to humans, i.e., the perception of humans and of the interactions
with humans, was shown to have a major impact on animal health, productivity, and
welfare and thus is an important parameter to include in on-farm welfare assessment
(Hemsworth and coleman, 1998; Boivin et al., 2003; waiblinger et al., 2003; winckler et
al., 2003; waiblinger et al., 2006).
measuring animals’ reactions to humans enables us to reach conclusions about how they
perceive specific human beings or people in general. the animal’s reactions reflect a
mixture of different emotions belonging to the two main dimensions pleasant (e.g.,
security) and unpleasant (e.g., fear, pain) (waiblinger et al., 2006). in different studies,
many tests have been used for measuring the relationship of cattle to humans. However,
studies using tests potentially feasible for an on-farm welfare assessment scheme are rare
(for loose-housed dairy cows: e.g., de rosa et al., 2003; waiblinger et al., 2003; rousing
and waiblinger, 2004). even less is known about the repeatability of the animals’ reactions

Human–Animal Relationships in Dairy Cows

/ 139

to different unknown humans. furthermore, some of the tests used so far are still relatively
time-consuming.
therefore, the aims of the project was to (1) develop new, simple, and quick tests for dairy
cows, and (2) to study the reliability and partly validity of the new tests and some of the
established tests. this chapter will emphasise on the reliability study, but will also give
excerpts, e.g., some results, from analyses of validity.
reliability comprises different aspects. intra-observer reliability (degree of consensus
when one assessor measures the same event at the same time), inter-observer reliability
(degree of consensus when more assessors measure the same event at the same time) and
test-retest reliability (=repeatability; consistency of the measurement when it is repeated
within a brief time period). Because of the nature of our measures, where the assessor is
at the same time the test person to whom reactions of animals are measured, the
consistency in animals’ reactions to the same human (part of the variability in test-retest
reliability) and especially to different humans (e.g., assessors in on-farm assessment) is
highly relevant. we tested this by repeating tests with two different test persons and refer
to this aspect of reliability as between-experimenter repeatability (the experimenter being
test person and observer at the same time).
for testing intra- and inter-observer reliability the assessor(s) have to observe the same
event at the same time. with regard to inter-observer reliability, this was performed by
one person (the experimenter) testing the animals and noting the reaction and a second
person (or also a third person) observing this test from a distance and noting the animals’
reactions. intra-observer reliability cannot be tested live. However, the assessment of
reactions from video recordings in order to evaluate intra-observer reliability was not
possible for most of the tests. yet, a high inter-observer reliability indicates that it is
possible to reach high intra-observer reliability too. thus, we concentrated on the first.
Another important aspect on-farm welfare assessment has to deal with is the (long-term)
stability of the parameters. the stability of a parameter is tested with longer intervals and
says something about potential real changes. the stability could be low, despite high testretest reliability. this aspect was not part of our project, but a recent study has shown a
good stability over a 5-month period in some tests assessing the animal-human relationship
(avoidance distances) in dairy cows (winckler et al., 2007).

16.2.1 development And cHoice of tests

for loose-housed dairy cows, avoidance distances or avoidance reactions measured in the
barn were shown to be valid and showed promising reliability (waiblinger et al., 2002; de
rosa et al., 2003; waiblinger et al., 2003; rousing and waiblinger, 2004). Although there
were hints that a sufficiently high reliability may need a relatively large sample size
(waiblinger and menke, 2003), which would not be feasible for on-farm welfare
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assessment, this was not investigated enough until now. therefore, we included this
measure in the battery of tests to be evaluated. moreover, we included an avoidance
distance test performed at the feeding place and an approach test to a stationary unfamiliar
human (waiblinger et al., 2003; rousing and waiblinger 2004). Additionally, two simpler
tests were developed. these tests were studied (1) with respect to convergent validity in
an on-farm survey with 33 farms by investigating associations with milker behaviour
(schmied and waiblinger, 2006a; waiblinger et al., 2007a). in order to assess convergent
validity one inquires if ‘conceptually related measures are associated with one another’
(waiblinger et al., 2006). in another on-farm study with 16 farms (2) reliability aspects and
additionally inter-test relationships, i.e., also convergent validity, were investigated
(windschnurer et al., 2008). for tie-stall systems, we investigated the avoidance distance
at the feeding place with regard to reliability.

16.3 metHods

16.3.1 fArms, AnimAls, And Housing

for testing the reliability of tests for loose housing systems, 16 commercial dairy farms
with 19 to 78 lactating cows (36.25 ± 14.46 per herd, in total 580 cows) were visited
(windschnurer et al. 2008). depending on the tests that were performed, different numbers
of animals out of the herd were tested. on one farm, cows were housed in a deep litter
system and on the other farms in cubicle loose housing. the running area was made of
slatted concrete floors on 11 farms and of solid concrete on 5 farms. the farms kept
predominantly simmental cows, with a few Holstein friesian cows on some of the farms.
one farm kept Holstein friesian cows only.
for testing the reliability of tests for tie-stall systems, one farm, the research estate of the
university of veterinary medicine, vienna was chosen and 54 dairy cows of different
breeds (simmental, Brown swiss, and Holstein) were tested.
Additionally, convergent validity was evaluated as part of a separate study with 33
commercial dairy farms with 36 ± 15 cows per herd (schmied and waiblinger, 2006a;
waiblinger et al., 2007a), 16 of which were the test farms in the reliability study.

16.3.2 description of test procedures And meAsures cAlculAted

the following 6 tests for assessing the animal-human relationship were evaluated.
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Avoidance Distance in the Barn (AD Test)
individual free-standing animals were approached from the front, either in the barn (in
the running area or, in deep litter, in the lying area) or in the outside run, but never on
pasture. the optimal starting position was in front of the animal in a distance of 3 meters.
the experimenter approached the cow with a pace of 1 step per second with the arm held
in an angle of about 45° in front of the body until the animal withdrew or until touching.
At the moment of withdrawal, the distance between cow and the experimenter’ hand (hand
to muzzle / nose) was estimated in steps of 10 cm (from 300 cm to 0 cm). if an animal
withdrew immediately at the moment of touching the nose or muzzle, an avoidance
distance of 0.05m was assigned. if the cow remained standing still when touched, the
experimenter ran her hand to the animal’s cheek and tried to stroke the cheek for at least
one second. if the cow allowed to be stroked, the avoidance distance was 0.00m. for farm
values, the average avoidance distance (Ad), the median value of Ad, and the percentages
of animals possible to touch, with an avoidance distance > 0.5m, > 1.0m, > 1.5m, > 2.0m,
and > 3.0m were calculated.

Avoidance Distance at the Feeding Place (ADF Test)
this test is comparable to the Ad test. it was performed during the main feeding times,
starting 5 to 10 minutes after the animals started feeding. the test person approached
individual animals standing at the feeding place (if possible, restrained in the feed barrier).
After choosing an animal, it was approached from the front, one arm held in an angle of
45° in front of the body, with a speed of 1 step per second, starting from a distance of 2m
(figure 16.1). when the animal reacted by showing clear signs of avoidance or withdrawal,
the distance between the test person’s hand and the muzzle / nose was estimated in steps
of 10 cm. if the cow allowed to be stroked, the avoidance distance was 0.00m. the
calculated farm values were: the average avoidance distance (Adf), the median value of
Adf, the percentage of animals possible to touch, and percentages of animals with an

figure 16.1 Adf test: the test person approaches one selected animal from the front, arm
held in an angle of 45° in front of the body, with a speed of 1 step per second, starting from
a distance of 2m (left), until the cow withdraws or can be touched (right).
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avoidance distance > 0.3m, > 0.5m, and > 1.0m. the test procedure was the same for tied
dairy cows.

Approach Test (APP Test)
A central place was chosen for the test person as a test position (during our studies always
with the back to the feed barrier). the number of cows standing in the barn or in a defined
area around the predetermined test position (5 m, 10 m) was counted. the test person
entered the barn, walked slowly to the test position, and remained standing still for 15
min. during the test duration of 15 minutes, all animals approaching to 2.5 m and all
animals making contact to the test person were noted as well as latencies to 2.5m and to
contact. percentages of animals approaching to contact and average latencies were
calculated.

Lypass (LP Test)
with a pace of 1 step per second, the experimenter walked along a row of cubicles with
lying animals at a close distance to the end of the cubicles (20 cm). the animals’ reactions
to the test person were noted: standing up yes / no at the moment when the test person
approached, passed by, or a few seconds after the test person had passed behind the animal.
if an animal stood up as a reaction to another animal standing up, it was excluded.
obviously sleeping animals were excluded as well. in the deep litter system the
experimenter passed behind the individual cows at a distance of 20 cm.
lame animals were noted during the farm visits and severely lame animals were excluded.
percentages of tested animals standing up relative to the tested number were calculated.

Lytouch (LT Test)
this test was performed after the lp test. Animals still lying after passing behind them
were subjected to this test. the test person walked again in close distance to the cubicles
with 1 step per second. Behind every lying animal the experimenter stopped in a position
where the cow could see the test person and performed the following behaviours until the
cow eventually stood up: (1) placing the hand on the hind quarter of the animal for 3
seconds, (2) knocking (using 4 fingers) shortly 3 times on the animals’ hind quarter and
(3) knocking again 3 seconds later. it was noted if animals stood up or continued lying. the
percentage of tested animals standing up relative to the tested number was calculated.
later, lp and lt were combined to one test calculating the percentage of animals standing
up during both tests relative to the number of animals tested in lp (windschnurer et al.,
2008).
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Walk through and Touch (WT Test)
first a long corridor of at least 15 m length was chosen in the barn. Before starting the test
there should have been at least 5 free-standing animals in the alley (without e.g., feeding
at the feed barrier, or standing partly in a cubicle). the free-standing animals in the alley
were counted before the experimenter started to walk towards them with a speed of 1 step
per second. the cows were not directly approached, but the experimenter tried to get at
shoulder level with the closest cow, staying at a distance of about one arm length. then
the test person slowly lifted the arm and tried to touch the cow’s shoulder for at least 2 sec.
the following reactions were noted: clear avoidance reaction of the animal when the
experimenter was in a distance of: >3m, <3m, <2m, <1m, withdrawal when the arm was
lifted, or the animal could be touched. percentages of animals within these categories were
calculated.

16.3.3 design of tHe reliABility study

A brief description of the validity study with 33 farms can be found in schmied and
waiblinger (2006a) and waiblinger et al. (2007a). Below, we will concentrate on the design
of the reliability study.

Loose Housing Systems
Altogether 6 different tests for assessing animal-human relationship were evaluated for
reliability. they were always carried out by the same two trained experimenters during one
day visits. the two experimenters (female, 1.68m, and 1.75m, respectively) always wore
green overalls. Between-experimenter repeatability and inter-observer reliability were
assessed on all of the farms. for investigating between-experimenter repeatability the tests
were performed twice, with the order of experimenters balanced over farms, but remaining
consistent within one farm for all of the tests. that is, one experimenter performed all tests
first on 8 farms, while the other performed all tests first on the other 8 farms. in order to
investigate the inter-observer reliability, the experimenter currently not testing the animals
observed and recorded test outcomes from a distance, while the other was testing the
animals.

table 16.1: the order for studying the reliability of the 6 tests to assess the animalhuman relationship (AHr) and of the 2 tests to assess general fearfulness (gf) in 16
loose-housed dairy herds.
1. AHr test 1. gf test 2. AHr test 3. AHr test 4. AHr test 5. AHr test 6. AHr test 2. gf test
Adf1 Adf2 vigi1 vigi2 App1 App2 lp1 lp2 lt1 lt2 wt1 wt2 Ad1 Ad2 no1 no2
Notes: for abbreviations of AHr tests see Description of Test Procedures and Measures Calculated; for
abbreviations of gf tests, see above.
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the six tests were performed in a fixed order on each farm (table 16.1). in addition to these
tests, two tests to potentially assess general fearfulness (gf) were also performed. first,
for assessing the level of vigilance two groups of animals feeding at the feeding place
were filmed for approximately 6 minutes each, while the experimenters left the barn (vigi1
and vigi2). the second test was a novel object (no) test that was carried out twice. for
more information about these tests see chapter 22.

Tie-stall Systems
three experimenters (female, 1.68m, 1.68m, and 1.75m, respectively) performed the study.
each of the 54 tested cows was tested three times (Adf1 to 3), once by each experimenter,
alternatively, in a balanced order, while the two other test persons were observing and
estimating the distance as well. other tests performed during the one-day farm visit were
lp and lt. However, these tests will not be further discussed for tethered cows, as there
was no variability with only 2 cows standing up during lt in the first test session. the
order of tests was as follows:
lp1; lt1; Adf1; lp2; lt2; lp3; lt3; Adf2; Adf3
due to time constraints and because a lot of animals were lying an employee of the farm
had to force the lying animals to stand up for the second and third test sessions of Adf.

16.3.4 dAtA AnAlysis of tHe reliABility study

measures were calculated for the 6 tests as described in ‘description of test procedures and
measures calculated’. the reliability was analysed by calculating pearson or spearman
rank correlations, depending on distribution of data. inter-observer reliability was
evaluated by comparing paired individual observations, recorded by the experimenter and
observer independently at the same time. the results of the two sessions with the two
different experimenters were correlated separately, thus there are two values for interobserver reliability for each test.
to gain information about what sample size is necessary, farm averages from all tested
animals from the first test session were correlated with averages where only part of the
animals (first 30% of the herd tested or 50% of the herd tested) were taken into account.
Also, split-half correlations (correlating the average from the first half of tested animals
with the second half) were performed. this was only done with the most promising tests
with respect to reliability and validity, i.e., Ad and Adf.
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16.4 results

16.4.1 loose Housing systems

Validity
table 16.2 shows the correlations of the test measures with stockpeople behaviour in the
milking parlour, based on data of the study by schmied and waiblinger (2006a), see also
waiblinger et al. (2007a).
Avoidance distance in the barn (Ad) showed the strongest and the highest number of
correlations with milker behaviour. the more positive interactions of the milker were
observed during routine milking (talking calmly, stroking, and softly touching cows in the
milking parlour), the lower was the average Ad, the median value of Ad on the respective
farms and the lower was the proportion of animals with larger Ad (> 1m, >2m, >3m). the
median value of Ad also tended to be lower with a higher percentage of positive handling
behaviours.

tABle 16.2 spearman rank correlations between milker behaviour and measures of the
animal-human relationship (n=33 for all except wt: n=29).
milker behaviour per cow
neg
pos%

pos
neg%
Avoidance distance in the barn (AD)
Ad – farm average
–.42*
–.05
–.16
.00
Ad – farm median
–.43*
.03
–.29
.05
Ad – % to touch
.27
.01
.12
–.01
Ad – % > 1.0m
–.49**
.04
–.26
.12
Ad – % > 2m
–.49**
.02
–.30
.03
Ad – % > 3m
–.35*
.01
–.21
.07
Avoidance distance at the feeding place (ADF)
Adf – farm average
–.38*
–.04
–.19
–.01
Adf – farm median
–.22
–.14
–.00
–.07
Adf – % to touch
.23
.14
.00
.09
Adf – % > .5m
–.35*
.13
–.21
.12
Adf – % > 1m
–.34
–.18
–.16
–.14
% up lypass (lp)
–.09
.00
–.13
–.09
% up lytouch (lt)
–.17
–.28
–.06
–.33
% up lp&lt
–.12
–.22
–.01
–.31
Walk through and touch (WT)
wt – % touch
.30
.15
.04
.10
wt – % > 3m
–.31
–.11
–.11
–.10
Approach (AP)
Ap –% app contact (of cows standing within 5 m)
–.09
.15
–.11
.21
Notes: parameters of milker behaviour: frequency: pos = positive, neg = negativ; relative amount: pos%,
neg%, = percentage of positive, negative behaviours; correlations with p-values < 0.1 in bold. *p<0.05, **
p<0.01; numbers in italics p<0.1.
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concerning the avoidance distance at the feeding place (Adf), the farm average as well
as the proportion of animals with Adf>0.5m correlated significantly and negatively with
the number of positive milker behaviour. moreover, the proportion of animals with
Adf>1m tended to correlate negatively with positive handling behaviours.
no significant correlations were found for the percentage of animals standing up during
the lp test. the percentage of animals standing up during the lt test tended to be lower
when the proportion of negative interactions was higher.
in the walk through and touch test (wt), the proportion of animals that withdraw at a
distance of > 3m tended to decrease with higher number of positive behaviours.
the approach test showed no significant correlations to milker behaviour.
in the course of the reliability study also inter-test relationships were regarded. High
correlations (mostly > 0.7 < 0.9) were found between measures of Ad, Adf, and wt (see
windschnurer et al., 2008).

Reliability
in the course of the reliability study a large variation was found in the animal-human
relationship on the farms. for instance, the average Ad ranged from 0.28 to 1.27m, the
median from 0.05 to 1.05 m. Accordingly, the percentage of animals that could be touched
ranged from 11% to 68% and the percentage of animals with Ad>1.5m varied from 0%
to 32% (all for the first test session, regardless the test person). for further descriptive
statistics see windschnurer et al. (2008).
inter-observer reliability
the inter-observer reliability was very high for all of the tests (table 16.3). the results with
the different experimenter / observer pairs are depicted in scatter-plots in windschnurer et
al. (2008).
Between-experimenter repeatability
As shown in table 16.6, the approach test (App), lypass (lp), lytouch (lt), and walking
through and touch (wt) showed lower (no to moderate) repeatability as the two avoidance
distance tests. At farm level, both avoidance distance measures showed mainly high (≥0.8;
bold in table 16.6) to moderate (≥0.7<0.8; bold and italics in table 16.6) repeatability. At
an individual level, repeatability was still ≥0.7 for both Ad and Adf.
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tABle 16.3 inter-observer reliability of the different tests (at an individual level) spearman
rank correlation coefficients, or % agreement.
inter-observer reliability
corr.coeff.
p
n
.99/.991
<.001
411/422

Avoidance distance in the barn (Ad) –
distance of individual animals
Avoidance distance at the feeding place (Adf) –
.97/.981
<.001
482/497
distance of individual animals
lypass (lp) cow up yes/no
agree 100%2
501
lytouch (lt) cow up yes/no
agree 99.8%2
455
1
walk trough and touch (wt) –
.96/.96
<.001
130/124
individual scores
Approach (Ap) –
1.0/1.01
<.001
87/77
individual latencies until contact
Notes: 1 two coefficients because two people changed the role of being test person plus observer or only
observer – both situations calculated separately; 2 see tables 16.4 and 16.5 for exact description.

tABle 16.4 crosstables of observer agreement on cows’ reactions during lypass (lp).
0
1
total
Notes: 0 = cow stays lying; 1 = cow stands up.
lypass person 1

lypass person 2
0
1
488.00
0
0
13
488
13

total
488
13
501

tABle 16.5 crosstables of observer agreement on cows’ reactions during lytouch (lt).
0
1
total
Notes: 0 = cow stays lying; 1 = cow stands up.
lytouch person 1

lytouch person 2
0
1
359.00
1
0
95.00
359
96

total
360
95
455

sample Size
calculations regarding sample size were only performed for the tests promising due to a
high repeatability and validity. during the first test session 72 to 96 percent of the herd
were tested (these values are corresponding to 100% tested animals). correlations of the
farm averages calculated from this maximum sample size with smaller sample sizes (30%
of the herd, 50% of the herd, first or second half of tested animals corresponding to 36 to
48% of the herd) were high for both Ad and Adf (tables 16.7 and 16.8). split-half
correlations (results of first and second half of tested animals correlated) were lower, but
still sufficiently high (tables 16.7 and 16.8).
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tABle 16.6 Between-experimenter repeatability and test-retest repeatability of the different
tests.
Between-experimenter repeatability:
test-retest repeatability:
herd & individual level
herd & individual level
corr. coeff.
p
n
corr. coeff.
p
n
Avoid. dist. barn (AD)
Ad – distance of
B .70
<.001
348
B .70
<.001
348
individual animals
Ad – farm average
B .69
.003
16
B .84
<.001
16
Ad – farm median
B .81
<.001
16
B .82
<.001
16
Ad – % to touch
B .69
.003
16
B .69
.005
16
Ad – % > .5m
A .79
<.001
16
A .83
<.001
16
Ad – % > 1.0m
B .70
.003
16
B .70
.003
16
Ad – % > 1.5m
A .93
<.001
16
A .93
<.001
16
Ad – % > 2m
B .48
.059
16
B .52
.041
16
Ad – % > 3m
B .51
.045
16
B .70
.003
16
Avoid. dist. feeding place
(ADF)
Adf – distance of
B .69
<.001
479
B .70
<.001
479
individual animals
Adf – farm average
A .95
<.001
16
B .92
<.001
16
Adf – farm median
B .85
<.001
16
B .85
<.001
16
Adf – % to touch
A .87
<.001
16
A .87
<.001
16
Adf – % > .3m
A .86
<.001
16
A .87
<.001
16
Adf – % > .5m
B .92
<.001
16
B .88
<.001
16
Adf – % > 1.0m
B .56
.024
16
B .56
.024
16
% up lypass (lp)
B .31
.246
16
B .48
.061
16
% up lytouch (lt)
A .59
.017
16
A .59
.017
16
Walk trough and touch
(WT)
wt – individual score
B .64
<.001
47
B .60
<.001
47
wt – median farm score
B .48
.059
16
B .46
.072
16
wt – % touch
B .62
.010
16
B .71
.002
16
wt – % > 1m
A .66
.005
16
A .64
.008
16
wt – % > 2m
B .29
.272
16
A .63
.009
16
wt – % > 3m
B .73
.001
16
B .73
.001
16
Approach (AP)
Ap – average latency to
A . 09
.735
16
A .07
.800
16
contact
Ap – % app to 2.5m *
A .65
.009
15
A .66
.008
15
Ap –% app contact *
A .62
.013
15
A .67
.006
15
Notes: A pearson correlation coefficients; B spearman rank correlation coefficients; * from standing in stable
at test start.

tABle 16.7 correlations of farm averages of Ad (n=16) calculated from 100% of tested
animals with the ones calculated from the first and second half of the tested animals, and
the first 50% or 30% of the herd that were tested, as well as split-half correlations.
Average Ad
100% tested
Average Ad
1st tested half

Average Ad
1st tested half
r=.94
p<.001

Average Ad
2nd tested half
r=.97
p<.001
r=.82
p=.001

Average Ad
50% of herd
r=.97
p<.001

Average Ad
30% of herd
r=.86
p<.001
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tABle 16.8 correlations of farm averages of Adf (n=16) calculated from 100% of tested
animals with the ones calculated from the first and second half of the tested animals, and
the first 50% or 30% of the herd that were tested, as well as split-half correlations.

Average Adf
100% tested

Average Adf
1st tested half
r=.96

Average Adf
1st tested half

p<.001

Average Adf
2nd tested half
r=.88
p<.001
r=.75

Average Adf
50% of herd
r=.97
p<.001

Average
Adf 30% of herd
r=.95
p<.001

p=.001

16.4.2 tie-stAll systems

three experimenters performed the tests. Both, between-experimenter repeatability and
inter-observer reliability were evaluated at an individual level because only one farm with
tied cows was visited. inter-observer reliability was very high (for the different
experimenter combinations: r =0.98/r =0.96/r =0.97, p<0.001, n=54). Betweenexperimenter repeatability was moderate (for the different experimenter combinations:
r=0.54/r =0.46/ r=0.52, p<0.001, n=54).

16.5 discussion

16.5.1 vAlidity

with regard to the associations to milker behaviour, quite consistent correlations were
found for the two avoidance distance tests (Ad and Adf), but no significant relationships
were found between milker behaviour and the other tests. the median and average of
avoidance distance in the barn (Ad) as well as the % of animals avoiding the test person
at a distance > 1m or >2m was lower on farms where milkers showed more positive
interactions with cows. this confirms earlier results, where a smaller Ad was found on
farms with a higher frequency and a higher percentage of positive stockperson behaviour
(waiblinger et al., 2002, 2003). However, contrary to findings by waiblinger et al. (2002),
no correlations were found with the overall negative milker behaviour (i.e., sum of talking
impatiently, shouting, and forceful hitting with the hand or a stick). yet, with single
variables (e.g. shouting) schmied and waiblinger (2006a) found significant correlations.
in this study farms were selected according to handling practices during rearing, while in
the earlier studies farms were selected randomly. Handling practices during rearing were
linked to later responses of cows to humans (schmied and waiblinger, 2006b; waiblinger
et al., 2007a). they are likely to interact with daily human–animal interactions with regard

150 /

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

to effects on the animals’ reactions to humans. this may explain the lack of correlation
with negative milker behaviour. furthermore, due to time constraints, milkers filled in an
attitude questionnaire about behaviour towards cows directly before being observed in the
milking parlour. Although they were told that the cows’ behaviour was observed, milkers
may have been more reluctant to use negative behaviour after being sensitised by the
questionnaire.
the average of the avoidance distance at the feeding place (Adf) and the percentage of
cows withdrawing at a distance of at least 0.6 m in Adf were also lower on farms where
milkers showed more positive interactions. But correlation coefficients were lower
compared to measures of Ad. this is also in line with a previous study by waiblinger et
al. (2003), who found that Adf was more influenced by possible confounding factors.
no correlation was found between milker behaviour and the animals’ reactions in the
approach test (App). Although we would have expected a lower correlation with milker
behaviour compared to avoidance distance due to previous results (waiblinger et al. 2003,
waiblinger and rousing 2004), we still had expected some kind of significant correlation.
possible factors contributing to this result might be (i) the pre-selection of farms, (ii) the
modified test situation (taking into account not all standing animals as done in waiblinger
et al. 2003, but restricting it to a special distance) or (iii) differences in test time.
for the new and partly simpler tests, the walk through and touch test (wt) and the lypass
and lytouch (lp and lt) tests, no significant correlations were found with milker
behaviour, although a tendency was found for wt.
in the reliability study, where convergent validity of the behavioural tests was investigated
by means of inter-test relationships, high correlations were found between measures of
Ad, Adf, and wt (windschnurer et al., 2008).
in sum, the relatively high correlations with milker behaviour again confirm the validity
and relative robustness of Ad to measure the cows’ relationship to humans and thus say
something about the level of negative or positive emotions during interactions with humans
as well as chronic stress. Adf also has some validity, but – in agreement with earlier
results (waiblinger et al., 2003) – seems to be more influenced by other factors. thus, it
might reflect the cow-human relationship to a lesser extend. with regard to the new test
wt, it seems promising because of its high convergent validity when compared with Ad
and Adf (windschnurer et al., 2008), although the measures of the test only tended to
correlate with milker behaviour. At the moment, the other tests seem not to be valid,
although further investigations may be necessary to confirm this finding under different
farm conditions.
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16.5.2 reliABility

Loose Housing Systems
the results show that for all tests a very high inter-observer reliability can be achieved. for
the simple tests lypass (lp) and lytouch (lt), where the reaction is just noted
dichotomously (standing up: yes/no), this was expected. when performing the avoidance
distance tests (Ad and Adf) as well as the walk through and touch test (wt) not only the
reaction of the animal has to be judged correctly (withdrawal or not), but also the distance
has to be assessed. the results show that a very high reliability can be reached with
sufficient training, where devices to ease distance assessment are learnt.
concerning between-experimenter repeatability (which is also influenced to some extend
by a possible error of assessment by two different persons, i.e., inter-observer reliability)
at farm level only Ad and Adf gained sufficiently high values, reaching correlation
coefficients >0.8 and up to >0.9 for several measures. consistently high repeatability was
found for instance for the median Ad and Adf. the between-experimenter repeatability
at an individual level, i.e., the individual animals’ consistency in reaction to different
unknown people, was still moderately high (r ≥ 0.69) for both Ad and Adf. this is
remarkable high, as test repetition or small differences in the test persons’ behaviour are
known to be confounding factors (waiblinger et al., 2006). the experimenters in our study
were apparently able to standardise their behaviour quite well. for lypass (lp) and
lytouch (lt) the somehow restricted sample (lying animals), but also the variability in the
farms studied may have caused lower repeatability. A better repeatability could be gained
when the tests were combined to one test (windschnurer et al. 2008), probably due to the
low variation in responses of animals during lp. for wt only moderate (r < 0.7)
repeatability was reached. Both wt and the approach-test (App) test only a restricted
number of cows, being in the respective area at the special time. this may cause the lower
repeatability. Altogether, compared to Ad and Adf, the other tests are more difficult to
standardise with respect to sample size and sample selection, which may cause the lower
repeatability. nevertheless, in our opinion the wt test merits further investigation in future,
as it may be interesting especially in larger herds. However, this has to be investigated. for
more detailed discussion regarding inter-observer reliability and between-experimenter
repeatability including potential observer bias see windschnurer et al. (2008).
we also calculated the repeatability of the cows’ reaction when tested twice. However,
due to our study designed to investigate between-experimenter repeatability, the potential
inconsistency in reaction to different people contributes to possible differences and vice
versa. test-retest repeatability was mostly very similar or even equal to the betweenexperimenter repeatability, thus, not allowing a differentiation between effects of person
or test repetition.
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the results also suggest that smaller sample sizes may be sufficient to reflect the animals’
relationship to humans of the whole herd.

Tie-stall Systems
only one tie stall farm could be visited in the course of the reliability study. three
experimenters subjected 54 animals each to the avoidance distance test at the feeding place
(Adf). inter-observer reliability was comparable to Adf in loose-housed cows, but the
between-experimenter repeatability was lower. However, also in loose-housed animals the
between-experimenter repeatability was lower at an individual level. the lower betweenexperimenter repeatability compared to Adf in loose housing systems might have been
partly caused by the fact that after the first test session (=cows tested by the respective first
experimenter), quite a lot of animals were lying and were forced to stand up by a human,
enlarging partly the distance in the second and third test session.
in a previous study including 9 tie stall farms, waiblinger et al. (2007b) evaluated the
between-experimenter repeatability of an avoidance test at the feeding place using an 11point score, with 2 to 3 experimenters out of 4 performing the tests in a balanced order.
low to high (average correlations ranging from 0.37 to 0.88) between-experimenter
repeatability was found within farms, i.e., at an individual level. At farm level, betweenexperimenter repeatability was moderate to high (0.65 to 0.80) and thus promising. the
substantial differences of between-experimenter repeatability within farms were attributed
to partly inconsistent reactions towards different experimenters or subtle differences in
the experimenters’ behaviour. taking these previous results into consideration we would
expect to be able to reach sufficient between-experimenter repeatability at farm level when
performing the test like in the present study, using a metric scale.

16.6 conclusions

measuring avoidance distance in the barn (Ad) proved to be not only valid, but also highly
reliable. the latter also accounts for the avoidance distance at the feeding place (Adf),
where less strong evidence was found for its validity when correlated with milker
behaviour. nevertheless, our results suggest that both can be recommended for inclusion
in a welfare assessment scheme. each measure has its advantages and disadvantages. for
validity reasons we would prefer Ad since it seems to be less influenced by confounding
factors compared to Adf. with regard to the new test walk through and touch (wt), it
seems promising because of its high convergent validity when compared with Ad and
Adf, although the measures of the test only tended to correlate with milker behaviour.

17
Assessment of HumAn–AnimAl
relAtionsHips in fAttening
bulls
i. Windschnurer, X. boivin and s. Waiblinger

17.1 summAry

the aim of this project was to test different tests for measuring the Animal Human
relationship in fattening bulls with respect to their feasibility and reliability.
first, new tests were developed for fattening bulls and pre-tested on 6 farms, ending up
with the avoidance distance at the feeding place (ADf) – comparable to the test performed
with dairy cows - being the only feasible and seemingly valid test. repeatability (betweenexperimenter and test-retest) was tested on 10 farms, while inter-observer reliability was
tested on 6 out of the 10 farms. inter-observer reliability, analysed at an individual level,
was very high (rs = 0.96 / 0.97, p< 0.001, n=288 / 297), and between-experimenter
repeatability sufficiently high, especially for the larger distances, i.e., the more fearful
animals (average farm ADf: rp =0.76; ADf % >0.5m: rp =0.77, p<0.05, n=10).

17.2 introDuCtion

recent preliminary results suggest that also in fattening bulls the animal’s relationship to
humans (AHr), based on their previous experiences with humans, has an important
influence on animal welfare and productivity (probst et al., 2008). to our knowledge,
there exist no simple and quick tests for assessing the animal’s relationship to humans
(AHr) in fattening bulls on-farm. in the literature, evaluations of temperament and docility
of bulls can be found, but they often include handling / manipulation of the animals (for
a review see burrow, 1997). several handling tests were described for male cattle
measuring their responses when restrained in handling facilities and confronted with close
153
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human contact (for an overview see also Windschnurer et al., 2009). tilbrook et al. (1989)
investigated responses of young bulls and steers to humans in an arena test, where the
approach behaviour to a stationary test person was recorded individually. Comparing
measures of temperament, fisher at al. (2000) worked with a paddock and yard flight
distance test where a human approached stationary steers until they moved. However, for
an over-all welfare assessment protocol with time limits it would not be feasible to
construct an arena or spent a lot of time separating animals in order to test them
individually. our aim was to find feasible and simple tests for assessing the AHr in
fattening bulls and to evaluate these tests with regard to their reliability (inter-observer
reliability, between-experimenter and test-retest repeatability, see Chapter 16 for
definitions). therefore, tests for assessing animal-human relationship that have been used
in dairy cows, such as approaching animals in order to test avoidance reactions or an
approach test to a stationary unfamiliar human (Waiblinger et al. 2003, rousing and
Waiblinger, 2004) were evaluated according to their feasibility during visits to test farms.
Attempts were made to modify the tests for the use on bull fattening farms.

17.2.1 Development and Choice of Tests
in order to pre-test different tests and measures 6 farms were visited. several potential
tests were checked for their feasibility and potential to validly reflect the bulls’ relationship
to humans, including fear of humans, in different housing systems.
When developing or modifying tests for fattening bulls, one constraint is that the tests
must be performed from outside the pen because entering pens would be too dangerous.
moreover, interacting with the bulls too closely can be dangerous, even from outside the
pen. thus, (1) an approach test with the stationary test person located close to the (postand-rail) feed barrier and (2) an avoidance distance test, both being tests that have been
performed in some way with dairy cows before, were evaluated for their feasibility and
their potential validity.
(1) several modifications of an approach test were tested, varying a number of factors, such
as the test duration, the exact procedure (e.g., standing the whole time in one place or
changing places in a specified time schedule to allow more animals to approach to contact)
and the behaviour of the test person (e.g., adding moving elements such as trying to touch
and stroke bulls that had approached close enough). However, none of these modifications
resulted in a feasible and seemingly valid test because of the following problems:
•

•

not all animals seemingly interested in making contact to the experimenter could
gain access because of (1) dominant animals or (2) animals lying directly at the
feeding place hindering them
the more complex variants were too difficult to perform in a reliable way

(2) We only slightly modified the avoidance distance test at the feeding place which has
been previously used in dairy cows, abandoning longer duration of stroking to avoid
dangerous situations when bulls are grasping the experimenter with their mouth. the
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avoidance distance test at the feeding place proved to be a simple and quick test that can
be easily applied on-farm under different housing conditions, also with fattening bulls.
However, feeding times have to be taken into account in order to have a sufficient number
of animals at the feeding place.
in sum, we decided to further evaluate the avoidance distance test, which is described in
detail in Windschnurer et al. (2009).

17.3 metHoDs

17.3.1 Farms, Animals, and Housing
Conducting an on-farm survey, 10 farms with altogether 123 pens (housing 3 to 12 bulls,
on average 6 animals per pen) were tested. farms had between 8 and 18 pens and 40 to
123 bulls (73±24). on one farm bulls were housed in deep litter, on 9 farms bulls were
housed on fully slatted concrete floors (except for two pens with straw bedding). the
weight classes ranged from estimated 200kg up to finishing bulls with approximately
700kg. the animals were mostly simmental bulls, the breed traditionally found on
commercial Austrian bull fattening farms.

17.3.2 Design of Reliability Tests
the avoidance distance test (ADf) was always performed by the same two trained test
persons during a one-day visit to the farm. the test persons (female, both 1.68m) always
wore green overalls. the average weight of the bulls per pen was assessed before
performing the test to be able to balance the test order of pens for weight classes. the age
of individual bulls was noted from farm records after the tests were finished.
repeatability was assessed on all farms, while inter-observer reliability was evaluated on
6 of the 10 farms. on the farms where inter-observer reliability was studied, the two test
persons changed their role (being experimenter or just observer) with each pen. After
having tested all pens in such a way (= first test session), they started re-testing the pens
so that the animals were tested by the other person who had been observer for the
respective pen before. on the farms where inter-observer reliability was not studied, the
pens within each farm were assigned to two groups, taking the weight classes into account.
one half was tested by one experimenter, while the other pens were tested by the second
experimenter at the same time. After a crossover, each experimenter tested the pens tested
by the other person during the first session. both experimenters tested the same amount
of pens of the same weight classes during both test sessions.
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After performing the ADf test twice with all of the pens a novel object test was carried out
additionally with part of the pens. this additional test was designed to assess general
fearfulness (see Chapter 22).

17.3.3 Procedure
the test is comparable to the ADf test performed with dairy cows (Waiblinger et al., 2003),
described and pictured in chapter 16, where a moving human approaches individual
animals. it was performed during the main feeding times, starting 5 minutes after food
was distributed. After choosing an animal, it is approached from the front, one arm held
in an angle of 45° in front of the body, with a speed of 1 step per second starting from a
distance of 2m, if possible. the animal is approached until it withdraws or until touching.
if the bull allows the touch on the muzzle, the test person tries to stroke its cheek for at least
1s but not over 3s. When the animal reacts by showing clear signs of avoidance or
withdrawal, the distance between the test person’s hand and the muzzle / nose is estimated
at the moment of withdrawal in steps of 10 cm. if an animal can be approached until
touching or stroking the avoidance distance is 0m.

17.3.4 Data Analysis
pen average, farm average and farm median as well as at farm level the percentage of
animals with certain distances (ADf = 0m; >0.2m; >0.3m; >0.5m) were calculated. since
the experimenters tested not always the same animals and we wanted to investigate the
possible influence of individual animals, the measures farm average and farm median were
calculated for all animals tested as well as only for animals tested by both experimenters.
inter-observer reliability and repeatability (between-experimenter and test-retest) were
analysed by means of pearson and spearman rank correlations, depending on the
distribution of the data. inter-observer reliability was analysed at an individual level since
individual observations were compared. With regard to repeatability, individual, pen and
farm measures were evaluated. for the calculations at pen level, only animals that were
tested by both experimenters were included due to the low number of animals per pen,
which reduced the sample to 122 pens. that means, pen values were sensitive to values
of individual animals. At farm level, repeatability was calculated including all animals
tested as well as only the ones tested by both experimenters.
in order to study a possible effect of age or weight (1) correlations were calculated between
avoidance distances and age of individuals (based on data from two farms). moreover, (2)
avoidance distances from the three weight classes 1 (< 300 kg; n=138 / 95 in the first /
second test session), 2 (>300–500kg, n=265 / 190) and 3 (>500kg–700kg, n=256 / 183)
were compared using the Kruskal-Wallis test (performed with data obtained from all 10
farms). if bulls were tested the first time during the second test session, their measure was
put to the measures of first test session (ADf1) with regard to this weight effect analysis.
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17.4 results

17.4.1 Inter-observer Reliability
inter-observer reliability was very high regardless which person was the experimenter or
observer (rs = 0.96 / 0.97, p< 0.001, n= 288/297). When excluding animals which could
be touched or stroked, inter-observer reliability was still high (rs = 0.96 / 0.93, p< 0.001,
n= 169/125).

17.4.2 Repeatability
table 17.1 shows the repeatability for the different measures.
At farm level partly high (≥0.8) or moderate (≥0.7<0.8) correlations were found for
between-experimenter repeatability and test-retest repeatability of the measure average
avoidance distance (taking all animals or only animals tested by both experimenters into
account). no sufficient repeatability was found for the measure median avoidance distance,
whereas for the other farm measures, repeatability was moderate to high (0.4–0.7 and >
0.7, respectively) for animals tested by both experimenters (e.g., for ADf % >0.5 m, rp=
0.79).
At pen level, only low to moderate (< 0.4 and 0.4–0.7, respectively) correlations were
found (e.g., for the measure pen average: between-experimenter: rp=0.61, p<0.001, n=122,
test-retest: rp=0.64, p<0.001, n=122).
Also at an individual level only moderate correlations were found (between-experimenter:
rs=0.58, p<0.001, n=469, test-retest: rs=0.58, p<0.001, n=469).
17.4.3 Consistency in Bulls’ Reaction: Effects of Experimenter and Repeated Testing
the avoidance distance of individual bulls decreased from the first to the second test (Z=
–4.37, p = 0.000, n=469; figure 17.1 left). Accordingly, in the first test (ADf1) the farm
average was 0.15cm and the median ADf1 was 0.10m, whereas the average ADf2 was
0.12m and the median ADf2 was 0.05m.
moreover, a slight experimenter effect was found: the bulls showed significantly shorter
avoidance distance towards the test person b (Z= –3.025, p=0.002, n=469) compared
with person A (figure 17.1 right). this result seems to rely mainly on the very short
distances of ≤ 0.2 m (table 17.2).
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tAble 17.1 between-experimenter repeatability and test-retest repeatability of ADf at an
individual, pen or farm level.
between–experimenter repeatability:
farm, pen & individual level
corr.coeff.
p
n

test–retest repeatability:
farm, pen & individual level
corr.coeff.
p
n

Avoidance distance at the
feeding place (ADf)
b
b
ADf – distance of
.58
<.001
469
.58
<.001
469
individual animals
b
b
ADf (bulls with ADf>
.43
<.001
154
.43
<.001
154
0m)
A
A
ADf – pen average
.61
<.001
122
.64
<.001
122
A
A
ADf – pen median
.49
<.001
122
.47
<.001
122
A
A
ADf – farm average*
.87
.001
10
.81
.005
10
A
A
ADf – farm average**
.76
.011
10
.63
.051
10
b
A
ADf – farm median*
.25
.482
10
.67
.033
10
A
A
ADf – farm median**
.32
.367
10
.71
.021
10
A
A
ADf – % to touch*
.54
.108
10
.61
.062
10
A
A
ADf – % > .2m*
.71
.021
10
.66
.038
10
A
A
ADf – % > .2m**
.67
.035
10
.63
.053
10
A
A
ADf – % > .5m*
.79
.006
10
.65
.043
10
A
A
ADf – % > .5m**
.77
.009
10
.41
.235
10
Notes: A pearson correlation coefficients; b spearman rank correlation coefficients; coefficients ≥ 0.7 in
bold; * only animals tested by both experimenters, pairs; ** all tested animals, even if only tested once by one
of the two experimenters.

figure 17.1 box-whisker plots of the individual ADf of the same bulls (n=469) in the first
(ADf1) and second test (ADf2) (left) or tested by person A (ADf_A) or b (ADf_b)
(right).
Notes: right graph modified from Windschnurer et al., 2009.

17.4.4 Effects of Confounding Factors (Age or Weight)
ADf showed significant correlations with age (table 17.3). Accordingly, the three weight
classes differed significantly in the first (chi-square=15.02, p=0.001) and second (chisquare=27.02, p<0.001) test session (figure 17.2). With regard to the first test session,
significant differences were found between group 1 and 2 (Z= –2.80, p=0.05) and group
1 and 3 (Z= –3.85, p<0.001), whereas there was no significant difference between group
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tAble 17.2 overview of the distribution of the categories of ADf on the 10 bull fattening
farms for the two test sessions and the two test persons.
stroke
Ab
touch
> 10cm
> 20cm
> 30cm
> 50 cm
test person A
n
10
10
10
10
10
10
10
Average
6.26
40.48
46.73
35.27
16.88
7.43
0.72
minimum
0.0
26.2
29.5
13.2
2.6
0.0
0.0
maximum
16.3
54.1
58.5
53.2
30.2
13.2
2.7
test person b
n
10
10
10
10
10
10
10
Average
10.66
48.69
59.34
26.33
15.25
9.00
2.31
minimum
4.9
32.4
42.1
7.9
.0
.0
.0
maximum
16.2
64.7
76.5
44.7
29.8
21.3
8.1
1st test
n
10
10
10
10
10
10
10
Average
6.02
41.31
46.2
36.00
21.5
8.64
1.28
minimum
0.0
32.8
32.9
13.2
3.6
.0
.0
maximum
13.2
54.7
59.5
55.3
35.1
17.0
3.8
2nd test
n
10
10
10
10
10
10
10
Average
10.89
47.84
58.7
25.35
13.4
8.05
1.84
minimum
6.4
37.2
46.8
7.9
.0
.0
.0
maximum
14.0
70.6
82.4
38.3
23.3
14.9
8.1
Notes: stroke = animal allows stroking of the cheek, Ab = avoiding at the moment of being touched; touch
= stroke plus Ab = avoidance distance 0m.

tAble 17.3 spearman rank correlation coefficients for the avoidance distances of
individual bulls on two farms.
spearman – rho

ADf1
ADf2
ADf_ exp. A
rs= –0.26
rs = –0.29
rs = –0.36
p= 0.004
p= 0.007
p < 0.001
n= 119
n= 84
n= 103
Notes: ADf1/2: first or second test; ADf_exp.A/b: ADf to experimenter A or b.
Age

ADf_ exp. b
rs = –0.21
p= 0.033
n= 100

figure 17.2 box-whisker plots for ADf1 (first test session) and ADf2 (second test
session) of the three weight classes 1 (<300kg; nADf1/ADf2=138 / 95), 2 (>300–500kg,
n=265/190) and 3 (>500kg–700kg, n=256 / 183).
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2 and 3 (Z= –1.26, p=0.206). With regard to the second test session, significant differences
were found between all three weight classes (group 1 and 2 (Z= –2.51, p=0.012), group 1
and 3 (Z= –4.87, p<0.001), as well as group 2 and 3 (Z= –3.40, p=0.001).

17.4.5 Sample Size
When correlating the average farm ADf, based on 100% of the pens on the farm, it highly
correlated with measures based on a reduced sample size, taking only animals from the first
50% of pens or the second 50% of pens into account (r = 0.94/ for 1st 50%; r=0.90 for 2nd
50%, p<0.001, n=10). only values from animals tested by both experimenters were
included into this first calculation.

17.5 DisCussion

the avoidance distance test for assessing the reactions of fattening bulls towards humans
turned out to be easy and quick to perform when taking feeding times into account.
similarly to findings in dairy cows (Windschnurer et al., 2008), the inter-observer
reliability was very high, also when excluding animals that could be touched, i.e., where
no distance has to be assessed and thus low to no disagreement in estimation of distances
can be expected.
repeatability at an individual level and at pen level was moderate (mostly r~0.6) and lower
than found between-experimenter repeatability at an individual level in dairy cows
(rs=0.69) (Windschnurer et al., 2008; Chapter 16). At farm level, the between-experimenter
repeatability was still somewhat lower and less consistent compared to what we found in
dairy cows, but the farm average still showed high repeatability as did the percentage of
animals with ADf >0.5m, i.e., the more fearful animals. the repeatability in the more
fearful animals seems to be higher, which is even more important with regard to welfare
assessment since extremes should be detected. thus, measures reflecting higher distances
should be used for the welfare score, e.g., by using the farm average, which better reflects
extremes than the median value, or the percentage of animals with ADf>0.5m or 0.2m.
the latter may be more appropriate to detect variation in farms with similarly small
avoidance distances, such as the farms in our study.
the higher repeatability of higher distances is also reflected in the experimenter bias we
found, i.e. bulls showed less avoidance towards one of the two experimenters.
experimenter b could touch more animals and approach more animals up to a distance of
10 cm compared to experimenter A. Although this may have contributed to the somewhat
lower repeatability compared to dairy cows, it has to be kept in mind that the differences
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were small and mainly due to the animals with very small ADf of below 0.2m, thus
supposedly biologically meaningless. Also in dairy cows, a directed experimenter effect
was found (Waiblinger and menke, 2003). However, it was confounded with the order of
testing, since always the same person performed the first test. subtle differences in the
behaviour of the two experimenters during testing may have contributed to the difference
found in the present study (Waiblinger et al., 2006).
reactions to an approaching human in general were found to be valid in measuring the
animal’s relationship to humans in several species including cattle (Waiblinger et al.,
2006). Accordingly, the avoidance distance at the feeding place was suggested to be a
valid measure of AHr in dairy cattle (Waiblinger et al., 2003; Windschnurer et al., 2008,
Chapter 16). A preliminary evaluation of the validity of this test for fattening bulls is
described in Windschnurer et al. (2009). Avoidance distances of fattening bulls were shown
to be partly linked with farmers’ attitudes.
We found a significant weight or age effect with the lighter or younger animals being more
fearful and thus having higher avoidance distances. the variability between farms was
lower for the heaviest animals. therefore, the distribution of weight classes has to be taken
into account when comparing different farms and, if selection is necessary, preferably the
very heavy animals should be disregarded. As well, the inclusion of animals that recently
arrived on the test farm has to be avoided, because it is likely that the results might rather
reflect previous experiences on other farms than the actual human-animal interactions on
the test farm. thus, it is important that at the time of performing the tests, the animals
should have spent some time on the farm. furthermore, inquires into this direction (.e.g.,
the necessary duration of being on the farm) would be necessary. However, test results of
these young (recently arrived) animals still can be used to make people aware of potential
problems regarding the AHr, independently from the source of the problem. the farmer
could be advised to act, like providing additional positive contact (Windschnurer et al.,
2009).
the reason for decreasing avoidance with increasing age / weight are not clear and merit
further investigation as this would also add information about how the older bulls perceive
the humans and thus about the validity of the test.

17.6 ConClusions

taken all results together, the ADf test seems to be a promising test to include into welfare
assessment for fattening bulls. it is easy and quick to perform when taking feeding times
into account and the repeatability is quite high at farm level. Confounding factors (weight,
age) need to be considered during the assessment. for the moment, it seems to be the only
possibility – feasible for on-farm assessment – to gain information about the bulls’
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relationship to humans and thus the level of negative or positive emotions experienced
during interactions with humans and probably also chronic stress. results in dairy cows
and first results in fattening bulls suggest that it could be a valid measure of AHr. further
investigations with respect to the validity of the test for fattening bulls are necessary.

18
Validation of exploratory
behaViour in beef cattle as an
indicator of positiVe emotions
h. schulze Westerath, n. brörkens, s. laister, n. macKintosh, c. Winckler and
u. Knierim

18.1 summary

in the past, usually the assessment of animal welfare focussed on indications of impaired
welfare. during the last years, however, the interest in indicators of good welfare, namely
positive emotions, has increased. explorative behaviour, and especially intrinsic
exploration which is directed towards stimuli which may have no biological significance,
appears to be performed for its own purpose. in this respect it is very similar to play
behaviour. animals typically show a high motivation to explore which suggests that it is
perceived intrinsically pleasant. at the same time, the acquisition of information may
increase predictability and controllability, two criteria that are regarded important for
maintaining good welfare. it was our goal to develop and validate a feasible on-farm test
to assess the level of exploratory behaviour that beef bulls are stimulated and able to
perform in their daily farm environment. We assumed that animals kept in barren
environments have less stimulation and ability to perform exploration than animals in
enriched environments, and when confronted with a novel object would show more or
prolonged interest, as it has been shown in pigs and rats already. after selection of a
suitable test object (cross of two green plastic hosepipes, 1.5 cm in diameter, 40 cm long)
and setting up of the test protocol, we compared the average time bulls were in contact with
a novel object with different behaviours in barren fully slatted systems with bulls in deep
litter systems. as many novel objects as feeding places or bulls were provided, and the tests
lasted for one hour. sixty one groups of bulls weighing between 350 and 550 kg on 19
farms in Germany and austria were investigated. additionally, on 5 of the experimental
farms with barren pens half of the groups (11 groups) were given simple enrichment for
one week after which the test was repeated in all experimental groups on these farms.
the objects were immediately approached in all groups. differences in the exploratory
behaviour of bulls kept in different housing systems were found to some extent. When
calculated per animal, licking/chewing, horning/rubbing as well as the total occupation
163
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with the objects was significantly less frequent in deep litter systems compared with slatted
floor pens. interpretation of the results was difficult because of partly different animal to
feeding place ratios in littered versus slatted pens. however, later analysis of a
complemented data set with nearly similar animal to feed place ratios (schulze Westerath
et al., 2009) confirmed significant, but only slight differences for total occupation with
the objects as well as licking/chewing. in general, total occupation with an object decreased
over time with markedly higher values in the first 15 minutes and no differences between
the third and fourth quarter of the test. furthermore, no general effect of the short-term
enrichment on any of the measures could be detected. results of the repeated tests suggest
that some degree of habituation occurred although total time in contact with the object did
not decrease. at the current stage of development no feasible and valid test of exploration
in beef cattle can be recommended. Questions certainly deserving more investigation in
the future are the actual exploratory behaviour in relation to test results and the
motivational background of different exploratory behaviours.

18.2 introduction

in the past, usually the assessment of animal welfare focussed on indications of impaired
welfare. during the last years, however, the interest in indicators of good welfare, namely
positive emotions, has increased (e.g. Knierim et al., 2001; désiré et al., 2002). the search
for such indicators is at its early beginnings and has not yet generated many candidate
indicators, especially not those that are suitable for use in an on-farm welfare assessment
(Winckler et al., 2003).
explorative behaviour, at least ‘intrinsic exploration’ which is directed towards stimuli
which may have no biological significance (Wood-Gush and Vestergaard, 1989) is
behaviour that appears to be for its own purpose (fowler, 1965; c.f. murphy, 1978). in
this respect it is very similar to play behaviour. animals typically show a high motivation
to explore which suggests that it is perceived intrinsically pleasant. at the same time
exploration allows to gain information about the environment which may increase
predictability and controllability, two criteria that are regarded important for maintaining
good welfare (Wiepkema, 1987). When exploration is shown a situation must be assessed
as novel, and fear must necessarily be limited (murphy, 1978). boredom and apathy have
been discussed as possible consequences of deprivation from intrinsic exploration (WoodGush and Vestergaard, 1989; Wemelsfelder and birke, 1997). on the basis of these
considerations, in this study we presupposed that exploratory behaviour is associated with
positive emotions.
it was our goal to develop and validate a feasible approach for the on-farm assessment of
the level of exploratory behaviour that beef bulls are stimulated and able to perform in
their daily farm environment. as it is problematic to reliably record levels of daily
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exploratory behaviour in short-term observations because of their sporadic, irregular and
context-dependent nature, we applied a further presumption, namely that animals being
stimulated and able to only perform low regular levels of exploratory behaviour will show
increased or prolonged responses to a novel object compared to animals that regularly
perform higher levels of exploratory behaviour as already described for pigs (Wood-Gush
and Vestergaard, 1989) and rats (Zimmermann et al., 2001). therefore, the use of a novel
object test appeared to be an option, where less exploratory behaviour in the test would
mean that more exploratory behaviour is performed in the animals’ daily life and, hence,
the more positive emotions they would experience. cattle exploratory behaviour
concerning a novel stimulus has been investigated in cows (herskin et al., 2004; schrader,
2002), heifers (boissy and le neindre, 1990; boissy and bouissou, 1995; hemsworth et
al., 1996; Kilgour et al., 2006), bulls (hemsworth et al., 1996), steers (Kilgour et al., 2006)
and calves (miller et al., 1986; dellmeier et al., 1990; Van reenen et al., 2004, 2005).
except for one study with cows in tie-stalls (herskin et al., 2004) and one in loose housing
(schrader, 2002), all tests were done with novel objects in an arena in social separation.
however, to be suitable as an on-farm-test, it must be practicable in the home pen of group
housed animals within a reasonable amount of time and expenditure of material. moreover,
it must be workable by one assessor without entering the pen (for safety reasons).
it was decided to develop the test for bulls between 350 kg to 550 kg as this weight class
can most regularly be found on bull farms and they also appeared to have the highest
potential to be included into the assessment of further welfare measures.
in order to validate the test, we further assumed that animals kept in barren environments
have less stimulation and ability to perform exploration than animals in enriched
environments. We therefore compared the test results from bulls kept in barren pens with
fully slatted floors to bulls kept in deep litter pens. for further validation, we provided
bulls in barren pens with simple enrichment devices for one week and compared their test
results with animals from unenriched pens at the same farm in order to investigate possible
effects of a short and simple enrichment on the exploratory behaviour in the test.

18.3 deVelopment of an exploration test

18.3.1 Methods
first investigations into possible types of novel objects, ways of presenting them, timing
of the test and possible behavioural measures were carried out with 14 groups of bulls (4
10 animals per group) on four German farms on different times of the day. three farms had
pens with fully slatted floors (sf), one had sf pens as well as deep litter pens (dl). three
different non-edible objects were tested for responses of the animals as well as for their
durability:
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a plastic flower-pot, 12 cm high, 15 cm in diameter at the top, wall about 5 mm
thick, fixed at the bottom with a metal chain, 15 cm long, hanging inverted at the
feeding fence like a bell;
a plastic chain (cordon) with a red and a white string (each 22 cm long, chain-links:
5 cm long, 2 cm wide), fixed with a snap hook at the feeding fence;
a cross of two green plastic hosepipes (1.5 cm in diameter, 40 cm long), fixed with
a snap hook at the crossover of the strings for fixation at the feeding fence.

in different sessions, the animals were either confronted with objects of one type or with
objects of all three types simultaneously (resulting in a kind of choice test) and observed
for 30 min or 1 h.

18.3.2 Results
in general, latency to first contact with any of the objects was about 0 seconds. behaviours
that were shown in contact with the objects were sniffing, licking, chewing, horning,
rubbing and jostling (table 18.1). least occupation was seen with the plastic chain. at the
flower pots some animals showed increased horning that appeared to be aggressive. at the
hosepipe-cross the animals showed the greatest diversity of behaviours. the flower pot was
destroyed once and the hosepipe-crosses four times, however, the construction of the
hosepipe could be sufficiently improved during the pilot studies. on this basis, the
hosepipe-cross was assessed to be the most suitable object for the test (figure 18.1).

table 18.1 behaviour performed in contact with novel object.
name
sniffing
licking or chewing
Jostling
horning or rubbing

description
muzzle directed to object, often slight movements of the nostrils, distance to the
object 0 to 5 cm
contact with tongue or inner side of the mouth with object or fixating device
contact with the object and the area between muzzle and eyes, object being
moved
area at the head above the eyes having contact with the object, additionally
rubbing movements or repeated bumps against the object

fiGure 18.1 objects fixed at a feeding rack or neck rail.
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a presentation of the objects at the height of the animals’ heads, i.e. at the feeding fence,
ensured that all animals were able to see the object and to make contact with it (plate 1).
the fixation of the objects at the feeding fence is feasible and takes about one to two
minutes. no serious aggression between bulls was observed when one object per feeding
place or animal (in case that there are more feeding places than bulls) was provided. if the
feeding place consisted of a simple neck rail, 70 cm were taken as one feeding place. there
were no indications that the presence of the observer on the feeding table, when standing
quiet, calm and about 2 m away from the feeding gate as well as not directly in front of
the experimental groups, did disturb the animals.
the highest response to the test in terms of number of animals involved was during periods
of general activity and when most bulls were not feeding. therefore, a suitable test time
is a time-window of two hours, starting one hour after feeding (i.e. either provision of
fresh food or pushing remaining food towards the feeding fence with or without feeding
concentrate) in the morning.
it was possible to test up to 3 groups simultaneously within one session, depending on
location, visibility and size of the groups. a maximum number of about 15 objects, either
in one group or in up to 3 groups could concurrently be observed. a recording interval of
30 seconds turned out to be a reasonable interval and was applicable with the chosen
behavioural parameters. Within one hour of observation, a decline in occupation with the
objects could be noted, which indicates that this observation time is sufficient to determine
possible differences in the duration of interest in the novel object.

18.4 Validation of exploration test

18.4.1 Methods
sixty one groups of beef bulls were tested in ten farms each in Germany and austria.
animals were intact males of different breeds and were housed in fully slatted floor pens
or in deep litter systems in half of the farms each. estimated body weights were between
350 kg and 550 kg.
the tests were conducted by one person in Germany and one in austria. first, strings for
hanging the novel objects at the feeding gates or rails were fixed at all pens that were
observed on the farm. the test procedure started with the fixation of objects at the feeding
fence of the selected groups (up to 3 groups) one hour after feeding in the morning.
immediately afterwards the groups were observed by instantaneous scan sampling every
30 seconds for 1 h in total. the numbers of animals showing the behaviours listed in table
1 were recorded, and additionally the numbers of those lying, feeding (muzzle in contact
with food or chewing with head above food) and being near to an object without
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occupation (head above food or within a head length from an object, no drinking or other
behaviour listed above). on all but one farm, a second test session with other groups started
about 15 min after the end of the first, and was conducted in the same way.
after the tests, half of the group pens of the German farms with slatted floors were
‘enriched’ with two strings of a metal chain (about 50 cm and 25 cm long) and two strings
of a rope (each 20 cm long), fixed at the pen boundaries at the height of the animal’s heads.
the objects were left in the pens for one week after which the exploration tests were
repeated in the same way as described before with all experimental groups on the farms.
as an additional parameter (total occupation with object), the number of animals occupied
with the objects was determined as sum of animals sniffing, licking or chewing, horning
or rubbing and jostling. for all behavioural parameters, the percentages of animals (i.e. in
relation to the number of animals in the group) were calculated at all sample points. for
the groups with a restricted animal-feeding place-ratio, also the percentages per object
were calculated for all behaviour patterns except for lying.
for the analysis, mean percentages for the whole test hour were calculated for all
parameters and, additionally, means for total occupation with object, feeding and lying
over the first, second, third and fourth quarter of the test hour.
for statistical analysis of possible differences between barren (sf) and enriched (dl)
pens, as well as between first test and repetition with or without simple enrichment of
barren pens (sf), linear mixed effects models were used (pinheiro and bates, 2000) and
calculated using r 2.3.1 (<http://www.r-project.org>).
for comparison between dl and sf pens, the fixed effects were αl, housing system (factor
with two levels: dl or sf), βm, test session (factor with 2 levels: 1st or 2nd test session),
and αl:βm, the interaction of these effects. nested random effects were bi, country, bij, farm
and bijk, test session. this resulted in a model of the form:
yijklm = μ + bi + bij + bijk + αl + βm + αl:βm + εijklm
effects of the simple enrichment of sf pens were analysed with the model:
yijkl = μ + bi + bij + αk + βl + αk:βl + εijkl
with the intercept μ, the fixed effects αk, presence of simple enrichment (factor with 2
levels: yes or no), βl, test repetition (factor with 2 levels: 1st test or repetition of the test)
and αk:βl, the interaction of the fixed effects and the nested random effects bi, farm and
bij, group.
statistical assumptions in these models are that εijkl(mno) ~ n (0, σ2) iid, bi ~ n (0, σ12) iid,
bij ~ n (0, σ22) iid and bijk ~ n (0, σ32) iid (iid= independently identically distributed).
these assumptions, homoscedasticity and independence of the residuals from the
explanatory variables were checked using graphical analysis of residuals. the response
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variables for the comparison of the housing systems (dl and sf) were arcsin square root
transformed.

18.4.2 Results
When calculating the percentages per animal, licking or chewing, horning or rubbing as
well as the total occupation with object was more frequent in sf than in dl (f1,18=8.877,
p=0.008; f1,18=5.882, p=0.026; f1,18=12.968, p=0.002). no significant differences between
bulls in sf and dl pens could be detected with regard to the behaviour patterns near to
object without occupation and sniffing (table 18.2). Jostling was observed only rarely,
however, there was a significant interaction of housing and test session, with the bulls in
dl showing more jostling in the second session of the day compared to the first and with
the bulls in sf vice versa (housing system-test session-interaction, per object: f1,16=7.801,
p=0.013; per animal: f1,16=6.084, p=0.0253).
feeding was less frequent in the second test session (per object: f1,16=20.187, p=0.0004;
per animal: f1,16=24.129, p=0.0002) and this difference was more pronounced in the bulls
kept in sf pens (housing system-test session-interaction; per object: f1,16=4.682, p=0.046;
per animal: f1,16=6.779, p= 0.0192). the percentage of lying animals was higher in the
second test session than in the first (f1,15=15.61, p=0.0013) and this difference was greater
for the bulls in sf than for bulls in dl (housing system-test session-interaction; f1,15=9.87,
p= 0.0067).
When looking at the single quarters of the test hour, total occupation with object decreased
over time with markedly higher values in the first 15 minutes and only slight differences
between the third and fourth quarter of the test (table 18.3). this was true for both test
sessions. total occupation with object was more frequent in the sf pens than in the dl
pens when percentages were calculated per animal (f1,18=9.208, p=0.0071; f1,18=9.412,
p=0.0066; f1,18=5.34, p=0.0329; f1,18=7.127, p=0.0156) but no difference could be seen
in the percentages calculated per object. if calculated per object presented, an interaction
of housing system and test session could be detected in the first quarter of the test hour with
the animals in dl exploring the objects more in the second test session, whereas the
animals in sf did not show such a difference (f1,16=5.731, p=0.0293). in all quarters of the
test hour, the animals fed on average less in the second test session (per object: f1,16=7.514,
p=0.0145; f1,16=7.755, p=0.0133; f1,16=19.86, p=0.0004; f1,16=7.592, p=0.0141; per
animal: f1,16=7.321, p=0.0156; f1,16=8.29, p=0.0109; f1,16=22.912, p=0.0002; f1,16=9.651,
p=0.0068), though, this difference was only slight for the dl bulls in the third quarter
(housing system-test session-interaction; per object: f1,16=11.069, p= 0.0043; per animal:
f1,16=12.552, p=0.0027). lying increased during the test hour. in general, more animals lay
in the second test session (f1,15=20.977, p=0.0004; f1,15=7.48, p=0.0153; f1,15=5.545,
p=0.0326; f1,16=15.216, p=0.0013). though, in the second and third quarter, this pattern
was reversed for the dl animals (housing system-test session-interaction; f1,15=7.51,
p=0.0152; f1,15=10.244, p=0.006). at the end of the test hour, the percentage of lying
animals was higher in the dl pens than in the sf pens (f1,18=4.515, p=0.0477).
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table 18.2 percentage (means; minimum and maximum values in parentheses) of animals
performing different behaviour patterns in the exploration test (1h means) depending on
housing system (deep litter, df and slattted floors, sf) and test session on an experimental
day.
behaviour pattern

statisticsa

housing system

dl
sf
test
test
test
test
per object per animal
session 1
session 2
session 1
session 2
feeding
.23 (.08–.78) .19 (.03–.58) .23 (.05–.55) .12 (.03–.29)
s, i
S, I
.16 (.05–.26) .12 (.03–.28)
near to object
.07 (.04–.15) .08 (.02–.14) .09 (.01–.17) .08 (0–.27)
ns
ns
without occupation .06 (.02–.15) .06 (.02–.14)
sniffing
.03 (0–.09)
.04 (0–.09)
.04 (0–.10)
.04 (0–.11)
ns
ns
.02 (0–.06)
.03 (0–.05)
licking or chewing .05 (0–.12)
.06 (.02–.13) .07 (.03–.13) .07 (.03–.16)
(h)
H
.05 (0–.12)
.05 (.02–.13)
Jostling
.01 (0–.03)
.02 (.01–.03) .02 (0–.05)
.01 (0–.04)
i
I
.01 (0–.02)
.01 (0–.03)
horning or rubbing .06 (.01–.09) .07 (.02–.15) .06 (.01–.15) .07 (.02–.20)
ns
H
.05 (0–.09)
.06 (.01–.15)
total occupation
.14 (.03–.29) .19 (.07–.28) .19 (.13–.25) .18 (.09–.28)
(h), (i)
H
with object
.13 (.01–.22) .15 (.06–.28)
lying
.25 (.04–.50) .26 (.06–.51) .07 (0–.27)
.32 (0–.76)
(H), S, I
Notes: a significant results (p<.05, in parenthesis if p<.1) for housing system (h), test session (s), interaction
(i) and no significance (ns); values calculated per object and, in italics, per animal.

table 18.3 percentage (means; min. and max. values in parentheses) of animals
performing different behaviour (means for quarter i–iV of test session) depending on
housing system (deep litter, df and slattted floors, sf) and test session.
Quarter
of test
session

behaviour
pattern

statisticsa

housing system
dl

sf

test
test
test
test
per
per
session 1
session 2
session 1
session 2
object animal
i.
feeding
.19 (.01–.68) .10 (0–.50)
.16 (0–.54)
.11 (.01–.26) s
S
.13 (.01–.24) .06 (0–.19)
total occupation .23 (.03–.51) .35 (.05–.60) .33 (.16–.49) .31 (.15–.52) i
H, (I)
with object
.20 (.01–.38) .27 (.05–.60)
lying
.14 (0–.47)
.25 (0–.57)
.03 (0–.14)
.25 (0–.58)
S
ii.
feeding
.29 (.11–.90) .25 (.01–.61) .26 (0–.90)
.16 (.02–.47) s
S
.21 (.10–.38) .16 (.01–.35)
total occupation .13 (0–.28)
.18 (.06–.31) .18 (.09–.39) .18 (.09–.30) ns
H
with object
.12 (0–.21)
.15 (.04–.31)
lying
.23 (0–.58)
.19 (0–.48)
.04 (0–.20)
.26 (0–.65)
S, I
iii.
feeding
.23 (.04–.78) .23 (.01–.57) .28 (.07–.77) .11 (0–.33) s, i
S, I
.16 (.04–.28) .15 (.01–.33)
total occupation .12 (.03–.21) .12 (.01–.18) .14 (.03–.29) .13 (0–.28) ns
H
with object
.10 (.01–.21) .09 (.01–.18)
lying
.32 (0–.52)
.22 (0–.47)
.08 (0–.41)
.34 (0–1.00)
S, I
iV.
feeding
.19 (.05–.78) .20 (0–.66)
.22 (.05–.38) .09 (0–.37) s, (i)
s, (i)
.13 (.03–.29) .12 (0–.35)
total occupation .09 (.03–.19) .09 (0–.19)
.11 (.03–.16) .12 (.01–.27)
h
with object
.08 (.01–.16)
lying
.34 (.02–.74) .49 (0–.99)
.12 (0–.50)
.44 (0–.83)
H, S, (I)
Notes: a significant results (p<.05, in parenthesis if p<.1) for housing system (h), test session (s), interaction
(i) and no significance (ns); values calculated per object and, in italics, per animal.

Exploratory Behaviour as an Indicator of Positive Emotions

/ 171

no effects of the simple enrichment over one week in sf pens on the behaviour patterns
recorded could be detected (tables 18.4 and 18.5). independently of the treatment, more
feeding (f1,20=4.63, p=0.0438) and less lying (f1,20=6.438, p=0.0196) were observed
during the repeated test. the animals showed also slightly more licking or chewing
(f1,20=7.116, p=0.0148) but less horning or rubbing (f1,20=16.59, p=0.0006). taking into

table 18.4 percentage (means; minimum and maximum values in parentheses) of animals
performing different behaviour patterns in the exploration test (1h means) depending on
enrichment conditions and repetition of the test.
behavior pattern

enriched
1st test
repetition
.20 (.04–.47)
.24 (.11–.36)
.12 (.03–.27)
.13 (.07–.17)

non enriched
1st test
repetition
.19 (.03–.55)
.22 (.03–.49)
.10 (.03–.20)
.10 (.04–.20)

statisticsa

feeding
r
near to object without
(e)
occupation
sniffing
.06 (.02–.11)
.06 (.02–.13)
.06 (.02–.10)
.06 (.03–.12)
ns
licking or chewing
.07 (.03–.16)
.08 (.01–.20)
.06 (.03–.10)
.09 (.02–.15)
r, (i)
Jostling
.01 (0–.02)
.01 (0–.02)
.01 (0–.02)
.01 (0–.02)
ns
horning or rubbing
.04 (.01–.06)
.03 (.01–.05)
.04 (.01–.08)
.02 (.01–.04)
r
total occupation with
.18 (.12–.26)
.17 (.06–.30)
.17 (.09–.24)
.18 (.08–.25)
ns
object
lying
.12 (0–.41)
.06 (0–.31)
.25 (.01–.76)
.11 (0–.41)
r
Notes: a significant results (p<0.05, in parenthesis if p<0.1) for enrichment (e), repetition (r), enrichmentrepetition-interaction (i) and no significance (ns).

table 18.5 percentage (means; minimum and maximum values in parentheses) of animals
performing different behaviour patterns in the exploration test (means for quarter i-iV of
test session) depending on enrichment conditions and repetition of the test.
Quarter
of test
session
i.

ii.

iii.

iV.

behavior
pattern

feeding
total occupation
with object
lying
feeding
total occupation
with object
lying
feeding
total occupation
with object
lying
feeding

enriched

non-enriched

statisticsa

1st test
.18 (.01–.54)
.30 (.15–.45)

repetition
.22 (.01–.44)
.29 (.10–.45)

1st test
.13 (0–.25)
.33 (.18–.52)

repetition
.15 (.01–.44)
.32 (.14–.44)

ns
ns

.07 (0–.48)
.22 (0–.54)
.18 (.09–.28)

.05 (0–.25)
.27 (.15–.46)
.15 (.04–.29)

.16 (0–.58)
.27 (.03–.90)
.15 (.09–.24)

.06 (0–.20)
.28 (.08–.45)
.16 (.03–.25)

ns
ns
ns

.07 (0–.31)
.24 (.06–.47)
.13 (.03–.21)

.03 (0–.33)
.24 (.03–.42)
.11 (.03–.22)

.19 (0–.65)
.20 (0–.77)
.10 (0–.20)

.05 (0–.20)
.28 (.03–.51)
.12 (.07–.21)

r
ns
ns

.12 (0–.41)
.18 (.03–.37)

.03 (0–.31)
.23 (.02–.47)

.30 (0–1.00)
.18 (0–.38)

.11 (0–.41)
.17 (.01–.63)

(e), r
ns

total occupation .12 (.08–.16) .11 (.03–.31) .09 (.01–.16) .12 (.01–.23)
ns
with object
lying
.22 (0–.56)
.13 (0–.36)
.34 (0–.80)
.22 (0–.82)
r
Notes: a significant results (p<0.05, in parenthesis if p<0.1) for enrichment (e), repetition (r) and no
significance (ns).
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account the single quarters of the test hour, the decrease in lying during the repeated test
was only due to a significant decrease in the second, third and fourth quarter (f1,20=6.865,
p=0.0164; f1,20=7.127, p=0.0147; f1,20=4.598, p=0.0445).

18.5 discussion

although from a practical point of view it was our impression that we succeeded in
developing an on-farm test for exploratory behaviour in beef bulls, we did not manage to
validate this test as indicator of daily levels of exploratory behaviour. though bulls kept
in barren housing conditions (fully slatted floor pens) explored the novel object more,
differences were only slight and values of groups varied a lot within housing systems and
ranges of the different housing conditions overlapped.
one of the weaknesses of our approach was the lack of knowledge about the actual levels
of exploratory behaviour under the various conditions. in fact, also deep litter pens still
may provide a rather monotonous environment, and the ‘enrichment’ over one week was
very simple indeed. however, long-term observations of the daily behaviour in 61 groups
of bulls would not have been feasible within the frame of this study. the housing systems
that we have selected for this study, those with deep litter and fully slatted floors, already
represent extremes of the systems typically found in intensive beef fattening. even though
the inclusion of a more extensive system (e.g. bulls on pasture) would probably have
provided a better basis for interpretation of these results, the fact remains that the test, as
developed, is not sensitive enough to detect possible differences between usual commercial
systems. another possible reason for the lack of differences is that ruminants might have
a relatively low propensity of inquisitive exploration compared to other species such as
pigs or rats (Wood-Gush and Vestergaard, 1989). inquisitive exploration according to
berlyne (1960; c.f. Wood-Gush and Vestergaard, 1989) is the attempt to make a change
rather than respond to a change whereas inspective exploration is the inspection of a
particular object. both are classified as types of intrinsic exploration. from own
observations we would classify cattle clearly as neophilic, i.e. highly motivated to perform
inspective and inquisitive exploration (e.g. emmerig, 2004). another aspect worthwhile
considering is that the response of barrenly kept animals to a novel object could be much
lower than expected if apathy due to severe deprivation of intrinsic exploration has
developed (Wood-Gush and Vestergaard, 1989; Wemelsfelder and birke, 1997). possible
species-specific differences in exploratory behaviour and the development of exploration
during life in different environments are questions certainly deserving more investigation
in the future.
one confounding factor on the German farms was the difference in feeding place to animal
ratio between housing systems, with most of the deep litter pens having less than one
feeding place per animal. thus, if the occupation per animal would have been the same
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between sf and dl pens, necessarily occupation per object would have been as many
times longer as there were animals per object. on the other hand, when looking at time of
occupation with an object per animal, exploration will likely be underestimated because
the potential for interactions with the object were smaller per animal in the dl compared
to the sf pens. these values would only realistically reflect the individual motivation to
explore if no social effects such as social facilitation or inhibition were in place. therefore
the truth for dl bulls will lie somewhere between the two extremes of the values per object
and per animal. in this study, even in the groups with less than one feeding place and thus
one object per animal, however, ‘free’ objects were always available (data not shown).
therefore, always more animals could have had access to the objects. this may indicate
that the calculation on a per animal basis does not underestimate the true incidence of
explorative behaviours.
regarding the interactions between housing systems and test session, it is likely that again
the number of feeding places per animal has played a role. the pens with a feeding place
to animal ratio of 1:1 obviously allowed more synchronous feeding behaviour with a more
pronounced resting phase already two hours after feeding, whereas in the pens with less
feeding places there were still active animals at the feeding gate. in the first hour,
competition for food was probably reducing interest in the novel objects in the dl bulls
while possibly competition for lying space in sf bulls had an interest reducing effect in
the second hour. this would not indicate a high enough attractiveness of the novel objects
to profoundly influence the usual activity patterns, and makes the test even more
problematic for application under different housing conditions.
because of the difficulty to take into account possible effects of different animal to feeding
place ratios, later a large proportion of the data from this report have since been
complemented with further data in order to achieve nearly similar animal to feed place
ratios (schulze Westerath et al., 2009). significant differences between dl and sf bulls
remained for total occupation with objects as well as licking or chewing. also, lying
increased more in the second test session in sf bulls compared to dl bulls, but without
effects on exploration levels.
although it appeared that the objects did not elicit fear (latency to approach objects equal
to 0 seconds on all farms), the increased feeding and decreased lying in the repeated tests
could suggest that fear might have kept bulls away from the feeding table in the first test.
also the slight change in proportions of the different behaviours at the objects may indicate
some form of habituation. however, from the data available this can only be speculative.
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18.6 conclusions

We did not succeed in developing a valid on-farm test of exploratory behaviour for beef
bulls. although bulls kept on fully slatted floors (assumed low daily stimulation) showed
more exploration of novel objects than those kept in littered pens (assumed higher
stimulation), differences were only slight. moreover, no differences could be detected after
a simple, short-term stimulation under barren conditions.

19
Reliability of measuRes of
socio-positive and play
behaviouR in daiRy and beef
cattle
h. schulze Westerath, n. brörkens, s. laister, n. macKintosh, c. Winckler and
u. Knierim

19.1 summaRy

during recent years the interest in indicators of good welfare has increased. in dairy and
beef cattle, possible positive behavioural indicators are social licking, horning and playing.
social licking is an affiliative behaviour and has been attributed tension-reducing and
calming effects. it might therefore also be an indirect indicator of the social stress level in
a herd and make the interpretation of incidences on farm level more difficult. social and
non-social play behaviour has often been suggested as an indicator of good welfare state
since particularly young animals are only motivated to play if their primary needs are
satisfied. horning has been associated with positive indicators as it often occurs together
with running games or playful mounting and has been described in the context of mock
fighting.
it was the aim of this study to investigate social licking, horning and locomotor/object
play as on-farm measures in dairy cows and fattening bulls with regard to feasibility, interobserver reliability and short- to long-term intra-farm variability (consistency). for this
purpose, continuous behaviour sampling was carried out on three days for 4 h each on 43
dairy (31 deep litter, 12 tie stalls) and 20 beef farms (10 deep litter, 10 fully slatted floors)
in austria, Germany and italy. in beef farms, three weight classes were defined (i: 200-350
kg, m: 350-500 kg, f: >550 kg). farm visits took place at approximately 60 and 180 days
(tie stalls: 120 days) after the first visit. inter-observer reliability was tested using direct
observations (6 dairy, 2 beef farms) and from video clips (n=55).
play behaviour was only very rarely observed and is therefore regarded to be not useful
for short-term on-farm recordings in fattening and adult cattle. this is also the case for
horning in dairy cows. inter-observer reliability (ioR) for social licking was high in both
175
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direct observations (3 observers: Kendall’s W=0.96) and observations from videos
(W=0.93). ioR for horning was lower during live observations (W=0.70). this was
probably due to misinterpretation of the definition, as it increased to good levels in the
video clip observations (W=0.86) after the definition had been refined.
intra-farm consistency was highest for horning in fattening bulls (W=0.82-0.86). for social
licking it was rather low for the youngest class (W=0.64) but increased to acceptable levels
when the two heavier weight classes were merged (W=0.75). in dairy cattle, there was
substantial intra-farm variation across time for social licking (W=0.57/loose housing and
0.74/tie stalls) and horning (W=0.68/loose housing and 0.48/tie stalls).
in conclusion, for on-farm welfare assessment in fattening bulls the inclusion of social
licking and horning is recommended; medium weight and finishing bulls should not be
distinguished. for dairy cattle, for none of the behaviours assessed it proved to be possible
to reliably record them in single short-term observations.

19.2 intRoduction

Whereas most approaches to welfare assessment are based on indicators of impaired
welfare, there is an increasing interest in indicators of good welfare. broom (1999) stresses
that behavioural indicators of pleasure provide measures for good animal welfare.
environmental control, play behaviour and positive social relations may be considered as
main components of good welfare (fagen, 1981; lawrence, 1987). ‘positive’ indicators to
our knowledge have not been applied in on-farm welfare monitoring systems so far.
social licking is regarded important for building affiliative bonds and reducing tension or
anxiety between group members (bouissou et al., 2005; sambraus, 1969; sato et al., 1993).
Wood (1977) even suggests social licking as a parameter to describe an affiliative scale of
social distance within cow herds as an alternative to scales of social distance based on
agonistic interactions. short-term calming effects in terms of a reduction in heart rate have
been demonstrated in primates (boccia et al., 1989; aureli et al., 1999) and cattle (sato et
al., 1993). however, it seems debatable whether high levels of social licking activity
always indicate a better welfare state at herd level when compared with herds which show
less social licking.
social and non-social play behaviour have often been suggested as an indicator of good
welfare state since particularly young animals are only motivated to play if their primary
needs are satisfied (fagen, 1981; lawrence, 1987). in calves, play is mainly expressed as
locomotor and social activities. in addition, Jensen et al. (1998) described play activities
directed towards the environment (object and straw butting and rubbing). however,
playing is only rarely observed in adult animals. horning has been described in the context
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of mock fighting and has been associated with positive indicators as it often occurs together
with running games or playful mounting (Reinhardt & Reinhardt, 1982).
the objective of this study was to investigate social licking, horning and locomotor/object
play as on-farm measures in dairy cows and fattening bulls with regard to feasibility, interobserver reliability and short- to long-term intra-farm variability (consistency). the latter
addressed the question how representative single recordings are with regard to possible
changes due to seasonal effects and/or related to management (e.g. regrouping, purchase
of new animals). this is less relevant when welfare assessment systems are used as
decision support tools (sørensen et al., 2001). however, if welfare assessment protocols
are going to be used for certification purposes with infrequent or even single assessments
only, the representativeness of recordings with regard to the longer-term situation on the
farm becomes especially important.

19.3 methods

19.3.1 inteR-obseRveR Reliability testinG (ioRt)

ioRt of positive indicators was carried out with (1) direct observations on six dairy and
two beef farms and (2) analysis of video clips. for the investigation of inter-observer
reliability no distinction was made between dairy cows and beef bulls as behaviour patterns
are the same in both categories of cattle.

On-farm IORT
on-farm ioRt was carried out three times at different stages of the project with different
numbers of observers being present at each date. the first took place after two days of
initial training which included discussions, video and on-farm training (1 deep litter dairy
farm). the second ioR meeting was about 50 days after observers a and b had started onfarm data collection; two additional observers (c and d) participated, who had received
about half a day of training. the final on-farm ioR testing took place after finishing data
collection in order to check whether inter-observer agreement had changed (see table
19.1).
observers were always located near to each other in the barn allowing a free view on the
area observed.
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table 19.1 overview of on-farm ioR meetings.
meeting

1 Germany
2 austria
3 italy

mm-yyyy

07-2005
09-2005
06-2006
total
dairy
beef

number of
farms visited
4
2
2
8
6
2

sample size (pens, segments)
a
35
10
15
60
50
10

b
35
10
15
60
50
10

c
–
7
15
22
22
–

d
–
10
–
10
10
–

spearman rank correlation (rs) was used to test agreement within pairs of observers.
additionally Kendall’s coefficient of concordance (W) was calculated for agreement
between 3 and 4 observers, respectively.

IORT Using Videos
after completion of the on-farm data collection and after the final on-farm ioR meeting
in June 2006, three trained observers (a, b & c) separately watched 55 video sequences
of each about 2 to 14 minutes (in total 07:05 hours). the video observations followed the
same rules as provided in the instructions for data collection.
again spearman rank correlations and Kendall’s coefficient of concordance (W) were
used based on the frequencies for each behaviour recorded from the video clips.

19.3.2 investiGation of intRa-faRm consistency

in total, 43 dairy farms (20 cubicle, 11 deep litter, 12 tie stall systems; herd size 12 – 150
cows (table 19.2)) and 20 beef fattening farms (10 deep litter, 10 fully slatted floor
systems; animals per farm: 30-220, 5-27 bulls per pen) in austria, Germany and italy (only
dairy) were included in the study. the dairy cows belonged to different breeds with
holstein friesian, simmental-fleckvieh and brown swiss being the most prevalent breeds.
the fattening bulls were simmental-fleckvieh (s-fv), limousin and s-fvxlimousin
crosses. other breeds such as belgian blue, brown swiss, holstein friesian, Grauvieh or
charolais were also kept in small numbers.
observations of ‘positive’ behaviours as given in table 19.3 were carried out on three
days at intervals of approximately 60 and 180 days after the first visit (beef cattle farms,
dairy loose housing systems). in dairy farms with tie stalls, the third visit took place 120
days after the first visit (figure 19.1).
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table 19.2 overview of dairy farms visited in each country
cubicles
deep litter
tie stalls
total

austria
8
3
6
17

Germany
8
4
6
18

italy
4
4
–
8

total
20
11
12
43

table 19.3 list of behaviours observed and definitions.
behaviour
social licking
(sl)

horning
(ho)

playing
(pl)

definition
the actor touches with its tongue any part of the body (head, neck, torso,
legs, tail) of another group mate except for the anal region or the prepuce. if
the actor stops licking for more than 10 s and then starts licking the same
receiver again, this is recorded as a new bout. it is also taken as a new bout, if
the actor starts licking another receiver or if there’s a role reversal between
actor and receiver.
head play with physical contact of two animals: the animals are rubbing
their foreheads, horn bases or horns against the head or neck of one another
without obvious agonistic intention. none of the opponents takes advantage
of the situation in order to become a victor (Reinhardt and Reinhardt 1982). it
is taken as a new bout if the same animals start horning after 10 seconds or
more or if the horning partner changes.
1.) locomotor play: Galloping (running very fast, often with tail lifted up
high) and bucking (jumping in the air with all four feet or hind feet off the
ground, often with tail lifted up high). 2.) playing with equipment: Rubbing
horns or horn base against any equipment in the barn. however, the regular
rubbing on equipment with the intention to scratch is not taken as playing.

fiGuRe 19.1 observation scheme of the study for dairy cows (tie stall herds in parenthesis)
and fattening bulls.
Data Recording on Dairy Farms
on each farm the lactating dairy cows were observed excluding separate groups of heifers,
dry or periparturient cows, as well as cows in hospital pens. behaviour performed by or
with animals in heat were not recorded.
behaviour was recorded using continuous behaviour sampling (table 19.3) and
observations lasted for 4 h after morning feeding (or after feed had been pushed up). the
observer was positioned on the feed bunk on an elevated observation chair.
in herds larger than 25 cows, the observations were carried out in segments of the barn
which were expected to contain on average not more than 25 cows per segment. these
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segments covered all accessible areas (lying areas, feeding places, concentrate feeders,
outdoor loafing areas etc.). the duration of continuous observations within each segment
was adjusted to the number of segments so that each segment was observed at least once
per two hours (minimum observation period 10 min). each segment was observed at least
twice.
the number of animals which were feeding, standing/walking and lying within the
segment was recorded at the beginning and at the end of each observation period. data
were then analysed as the mean number of events per cow and hour, taking the absolute
frequency of behaviours, the duration of observations per pen/segment and the average
number of animals in the pen/segment during the observation into account.
from all values obtained on segment level the mean incidence at herd level was calculated
(occurrence of behaviour/animal*hour).
spearman rank correlations and Kendall’s coefficient of concordance were used to test
repeatability between visits (1-60-180/120).

Data Recording on Beef Farms
three weight classes were defined in line with the literature and common farming practice:
•
•
•

initial fattening period (i): (200–350 kg)
medium fattening period (m): (350–550 kg)
finishing fattening period (f) (≥550 kg)

pens holding less than three animals were excluded from observations. behaviour was
recorded using continuous behaviour sampling and observations lasted 4 h after morning
feeding (or after feed had been pushed up). the observer was positioned on the feed bunk
on an elevated observation chair.
all weight classes present were observed for equal periods within each observation hour
and each pen was observed at least twice during the 4 hour period. pens with more than
25 bulls were divided into two or more segments (see dairy cattle).
data processing within each weight class followed the same rules as for dairy cattle.

19.3.3 decision on measuRes

We followed a stepwise approach in deciding on the usefulness of the behavioural
measures for on-farm welfare assessment protocols:
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on-farm incidence had to exceed 0.10 events/animal*hour to allow for reliable and
feasible recording as well as differentiation between farms;
the remaining parameters were then checked for inter-observer reliability
(rs/Kendall’s W≥0.70).
intra-farm consistency was used for the final evaluation only using Kendall’s W of
0.70 as threshold.

19.4 Results

19.4.1 incidences of positive indicatoRs

social licking was the most frequent behaviour in both dairy and beef cattle (tables 19.4
and 19.5). in dairy tie stalls, the average incidence was about four times higher than in
loose housing systems (median 0.98/animal*hour vs. 0.25/animal*hour). in beef bulls it
was shown most frequently during the initial fattening period and least in finishing bulls.

table 19.4 descriptive measures of frequencies of positive indicators in dairy cows
(events/animal*hour; n = farms).
behaviour

housing system
loose housing

social licking
tie stalls

loose housing
horning
tie stalls

loose housing
playing
tie stalls

day
1
60
180
overall
1
60
120
overall
1
60
180
overall
1
60
120
overall
1
60
180
overall
1
60
120
overall

median
.32
.21
.20
.25
1.25
.87
.98
.98
.04
.06
.07
.06
.06
.00
.04
.04
.00
.00
.00
.00
.00
.00
.00
.00

mean
.37
.28
.28
.31
1.26
1.09
.96
1.10
.08
.09
.12
.10
.11
.03
.07
.07
.01
.01
.00
.01
.00
.00
.00
.00

min
.05
.02
.00
.00
.17
.34
.42
.17
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

max
1.11
.73
2.13
2.13
2.40
2.60
1.61
2.60
.32
.33
.68
.68
.45
.15
.21
.45
.05
.13
.08
.13
.00
.00
.00
.00

sd
.21
.20
.38
.28
.79
.72
.43
.66
.09
.09
.16
.12
.14
.04
.08
.10
.01
.02
.02
.02
.00
.00
.00
.00

var
.04
.04
.15
.08
.62
.52
.18
.43
.01
.01
.02
.01
.02
.00
.01
.01
.00
.00
.00
.00
.00
.00
.00
.00

n
31
31
31
93
12
12
12
36
31
31
31
93
12
12
12
36
31
31
31
93
12
12
12
36
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table 19.5 descriptive measures of frequencies of positive indicators in fattening bulls
(events/animal*hour; n = farm visits).
behaviour
social licking

horning

playing

Weight class
i
m
f
i
m
f
i
m
f

median
.85
.73
.68
.40
.68
.53
.00
.00
.00

mean
.93
.94
.95
.70
1.02
1.04
.07
.04
.05

min
.00
.10
.00
.00
.00
.00
.00
.00
.00

max
3.71
2.98
3.83
2.81
3.18
3.71
1.04
.29
.38

sd
.80
.71
.87
.80
.95
1.02
.16
.07
.10

var
.64
.50
.75
.63
.90
1.04
.03
.00
.01

n
56
57
57
56
57
57
56
57
57

compared to social licking horning was much less frequent in dairy cows, whereas it was
almost as frequent as social licking in fattening bulls (overall median 0.52/animal*hour).
playing occurred only very rarely with the maximum frequency shown in initial fattening
bulls.

19.4.2 inteR-obseRveR Reliability

On-farm Observations
the best inter-observer reliability (ioR) was found for social licking with correlation
coefficients above 0.90 for almost all pairs of observers as well as for the coefficients of
concordance (table 19.6). the agreement between observer a and b furthermore improved
with the number of sessions.
for horning the agreement between observers was lower and reached satisfactory levels
(rs > 0.70) only for some pairs of observers during the first two meetings.
play behaviour could not be tested for inter-observer reliability because it occurred only
once during the on-farm observations.

Video observations
the total numbers of behaviours observed in 55 video clips is given in table 19.7. playing
was observed twice by each observer, however in 4 different videos. therefore playing
again was omitted from further analysis.
as for live observations, from videos the highest inter-observer agreement was found for
social licking (Kendall’s W = 0.93; table 19.8). ioR for horning (W=0.86) was slightly
lower, but better than in on-farm observations due to improvements of the definition.
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table 19.6 inter-observer reliability in different test sessions (spearman rank correlation
coefficients, Kendall’s coefficient of condordance) for social licking and horning.
behaviour
social licking

meeting
1

rs
p
n
2
rs
p
n
3
rs
p
n
overall rs
p
n
horning
1
rs
p
n
2
rs
p
n
3
rs
p
n
overall rs
p
n
Notes: a, b, c = observers.

a_b
.91
.00
35
.98
.000
10
1.00
.000
15
.94
.000
60
.73
.000
35
.76
.010
10
.21
.450
15
.59
.000
60

a_c

.96
<.001
7
.82
<.001
15
.91
.000
22

observer pairs
a_d
b_c

.98
.000
10

.98
.000
10

.84
.019
7

b_d

c_d

1.00
.000
7
.82
<.001
15
.91
.000
22

1.00
.000
10

1.00
.000
7

1.00
.000
10

1.00
.000
7

.50
.253

.22
.536

.38
.394

.39
.270
10

7

.53
.040

10

Kendall’s W
abc abcd

.96
.000
22

.99
.000
7

7

.53
.044

15

15

.69
<.001
22

.39
.270
10

.56
.007
22

.22
.536
10

.38
.394
7

.70
.000
22

.59
.010
7

table 19.7 number of events observed by observer a, b and c scored from 55 video
clips.
behaviour
a
55
32
2

social licking
horning
playing

number of observed behaviours
b
51
39
2

c
58
37
2

table 19.8 spearman rank correlation coefficient (rs) and Kendall’s coefficient of
concordance (W) for video inter-observer agreement (n=55).
behaviour
social licking
horning

rs
p
rs
p

a_b
.89
<.001
.84
<.001

observer pairs
a_c
.86
<.001
.81
<.001

Kendall’s W
b_c
.92
<.001
.72
<.001

.93
<.001
.86
<.001
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19.4.3 consistency oveR diffeRent peRiods of time (intRa-faRm vaRiability)

in dairy cattle, the correlations between the three observation days (1–60–120/180) were
inconsistent for social licking and horning in loose housed dairy herds and for horning in
dairy cows kept in tie stalls (table 19.9). Rather stable, but moderate correlations were
found for social licking in tethered animals. therefore, the overall consistency (Kendall’s
W) for social licking was higher in tie stalls than in loose housing systems. for horning it
was lower and not significant in both housing systems.
in beef cattle, horning showed the highest short-, mid- and long-term as well as overall
consistency with all correlation coefficients above 0.70 in weight classes i and f (all
p<0.01) and Kendall’s W above 0.80 in all weight classes (table 19.10). merging the data
from weight classes m and f further improved consistency.
social licking did not show a clear pattern with regard to short-, mid- or long-term
consistency. Recordings at an interval of about 6 months in weight classes i and m were
better correlated than on a short- or mid-term basis whereas the opposite was the case for
finishing bulls. merging data from medium weight and finishing bulls improved
consistency measures to a limited extent (e.g. Kendall’s W=0.75).

Reliability of Recordings from Reduced Observation Time
from the on-farm data, correlations between the first or the first two hours of observation
time and the total observation time (4 h) were calculated in order to check for effects of
reducing the time of observation.
in fattening bulls, for both social licking and horning the overall correlation coefficients
between incidences derived from 4h-observations and 2h- or 1h-observations were equal
or above 0.90 (p<0.001; table 19.11). however, when the observation period was

table 19.9 spearman Rank correlation coefficients (rs) for short- (1_60, 60_120), mid(1_120, 60_180) and long-term (1_180) intra-farm consistency and Kendall’s coefficients
of concordance (W) for social licking and horning in dairy cattle.
housing system
loose housing

behaviour
social licking
horning

tie stalls

social licking
horning

rs
p
rs
p

rs
p
rs
p

short-term
1_60
.33
.070
.69
.000
short-term
1_60
.66
.020
.38
.220

mid-term
60_180
.57
<.001
.54
.002
short-term
60_120
.65
.022
.19
.562

long-term
1_180
.18
.330
.34
.059
mid-term
1_120
.50
.095
.10
.752

Kendall’s W
.57
<.001
.68
.000

.74
<.001
.48
.113
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table 19.10 spearman rank correlation coefficients (rs) for short- (1_60), mid- (60_180)
and long-term (1_180) intra-farm consistency and Kendall’s coefficient of concordance
(W) for social licking and horning in fattening bulls.
behaviour

Weight class

short-term
mid-term
1_60
60_180
social licking i
rs
.29
.38
p
.246
.113
m
rs
.57
.54
p
.014
.021
f
rs
.55
.36
p
.018
.146
m & f1
rs
.74
.53
p
<.001
.024
horning
i
rs
.82
.76
p
<.000
<.001
m
rs
.64
.91
p
.004
.000
f
rs
.79
.80
p
<.001
.000
m & f1
rs
.82
.87
p
.000
.000
Notes: 1 m & f = mean of medium and finishing weight class.

long-term
1_180
.71
<.001
.69
.001
.17
.475
.64
.003
.80
.000
.68
.001
.72
<.001
.86
.0000

Kendall’s W
.64
.001
.73
.000
.55
.014
.75
.000
.86
.000
.82
.000
.85
.000
.90
.000

table 19.11 spearman rank correlation coefficients (rs) for incidence of social licking and
horning in loose housed dairy and beef cattle between 1 and 4 hours and 2 and 4 hours of
observation.
behaviour
social licking
dairy
(loose housed)
horning

social licking
beef
horning

day
1
60
180
overall
1
60
180
overall
1
60
180
overall
1
60
180
overall

1h_4h
.43
.73
.56
.63
.53
.61
.65
.60
.94
.89
.90
.94
.82
.93
.97
.90

p
.015
<.001
.001
<.001
.002
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

2h_4h
.63
.84
.68
.78
.81
.81
.87
.84
.96
.98
.99
.98
.95
.96
.98
.97

p
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

n
31
31
31
93
31
31
31
93
20
18
19
57
20
18
19
57

shortened to one hour the correlation coefficients on a day basis (i.e. observation period)
markedly decreased (down to 0.82). in dairy cows, however, correlation coefficients for
2h-observations already were below 0.80 for social licking and averaged 0.84 for horning.
Reducing the observation time to 1 hour resulted in correlations of 0.63 and 0.60 for social
licking and horning, respectively.
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intra-farm consistency across time was recalculated using only the first two hours of
observation (table 19.12, hour 1+2) or the third and fourth hour of observation (hour 3+4).
for loose housed dairy herds, coefficients of concordance for the first two hours remained
almost unchanged, but further decreased when only data from hour 3+4 were taken into
account this was also the case for fattening bulls.
Recommended parameters are presented in box 19.1.

19.5 discussion

social licking, horning and play behaviour had initially been chosen as potential ‘positive’
indicators. playing however, was only very rarely observed in both dairy and beef cattle
(median 0 events/animal*hour). very low incidences make data recording difficult and
would require long-term continuous observations in order to get reliable information on

table 19.12 Kendall’s coefficient of concordance for social licking and horning in loose
housed dairy herds and fattening bulls for the first and second two hours of observation
over three observation days.
behaviour
W
p
W
p

social licking
dairy (loose
housed)

horning
n
i
social licking

m
f
i

beef
horning

m
f

W
p
W
p
W
p
W
p
W
p
W
p

n

total
observation time
(4 h)
.57
.
<.001
.68
.000
31
.64
.001
.73
.000
.55
.014
.86
.000
.82
.000
.85
.000
18

box 19.1 Recommended parameters.
dairy cattle:
fattening bulls:

none
frequency of social licking
frequency of horning
(merging of medium weight and finishing classes)

hour 1+2

hour 3+4

.56
.002
.65
.000

.55
.002
.51
.010

29

29
.57
.008
.70
.000
.55
.016
.80
.000
.79
.000
.81
.000

18

.59
.005
.64
.001
.55
.016
.55
.014
.74
.000
.74
.000
18
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this type of behaviour, which is not feasible. it was therefore not considered for inclusion
into on-farm assessment protocols for dairy and beef cattle. the use of play behaviour as
a welfare indicator is therefore probably limited to calves. in dairy cattle, horning was
also rarely observed (median <0.10 events/animal*hour) and it is questionable whether it
can be reliably recorded. it should therefore not be included in protocols for dairy.
the inter-observer agreement (ioR) for social licking was high in both live observations
and when the behaviour was scored from videos. Rank correlation coefficients for single
pairs of observers were always above 0.80 (as suggested as threshold for good ioR by
martin & bateson, 1992) and overall coefficients of concordance between multiple
observers above 0.90. With regard to horning, inter-observer reliability in live observations
only reached acceptable levels for single pairs of observers during the first two sessions
and ioR deteriorated during the third meeting. this was on the one hand due to lack of
training of the inexperienced observers (b, c) in the second meeting which emphasizes the
necessity for thorough training. the drop in ioR can be explained by a misinterpretation
of the behaviour description which developed at a later stage. horning is a manifold
behaviour including behavioural elements from rubbing to soft head butts and slight thrusts
(Reinhardt & Reinhardt, 1982), which make a clear and unambiguous definition difficult.
intensive training of observers is therefore necessary. this is why a refined definition of
horning (as given in table 3) was used for the final ioR testing from videos, which resulted
in acceptable to good agreement regarding this behaviour with Kendall’s W=0.86.
social licking occurred only moderately consistently in farms with tie stalls (Kendall’s
W=0.74), and showed no regular pattern in loose housed herds. there was also no evidence
that variability is lower within shorter periods of time. this is in agreement with earlier
small-scale studies, which revealed a high inter-day variation in cubicle housed dairy cows
on the basis of observations during three consecutive days (Winckler et al., 2002), as well
as inconsistent data from bimonthly farm visits (Winckler et al.,2007). such high
variability may be caused by various factors such as introduction of new group members,
animals in heat, ambient temperature or human-animal interactions, which cannot be
controlled for within the context of on-farm welfare assessment recordings. inclusion of
social licking into assessment protocols would therefore mean that single recordings will
only reflect the actual activity of a herd with rather unclear significance for the welfare
state of the herd (see validity of the measure).
in fattening bulls, social licking was moderately consistent and reached satisfactory levels,
when medium and finishing weight classes were merged. however, horning was shown to
be the most consistent behaviour in all weight classes (Kendall’s W=0.82-0.86). merging
the medium and finishing weight classes further reduced intra-farm variability. pooling of
these classes could furthermore improve feasibility of the recordings since live weight
estimation appeared to be rather difficult in heavier bulls (about 550 kg) and groups were
often heterogeneous. a distinction between younger bulls (up to 350 kg) and older ones
should still be made since the younger animals are not sexually mature yet.
With regard to feasibility, shortening the on-farm observations from 4 h to 2 h would only
cause a minor information loss for fattening bulls. When calculations were based on the

188 /

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

first two hours, consistency was not affected by the reduction of observation duration.
this indicates that behaviour directly after feeding is more consistent than at later times
of the day.

19.6 conclusions

in conclusion, with regard to inter-observer repeatability and intra-farm consistency we
suggest to include social licking and horning for fattening bulls as positive indicators.
none of the potential measures for dairy cattle proved to be reliable.

20
Reliability of measuRes of
socio-positive and play
behaviouR in calves
h. leruste, J. lensink and c.G. van Reenen

20.1 summaRy

playing and social behaviours can have a positive impact on the welfare of calves. high
levels of these behaviours may also result from a certain deficiency in the environment and,
therefore, reflect a form of redirected behaviour or a behavioural rebound following
deprivation. measuring their incidence is an important point in determining levels of
welfare. the aim of this study was to develop a valid method for on-farm assessment of
the level of play and social behaviours (licking, mounting and fighting) in group-housed
calves. this method should be simple, fast, feasible in on farm conditions, not biased by
an observer effect and consistent in time.
observations were performed on 20 farms in france. calves were housed in large groups
(between 20 and 64 calves per pen) and fed with an automatic milk dispenser (amd).
two randomly chosen pens were observed per farm. observations were performed
simultaneously by two trained observers. the observations took place on 4 days: 2
observations at a two day interval at week 9 (after the arrival of the calves in the farm) and
2 observations at a two day interval at week 13.
overall, the frequency of the four behaviours was low. despite this, for all four measures
an important farm effect was found (p<0.001) showing that these measures permit to
distinguish between farms. observers agreed on the level of plays (r=0.95; p<0.001; n=20),
social licking (r=0.90; p<0.001; n=20), mounting (r=0.99; p<0.001; n=20) and fights
(r=0.87; p<0.001; n=20). play and fight behaviours showed low repeatability at short term
(respectively r=0.37; p=0.02; n=39 and r=0.35; p=0.03; n=39). play behaviours showed
low consistency at medium term (r=0.26; p=0.11; n=39) while fights were not consistent
at medium term (r=0.04; p=0.82; n=39). social licking and mounting showed medium
repeatability at short term (respectively r=0.50; p=0.001; n=39 and r=0.52; p<0.001; n=39)
and at medium term (both r=0.53; p<0.001; n=39). When the level of play and social
licking increased between week 9 and week 13 (respectively p=0.02 and p=0.04), the level
189
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of mounting and fighting decreased (respectively p=0.02 and p=0.03). observations were
linked with the activity level of the group (except for mounting were only a tendency was
found). the more calves were active (standing) the more they were performing play, fights
and social licking.
social licking is an acceptable candidate for welfare assessment. the observation is
feasible, its validity is acceptable and the measure shows good correlations between
observers and acceptable correlations between days. the behaviour of the calves is
evolving between weeks 9 and 13. therefore the observation should be performed at a
fixed age to be valid. play behaviours, mounting and head-to-head fights have good
repeatability between observers but low repeatability at short and medium term. they
don’t seem to be good candidates.

20.2 intRoduction

play behaviours and social interactions are natural behaviours in calves. social licking
between calves is, like similar to other animal species, associated with pleasurable or
calming sensations for the actor and/or the receiver of this behaviour (see, for example, the
study by feh et al., 1993, showing that grooming lowered heart rate in horses), and with
an increased performance such as a higher weight gain (sato et al., 1984). plays (locomotor
movements other than walking or mounting) can be composed of a large range of
behaviours like running, buck kicking and jumping. they are natural behaviours implicated
in the development of young animals.
in contrast to a number of ‘negative’ indicators of veal calf welfare such as those related
to fear of humans or novel objects, positive indicators of welfare have not been validated
in terms of predictive or concurrent validity. intuitively, these behaviours could be
considered as positive indicators of veal calf welfare. however, for each of these
behavioural categories, high levels of behaviour may be associated with high levels of
welfare, but may also result from a certain deficiency in the environment and, therefore,
reflect a form of redirected behaviour or a behavioural rebound following deprivation. for
example, veal calves may perform high levels of allo-grooming (labelled ‘excessive
grooming’ by some authors) because of inadequate feeding or boredom (e.g., terosky et
al., 1997; fraser and broom, 1990). likewise, calves kept in isolation or with a reduced
space allowance during rearing, exhibit an increased locomotor activity, including running
and buck kicking, when taken out of their home environment into a test arena (dellmeier
et al., 1985; Jensen, 1999). in both of these latter examples, high levels of respective
behaviours seem to represent indicators of reduced rather than increased welfare. other
social interactions like fights or mounting can also have different impact on the welfare of
calves depending on their importance. for example, excessive mounting can cause injuries.
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to be complete, welfare assessment should include these natural and ‘positive’ behaviours
like social behaviours and play and should also assess the level of other natural behaviour
like fights or mounting which can reveal welfare issues. the development of welfare
assessment scheme creates then a need in developing methods to assess positive and
natural behaviours on farm. this method should permit to evaluate with simple tests or
observations the level of positive and natural behaviours and be efficient (i.e. determining
as much as possible the real level of expression of these behaviours). to create a valid
method four conditions must be completed.
•
•
•
•

is the measurement feasible on farm conditions? (i.e. is the duration compatible with
on-farm use?) it is possible to perform it in any farm, type of building?)
is the measure valid? (i.e. does it tell us about the actual level of welfare of the
group and is the level of behaviour influenced by environmental factors?)
is there an observer effect?
is the measure consistent in time?

feasibility of the recording of social licking requires special attention, since previous
research suggests that the incidence of this behaviour is generally low. for example, a
study on social licking in heifers and steers (sato, 1984), reported that in groups of 24
animals on average 15 social licking interactions took place, lasting around 40 seconds,
over a total observation time of 18 hours divided across different days. the average time
an animal spent licking was about 25 seconds per hour. another study performed by Raussi
et al. (2003) in calves, determined ‘contacts with neighbours’ for calves housed
individually (but having the possibility to interact with other calves through the walls of
the pen) or housed in pairs. on average, in only 2% of the scans (every 5 minutes during
12 hours) this particular behaviour (including close contact, licking etc.) was observed.
this very low incidence may compromise feasibility of this parameter under commercial
conditions. play and other behaviour also have low incidences which makes their level of
expression measurement difficult.
this experiment aimed at building a method to asses the level of positive and natural
behaviours in group-housed calves and to determine its validity in regard with the four
criteria cited above. it did not address the problem of validity of putative positive indicators
of veal calf welfare nor will address matters concerning the interpretation of measurements
in terms of welfare.

20.3 methods

as presented above, four categories of measures were distinguished related to positive
and natural behaviours:
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play behaviours: jumping, kicking, running…;
social licking;
mounting;
head-to-head fights.

in order to perform correctly the observations under commercial conditions, observers
were trained based on earlier observations recorded on video. initial observations over
longer periods of time on a few farms were analysed in order to try to identify more limited
time frames with high probabilities for the occurrence of social licking and play behaviour.
on farm observations were performed on 20 farms in france between october 2005 and
march 2006. calves were housed in large groups (between 20 and 64 calves per pen) and
fed with an automatic milk dispenser (amd). farms were characterised by two types of
milking systems: in instantaneous systems the milk was available all day long, in session
feeding systems the milk was only available at certain times (most of the time 2 sessions
of 6 hours per day).
two randomly chosen pens were observed per farm (for a total of 39 pens observed).
observations were performed simultaneously by two trained observers. observations were
performed on 4 days: 2 observations at a two day interval at week 9 (9 weeks after the
arrival of the calves in the farm) and 2 observations at a two day interval at week 13. three
observations were performed per day (morning, noon and afternoon). a total of 12
observations were performed per pen.
observations of play behaviours, mountings and fights lasted 30 minutes separated in 15
periods of 2 minutes. Within each 2 minutes period, the number of calves performing the
behaviours (play or mount or fight) was recorded. the decision was taken to record the
number of calves performing each behaviour instead of the occurrence of each behaviours
to avoid the possibility of high levels of behaviours due to one calf
playing/mounting/fighting frequently during the observation. the data produced were
mean proportions of calves playing/mounting/fighting for the 30 minutes sessions (mean
for the 15 periods).
for social licking, the sampling method used was scan sampling (with a two minute
interval). each observation lasted 30 minutes (16 scans per observation). as not all animals
were visible for each scan, the number of calves observed per scan was recorded for each
scan. data provided were mean proportions of observed calves performing social licking.

20.3.1 Data Analysis
inter-observer repeatability was assessed through spearman rank correlations.
between-day consistency was assessed at short term (day1–day2 and day3–day4) and at
medium term (week9–week13) using spearman rank correlations.
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analyses of variance were used to assess the effects of environmental parameters (size of
the group, feeding system…) on the observation and to analyse farm and pen effects. the
model included:
•
•
•

fixed variables : day of observation (or week of observation), period of observation,
moment of the feeding session, number of calves in the pen, breed of the calves;
Random variable : farm;
interactions: farm and week, farm and period, week and period, week and number
of calves, period and number of calves.

20.4 Results

the four behaviours were not frequently observed. the mean percentages per observation
of calves performing the behaviours were 0.99% ± 0.05 for play, 1.77% ± 0.05 for social
licking, 0.45% ± 0.03 for mounting and 1.41% ± 0.07 for fights. despite this rarity of
occurrence, all four measures were affected by an important farm effect (p<0.001) showing
that these measures permit to distinguish between farms. observers agreed on the level of
plays (r=0.95; p<0.001; n=20), social licking (r=0.90; p<0.001; n=20), mounting (r=0.99;
p<0.001; n=20) and fights (r=0.87; p<0.001; n=20). play and fight behaviours showed
low repeatability at short term (respectively r=0.37; p=0.02 and r=0.35; p=0.03). play
behaviours showed low consistency at medium term (r=0.26; p=0.11) while fights were not
consistent at medium term (r=0.04; p=0.82). social licking and mounting showed medium
repeatability at short term (respectively r=0.50; p=0.001 and r=0.52; p<0.001) and at
medium term (both r=0.53; p<0.001). When the level of play and social licking increased
between week 9 and week 13 (respectively p=0.02 and p=0.04), the level of mounting and
fighting decreased (respectively p=0.02 and p=0.03).
observations were linked with the activity level of the group (except for mounting where
only a tendency was found). the more calves were active (standing) the more they were
performing play, fights and social licking. all measures were influenced by the period of
observation with calves performing more of these behaviours in the morning than at noon
or in the afternoon. play and fight behaviours were influenced by the moment of feeding
session with calves performing less behaviours at the beginning of the feeding session. We
are not sure if these two effects are direct or indirect (due to different levels of activity).
additional work will consider the effect of the activity level on positive behaviours (for
instance, expressing the data as proportions of active calves). a pen effect was found for
social licking and mounting for respectively 21% and 16% of the farms. for the
observation of social licking, the activity level and the size of the group influenced the
mean percentage of calves that could be seen by the observers (r=–0.19; p<0.001; n=455
and r=–0.09; p=0.03; n=455).
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20.5 conclusions

social licking is an acceptable candidate for welfare assessment. the observation is
feasible, its validity is acceptable and the measure shows good correlations between
observers and acceptable correlations between days. the behaviour of the calves is
evolving between week9 and week13. therefore the observation should be performed at
a fixed age to be valid. play behaviours, mounting and head-to-head fights have good
repeatability between observers but low repeatability at short and medium term. they are
rare behaviours and additional works may have to consider them as binary data
(absence/presence of the behaviour). they don’t seem to be good candidates.

21
Assessment of generAl
feArfulness in veAl cAlves
housed in lArge groups
h. leruste, J. lensink and c.g. van reenen

21.1 summAry

the concept of ‘general fearfulness’ is quite controversial (ramos and mormède, 1998;
Wilson, 1998). Whether or not the fear of novel objects reflects ‘general fearfulness’
remains to be determined but we can assume that the behavioural response of veal calves
towards a novel object represents a valid measure of fear. the reaction of calves towards
on novel object can be easily assessed on experimental conditions. under commercial
conditions only few studies have been performed so far on feasibility and reliability of
these measures. this study aims at determining simple and valid tests which would be
good candidates to integrate an animal-based-on-farm assessment tool.
observations were performed on 20 farms in france. calves were housed in large groups
and fed with an automatic milk dispenser. observations were performed on 4 days: 2
observations at a two day interval at week 9 (9 weeks after the arrival of the calves in the
farm) and 2 observations at a two day interval at week 13. observations were performed
simultaneously by two trained observers. two observations were performed. the voluntary
approach of a novel object in the middle of the pen permitted to assess the latency for the
group to touch and surround the object and the percentage of calves orientated towards the
object. the voluntary approach of a novel object at the front fence permitted to assess the
mean number of calves around the object during 3 minutes and to build a speed-ofapproach score for the group.
A farm effect was found for all measures showing that they permit to distinguish between
farms. observers agreed for all the measures evaluated (r>0.75) and all measures had
satisfying repeatability at short term (r>0.56). the percentage of calves orientated toward
the object in the pen, the mean number of calves close to the object at the fence and the
speed-of-approach score showed good repeatability at medium term (respectively r=0.61;
p<0.001; n=54 / r=0.60; p<0.001; n=67 / r=0.67; p<0.001; n=60). the latency to touch and
to surround the object in the pen showed low repeatability at medium term (respectively
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196 /

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

r=0.34; p=0.02; n=48 and r=0.47; p=0.001; n=44). We observed a habituation of the calves
to object in the pen showed by the decrease of the latency to surround the object between
day1 and day4 (p=0.009). calves approached faster the object at the fence and were more
numerous close to it at week 13 than at week 9 (p<0.001). therefore observations should
be performed at a fixed age.
this experiment permitted to develop two observations (providing three variables) for onfarm assessment of general fearfulness: the latency to touch and to surround a novel object
in the pen and the mean number of calves around a novel object at the fence. despite this,
the use of these measures is not recommended because of their low feasibility. they require
an adaptated equipment and can be affected by the presence of the observers.

21.2 introduction

the concept of ‘general fearfulness’ is quite controversial (e.g. ramos and mormède,
1998; Wilson, 1998), and a number of studies in veal calves and cattle suggest that, for
example, fear of humans may be dissociated from fear of novel objects (hemsworth et
al., 1996; lensink et al., 2000; van reenen et al., 2004). moreover, there is strong
disagreement on the interpretation of various behavioural measures observed during
intuitively fearful situations such as an ‘open field test’ or a ‘novel object test’. for
example, based on work with dairy cattle, it was suggested that individual differences in
latencies to approach humans or objects as well as differences in locomotion and
vocalisation during novel object, human approach, and open field tests were all associated
with differences in fearfulness (Boissy and Bouissou, 1995; de passillé et al., 1995;
hemsworth et al., 1996; grignard et al., 2000). however, multivariate analyses of
behavioural measures simultaneously recorded during behavioural tests in cattle, but also
in other species like pigs or rats, usually reveal a multifactorial picture in that different
behaviours load on different factors (e.g. Andersen et al., 2000; forkman et al., 1995;
grignard et al., 2001; steimer et al., 1997; van reenen et al., 2004). this strongly suggests
that the behavioural responsiveness of animals, including veal calves, to challenge is
mediated by a number of factors or motivations rather than a unidimensional construct
like general fearfulness.
A pharmacological validation study demonstrated that the treatment of calves with an
anxiolytic drug (a benzodiazepine labelled brotizolam©) did not affect locomotion or
vocalisation during an open field test, but specifically increased the time spent interacting
with the stimulus (a plastic container attached to a tambourine) in a novel object test (van
reenen et al., 2009). these findings support the previously mentioned multidimensionality
of responsiveness of calves to challenge, and they also provide evidence for predictive
validity of this latter behavioural parameter as a measure of fear in calves. the interaction
of calves with a novel object also seems to comply with the condition of concurrent
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validity, since cortisol responses to open field and novel object tests (i.e. putative
physiological indices of stress and fear) were positively associated with the latency to
approach a novel object, and negatively related to the time spent in contact with the novel
object (van reenen et al., 2005).
Whether or not this type of fearfulness reflects ‘general fearfulness’ remains to be
determined but we can assume that the behavioural response of veal calves towards a novel
object represents a valid measure of fear. relatively simple and feasible behavioural
measures in veal calves in the area of the fear of a novel object have been sufficiently
validated. it can be easily assessed on experimental conditions. only few studies have
been performed so far on feasibility and reliability of these measures under truly
commercial conditions. the development of welfare monitoring schemes (eu project)
creates a need for a valid method to assess general fearfulness on farm.
this study aims at determining simple and valid tests which would be good candidates to
integrate an animal-based-on-farm assessment tool. they should reflect the actual level of
fear/curiosity of a novel object of the group of calves, be repeatable at short and medium
term (test-retest) and shouldn’t be affected by an observer effect.

21.3 methods

As presented above, two categories of measures were performed:
•
•

voluntary approach of an object in the middle of the pen;
voluntary approach of an object at the front fence.

on farm observations were performed on 20 farms in france between october 2005 and
march 2006. calves were housed in large groups (between 20 and 64 calves per pen) and
fed with an automatic milk dispenser (Amd). observations were performed on 4 days: 2
observations at a two day interval at week 9 (9 weeks after the arrival of the calves in the
farm) and 2 observations at a two day interval at week 13. Between 1 and 6 pens were
observed per farm (for a total of 67 pens observed). observations were performed
simultaneously by two trained observers.
the two observers calmly entered the building. one observer entered the pen with the
object and placed it in the middle of the pen in a standardised manner. the object used was
unfamiliar to the calves. it was nearly 1,30m high with a heavy base and a coloured top.
the two observers noted down the latency for the first calf to touch the object and the
latency for the object to be surrounded by calves (no space left for other calves to
approach) with a maximum latency of 180s. At the end of the test the observers evaluated
the percentage of calves that were orientated towards the object. the second observation
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was performed just after the first one. An unfamiliar and coloured object was placed at the
front fence of the pen in a standardised manner. the two observers counted every 20
seconds (10 scans) the number of calves in the area close to the object (1.5m).

21.3.1 Data Analysis
inter-observer repeatability was assessed through spearman rank correlations. Betweenday consistency was assessed at short term (day1–day2 and day3–day4) and at medium
term (week9–week13) using spearman rank correlations.
Analyses of variance were used to assess the effects of environmental parameters (size of
the group, breed, order effect) on the observation and to analyse farm and pen effects. the
model included:
•
•
•

fixed variables: day of observation (or week of observation), number of calves in the
pen, breed of the calves and order of performance of the test;
random variable: farm;
interactions: farm and day (or week), number of calves and day (or week) and order
and day (or week).

the evolution of the variables in time was assessed thanks to a repeated measurement
analysis.

21.4 results

A farm effect was found for all measures showing that they permit to distinguish between
farms. observers agreed for all the measures evaluated: latency to touch the object in the
pen (r=0.80; p<0.001; n=20), latency to surround the object in the pen (r=0.75; p<0.001;
n=20), % of calves orientated toward the object (r=0.90; p<0.001; n=20), mean number of
calves close to the object at the fence (r=0.81; p<0.001; n=20) and speed-of-approach
score (r=0.84; p<0.001; n=20). All measures had satisfying repeatability at short term
(day1-day2): latency to touch the object in the pen (r=0.67; p<0.001; n=33), latency to
surround the object in the pen (r=0.56; p=0.002; n=29), % of calves orientated toward the
object (r=0.62; p<0.001; n=48), mean number of calves close to the object at the fence
(r=0.64; p<0.001; n=61) and speed-of-approach score (r=0.61; p<0.001; n=44). the
percentage of calves orientated toward the object in the pen, the mean number of calves
close to the object at the fence and the speed-of-approach score showed good repeatability
at medium term (respectively r=0.61; p<0.001; n=54 / r=0.60; p<0.001; n=67 / r=0.67;
p<0.001; n=60). the latency to touch and to surround the object in the pen showed low
medium term repeatability (respectively r=0.34; p=0.02; n=48 and r=0.47; p=0.001; n=44).
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We observed a habituation of the calves to object in the pen showed by the decrease of
latency to surround the object between day1 and day4 (p=0.009). calves approached faster
the object at the fence and were more numerous close to it at week 13 than at week 9
(p<0.001). therefore, observations should be performed at a fixed age.
A pen effect was found for all measures. it was more important for the test of the object
at the fence (47% of the farms were affected by this effect). therefore the tests should be
performed on at least two pens. there is an effect of the order of performance of the test
in the different pens on the latency to touch the object (p=0.005), the percentage of calves
orientated (p=0.009) and the speed-of-approach score (p=0.011). therefore, the chosen
tests should be adjacent to diminish this effect. the breed of the calves didn’t influence
their behaviour. the size of the group influenced the percentage of calves orientated
towards the object (p=0.08) and the speed-of-approach score (p=0.047).
All the measures are linked. groups which show short latency to touch the object in the
middle of the pen had also short latency to surround the object and were more orientated
toward the object. they also were more numerous to surround the object at the fence and
approached faster.

21.5 conclusions

the latencies to touch the object and to surround it show low between-day repeatability
due to an evolution of the behaviour of the calves. therefore it can’t be truly assessed.
the mean number of calves close to the object at the fence and the speed-of-approach
score show good between-day and between-observers repeatability.
this experiment permitted to develop three valid observations for on-farm assessment of
general fearfulness: latency to touch and to surround a novel object in the pen and mean
number of calves around a novel object at the fence. despite this, the use of these measures
is not recommended because of their low feasibility.

22
Assessment of generAl
feArfulness in dAiry cows And
fAttening bulls
s. waiblinger and i. windschnurer

22.1 summAry

fearfulness is an individual’s propensity to be easily frightened or alarmed in a variety of
potentially aversive situations (boissy, 1998; erhard and schouten, 2001). thus, if
fearfulness is high, the animals will experience the negative emotional state of fear more
often. in cattle husbandry most potentially fear-eliciting events are associated with humans
and with novelty (e.g., new feeding equipment or other barn structures when regrouped).
Hence, measuring states of fear associated with those events seems to be most relevant for
welfare. the level of fear of humans is included in the assessment of the animals’
relationships to humans.
After some trials, where several possibilities were evaluated for on-farm feasibility, two
tests were further investigated: the ‘novel object test’ (not) is based on approach
behaviour of a group of animals to a novel object (a ball hanging at the feed barrier). the
‘vigilance test’ (Vt) is based on the frequency of vigilant behaviour (scanning the
environment) during feeding, also in presence of a novel object (the camera filming the
reactions of the animals).
the not was evaluated with regard to inter-observer reliability, test-retest repeatability,
and convergent validity on 16 dairy farms (where two tests at two different places were
performed on every farm) and on 10 bull fattening farms (where 2 to 15 pens were tested
per farm). the vigilance test (Vt) was evaluated with respect to test-retest repeatability
and convergent validity in dairy cows. two groups of cows were filmed during feeding and
their behaviour categorised as vigilant, vigilant and looking into the camera or not vigilant.
inter-observer reliability was high for the novel object test in dairy cow and fattening bull
farms (r=0.95 to 0.98, p<0.001, n=16 / 49, farm / pen level). the test was not repeatable
between two test sessions performed in sequence (r≤0.2). regarding convergent validity,
measures of the first test correlated especially with measures indicating a higher level of
201
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fear of humans in dairy cows (farm level: r= –0.49 to –0.62, p<0.05, n=16). in fattening
bulls, correlations with the average avoidance distance at the feeding place were found
(pen level: r= –0.31; p<0.05; n=49 or r= –0.24; p<0.1; n=49). As with the novel object
test, no repeatability could be found between the two tests (two 4 min records of focal
groups) (herd level: %vigilant animals, 1st and 2nd test: r=0.14, p=0.642, n=15). the test
measure ‘%vigilant animals in the first test’ correlated significantly with the proportion of
animals very fearful of humans at the feeding place (herd level: r=0.55, p<0.05, n=15).
the two fear tests showed few correlations with each other.
in sum, there are some indications for the validity of measuring vigilance, but at the
moment the measure is too premature to include it into a welfare assessment protocol. the
novel object test seems to have some validity with respect to measuring general fearfulness
in the herd.

22.2 introduction

fear is a negative emotional state. it has welfare relevance (1) if the animal experiences
states of fear or anxiety for a prolonged time and/or frequently and (2) due to the potential
negative consequences of fear reactions such as injuries. fearfulness, being a personality
trait, is an individual’s propensity to be easily frightened or alarmed in a variety of
potentially aversive situations (boissy, 1995; erhard and schouten, 2001). it can have a
considerable influence on the animals’ physiological or behavioural reactions. from this
definition fearfulness cannot be measured with a single test, as showing fear in one certain
situation is considered just as a state (erhard and schouten, 2001). However, it is not
feasible to include a series of time-consuming tests into an on-farm welfare assessment
tool. in cattle husbandry fear-eliciting events are most likely associated with humans (with
or without handling the animals) and with novelty (of the environment or situation, e.g.,
new feeding equipment when regrouped). thus, measuring states of fear associated with
those events seem to be most relevant. the level of fear of humans is assessed by the
assessment of the animals’ relationships to humans (chapters 15–17). we aimed at
measuring the level of fear in another specific test, also assuming that it is nevertheless
easier to create a state of fear in animals that are generally more fearful.
After evaluating several tests with respect to feasibility we finally chose a novel object test
for assessing general fearfulness in dairy cows as well as in fattening bulls, since novelty
is known to be a frightening stimulus (e.g., boissy 1995). novel object tests are one of the
most commonly used tests to assess fear in cattle (forkman et al., 2007), although
according to forkman et al. more work is necessary to investigate its validity. in addition,
in dairy cows we evaluated possibilities to base a measure of fear on vigilance during
feeding because welp et al. (2004) suggested that measuring vigilance in dairy cows could
be used as an indicator of the degree of fearfulness. Animals tested individually in an
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experimental set-up spent more time being vigilant in the presence of a dog than a human
and in presence of an aversive human compared to unfamiliar or gentle people.

22.3 metHods

before the actual on-farm study with 16 dairy cow and 10 bull fattening farms several
tests were assessed for their feasibility. At first, two fear tests were performed at an
individual level in one commercial dairy farm with loose housing system. in one test single
cows had to pass between two novel objects that were placed in a corridor leading from
the milking parlour back to the stable. the other test was a surprise test (air blow test,
inspired by schrader, 2002) carried out with individual animals restrained in the feed
barrier. 45 and 46 cows were subjected to the two tests and their reactions were filmed.
However, both tests turned out to be not feasible for on-farm welfare assessment due to
the difficulties to standardise the procedure, the time needed, the lack of applicability in
different housing systems (e.g., without possibilities to restrain the animals in the feed
barrier) and the necessity of close human involvement for performing the test. therefore,
the two tests were not further evaluated.
the test supposedly most feasible and most easily performed with low human involvement
and possible for dairy cows as well as fattening bulls was the presentation of a novel object
at the barn barrier. therefore, it was decided to evaluate a novel object test (not) with
respect to test-retest repeatability, inter-observer reliability, and convergent validity (for
definitions see chapter 16). However, it could only be evaluated at farm and at pen level
but not at an individual level. this was because an individual presentation of a novel object
was not possible for many animals since neighbouring animals would have inevitably seen
the object too and it would not have been novel anymore. we also considered other
possibilities for inclusion of an element of ‘suddenness’ into the test but failed to find a
practicable solution (due to constraints of on-farm assessment). in addition to the novel
object test, we made a first investigation into the repeatability and validity of vigilance
measures in dairy cows because recent papers suggest it to be indicative of fear. in order
to investigate convergent validity correlation between general fearfulness tests and tests
assessing the animals’ relationship to humans were evaluated
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22.3.1 fArms, AnimAls, And Housing

Dairy Cows
for testing the reliability and convergent validity of the two tests chosen for dairy cows,
16 commercial dairy farms with 19 to 78 lactating cows (36 ± 15 per herd, in total 580
cows) were visited. depending on the tests that were performed, different numbers of
animals out of the herd were tested. on one farm, cows were housed in a deep litter system
and on the other farms in cubicle loose housing. the running area was made of slatted
concrete floors on 11 farms and of solid concrete on 5 farms. the farms kept predominantly
simmental cows, with a few Holstein friesian cows on some of the farms. one farm kept
Holstein friesian cows only.

Fattening Bulls
10 farms with altogether 123 pens (housing 3 to 12 bulls, on average 6 animals per pen)
were visited. farms had between 8 and 18 pens and 40 to 123 bulls (73 ±24). on one farm
bulls were housed in deep litter, on 9 farms bulls were housed on fully slatted concrete
floors (except for two pens with straw bedding). the weight classes ranged from estimated
200kg up to finishing bulls with approximately 700kg. the animals were mostly
simmental bulls, the breed traditionally found on commercial Austrian bull fattening
farms.

22.3.2 description of test procedures And meAsures cAlculAted

for dairy cows two measures were evaluated, a novel object test and a measure of
vigilance. for fattening bulls, the novel object test was tested.

Novel Object Test (NOT)
the novel object (a coloured plastic ball of ~25 cm in diameter for the dairy cows and
~30 cm for the fattening bulls (different equipment for hygienic reasons) was knotted into
a plastic cord to be easy to disinfect. for each test the ball was attached to the feed barrier
within good view for many animals of the herd in dairy cows or for the whole pen in
fattening bulls (pens having smaller group sizes). before the attachment of the ball a
position was selected for the ball and then the distances of 5 m to the right and the left of
this position were marked outside the feed barrier (with tapes, straw, hay, and feed). then
two observers took position in a distance of at least 5 m from the novel object. one of
them alternatively attached the ball to the feed barrier and then went back to the observer
position. both observers noted the animals’ reactions for the duration of 5 minutes.
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the following data were collected independently by each observer:
•
•
•

number of animals in the whole group (pen in fattening bulls, herd in dairy cows)
at test start
number of animals standing within 5m to the novel object at test start for dairy
cows, standing in the pen for fattening bulls
number of animals approaching until contact

from the collected data percentages of animals approaching until contact were calculated
relative to the number of animals standing within 5 m at test start (for dairy cows) or
relative to the number of animals standing in the pen (for fattening bulls) at test start or
relative to the number of animals in the whole group. the observers tried to note the
identity of the animals (ear tags) in order to avoid recording the contact made by individual
animals more than once.

Vigilance Test (VT)
A group of feeding animals that was not restraint in the feed barrier was filmed angular
ahead using a video camera positioned on a tripod for 5 to 6 minutes. After starting the
video tape, the humans left the barn, so that the animals were undisturbed by humans. the
number of animals visible on the video in such a focal group ranged from 0 (in few scans
when animals had left places) to 9 animals.
the behaviour of the animals was recorded from video by scan sampling, with scans every
10 seconds for 4 min, starting 50 sec after the person had started the video. the first 50
sec were disregarded to be sure that the person was out of the view of the animals. Animal
behaviour was categorised as follows:
•

•
•

vigilant without looking to the camera (vigilant): head held up (line of the neck
parallel to ground or in an angle >90°) & ears erect & immobile; the definition is
based on boissy and dumont (2002) and mounier et al. (2006)
vigilant or attentive looking into the camera (vigilant to camera): direct look into
direction of camera, head held up or lowered
not vigilant: lowered head (line of neck in an angle <90° to ground), not looking to
the camera, occupied with feeding or social interactions; also animals entering or
leaving the feed barrier at the moment of the scan were put into this category

only animals with their heads reaching completely through the feed barrier were counted.
to be able to differentiate vigilant animals from animals lifting the head to leave or enter
the feed barrier, the seconds before and after the scan were watched.
the average percentage of animals in each category was calculated.
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22.3.3 design of tHe study

the measures for general fearfulness were tested for reliability together with measures
for assessing the animal-human relationship during the same farm visit (see chapter 15).

Novel Object Test (NOT)
the novel object test was always performed as last test after the tests for assessing animalhuman relationship (AHr) had been performed. in dairy cows 6 AHr tests were carried
out: Avoidance distance at the feeding place, Approach test to a stationary person, lypass,
lytouch, walking trough and touch, and the Avoidance distance test in the barn. in
fattening bulls only the Avoidance distance in the feeding place was carried out. for exact
description of these HAr tests see chapters 16 and 17.
in dairy cows, the novel object test was repeated two times with a short break of 5 minutes
in between, when the novel object was placed in a different position which had to fulfil the
same criteria as the first place (visibility for animals etc.).
in fattening bulls the test was performed once with 2 to 15 (on average 6) pens per farm.
in total 49 pens were fully tested. for another 10 pens the test had to be interrupted to
avoid the destruction of the novel object by the bulls, or because the holding cracked or
the farmer entered the barn and disturbed the animals. repetition within farms was
balanced for age. However, from the fourth farm on the test was performed only with the
lighter weight classes because the heavy bulls (1) often played very wildly so that the
holding cracked or they even nearly destroyed the ball and (2) hardly showed signs that
could be interpreted as fear.

Vigilance Test (VT)
Vigilance was assessed two times per dairy herd with presumably different focal groups
of cows by changing the position of the camera between the two tests without a pause in
between. to guarantee a sufficient number of animals still feeding Vt was performed after
releasing the cows from the feed barrier (if restrained) after they had been subjected to the
avoidance distance at the feeding place (AHr test).

22.3.4 dAtA AnAlysis And stAtistics

convergent validity and reliability (inter-observer reliability and test-retest repeatability)
were analysed using pearson or spearman rank correlations, depending on the distribution
of the data.
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22.4 results

22.4.1 VAlidity – inter-test correlAtions

Novel Object Test
A large variation was found in behaviour on the 16 dairy cow farms. the proportion of
cows approaching the novel object until contact ranged from 3.3 to 15.8 % (median: 7.7%;
average ± stand.dev.: 9±4%) in the first test session and from 2.6 to 23.9 % (median: 9.9%;
average ± stand.dev.: 11±6%) in the second.
the proportion of cows standing within 5 m distance at test start and approaching until
contact ranged from 23 to 100 % (median: 55%; average ± stand.dev.: 56±21%) in the
first and from 33 to 100 % (median: 59%; average ± stand.dev.: 65±23%) in the second
test session.
with regard to inter-test relationships with AHr tests, the first novel object test showed
significant correlations with the % of animals having an avoidance distance >1.5m in the
barn or >50cm and >1m at the feeding place (table 22.1), i.e., with the number of very

tAble 22.1 pearson or spearman correlations of the novel object test parameters (averages
of both observers for first and second test session) with measures assessing the animalhuman relationship (always first test session) (n=16, except where indicated n=15).
% to contact
% to contact % contact from % contact from
from 5m at test from 5m at test animals per
animals per
start – 1st test start – 2nd test barn – 1st test barn – 2nd test
Approach to person
% app to contact out of 10m at test
.21
.04
start
% app to contact out of standing
.00
–.28
animals in the barn (n=15)
Avoidance distance in the barn
(Ad)
Average Ad
–.20
–.42
Adtouch
.28
.44
Ad>50cm
–.22
–.53*
Ad>1.5m
–.21
–.14
Ad>2m
–.15
–.10
Avoidance distance at feeding place
(Adf)
Average Adf
–.28
–.52*
Adf% touched
.07
.72**
Adf% > 20 cm
–.22
–.61*
Adf% > 30 cm
–.31
–.55*
Adf% > 50 cm
–.36
–.37
Adf% > 1 m (spearman)
–.20
–.04
Notes: all p<0.1 are bold; in italics: p<0.1; * p< 0.05; ** p< 0.01; *** p<0.001.

–.18

–.59*

.38

.45

–.32
.20
–.20
–.53*
–.39

–.35
.08
–.32
–.38
–.16

–.39
.02
–.30
–.39
–.51*
–.62*

–.41
.38
–.47
–.41
–.36
–.18
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fearful animals in the avoidance distance tests. in contrast, the second novel object test
correlated significantly with the other measures of avoidance distance (lower distances
and average) and with the number of animals approaching the test person. one correlation
was especially high: the number of animals approaching the novel object until contact (in
relation to the number of animals standing within 5 m distance) was higher the more
animals could be touched at the feeding place (table 22.1).
in fattening bulls, a farm effect could be detected by AnoVA when only including the
younger animals, i.e., pens with weight classes up to 300 kg (p = 0.02, n= 17 pens from
6 farms), but not when including all weight classes. correlations with the measure of the
animal-human relationship were found. the percentage of bulls approaching the novel
object until contact relative to the number of animals standing at test start correlated
significantly with the average avoidance distance (average Adf) of the second test session
(r=–0.31; p<0.05; n=49) and only tended to correlate with the average Adf of the first test
session (r=–0.24; p<0.01; n=49).

Vigilance
the vigilance measures varied widely between farms. the number of vigilant animals
(%vigilant) ranged from 0 to 66 % (median: 14%; average ± stand.dev.: 21±20%) in the
first and from 4 to 48 % (median: 14%; average ± stand.dev.: 16±11%) in the second test
session.
in the first test session, the % of vigilant animals correlated significantly with the % of
animals having an avoidance distance >1m at the feeding place (table 22.2), i.e., with the
number of very fearful animals in this avoidance distance tests. no significant correlation
was found for the second test session (table 22.2).
no consistent pattern of correlations and only two significant correlation coefficients were
found between measures of vigilance and the novel object test (table 22.3).

22.4.2 reliAbility

Novel Object Test (NOT)
A high inter-observer reliability was found for all measures both in dairy cows (ranging
from r=0.95 to 1.00) and fattening bulls (average latency: r=0.96; %contact of all bulls in
pen: r=0.98; % contact of standing bulls: r=0.98, all p<0.001, n=49; figure 22.1).
no to extremely low repeatability between test sessions (test-retest repeatability) was
found in dairy cows: correlation coefficients of first and second test r ≤0.2.
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tAble 22.2 pearson or spearman correlations of the percentage of animals being vigilant
or attentive looking at the camera, being vigilant without looking at the camera or being
not vigilant (each for the first and the second test session) with measures assessing the
animal-human relationship (always first test session).
% vigilant % vigilant, % not % vigilant % vigilant, % not
to camera, 1st test vigilant, to camera 2nd test vigilant,
1st test
n = 15
1st test
2nd test
n = 14
2nd test
n = 15
n = 15
n = 14
n = 14
Approach to person
% app to contact out of 10m at test
–.28
start
% app to contact out of standing
–.42
animals in the barn
Avoidance distance in the barn
(Ad)
average Ad
.25
Adtouch
Ad>50 cm
.13
Ad>1.5m
.45
Ad>2m
.43
Avoidance distance at feeding place
(Adf)
average Adf
Adf% touched
.26
Adf% > 20 cm
Adf% > 30 cm
Adf% > 50 cm
Adf% > 100 cm (spearman)
.38
Notes: coefficients ≤ ±0.10 not depicted; all p<0.1
***
p<0.001.

.13
–.14

.19

.18
–.15

–.21
.13

.30
.37

–.35
–.41

.25

–.24

.16
.24
.29
.55*
are bold;

–.35

–.19
–.11
–.17
–.14

–.14
–.22
–.29
–.46
in italics: p<0.1;

.37

–.19

–.22

.20

–.23
–.26
–.20

.22
.25
.14

.16

–.12
.14

.16
.25
.21
*

p< 0.05;

–.16
–.14
**

p< 0.01;

tAble 22.3 correlations of vigilance (Vt) and novel object test (not).
not
Vt
% vigilant to
camera,
1st test
% vigilant,
1st test
% not vigilant,
1st test
% vigilant to
camera,
2nd test
% vigilant,
2nd test
% not vigilant,
2nd test

n
15

% to contact from % to contact from % contact from
% contact from
5m at test start – 5m at test start – animals per barn – animals per barn –
1st test
2nd test
1st test
2nd test
–.21
.42
–.22
.51*

15

–.09

.12

–.16

.34

15

.11

–.18

.18

–.40

14

–.11

–.07

.34

.09

–.17

.14

.19

.18

–.26

–.20

14
14

.53*
–.44
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figure 22.1 scatter plot of the % of animals approaching to contact relative to the number
of bulls per pen observed by person A and b simultaneously.
Notes: inter-observer reliability; pearson correlation coefficient: r=0.98, p<0.001, n=49).

Vigilance
no repeatability could be found between the two test sessions (analysis of two 4 min
records of two focal groups) (see table 22.4). depending on the measure, correlations
with the average of both test sessions (e.g. average % vigilant) were high for the 1st test
(e.g. % vigilant) or for the second test (e.g. % vigilant to camera, table 22.4).

22.5 discussion

22.5.1 noVel object test

the measures showed very high inter-observer reliability both in fattening bulls and dairy
cows. However, on the short term, the results were not repeatable, the first and the second
test session in the dairy herds did not correlate. this may be an effect of habituation to and
thus reduction in fear of the novel object (not) during the first test session (forkman et
al., 2007), both by exploring it or by watching others to explore it. thus, the behaviour of
the cows may reflect the level of fear or be influenced by fearfulness to a lower extent in
the second test session compared to the first one. the correlations with the measures to
assess the animal-human relationship (AHr) also point in this direction: in the dairy herds,
the proportion of animals approaching the not relative to the number of animals standing
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tAble 22.4 pearson correlation coefficients of the two tests of vigilance with each other
as well as with the average of both (n = 14 farms).
Average % vigilant
% of vigilant cows,
1st test
Average % vigilant to camera
% vigilant to camera,
1st test
Average % not vigilant
% not vigilant cows,
1st test

% vigilant,
1st test
.89***

% vigilant,
2nd test
.57*
.14

% vigilant to camera,
1st test
.58*

% vigilant to camera,
2nd test
.87***
.10

% not vigilant cows,
1st test
.88***

% not vigilant cows,
2nd test
.58*
.13

in the barn (% app not) in the first test showed significant correlations with measures
reflecting a higher level of fear of humans in the herd (i.e., a higher proportion of very
fearful animals in the avoidance distance tests). in contrast, for the second test sessions the
proportion of animals standing within 5m approaching the not (% app not from 5m)
correlated highly with the proportion of animals that could be touched at the feeding place.
furthermore, only the second test showed correlations with the approach behaviour to a
stationary human, taking the measure % app not. these findings are not straightforward
to interpret, but they suggest that the first test with % app not can give some indications
of the level of fearfulness in the herd, i.e. if cows are easily frightened in response to
humans and to novel objects. the second test and the measure % app not from 5m may
be more influenced by other motivations and emotions, possibly the level of security felt
when at the feeding place, which is the area of highest competition (see for the % cows
that could be touched at the feeding place in waiblinger et al., 2003), or by the level of
curiosity and motivation to explore.
to evaluate the test-retest repeatability of a test using a novel object as stimulus is always
difficult. the novelty may no longer exist after the first presentation. we assumed that by
changing the position we were testing a second, different focal group that had not yet
investigated the novel object. even if the assumption was true for investigation in close
proximity, we may have underestimated the ability to learn about potentially frightening
stimuli from a distance and by social learning (Veissier et al., 1993) and thereby changing
the level of fear.
in sum, our results support the notion that a novel object test gives some valid indications
for the level of fearfulness in both loose housed dairy cows and fattening bulls. the test
has nevertheless some problems that make it questionably for welfare assessment in our
opinion. there are several confounding factors, i.e. curiosity, motivation to explore,
feeding motivation, or social dominance interactions (dominant animals may prevent
others to approach close), which may infer with validity. observations of animals not
approaching the object in order to get more information turned out to be too difficult.
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Additionally, regarding the relevance of the test with regard to the welfare of cows it can
be argued that its value added to the measures of avoidance distances may be not large
enough to justify additional time in a welfare assessment protocol. As mentioned in the
introduction, most possible fear-eliciting events are associated with humans, while
confrontation with novel objects is rarer in cattle husbandry. moreover, it is difficult to
draw boundaries with respect to acceptable levels or level of welfare as there is no
information available so far.

22.5.2 VigilAnce

the test of vigilance was not repeatable. Also here a novel object, the camera, was an
inherent part of the procedure and the animals may have habituated to it also from a
distance leading to different reactions. furthermore, we could not exclude testing at least
partly the same animals twice.
our hypothesis was that more fearful groups of animals would spend less time feeding but
would scan their surroundings more often, i.e., spent more time being vigilant. we could
test this only by correlations with other measures presumably measuring fear. the results
suggest that assessing vigilance could have some validity to measure the level of fear.
comparable to the novel object test the proportion of vigilant animals in the first test
correlated significantly with the proportion of animals very fearful of humans at the
feeding place and thus may measure the level of fearfulness to some extent. However, few
significant correlations with the novel object test were found.
Altogether, the picture is not consistent enough and thus can be seen only as indication that
this measure may be promising also at herd level in the on-farm context. taking results
from the literature into consideration (welp et al., 2004), we conclude that this measure
may be useful. However, further investigations with respect to validity and repeatability
are necessary. Another limitation for inclusion in a welfare assessment protocol is the
feasibility. it is a disadvantage that video equipment is needed which (1) is difficult to
clean and especially disinfect and (2) that additional analysis in an office is needed (scan
sampling from videos).

22.6 conclusions

for the vigilance test some indications were found for its validity, but at the moment the
measure is too premature to include it into a welfare assessment protocol.
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the novel object test seems to have some validity with respect to measuring general
fearfulness in the herd, but still has some problems and – in our opinion – is less relevant
for welfare compared to measures of the animal-human relationship (AHr), at least in
dairy cows. moreover, setting thresholds is difficult due to a lack of information. thus, at
the moment we do not recommend to include the novel object test in welfare assessment
schemes but instead to give more time to a sound assessment of the AHr by avoidance
distance tests.

23
Qualitative Behaviour
assessment
F. Wemelsfelder, F. millard, G. De rosa and F. napolitano

23.1 summary

Qualitative Behaviour assessment (QBa) is a method that relies on the ability of human
observers to integrate perceived details of behaviour, posture, and context into descriptions
of an animal’s style of behaving or ‘body language’, using descriptors such as ‘relaxed’,
‘tense’, ‘frustrated’ or ‘content’. such terms have an expressive, emotional connotation,
and provide information that is directly relevant to animal welfare. Previous research with
pigs, cattle, poultry, and horses has shown QBa to have high inter- and intra-observer
reliability and to be coherent with traditional behaviour and welfare measures, both when
animals were assessed individually and at group level. Previous QBa work however was
based on a Free-Choice-Profiling methodology that is unsuitable for on-farm inspection
work. the aim of this study therefore was to design, and test the inter-observer reliability
of, a fixed rating scale for QBa of cattle expression. this work was carried out with beef
cattle, dairy cattle and veal calves.
on the basis of previous QBa research with cattle and consultation with cattle experts, we
designed a rating scale of 29 descriptors (32 for beef cattle). the rating scales were tested
by three cohorts of four assessors, on 22 groups of veal calves and 22 groups of dairy
cattle in northern and southern italy, and on 21 groups of beef cattle in southern scotland.
the inter-observer reliability of the QBa scores attributed to the different cattle groups was
tested using Kendall Correlation Coefficient W. For beef cattle there was satisfactory
reliability (W ≥ 0.70) for 20 out of 32 descriptors, but for dairy cattle and calves this
criterion was reached with only a few descriptors. Comparison of Principal Component
analyses (PCa) of assessor scores within the three cattle groups showed similar emergent
patterns of cattle expression, in which the first principal component (PC1) distinguished
between positive and negative mood, and the second (PC2) differentiated these moods in
low and high levels of arousal. this pattern was reproduced when we removed descriptors
with low loadings and low apparent welfare relevance from the assessor data sets, leaving
20 descriptors for each cattle group. For beef cattle, PC1 of the ‘reduced’ PCas showed
satisfactory inter-observer reliability (Kendall W=0.73; p<0.001, but for dairy cattle and
veal calves these emergent patterns, though present, were quantitatively weak. a
215
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subsequent video-based assessment of dairy cattle by 14 assessors using this rating scale
found satisfactory reliability (W=0.73; p<0.001).
We propose that PC1 may provide an integrative measure of positive and negative cattle
emotion, to be accorded to single farm units through a PCa of assessors’ scores on a 20term QBa rating scale. to calibrate the QBa measures of single farms, testing the QBa
scale on a large sample of farm units is required to create a ‘benchmark’ data base. this
will allow identification of cut-off points on PC1 for unacceptable levels of negative
mood/welfare.
the application of QBa on farms is highly feasible and easy to learn, however assessors
must be experienced in observing cattle, and be given additional training in recognising
cattle expressions if required.

23.2 introDuCtion

Qualitative Behaviour assessment (QBa) is a method of animal welfare assessment
developed in recent years at the scottish agricultural College (Wemelsfelder et al., 2000,
2001). this method relies on the ability of human observers to integrate perceived details
of behaviour and its context into judgements of animal ‘body language’, using descriptors
such as ‘calm’, ‘tense’, anxious’ or ‘content’. such terms have previously been used to
describe individual differences in animal temperament and personality (e.g. lanier et al.,
2000; Gosling, 2001), but they also have an expressive, emotional connotation that
provides information which is directly relevant to animal welfare and could supplement
information obtained from quantitative indicators (e.g. Carlstead et al., 1999; Weiss et al.,
2006; Wemelsfelder and Farish, 2004; Wemelsfelder, 2007). several years of research
with pigs, cattle, poultry, sheep, and horses have shown QBa to have high inter- and intraobserver reliability and to be coherent with quantitative behavioural and physiological
measures, both when animals were assessed individually and at group level (Wemelsfelder
et al., 2000, 2001; Dungey, 2003; Wang, 2004; rousing and Wemelsfelder, 2006;
napolitano et al., 2008; minero et al., 2009).. in an on-farm context, an important question
is whether qualitative judgements of behaviour might not be biased by the prevailing
environmental conditions. in a study with individual pigs, digital manipulation of videos
demonstrated that whether pigs were observed against an indoor or outdoor background
did not unduly bias observers’ assessment of the pigs’ behaviour (Wemelsfelder et al.,
2009).
these studies were all based on a Free-Choice-Profiling (FCP) methodology which asks
observers to develop their own descriptive terminologies, and requires a minimum of 10
observers to be statistically viable. evidently this method is unsuitable for on-farm welfare
monitoring purposes, and requires adaptation for use by individual assessors. it was
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therefore the aim of the present study to develop, and test the inter-observer reliability of,
a fixed qualitative rating scale describing the expressive behavioural repertoire (‘body
language’) of cattle. more specifically, the aim was to investigate the reliability of such a
scale for beef cattle, dairy cattle and veal calves kept under a variety of environmental
conditions.

23.3 methoDs

23.3.1 DeveloPment oF ratinG sCale

a first selection of qualitative descriptors of cattle behaviour was made on the basis of
several previous FCP-based studies of on-farm dairy cattle welfare (e.g. rousing and
Wemelsfelder, 2006). these studies, using different observer groups of cattle experts and
animal welfare students, tended to find 2–3 main dimensions of cattle behavioural
expression. these dimensions are characterised by clusters of terms at both their positive
and negative ends; from these clusters, a list of 26 terms was selected as a starting-point
for this study. this list was sent to 9 research partners in the Welfare Quality cattlesubgroup for comments and amendments, of which 6 replied. Feedback of these
respondents was generally positive and various suggestions for additional descriptors were
made. We decided it would be unwise to be too restrictive in the number of terms we
selected at this early stage, and that a possible reduction of terms would be better based
on the results of this study. thus the adjusted list contained 29 descriptors for calves and
dairy cattle, and 32 terms for beef cattle.
the rating scale to be tested was construed by putting each of the 29 (32) qualitative
descriptors next to a continuous, undivided visual analogue scale of 125 mm length (the
same as used in FCP studies). each descriptor was given in english, and, for the on-farm
work with veal calves and dairy cattle in italy, an italian translation in smaller font was also
added to each term. no definitions of the terms were given, but observers were provided
with detailed instructions on how to make qualitative assessments of the behaviour of
animals in groups, and were encouraged to discuss and agree on the meaning of the terms
as much as possible before starting the work.
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23.3.2 reliaBility testinG

Beef Cattle
assessments were carried out on 21 groups of beef cattle distributed over 14 beef cattle
farms located in central scotland. the cattle groups differed with regard to breed, age,
group size, and housing system. the breeds assessed in the present study included purebred
limousin, Charolais, simmental, salers, Belted Galloway, luing, Beef shorthorn and
highland cattle, and several commercial crossbreeds. a total of 21 cattle groups (of which
5 also contained calves) were observed in three different systems: indoor loose housing
systems with slatted floors (5 groups); loose housing systems with deep straw bedding (9
groups); and free range outdoor systems (7 groups). the assessors were 3 graduate students
and 1 undergraduate student (3 male, 1 female), three of whom had lived on or directly next
to, a cattle farm, and two of whom had experience in measuring behaviour.

Dairy Cattle
assessments were carried out on 22 groups of dairy cattle distributed over 17 dairy farms
(6 tie stall, 6 cubicle and 5 straw-bedded farms), located in southern italy. the average
number of lactating animals was 12, 80 and 60 for tie stall, cubicle and straw bedded farms
respectively. all cows were Friesian. a total of 22 groups of lactating cows were observed
(6 groups in tie stalls, 10 groups in cubicle systems, 6 groups in straw bedded pens). the
observations were performed after morning milking (10.00–13.00). assessors were 2
students of animal science (1 female, 1 male) and 2 researchers in the field of animal
science (1 female, 1 male).

Veal Calves
assessments were carried out on 22 groups of veal calves distributed over 3 farms located
in northern italy. in 1 farm calves were housed in boxes containing about 30 animals, and
milk was offered to these animals through an automatic milk dispenser placed in each box.
on this farm 7 groups of calves were observed in the afternoon. in the other 2 farms calves
were kept in pens each containing of 4–6 animals, and milk was distributed twice a day
using a gun dispenser. on these farms 15 groups of calves were observed, either after milk
distribution in the morning (7 groups), or immediately before milk distribution in the
afternoon (8 groups). the calves were all Friesian, mainly originating in central europe
(slovakia, Poland, France, Germany), and their age ranged from 45 to 180 days of life. the
assessors were 2 state veterinary officers (1 female, 1 male), 1 practicing veterinarian
(female), and 1 student of animal science (female).
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Assessment Procedures (the Same for All Three Cattle Groups)
Before the first assessment, the four assessors recruited for each cattle group familiarised
themselves with the rating scale and the written instructions. they discussed the
assessment procedures as described in the instructions, but refrained from discussing the
meaning of descriptors to enhance independence of assessment.
the assessments were then carried out in accordance with the instructions. one assessor
was responsible for selecting suitable observation points and the timing of the
observations. assessors observed the same groups of calves/cattle at the same moment,
standing closely together, but without distracting each other or blocking each other’s view.
observation sessions lasted from 10 to 20 minutes, with the time spent at each observation
point ranging from 2.5 (8 points) to 10 minutes (1 or 2 points). having finished all
observations, the assessors left the cattle unit and each scored the provided rating scale.
they did not talk to each other during the entire procedure.
When all farm visits had been completed, the scores for each descriptor provided by the
four assessors for each cattle group were recorded by measuring with a ruler the distance
in millimetres between the minimum point on the left side of the scale and the mark on the
line made by the assessor. the inter-observer reliability of these scores was calculated
using Kendall Correlation Coefficient W. subsequently a Principle Component analysis
(PCa; covariance matrix, no rotation) of scores was conducted for each individual
assessor, to gain more insight in how each assessor had used the various terms to account
for the variation between observed groups of calves/cattle. the scores attributed to the
observed animal units on the first two main components of the PCa were then also tested
for inter-observer reliability using Kendall W. the outcomes of the PCa then directed us
to some further calculations and a reduction of the number of descriptors on the QBa
rating scales, which are described below under ‘results’.

23.4 results

table 23.1 shows the Kendall W values for each of the qualitative descriptors on the rating
scales of the three cattle groups. setting an arbitrary minimum of 0.7 (martin and Bateson,
1993), 20 terms out of 32 (highlighted in black) reached satisfactory inter-observer
reliability for beef cattle (rounded up from 0.65). another 9 terms reached W values
between 0.6 and 07 (rounded up from 0.55). For dairy cattle, 1 out of 29 terms reached
satisfactory inter-observer reliability, and for veal calves 2 out of 29, with another 4 terms
reaching W values between 0.6 and 0.7.
the assessors used their terms in very similar ways to distinguish between expressions of
positive and negative mood (PC1), and between high and low levels of arousal in these

220 /

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

taBle 23.1 Kendall correlation coefficients for all descriptors.
Descriptor

Welfare overall
Playful
active
Boisterous
Content
lively
Friendly
inquisitive
relaxed
sociable
happy
Calm
Positively occupied
Confident
enjoying

Kendall’s W
Beef
Dairy
veal
cattle
cattle
calves
.85***
.42*
.24
***
.85
.32
.48**
***
.83
.37
.65***
.80***
.32
.50**
***
*
.78
.40
.35
.77***
.44**
.65***
***
**
.77
.53
.60***
.75***
.65***
.59***
***
.73
.35
.38
.73***
.51
.54
.71***
.27
.39*
.69***
.39*
.52***
***
**
.67
.50
.34
.63***
.37
.47**
**
.61
.37
.32

Descriptor

Distressed
Frustrated
agitated
nervous
uncomfortable
vigilant/watchful
tense
uneasy
irritable
Bored
scared
Fearful
indifferent
Depressed
unwell
aggressive
apathetic
Notes: n = 4; df = 21: dairy, veal; 20: beef; *** p <0.001; ** p<0.01; * p<0.05.

Kendall’s W
Beef
Dairy
veal
cattle
cattle
calves
.78***
.38
.31
.75***
.36
.38
.73***
.35
.50**
.68***
–
–
***
.68
–
–
.66***
.42*
.51**
.65***
.32
.38
.64***
.36
.55***
***
.64
.36
.36
.61**
.25
.26
.61**
–
–
.61**
.34
.57***
.61**
.19
.38
.58**
.36
.50**
**
.53
.38
.31
.49*
.33
.27
.23
.31
.56**

moods (PC2). this similarity is also evident between the three cattle groups, even if there
are slight differences in the terms characterising the PCa components (eg high loading
terms on PC1: ‘inquisitive’ for calves, ‘content’ for beef cattle). For some assessors the
meaning of their principal components appears to have ‘swapped’, so that PC2
distinguishes between positive and negative mood, and PC1 between levels of arousal. in
these cases PC2 data have been amassed with the other assessors’ PC1 data, and vice versa.
assessors for whom this was the case are marked in tables 23.2, 23.3 and 23.4 with @.
Given this similarity, and the apparent face-value relevance of PC1 to welfare, we decided
to make the integrated picture given by the PCa the focus for developing this measure,
rather than the separate descriptors. We then tested the inter-observer reliability of the two
main PCa components using Kendall W. these PCa-based outcomes are given in tables
2 (beef cattle), 3 (dairy cattle), and 4 (veal calves).
to further prepare the rating scale for practical application, we reduced the number of
descriptors of all groups to 20, by removing terms which 1) had relatively low loadings
(lower or slightly higher than 0.20) on each of the assessors’ PCa components, 2) had
meanings without clear relevance to welfare, or 3) were similar in meaning to other terms
on the list. We also took out ‘welfare overall’ as this term includes non-animal
environmental features. For beef cattle this reduction resulted in the removal of 5 terms
with Kendall W values of 0.7 or higher (welfare overall, playful, lively, agitated, vigilant),
and 7 terms with W values lower than 0.7 (confident, scared, fearful, depressed, unwell,
aggressive, apathetic). For dairy cattle and veal calves all terms removed had W values
below 0.60 (welfare overall, confident, enjoying, vigilant, unwell, aggressive for both;
boisterous, tense, depressed for dairy cattle; content, positively occupied, irritable for
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taBle 23.2 Beef cattle: PCa outcomes for full and reduced rating scales.
Kendall’s W
(n=4, df=21)

PCa Factor 1
PCa of 28 terms / PCA of 20 terms
.75*** / .73***

PCa Factor 2
PCa of 28 terms / PCA of 20 terms
.85*** / .84***

obs1 obs2 obs3
obs4@
obs1
obs2
obs3
obs4@
48 / 51 42 / 48 49 / 51
26 / 26
24 / 22 33 / 30 23 / 24 39 / 41
Content, calm, happy, relaxed,
Boisterous, inquisitive, sociable,
positively occupied, enjoying,
active, friendly, enjoying
main descriptors of PCa friendly
uneasy, tense, uncomfortable,
indifferent, calm, relaxed
components
frustrated, distressed, nervous,
irritable
obs1 obs2 obs3 obs4 mean
Correlation with ‘welfare
.90*** .74*** .91*** .65*** .80***
overall’ (df=19)
Notes: the main descriptors of PCa components are valid for both analyses; *** p <0.001; ** p<0.01; * p<0.05;
@ assessor whose PC2 was treated as PC1 and vice versa (see text).
% of variation explained

taBle 23.3 Dairy cattle: PCa outcomes for full and reduced rating scales.
Kendall’s W
(n=4, df=21)

PCa Factor 1
PCa of 28 terms / PCA of 20 terms
.42* / .38

PCa Factor 2
PCa of 28 terms / PCA of 20 terms
.48** / .46**

obs1 obs2 obs3
obs4@
obs1
obs2
obs3
obs4@
21 / 20 48 / 49 31 / 30
25 / 27
30 / 32 15 / 19 19 / 22 45 / 45
Content, inquisitive, sociable,
irritable, uneasy, agitated, inquisitive,
positively occupied, happy, active,
positively occupied, frustrated, fearful
main descriptors of PCa
lively, friendly, playful, relaxed
components
Bored, apathetic, frustrated, distressed indifferent, calm, relaxed, apathetic,
bored, content
obs1 obs2 obs3 obs4 mean
Correlation with ‘welfare
.74*** .88*** .44*
.24
.58
overall’ (df=19)
Notes: the main descriptors of PCa components are valid for both analyses; *** p <0.001; ** p<0.01; * p<0.05;
@ assessor whose PC2 was treated as PC1 and vice versa (see text).
% of variation explained

taBle 23.4 veal calves: PCa outcomes for full and reduced rating scales.
Kendall’s W
(n=4, df=21)

PCa Factor 1
PCa of 28 terms / PCA of 20 terms
.67*** / .64***

PCa Factor 2
PCa of 28 terms / PCA of 20 terms
.51** / .40*

obs1 obs2 obs3
obs4@
obs1
obs2
obs3
obs4@
57 / 59 46 / 47 50 / 58
20 / 20
15 / 15 15 / 17 12 / 13 37 / 41
inquisitive, sociable, friendly, playful, uneasy, tense, agitated, fearful,
lively, happy, boisterous, active
frustrated, distressed, boisterous,
playful, lively, active, sociable,
main descriptors of PCa
friendly, bored, apathetic
components
Depressed, bored, apathetic,
relaxed, calm, indifferent, happy
frustrated, distressed, fearful,
indifferent, tense, calm
obs1 obs2 obs3 obs4 mean
Correlation with ‘welfare
.72*** .46* –.08
.36
.39
overall’ (df=19)
Notes: the main descriptors of PCa components are valid for both analyses; *** p <0.001; ** p<0.01; * p<0.05;
@ assessor whose PC2 was treated as PC1 and vice versa (see text).
% of variation explained
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calves). the remaining terms with low Kendall values stayed on the descriptor lists
because of their high loadings on the PCa components. For beef cattle, of the 14 terms
characterising PC1 (see table 23.2) 11 had Kendall W values above 0.7. the reduced QBa
rating scales for beef cattle, dairy cattle and veal calves thus consisted of the following 20
terms for all three categories: active, inquisitive, sociable, relaxed, calm, friendly, happy,
frustrated, uneasy, bored, indifferent, distressed. in addition these scales also contained
the terms, for beef cattle: positively occupied, boisterous, content, enjoying,
uncomfortable, irritable, nervous, tense; for dairy cattle: positively occupied, playful,
lively, content, fearful, agitated, irritable, apathetic; and for veal calves: playful, lively,
boisterous, fearful, agitated, tense, depressed, apathetic.
We then checked the inter-observer reliability of the reduced rating scales by taking out
the selected terms and their scores from the assessor files, conducting a PCa on these
reduced files, and again calculating Kendall W for its main components. Finally, we
investigated the extent to which assessors’ PC1 scores reflected their view of the
cattle/calves’ overall welfare, by correlating these scores to their ‘welfare overall’ scores
(Pearson or spearman rank correlations depending on the distribution of scores). these
outcomes are also given in tables 23.2, 23.3 and 23.4.

23.5 DisCussion

the aim of this study was to design a fixed rating scale of qualitative descriptors of cattle
behavioural expression, and test its inter-observer reliability. in designing this scale we
preferred to start with a rather extensive list of 29 terms (32 for beef cattle), and use the
test results to remove less effective terms. testing the rating scale with four assessors for
each cattle group on 22(21) cattle units, we found for beef cattle that 20 out of 32
descriptors reached satisfactory reliability (similar to what was found for poultry and pigs).
For dairy cattle and veal calves however, very few descriptors reached this criterion. it is
not clear why this occurred – a subsequent video-based assessment of dairy cattle by 14
assessors using the same 20-term rating scale did find satisfactory reliability (W=0.73;
p<0.001).
Despite the lack of agreement on separate descriptors for dairy cattle and calves, Principal
Component analysis (PCa) of assessor scores within each cattle group showed remarkably
similar clusterings of descriptors along the two principal components (PCs). From these
clusterings emerged a coherent pattern of cattle expression, in which the first PC
distinguishes between positive and negative mood, and the second PC differentiates these
moods in low and high levels of arousal. the second PC does not in and by itself appear
to bear direct relevance to welfare, but contributes to a meaningful transition between
descriptors of positive and negative mood on the first PC. thus PC2 is an important part
of the information on welfare provided by PC1; it is the overall expressive pattern that
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counts, and that provides farm units with their scores on PC1. the similarity of expressive
patterns is also evident between the three cattle groups, even if there are slight differences
in the terms characterising the PCa components.
these findings suggest that cattle welfare is reflected not so much by single terms, as by
the pattern of behavioural expression that emerges from scoring a broader list of terms.
this requires an integrative measure, which we propose can be provided by a farm unit’s
score on PC1. the PCa analysis for beef cattle appears sufficiently robust to support this
proposal; PC1 (based on the 20-term PCa) showed satisfactory inter-observer reliability
(0.73), and explained 26-51% of the variation between groups (depending on the assessor;
1 low value of 26% due to ‘swapped’ PCa components). Furthermore, PC1 showed a high
mean correlation (0.80) to the assessors’ score of ‘welfare overall’, which supports its
direct relevance to beef cattle welfare. For dairy cattle and veal calves however PCa results
were quantitatively weak. For dairy cattle, PC1 explained 20–49% of the variation and
showed poor inter-observer reliability (0.38). this figure goes up to 0.56 however, if
assessor 4 is taken out of the analysis. assessor 4 also showed a low correlation of PC1
scores with ‘welfare overall scores, whereas assessors 1 and 2 showed high correlations.
For veal calves PC1 explained 20–59% of the variation, and showed reasonable interobserver reliability (0.64), which goes up to 0.78 when assessor 4 is taken out of the
analysis. only assessor 1 showed a good correlation between PC1 and ‘welfare overall’
scores.
thus our proposal that PC1 may provide an integrative measure of positive and negative
mood mostly relies on our beef cattle results. however, our preference for this approach
was strengthened by the results of the Welfare Quality QBa projects with poultry and
pigs. in both these projects PCa revealed quantitatively robust patterns of poultry and pig
expression that differentiated between positive and negative mood, and between low and
high levels of arousal in these moods. in addition these patterns have emerged in a large
number of comparable Free-Choice-Profiling studies at saC. thus, we think it is not
unreasonable to assume that our PCa results reflect a pattern of animal behavioural
expression that has wider validity, and that, given the beef cattle results, assessors should
in principle be able to use reliably as an indicator of cattle welfare.
Clearly though, these results indicate that it is important to check the inter-observer
reliability between assessors during the training period. this can be done from video, or,
preferably, live. if problems arise, additional training in the observation and interpretation
of cattle behavioural expression should be provided until a satisfactory consensus on the
meaning of descriptors has been achieved.
Further testing and validation of a PCa-based measure can take place through
investigation of its relationship to other welfare indicators, such as those that will be part
of the WQ monitoring tool. Perhaps the proposal to make QBa monitoring dependent on
multivariate analysis through PCa complicates the use of this measure as part of a larger
monitoring tool; however, we think this complication will be offset by the advantages of
having an integrative measure that contributes to the transparency and face-validity of that
tool for the many stakeholder groups involved.
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23.6 ConClusions

in conclusion, given QBa’s satisfactory inter-observer reliability for beef cattle, its high
relevance to cattle welfare, and its high feasibility, we suggest cattle QBa should be part
of the WQ monitoring tool.
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Appendix 1
On-fArm Assessment Of
mAnAgement And hAndlingbAsed meAsures in cAttle
s. Waiblinger, b. Algers, A. butterworth and l.J. Keeling

A1.1 summAry

management-based measures refer to what the animal unit manager does on the animal
unit and what management processes are used. it was foreseen that when no animal-based
measure is available to check a criterion, or when such a measure is not sensitive or reliable
enough, measures of resources or management will be used to check as much as possible
that a given welfare criterion is met.
for cattle, 83 measures are discussed regarding their welfare relevance and a rational for
inclusion or exclusion in the final list of 53 measures proposed to be considered in Welfare
Quality® assessment. for those 53 measures in the final list, a short text is added proposing
whether the measure can be assessed by questioning (Q), by direct observation of animals,
management systems or records (A) or by a combination of both (c). for example, the
maintenance of the milking machine, the amount and quality of bedding or feeding
management are assessed by questioning the farmer as well as by checking records or the
situation in the barn directly. further instructions to assessors including a proposed
wording of questions are provided in a preliminary assessment tool.
it is the intention that these potential management measures are used in three ways – A)
As direct measures of value in the Welfare Quality® assessment. An example would be the
maintenance and the cleanliness of drinking and feeding equipment. b) As measures which
may be of value in the advisory aspects of the assessment in which the information
produced is ‘fed back’ to the farmer to identify areas which may affect economic
performance and the welfare of his animals. for a high acceptance of Welfare Quality®
among producers we think that this advisory purpose is vital. c) As measures included in
large scale on farm assessments, they offer an opportunity for epidemiological analyses
aimed at furthering our knowledge of animal welfare.
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because there are a large number of potential management measures it is not assumed that
all of these measures will make their way into the Welfare Quality® assessment system and
so, to assist in decision making on inclusion, a ranking table is provided which is based
on the assessment of the validity of the measures by the researchers involved.

A1.2 intrOductiOn

management-based measures refer to what the animal unit manager does on the animal
unit and what management processes are used. the first and main role of managementbased measures in Welfare Quality® is to address issues that can not be dealt with using
animal- based measures. these measures may represent the only option for a particular
dimension of animal welfare to be included in the final monitoring scheme. it is also
possible that specific measures will prove to be a more feasible alternative to a single or
a combination of animal based measures and so for this reason are kept in the final
monitoring scheme.
A second aim of the welfare monitoring system is to be able to give feedback to the
farmer/manager to help identify risks to animal welfare and causes of poor welfare so that
improvement strategies can be implemented. thus management questions may be included
which we do not intend to contribute to the welfare assessment. in fact, since some of
these are questions to the farmer, with little or no opportunity to check the reliability of the
answer, we recommend that they do not contribute directly. nevertheless, we recommend
that these are included since they will enable Welfare Quality® to go some way towards
explaining to the unit manager what factors might have contributed to the specific results
from some of the animal-based measures. for example, a high level of lameness would
lead an assessor to look at the response to questions related to the claw care programme
of the farm and routines for cleaning the floor.
thirdly, many of the measures are valuable for scientific reasons. data collected in a
standardised way on farm or at slaughter presents a unique opportunity for epidemiological
analyses aimed at furthering our knowledge of animal welfare. it should be accepted that
this is a secondary aim of the work in this deliverable and so, if there is a shortage of time
when implementing the Welfare Quality® protocol, these questions are ones that should be
excluded first. however, we include them since they could be a valuable scientific addition
to the outputs of Welfare Quality®.
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A1.3 ApprOAch tAKen

Animal-based measures are the measure of choice in Welfare Quality®, since they are
independent of housing system. this is not the case for management measures which are,
of course, highly dependent on the type of system. for that reason some questions are
relevant in only one system, whereas others may be relevant in all systems. for this reason,
in tables A1.1 and A1.2, the system where the question can be asked is also specified.
e.g. only relevant to tie-stall systems for cattle or are relevant both in tie-stall and loose
housing systems We have nevertheless tried to keep to main areas of management that are
common to all systems, or on decisions of the treatment of animals, which are relevant to
all species and systems.
there are fewer measures that we recommend be considered for inclusion in the welfare
assessment than there are measures that we suggest be used when giving advice back to
the farmer/manager. this is because management is an ongoing process and although there
may be paper documentation that can be examined (e.g. contract with a veterinarian), or
physical evidence of a management process that can be evaluated (e.g. functioning of
equipment), most measures are based on questions to the farmer/manager. it is therefore
usually impossible to determine if the answer is correct. thus we recommend that these
measures are not sufficiently reliable to be used in the assessment. to maximise the
reliability we have been careful in the wording of each question to avoid ‘leading
questions’ or an implication through the formulation of the question as to what is the
correct or preferred answer. in the tables, we have given the formulation of the questions,
although we appreciate that these may have to be modified as well as translated into other
languages. We have also given the answer categories (sometimes a scoring system) of how
the answer should be recorded so that they can easily be included in the database. for this
reason most answers are broken down to a ‘yes/no’, or require the assessor to tick one of
several options. We have not given the exact layout of the questionnaire since we presume
that the order in which the questions are asked will depend very much on the decisions
related to the structure of the visit itself.
the style of the questions varies and several require that the assessor evaluates the
appropriateness of the answer. for this reason we have sometimes given instructions for
the assessor to help them understand the exact aim of the question and give guidance on
what is an appropriate answer.
Once a first list of the questions had been developed each researcher went through the list
of questions and ranked them according to the following questions.
•
•
•

how critical the issue addressed in the question was for animal welfare (low to high).
the portion of life referred to in the question (short to long period of the animal’s
life).
the time needed to gather the data (quick or time consuming).
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the quality/reliability of the data (poor to good).
Whether there was a critical window during which the measurement must be taken
(yes to no it could be gathered anytime).

the answers were discussed. there had already been a large amount of ‘filtering’ of
questions and most questions ranked quite favourably (i.e. measures considered of very
low value had not even been included in the initial lists). As a further confirmation of this,
researchers ranked each question on ‘how critical it was for welfare’ and the average of
their scores is also presented in the table. presenting this average is intended to help future
prioritising of questions. table A1.2 shows a final ranking of the 53 measures for cattle
which survived this process. We propose those that are ranked lowest are deleted first,
even if we have already been ruthless and the list only contains questions that we firmly
believe are important to include in the scheme. As a further aid in the development of the
operational protocol we have listed whenever we think one of our measures relates to
another measure. there are several measures which are closely related to a resource based
measure in the area e.g. straw is a resource, but how often it is provided and whether it is
clean or not is related to management. some questions already relate to animal-based
measures, especially those related to health.
there is some concern among those working with the animal-based measures related to
fear and human animal interactions that the measures will not be independent of housing
system and so may not be accepted for inclusion in the full monitoring scheme. We feel it
would be a deficiency to have nothing in the monitoring system that addressed these areas.
We have therefore included a series of questions related to the farmer’s/manager’s
behaviour towards the animals and some observations of handling that we propose to be
included, at least during the refinement process. if animal-based measures of fear and the
human animal relationship are included in the final assessment system, then those findings
can be correlated with this (perhaps more feasible) approach. if those animal-based
measures are not included then these questions would at least allow investigation of the
human-animal relationship. however, the more feasible, quick approaches would need
some investigation with regard to reliability in case of later use in the Welfare Quality®
assessment.

A1.4 meAsures

table A1.1 lists the potential measures to assess management and handling that we think
are important for inclusion in the welfare assessment tool, together with measures not
recommended for further use, to make the decision process transparent. the list includes
all items that were discussed (in total 83 single items), i.e. also items that we decided not
to include into the list of recommended measures. Out of these, 53 items are recommended
and only these are given a number in the first column. in the second column it is specified
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whether the question is most relevant to the Welfare Quality® assessment (WQA), a
question mark afterwards (WQA?) means that it is not recommended because the measure
is (partly) not reliable, but some information is seen as very relevant for welfare and is not
covered in any other measure. At is used to denote that it can be used in some form of
advisory tool and, finally, nO denotes that it is not to be included. the third column
specifies the housing where the measures is applicable t= tying stall and l=loose housed
or free range and the fourth column specifies the animal type for which the measure is
relevant c=cows, f= fattening bulls / oxen and V= veal. column five gives the item
description and how to assess the measure i.e. whether it is a direct question (Q), whether
it is assessed in the house or from paper records (A) or whether it is a combination of both
(c). the sixth column gives instructions to the assessor and includes a very brief
description of the general approach. more details about questions and assessment in the
barn can be found in table 3. the seventh column gives a short description of the reason
for including or disregarding this potential measure. the eighth column presents the
welfare relevance as scored by the group on average; 1 = low; 5 =high. the ninth and final
column gives the links to other sub tasks, that is to say to resource-based or animal-based
measures are indicated.
table A1.2 gives a ranking of the measures with respect to the perceived value to support
decisions about inclusions of measures. the ranking of the 53 items was done according
to: (1) the type of measure, i.e. WQA-measures are always ranked higher than At. this is
because it is recommended to not delete any of the WQA-measures (or WQA?) as they
give directly relevant information on welfare that can not be found in other measures, (2)
the average score of the group given to the item with respect to welfare relevance and (3)
if the average score is the same, different ranks may be given according to the opinion of
the responsible author for cattle. the same coding is used as for table 1 with the addition
of the code (epi) which denotes that this question may be useful for epidemiological
analysis.
table A1.3 presents the questions that we suggest are important for management-based
measures for cattle and how answers can be recorded. the layout is only preliminary, but
gives an idea of how such a questionnaire, when a final list is agreed upon, could be
formulated. detailed definitions of the categories of scoring system are given only for the
questions we felt to be directly relevant for welfare assessment, i.e. WQA measures.
in the final section, approaches to assess handling are presented. these include;
observations during handling, questions on the frequency of use of particular types of
behaviour and a simple observation protocol.

2

lt

lt

lt

At

nO

nO

c

c

c

reason to include or disregard;
welfare relevance; problems

Animal-based

Animal-based

Animal-based

resource –
based. calving
box size,
existence

score links to other
sub tasks

clean, dry calving area is
3,5
important for calf health
(avoiding navel infection)
disturbance (chasing up) during
calving can cause an increase in
calving time & risk of
complication
isolation is a strong stressor for
cattle – causes stress,
consequently may negatively
affect calving
thus it should go into WQA,
however, % can hardly be
checked, only if no appropriate
environment measure exists could
it be used
Q: does the calving management Ask farmer about % of observed, disturbance during calving can 4
strategy seem to avoid problems? % of assisted calvings,% major increase time & risk of
(yes/no)
assistance and decide about
complication; wrong assistance –
cause injuries, calf mortality
effectiveness of strategy
increases; but: difficult to
interpret, toget the information
exactly and difficult to ‘integrate’
the information, hence should be
At
% of difficult calvings
difficult calvings directly impact 4,7
on welfare (pain, injuries, higher
calf mortality), but definition
questionable; depends on housing
and management of inseminations
% of stillbirths
related to health/stress
3

instruction to assessor
number WQA / housing Animal
item description and how to
At
assess
of item
type
calving management
1
c
c: What % of animals are calving Ask farmer ‘What % of animals
(WQA?) lt
in an appropriate environment? calve in the herd in the barn, on
reliab(0–100%)
pasture, in calving box, in tieility
stall’. check location of calving
partly
for appropriateness, give total %.
low =>
At?
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tAble A.1 list of all management and handling practices in cattle.

At

At

At

At

At

4

5

6

7

8

cVf

Vf

lt

cVf

lt

lt

lt f V c V f

cVf

hygiene / cleaning routine
3
At
cVf

instruction to assessor

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
measures calf welfare, but so far 2,3
Animal-based.
WQ does not assess calf welfare,
infected navels
just cow welfare
colostral intake is important for 4,5
passive immunity and thus
disease prevention, but calf
welfare
however: gives general
information about health care

c: Would you assess the cleaning Ask farmer for frequency and
dry floors are better for claw
2,5
type of cleaning and check
strategy in running areas as
health, minimizing claw’s contact
appropriate? 1–5
cleanliness in the barn; decide for to slurry => risk factor for claw
appropriateness
diseases, lameness
Ask farmer for cleaning
c: Would you assess the litter
dirty, wet litter increases risk of 3,1
material /bedding in cubicles as frequency, littering frequency and infection/skin lesions, negative
amount and check cleanliness and for claw health, reduces
well managed? 1–5
litter in the barn; decide if good thermoisolating properties
managed
c: Would you assess the hygiene Ask farmer about cleaning and cleaning / desinfecting of calving 3,1
pens and especially hospital pens
management of hospital pens and disinfecting hospital pens and
check hospital pens as well as
after use is a necessary for disease
calving pens as sufficient?
existence of disinfecting agents; prevention; clean environment
decide on appropriateness
important during calving
c: is the hygiene strategy for new Ask farmer about quarantine and use of quarantine as well as
2,8
health check; decide about
bought animals appropriate?
health checks of new animals
appropriateness
reduces risk of disease spreading
c: % of animals bought in per
Question and check records
higher % of bought in animals 2,5
year?
increases risk of diseases (as well
as social disturbance if introduced
in a group)
c: from how many different
Animals from different resources 2,7
Question and check records
resources are animals bought?
increases the risk of infectious
diseases.

number WQA / housing Animal
item description and how to
At
assess
of item
type
lt
c
is there appropriate care for
nO
newborn calves (except
colostrum)?
c
is it guaranteed / cared for
nO
sufficient colostral intake?
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11

10

9

lt

lt

nO

At

nO

lt

l

nO

At

l

WQA

cVf

cVf

cVf

cVf

cVf

cVf

reason to include or disregard;
welfare relevance; problems

Animal-based

resourcebased

resourcebased

resourcebased

score links to other
sub tasks

not included because resource
4,1
based, should be checked
use of hospital pens: Are
check herd for animals that are sick animals often suffer from
4,5
difficult access to resources due
obviously sick animals observed obviously sick and need other
conditions (e.g. littered area, easy to difficulties in walking and/or in
in the herd?
access to feed…without social
social interactions; need for good
lying area, quietness;
defeat; e.g. high-grade lame
animals, weak animals)
needs well-trained assessors
use of hospital pens: Are sick
Ask farmer for littering, cleaning important, but not reliable;
animals put in hospital pens?
frequency and check state of
therefore WQA relies on question
criteria for putting in hospital
hospital pen in use;
9
pen. (Question to farmer)
c: is the hospital pen well
clean, dry, soft area important to 4,1
Ask farmer and check hospital
managed?
support recovery of sick animals
pen in use
and avoid additional suffering
is the hospital pen appropriate
important aspect but resource
3,5
(visual contact to conspecifics
measure so not included. but
(except highly transmissible
would be possible to combine
diseases); climate, size?
with 14
the health strategy/ speed of
4,2
c: is there evidence for an
Ask farmer about their health
effective health strategy?
strategy. compare to assessment treatment and of getting the vet
in the herd.
etc. is important for welfare.
however, it is difficult to assess
and should be reflected in animalbased measures. nevertheless
interesting for At and epi; could
be compared with animal-based
health measures in the end for use
in At
culling of sick animals
Waiting too long until culling is 4,6
relevant for welfare. however, it
is difficult to get the information
needed

instruction to assessor
number WQA / housing Animal
item description and how to
At
assess
of item
type
health management strategies – routine health care - mangement of sick animals
nO
c V f existence of hospital pens?
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At

lt

cVf

At

At

At

At

14

15

16

17

lt

lt

lt

lt

instruction to assessor

c: does an actual herd health and Ask farmer and check the plan
and its actuality.
welfare plan exist?

2,5

3,5

2,8

3,3

3,3

Animal-based

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
Very relevant for welfare but low 4,6
reliability
3
A herd health and welfare plan
can be a useful tool in health
prevention

Q: When and how often are claws claw trimming is important for
trimmed?
claw health and must be
appropriate to environmental
conditions
c
c: claw trimming – crush
Ask farmer about availability of a if available on farm, the farmer
available?
crush, check in barn
may quicker claw trim when
necessary
c f V c: Are books kept soundly? 1–5 Ask farmer about records and
sound records may (i) be
indicators of sound management
check
and (ii) help the farmer to
realistically assess the health
status and supports to take
measures
c
Q: do you regularly control /
Ask farmer
regular control of udders is
important for early detection of
palpate the udder of dry cows / of
mastitis; further, this contact may
heifers? no/ yes
improve the cow-human
relationship / reduce fear of
humans
c
Q: do you control scc before
Ask farmer
control of scc before drying off
drying off cows? no/yes
is important to detect subclinical
mastitis and to control mastitis;
other dry off strategies (slow,
abrupt; antibiotics) may be
important, but not clear what is
best, so that those were not
included

preventive measures / regular care
lt
c
Q: does the claw trimming
13
At
management seem appropriate?

12

number WQA / housing Animal
item description and how to
At
assess
of item
type
nO
c V f transport of sick animals
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WQA

22

23

24

cVf

l

nO

At

cVf

l

At

cVf

cVf

cVf

lt

lt

WQA

c

21

lt

cVf

At

management feeding
20
WQA lt

19

Ask and check

Ask and check

Ask and check

Ask farmer about maintenance
and ckeck contracts with
company

instruction to assessor

c: how often is food analysed?
number (every ? year)

is competition for concentrate
reduced as much as possible?

c: is competition for food
Ask farmer about feeding
reduced as much as possible? no/ practices and check in the barn
partly/ yes

c: is basic feed always freely
available and contains enough
roughage? no/ partly/ yes

c: Are feeding devices kept
clean? no/ partly/yes

c: Are drinkers kept clean?
no/partly/ yes

c: indications that teat rubbers
are changed regularly? no/yes

number WQA / housing Animal
item description and how to
At
assess
of item
type
lt
c
c: is the milking machine
18
At
maintained regularly? (contract
with company?) no/yes

4

4,1

3,1

3,1

included partly into 23; because 3,1
overlaps with resource-based and
animal-based (e.g. agonistic
interactions at concentrate
feeders)
for proper calculation of rations a 2,1
knowledge of food composition
helps

clean water is important for
hygienic reasons as well as cattle
prefer clean water
clean feed is important for
hygienic reasons as well as cattle
avoid feeding dirty food
cattle have long feeding times
throughout the day and need
enough roughage for prevention
of disease and behavioural
disturbances
competition during feeding
causes agonistic interaction and
may cause stress and impair
individual intake and provision

Animal-based
(social
behaviour
agonistic.;
health, body
condition score
Animal-based;
resource-based
(e.g. automatic
feeder)

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
proper function of the milking
3,6
machine is important for mastitis
prevention and welfare (e.g. no
leakage current).
3,3
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WQA,
At

WQA,
At

27

28

lt

lt

cVf

cVf

instruction to assessor

resource –
based
(existence,
size,
orientation of
outside run)

resourcebased
(existence)

resourcebased

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
to guarantee proper provision of 2,3
nutrients, calculation of ratios is
necessary

possibilities to perform
3,1
appropriate comfort behaviour for
cleaning the coat enhances the
welfare of the animals
Access to pasture elicits signs of 3,5
c: Access to pasture – how often, Ask amount and check
plausibility by checking records, positive emotion (locomotor play
how many hours? days/year,
conditions of pasture &
behaviour, social play) and has
hours/day
eventually release animals on
health benefits when long
enough. problem: not clear if
pasture
reliability high enough to let it
contribute to the WQA;
however, in case of clear positive
or negative indications it may (i.e.
cows obviously used to pasture,
pasture access paths look used)
c: Access to outside run – how Ask amount and check
Access to outside yard generally 3,5
plausibility by checking records, offers opportunity for positive
often, how many hours?
days/year, hours/day
emotions (sun-bathing); has
conditions of outside run &
eventually release animals in the beneficial health effects in t if
outside run
long enough, probably also in l;
decrease of agonistic interaction
in l; problem: not clear if
reliability high enough to let it
contribute to the WQA;
however, in case of clear positive
or negative indications it may (i.e.
cows obviously are used to the
outside run, the run looks used or
not, cows exited when opened)

management with respect to comfort behaviour
c V f A: Are there functioning brushes
26
WQA l
available in appropriate amount?
no/yes

number WQA / housing Animal
item description and how to
At
assess
of item
type
c V f c: how often are ratios
25
At
calculated? number (every ? year)
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instruction to assessor

At

At

At

At
(WQA?)

32

33

34

35

t

l

cVf

cf

c

c

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
resourceelectrical cow trainers can cause 4,7
stress and behavioural changes,
based
(existence)
especially when badly managed;
difficult to find indications of this
by Ab parameter, thus inclusion
as WQA measure here

Oxytocin improves release of
3,6
placenta and later of uterusinvolution; (also positive effects
on calf immune-globuline level)
3,1
cows in heat in herd: risk of
injuries due to jumping up
(especially in cubicles) and
increased social agonistic
interactions
c: horned cows: Are top of horns check horns, especially of young sharp horns can more easily
2,6
cows and ask farmer if he/she
rounded? no/ yes
cause (severe) injuries
rounds the horns
c: measures with aggressive
Ask farmer for measures in case single aggressive animals can
3,5
of aggressive animals and check cause stress for several others,
animals? no/yes
in barn if there is any
increase the amount of agonistic
interactions considerably
Q: is social stress of animals in
subdominant cows can suffer
3,7
tie stalls minimized?
from social stress with dominant,
no/partly/yes
aggressive neighbour cows
c: Are changes in group
Ask farmer for group changes and regroupings cause stress,
4
composition rare? 1-5
check in barn
enhances fighting (risk of
injuries) due to new establishment
or reestablishment of dominance
relationships; stable groups
enable stable social bonds with
positive effects

management of group dynamics (social environment)
30
At
lt
c
Q: cow-calf-contact: When are Ask: farmer ‘When do you
(WQA?)
calves separated from the mother? separate the calf from the cow on
average?’; is the cow allowed to
time of contact
lick and suck the calf’
31
At
l
c
Q: measures with (nervous) cows Ask farmer:
in heat? no/yes

number WQA / housing Animal
item description and how to
At
assess
of item
type
29
WQA t
cf
A: is the electrical cow trainer
managed acceptable?
no/partly/yes
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At

37

c

c

l

l

c

check records for cows’ age

Ask farmer
Q: When (age, stage of
pregnancy) are heifers integrated
into the herd?
Q: how are new animals (heifers, Ask farmer about course of
integration
primiparous cows, bought in
cows) integrated into cow herd?
is stress minimised? no/partly/yes
Q: Are new animals put besides Ask farmer
especially tolerant cows? no/yes

A: Average age of cow herd

included in 40

instruction to assessor

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
2,8
the frequency of fights when
coming back in herd increases
with time of separation, starting
with about 2 weeks
Older animals seem to contribute 3,5
to a stable dominance hierarchy
reducing social stress; further is
says something about health
problems; however, it is
confounded by culling strategy
(e.g. how important is early milk
yield) and thus only interesting
for At and epi
3

38

At

integration into a new herd (and 3,5
environment) is stressful for the
animals and measures to
minimize this enhance welfare
c
39
At
t
if social stress is minimized the 3,5
adaption to the new environment
is eased
40
At
c
c: how intensive is the contact Ask farmer and check in the barn early integration / contact may 3,3
lt
between young stock and cows?
reduce agonistic interactions
1–5
during integration
management of reproduction / breeding & genetic strategies
1,6
nO
lt
c
breeding strategy? for cows /
relevance not clear
insemination or bulls
nO
2,6
lt
c
What criteria do you have to keep
Welfare relevance not clear
a cow for breeding, to cull her?

At

36

number WQA / housing Animal
item description and how to
At
assess
of item
type
c
duration of separation of dry
At
cows from herd
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nO

cVf

cVf

contact to animals
At

c

cVf

lZ

nO

c

Overall stockmanship
lt
nO

lt

nO

division of tasks: Are people
constantly doing the same tasks?

Q: number of milkers / of
stockpeople

decision for the housing they
have – why
how satisfied are you with your
current system with respect to:
- technical functioning
- how easy it will makes the
management
- costs
- if it is good for the animals
- if you would have the money, in
which area would you like to
improve and why?

hormonal intervention
(synchronising cows…)

When are heifers/ young stock
inseminated the first time

instruction to assessor
number WQA / housing Animal
item description and how to
At
assess
of item
type
lt
c
Q: do you select for docile, non- Ask farmer about selection
41
At
aggressive animals? no/partly/yes strategies

lower number of milkers /
3
stockpeople enhances constancy
for the animals, included in 42
no inclusion because of low /
2
unknown welfare relevance

Why it might be relevant,
showing the farmer’s attitude to
the housing system, it may be not
very reliable, is not applicable for
every situation and difficult to
interpret

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
selection for docile, non3,5
aggressive animals may reduce
handling stress and agonistic
interactions
relevant, but better to check
2,8
Animal-based
animal-based measures
(number
difficult
calvings.)
there are some indications that 3
hormonal interventions,
especially for synchronisation or
embryo transfer may cause
welfare problems, but too little
evidence to include as WQA or
even At
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lt

lt

nO

nO

lt

At
At

c

c

how often on average is each
individual cow brushed? number
per week/year

c V f frequency of personnel change?
c f V Q: how consistent is personnel
and care?

instruction to assessor

individual recognition of
animals?
how many animals (in %) does
the stockperson know the name
(or number)?
lt
c V f how often do you walk through
nO
the barn for control of animals
outside routine work in the barn?
problem awareness – problem solving / maintenance of equipment
WQA lt
43
c V f A: do drinkers function well and check in barn
are in good condition? 1-5

42

number WQA / housing Animal
item description and how to
At
assess
of item
type
c V f how many ‘main stockpeople’
At
are on the farm and how constant
are the ‘main stockpeople’?
c V f do you have ‘non-regular’
At
(WQA?)
helpers often

difficult to interpret

4,1

3,5

combined with 42 cows show 3,5
higher heart rate, less milk yield
when milked by replacementmilkers
combined with 42
4
consistency in caretakers
3,5
enhances the predictability /
controllability for the animals and
enhances the chance of intensive
stockperson-animal contact,
problem recognition and solving
brushing of cows decreases fear 3
of humans except brushing is
only performed to remove
clumped dirt on the flank,
especially in tied cows; further it
is done rarely in l, thus no
inclusion
too difficult to assess properly 4

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
3,8
combined with 42
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49

WQA

mutilations
48
WQA

f

cVf

cVf

lt

lt

lt

Ask farmer and check animals
and records

instruction to assessor

c: Are pain and long-term effects Ask farmer and check animals
due to dehorning minimized? 1-5 and records

how many animals are dehorned?

c: is pain due to castration
minimized / avoided? 1-5

number WQA / housing Animal
item description and how to
At
assess
of item
type
c V f A: do concentrate feeders
44
WQA l
function well and are well
managed? 1–5
45
WQA lt
c V f c: is equipment (except drinkers,
concentrate feeders) functioning
well and in good condition? 1–5
WQA t
c V f is the tying system well
46
managed? no partly yes
47
At
lt
c V f does the farmer recognise and
solve problems with housing
equipment immediately?
no/partly/yes
3,8

4

castration causes pain but may be 4,6
necessary in some systems (e.g.
free range with females)
dehorning/disbudding is very
3,3
painful, but common especially in
dairy cow loose housing, though
problems avoided by appropriate
stockmanship, housing,
management combined with 49
by use of anaesthetics and
4,6
analgesics, disbudding in early
age (week 3) pain can be
minimized; acids not to be used
due to sound application more
difficult; later dehorning takes
long time healing (up to 3 months
and higher risk of infection of the
frontal sinus; also risk of neuroma
with chronic pain is higher; social
behaviour is changed for weeks

Animal-based
(number
dehorned)

Animal-based.
(number
castrated)

Animal-based

score links to other
sub tasks
3,8
Animal-based

4
immediate repair / change of
defect housing equipment is
important to avoid injuries and
welfare problems (guarantee for
water provision etc.)

reason to include or disregard;
welfare relevance; problems
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lt

lt

At

nO

52

lt

At

51

lt

cVf

cVf

cVf

cVf

loading on farm/transport
lt
cVf
Aks farmer and check in house

Q: do you use special devices for Ask farmer
moving animals (electric prod,
stick)
time to load (fatteners, calves)

Q: Are preparations taken to
minimize stress during loading?

loading strategies

Are there loading facilities on
farm?

instruction to assessor
number WQA / housing Animal
item description and how to
At
assess
of item
type
50
WQA lt
cf
c: Are pain and long-term effects Ask farmer and check animals
due to tail-docking minimized? 1- and records
5

depends too much on situation,
time alone does not say enough

special loading facilities can ease
loading and reduce stress – but
not included because resourcebased
difficult to assess, situation
dependent, but see 51
preparations before loading (e.g.
save corridor, lightening of
corridor, feeding regime…) can
reduce stress during loading and
transport, but it is difficult to
assess as situation dependent
the use of electric prods causes
stress, reliability may be low

3,2

4

3,5

3,7

4

reason to include or disregard; score
welfare relevance; problems
tail docking in cows done for
4,6
milker’s comfort (no dirty tail
swinging), but is not performed in
dairy cows in europe (as far as i
know), clear negative effects on
welfare of animals (fly protection
inhibited) shown when tail
docked above hair tuft; tail
docking in fattening bulls is done
in intensive systems to avoid tail
tip necrosis; short tail-docking
(maximum 5 cm, hair tuft still
exists) sufficient to prevent this
problem
resourcebased

links to other
sub tasks
Animal-based–
(number tail
docked, how
tail docked)
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nO

lt

cVf

how long is travel to
slaughterhouse?

instruction to assessor
number WQA / housing Animal
item description and how to
At
assess
of item
type
c V f Q: Are groups of or single
53
(WQA?), lt
Ask farmer
unfamiliar animals mixed during
At
transport?

reason to include or disregard; score links to other
sub tasks
welfare relevance; problems
mixing of unfamiliar animals
4
slaughter
causes stress and fights; probably
could be observed during
unloading at slaughter
travel time can be important if 3,5
too long but depends much on the
transport environment, road etc.
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tAble A1.2 ranking of management and handling practices in cattle.
rank score number of WQA / housing Animal item description and how to assess
item in
At / epi
type
table A1.1
1
4,6
48
WQA
lt
f
c: is pain due to castration minimized / avoided?
1
4,6
49
WQA
lt
c V f c: Are pain and long-term effects due to dehorning
minimized?
1
4,6
50
WQA
lt
cf
c: Are pain and long-term effects due to taildocking minimized?
2
4,5
9
WQA
l
c V f A: use of hospital pens: Are obviously sick
animals observed in the herd?
3
4,1
22
WQA
lt
c V f c: is basic feed always freely available and
contains enough roughage?
3
4,1
43
WQA
lt
c V f A: do drinkers function well and are in good
condition?
4
4
35
At
c V f c: Are changes in group composition rare?
(WQA?)
4
4
45
WQA
lt
c V f c: is equipment (except drinkers, concentrate
feeders) functioning well and in good condition?
4
4
53
(WQA?), lt
c V f Q: Are groups of or single unfamiliar animals
At
mixed during transport?
5
3,8
44
WQA
l
c V f A: do concentrate feeders function well and are
well managed?
5
3,8
46
WQA
t
c V f A: is the tying system well managed?
6
3,6
30
At
lt
c
Q: cow-calf-contact: When are calves separated
(WQA?)
from the mother?
7
3,5
1
(WQA?) lt
c
c: What % of animals are calving in an
At
appropriate environment?
7
3,5
27
WQA, lt
c V f c: Access to pasture – how often, how many
At
hours?
7
3,5
28
WQA, lt
c V f c: Access to outside run – how often, how many
At
hours?
8
3,1
20
WQA
lt
c V f c: Are drinkers kept clean?
8
3,1
21
WQA
lt
c V f c: Are feeding devices kept clean?
8
3,1
26
WQA
l
c V f A: Are there functioning brushes available in
appropriate amount? (possibly resource)
9
4,2
11
At
lt
c V f c: is there evidence for an effective health
strategy?
10
4,1
10
At
lt
c V f c: is the hospital pen well managed?
11
4
23
At
l
c V f c: is competition for food reduced as much as
possible?
11
4
47
At
lt
c V f c: does the farmer recognise and solve problems
with housing equipment immediately?
12
4
2
At
lt
c
Q: does the calving management strategy seem to
avoid problems?
13
4
52
At
lt
c V f Q: do you use special devices for moving animals
(electric prod, stick)
14
3,7
34
At
t
cf
Q: is social stress of animals in tie stalls
minimized?
15
3,6
18
At
lt
c
c: is milking machine regularly maintained?
(contract with company?)
16
3,5
16
At, epi lt
c
Q: do you regularly control / palpate the udder of
dry cows / of heifers?
16
3,5
33
At
c
c: measures with aggressive animals?
16
3,5
36
At, epi
c
A: Average age of cow herd
17
3,5
42
At
lt
c f V Q: how consistent is personell and care?
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rank score number of WQA / housing Animal item description and how to assess
item in
At / epi
type
table A1.1
18
3,5
38
At, epi l
c
Q: how are new animals (heifers, primiparous
cows, bought in cows) integrated into cow herd? is
stress minimised?
18
3,5
39
At
t
c
Q: Are new animals put besides especially tolerant
cows?
18
3,5
41
At
lt
c
Q: do you select for docile, non-aggressive
animals?
18
3,5
51
At
lt
c V f Q: Are preparations taken to minimize stress
during loading?
19
3,3
13
At
lt
c
Q: does the claw trimming management seem
appropriate?
19
3,3
14
At
lt
c
c: claw trimming – crush available?
19
3,3
19
At
lt
c
c: indications that teat rubbers are changed
regularly?
19
3,3
40
At, epi lt
c
c: how intensive is the contact between young
stock and cows?
20
3,1
4
At
c V f c: Would you assess the litter material /bedding in
cubicles well managed?
20
3,1
31
At
l
c
Q: measures with (nervous) cows in heat?
21
3,1
5
At
lt
c V f c: Would you assess the hygiene management of
hospital pens and calving pens sufficient?
22
3
37
At, epi l
c
Q: When (age, stage of pregnancy) are heifers
integrated into the herd?
23
3
12
At, epi lt
c V f c: does an actual herd health and welfare plan
exist?
24
2,8
6
At, epi lt
c V f c: is the hygiene strategy for new bought animals
appropriate?
24
2,8
15
At, epi lt
c f V c: Are books kept soundly ?
25
2,7
8
At, epi lt
Vf
c: from how many different resources are animals
bought?
26
2,6
32
At
l
c
c: horned cows: Are top of horns rounded?
27
2,5
3
At
c V f c: Would you assess the cleaning strategy in
running areas appropriate?
27
2,5
7
At, epi lt
c V f c: % of animals bought in per year?
27
2,5
17
At, epi lt
c
Q: do you control scc before drying off cows?
28
2,3
25
At
c V f c: how often are ratios calculated?
29
2,1
24
At
c V f c: how often is food analysed?
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tAble A1.3 Assessment tool management and handling practices in cattle.
1

appropriateness for calving*

What % of animals calve in the herd
………%
Yes No
in the barn
on pasture
………%
Yes No
in calving box ………%
Yes No
in tie-stall
……….%
Yes No
=> What % of animal calve in an appropriate environment? ……….%
*
free movement possible; easy and save rising and lying down – soft, non-slippery floor, clean, dry;
minimum disturbance by other cows; no isolation (at least visual contact to other cows), easy to
control => no tie-stall; calving box with enough space (>9m² in single box, >6² in group box), litter
deep enough, dry & clean; visual contact to other cows pasture with enough space / structuring to
enable cow to separate from other cows.
2 What % of calvings do you observe?
………%
What % of calvings do you intervene (assist)?
………%
What % of calvings do you have major/heavy assisstence ………%
=> Does the calving management strategy seem to avoid problems? Yes No*
*
yes: high % observation; low % assistence (only if necessary, not on a regular basis).
3 how often do you clean the floor (by hand, by scrabber, by tractor)
………./per day
Are floors clean (animals do not stand in dung in different areas (feeding area, running area
inside, outside run, waiting room)?
No 1 2 3 4 5 Yes
=> Would you assess the floor cleaning strategy of the running area to be sufficient?
No 1 2 3 4 5 Yes*
*
yes: frequent cleaning (≥ 5 times/day in solid floors) and floors clean.
4 how often do you clean the cubicles?
………/per day
how often do you litter the cubicles/lying area?
………/per day
Amount of litter used?
………kg/cow/day
Is lying area sufficiently clean and dry?
No 1 2 3 4 5 Yes
Is amount of litter provided sufficient (= soft bedding)?
No 1 2 3 4 5 Yes
=> Would you assess the litter material /bedding in cubicles well managed?
No 1 2 3 4 5 Yes
*
well managed: if results in dry, clean, soft lying areas, enough litter used
5
clean (high pressure)
disinfect
do you clean and disinfect hospital pens after use and how?
yes no
yes no
do you clean and disinfect calving pens after use and how?
yes no
yes no
Do empty hospital and calving pens look cleaned?
Yes No
Are disinfecting agents stored on the farm?
Yes No
=> Would you assess the hygiene management of hospital pens and calving pens sufficient?
No 1 2 3 4 5 Yes
*
yes: if high-pressure cleaned and disinfected; no: if both not.
6 do you house bought in animals in special areas (quarantine pen)?
yes no
do you call the vet for health check of new bought animals?
yes no
=> Is the hygiene strategy for new bought animals appropriate? No 1 2 3 4 5 Yes
*
yes: if both questions answered with yes.
7 How much animals (in % of total herd) are bought in per year?
………%/year
8 From how many different resources are animals bought? average ………/per batch
9 Are obviously sick animals* observed in the herd?
Yes No
*
animals with severe disease having difficulties to get access to food a.o., e.g. high-grade lame
animals, very weak animals.
10 how often do you litter, clean the hospital pen?
………/day
Is hospital pen in use and clean and dry?
No 1 2 3 4 5 Yes
=> Is the hospital pen well managed, i.e. deeply littered, clean, dry? No 1 2 3 4 5 Yes
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tAble A1.3 cOnt. Assessment tool management and handling practices in cattle.
11 how would you assess your own health strategy?
bad 1 2 3 4 5 good
do you think there is room for improvement?
no 1 2 3 4 5 yes
how quickly do you react when an animals starts to get ill?
Waiting a while 1 2 3 4 5 6 treat immediately
Are untreated sick animals found in the herd?
No 1 2 3 4 5 Yes
=> Is there evidence for effective health strategy?
No 1 2 3 4 5 Yes*
*
assessment from farmers question and impression of the herd; could be checked at the end,
compared with animal-based health measures.
No
Yes
12 => Does an actual herd health and welfare plan exist?
13 When are claws trimmed? regularly
Only if visibly too long horn
Only if sick
how often are claws trimmed? each animal ……… times per year
=> Does the claw trimming management seem appropriate?
No 1 2 3 4 5 Yes
14 do you have facilities for claw trimming on the farm?
no
yes
Is there a claw trimming facility in the barn?
No
Yes
=> Is a crush for claw trimming available on the farm?
No
Yes
15 Are books kept soundly for records of
disease
no
yes
treatment
no
yes
losses incl. causes
no
yes
production
no
yes
=> Are records kept soundly?
No 1 2 3 4 5 Yes
16 Do you regularly control / palpate the udder of dry cows / of heifers?
No
Yes
17 Do you control SCC before drying off cows?
No
Yes
18 is milking machine regularly maintained by a company?
no
yes
Contract with company exists?
No
Yes
=> Is milking machine regularly maintained?
No
Yes
19 do you change teat rubbers regularly?
no
yes
Are teat rubbers in good condition?
No 1 2 3 4 5 Yes
=> Indications that teat rubbers are changed regularly?
No
Yes
20 how often do you check cleanliness of drinkers?
……… times / day
how often do you clean drinkers thoroughly?
every ……… month
Are drinkers clean?
No Partly Yes*
=> Are drinkers kept clean?
No Partly Yes
*
no: drinkers not cleaned, dirty & water is dirty at moment of inspection; partly: drinkers dirty (old
dirt) – but water fresh and clean at moment of inspection Or only part of several drinkers clean, with
clean water; yes: drinkers clean & water clean at moment of inspection (some amount of fresh food
allowed).
21 how often do you clean the trough?
every ……… day
how often do you check cleanliness of /clean concentrate feeders?
every ……… day/week nA
Is feeding table clean?
No Partly Yes*
Are concentrate feeders clean?
No Partly Yes**
=> Are feeding devices kept clean?
No Partly Yes***
*
no: old feed, dung, dirt, stones laying on parts of feeding table; no regular cleaning of trough;
partly: no regular cleaning, but feed trough found to be clean; yes: trough cleaned each time before
feeding; no dirt and old food rests on feeding table.
**
no: old feed rests, dung at all concentrate feeders; partly: some concentrate feeders not clean; yes:
all cf clean.
***
no: feeding table and cf ‘no’; partly: one ‘no’, one ‘yes’; yes: feeding table and cf ‘yes’.
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tAble A1.3 cOnt. Assessment tool management and handling practices in cattle.
22 do you feed ad libitum?
no
yes
do you expect feed rests to stay?
no
yes
When do you feed the cows? at ……… (time if regular; basis for decision if irregulat)
do you push feed closer between feeding times?
no
yes if yes, how often?
Is feed available and seem to be sufficient to next feeding time?
No Partly Yes
(take into account feeding time given by the farmer)
Feed contains enough roughage
No
Yes
(hay, good silage in ration or extra available; not cut too much in case of tmr)
=> Is basic feed always freely available and contains enough roughage?
No Partly Yes*
*
yes: fed ad lib with feed rests, feed pushed forward between feeding times and food available at
time of control seem to be sufficient until next feeding time, enough roughage; partly: basic feed
always freely available, but roughage contain at least questionable; no: no feeding ad libitum, no or
very few food availableat time of control.
23 do you feed different basic food or just one (e.g. tmr)?
different
Only one
do you distribute different food throughout all the feeding places or do you feed different feed at
different places?
special food-special places
equal distribution
do you offer roughage additionally (hayrack)
no
yes
Are cows restrained in the feeding rack for some time?
no
yes
Are cows restrained in the feeding rack when concentrate or other preferred, limited food is offered?
no
yes
Is the food of same quality throughout the feeding places? No
Yes
Question 26 answered with yes – basic feed freely available
no
yes
=> Is competition for feed reduced as much as possible?
No Partly Yes*
*
Answers on the right side support reduction of competition; yes if all answers on the right side; no
if all on the left; partly if mixed.
24 do you send food for analysis and if yes, how often?
no
yes every ……… year
Check records of results of analysis – time lag to last report
=> How often is food analysed?
Never
Every ……… year
25 do you calculate exact rations and if yes, how often?
no
yes every ……… year
Check records of results of calculation of ratios – time lag to last time, frequency
=> How often are ratios calculated?
Never
Every ……… year
26 Are there functioning brushes available in appropriate amount? No
Yes
yes: brush still bristled, if electric brush – functioning
27 How long do cows have access to pasture on average?
……… days/year (0–365)
……… hours/day
28 How long do cows have access to the outside run on average? ……… days/year (0–365)
……… hours/day
29 Individually adjusted distance to cows’ withers of at least 5 cm? No
Yes
Timer regulating power, so that it runs only 1 times/ week?
No
Yes
Cow trainer used for cows around calving?
No
Yes
=> Is the electric cow trainer managed acceptable?
No Partly Yes
*
yes if all answers on right side, partly if one on left, two on right; no if two or three on left side.
30 is the cow allowed to lick and suck the calf?
no
yes
When do you separate the calf from the cow on average? ……… min/hours/days p.p.
When are calves separated from the cow, i.e. how long does the cow have contact with the calf
(licking, suckling) on average?
……… min/hours/days
31 Measures with cows in heat?
No
stay in herd
Yes tether in herd in protected area
bring out of herd for insemination
bring to bull
NA bull in herd
32 Are top of horns round(ed)?
No
Yes (=no sharp top also in young animals)
NA (dehorned animals)
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tAble A1.3 cOnt. Assessment tool management and handling practices in cattle.
33 What are you doing when you have an aggressive animal?

34

35

36
37

38

39
40

41
42

43

nothing
‘educate’
not use for breeding
cull or sell her
nA (no aggressive animal)
Conspicious aggressive animals in the herd?
Yes
No
=> Measures with aggressive animals?
No
Yes
NA
do you change places if cows are incompatible?
no
yes
no
yes
do you select places of cows according to the cows relationship/interactions?
how often do you change places of cows?
Often 1 2 3 4 5 never
=> Is social stress of animals in tie stalls minimized? No 1 2 3 4 5 Yes
What is the % of replacement per year? ………% check records
how many different production groups do you have? number of groups: ……… check in barn
how often do you regroup animals on average (incl. dried off cows)? ……… per week/month
how long stay dry cows out of herd on average?
≤ 2 week 2–4 week more
=> Are changes in group composition rare?
No 1 2 3 4 5 Yes
Average age of cow herd? ……… year
When (age, state of pregnancy) are heifers integrated in the herd?
before insemination
When pregnant ……………….weeks before calving
After calving
more stress
lower stress
Where do you integrate animals?
in the barn
On pasture
do you take special measures? (e.g. habituation to barn without herd) no
yes
do you integrate single animals or groups of animals?
Which % of animals is integrated in
groups
singly
How are new animals (heifers, primiparous cows, bought in cows) integrated into cow herd?
Is stress minimised?
No Partly Yes
yes: all answered on the right side; no: all answers on the left; partly: answers mixed.
Are new animals put besides especially tolerant cows in tie-stall systems?
No
Yes
Where is young stock reared/housed:
1 Other farm
2 same farm but different housing
3 Visual contact of pregnant heifers to cows
4 physical contact of pregnant heifers to cows
5 in cow herd
Check in the barn
=> How intensive is the contact between young stock and cows?
No contact 1 2 3 4 5 High contact
Do you select for docile, non-aggressive animals?
No Partly Yes
number of regular milkers: ……… milker for ……… cows
number of stockpeople working regul. with the animals ……… person for ……… cows/veal
calves/bulls
how often do caretakers change? every ……… year/month
how many ‘main stockpeople’ are on the farm? ……… for ……… cows
how frequent do the ‘main stockpeople’ change?
≥ once/year
once/two years
≤ once/two years
do you have ‘non-regular’ helpers often
no
yes
=> Is personell and care consistent?
No 1 2 3 4 5 Yes
*
yes if low number of milkers/stockpeople (but enough to take care), and very low frequency of
change.
Water flow sufficient
No
Yes
Risk for injuries at drinker
No
Yes
Do drinkers function well and are in good condition? No 1 2 3 4 5 Yes*
*
yes (5) if water flow is 20l/min and no risk for injuries of all drinkers; no (1) if all drinkers have
insufficient water flow or a high risk of injuries; 2, 3, 4 if only some of the drinkers have not enough
water flow and/or risk of injuries.
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tAble A1.3 cOnt. Assessment tool management and handling practices in cattle.
44 Do feeders function well
No
Yes (no tickling of food)
Risk for injuries at concentrate feeder
No
Yes
Do concentrate feeders function well and are well managed? No 1 2 3 4 5 Yes*
*
yes (5) if concentrate is distributed in the preset amount, no loss of concentrate, and no risk for
injuries of all drinkers; no (1) if all feeders do not distribute concentrate in preset amount, loose
concentrate, or have a high risk of injuries; 2,3,4 if only some of feeders show problems.
No
Yes NA
45 Is feeding rack functioning well
Are cubicles in good condition (no defect part with risk of causing injuries) No
Yes NA
Is there any other equipment not functioning or with risk of injuries? (e.g. broken iron rod)
No
Yes
is there any defect equipment in the barn at the moment?
no
yes
if yes: since when? ……… days/weeks/months
Is equipment (except drinkers, concentrate feeders, tying system) functioning well and in good
condition?
No 1 2 3 4 5 Yes*
*
yes (5) if all is functioning well and no risk of injuries due to the condition of equipment; no (1) if
several problems are found throughout different equipment; 2,3,4 if single to some problems are
found.
46 Gives the ‘chain’ enough play / room for the cow to move?
No
Yes
Is the ‘chain’ fixated to closely to the neck of the cow?
No
Yes
Is the tying system well managed?
No
Yes
no: both answers on the left side; yes: enough play of the chain and roper fixation.
47 is there any defect equipment in the barn at the moment?
no
yes
if yes: since when? ……… days/weeks/months
Check results of number 49 to 52 regarding maintenance/functioning of equipment
Does the farmer recognise and solve problems with housing equipment immediately?
No Partly Yes*
*
yes, if question 49 to 52 answered with yes; partly if farmer reports about defect equipment but
does not repair immediately; no if farmer does report to have no defect, but in 49 to 52 a defect was
found.
48 how many animals are castrated? ……… % check in barn
from whom and how is castration performed?
Age ………
method:
surgery other
Anaesthetics
no
yes
Analgesics for how many days 0 1–2 3–7
Check records
Is pain due to castration minimized/avoided? No 1 2 3 4 5 Yes*
*
yes (5) no castration; 4: castration in early age with anaesthetics and analgesics for 3–7 days; no
(1): castration without anaesthetics/analgesics.
49 how many animals are dehorned/disbudded? ………% check in barn
from whom and how is dehorning/disbudding performed?
Age
disbudding ………
dehorning ………
method: acids
thermocauter surgery
Anaesthetics
no
yes
Analgesics for how many days
0 1–2 3–7
Check records
Are pain and long-term effects due to dehorning/disbudding minimized/avoided?
No 1 2 3 4 5 Yes*
*
yes (5) no dehorning/disbudding; 4: disbudding in early age with anaesthetics, thermocauter or
surgery and analgesics for 3–7 days; no (1): dehorning of most animals when older than 6 months
even with anaesthetics /analgesics or dehorning, disbudding without anesthesics.

270 /

Animal Welfare Measures for Dairy Cattle, Beef Bulls and Veal Calves

tAble A1.3 cOnt. Assessment tool management and handling practices in cattle.
50 how many animals are tail-docked? ………% check in barn
length of docked tail?
only tail tip (up to 5 cm), hair tuft still exists
more than tail tip, hair tuft docked
from whom and how is tail docking performed?
Age
………
method:
rubber band surgery
Anaesthetics
no
yes
Analgesics for how many days
0 1–2 3–7
Check records
Are pain and long-term effects due to tail-docking minimized/avoided?
No 1 2 3 4 5 Yes*
*
yes (5) no tail-docking; 4: tail-docking of only tail tip, by surgery, in early age, with anaesthetics
and analgesics for 3-7 days; no (1): tail-docking of only tail tip without anaesthetics /analgesics or
tail docking with hair tuft docked (even if with anesthesics).
51 Are preparations taken to minimize stress during loading?
No 1 2 3 4 5 Yes
yes: save corridor, good lightening of corridor.
52 Do you use special devices for moving animals (electric prod, stick)?
No
Yes
53 Are groups of or single unfamiliar animals mixed during transport?
No Partly Yes
Note: instructions for using the questionnaire: Questions that are in blue are intended to be assessed in the
barn; Questions that should feed into the Assessment score have background gold; Questions that would be
relevant for WQA, but are (partly) not reliable enough, nevertheless should be recorded in any case are
marked background light yellow; Other questions for Advisory tool or epidemiological study; mark nA if
question not appropriate to housing system.

Assessment Of hAndling – AmOunt And QuAlity Of humAn–
cAttle interActiOns

the amount and especially quality of human-animal interaction influences animal welfare
by influencing the amount of stress, with potential consequences on health, and risk of
injuries. in case, no animal-based measure of the human-animal relationship is included,
some (simple) assessment of the quality of human-animal interactions may be included.
three possibilities exist which may – for the beginning – be combined.
1. Observation during routine handling
this is very reliable in dairy cows during milking and calves during feeding (as long as
no automatic milking system or automatic feeder is used). previous research supports
validity and reliability, but the problem is a restricted time window. further, it is quite
difficult in fattening bulls.
Validity: high; reliability: high; feasibility: low to medium
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2. Questions on the frequency of use of special types of behaviour
this would be a small questionnaire, which all stock people having regular contact with
the animals would have to fill in.
how often do you:
talk to animals when approaching them
talk to animals when walking through the group
gently touch or stroke animals when close
Wave with the hand to move them
hit animals with the hand to move them
shout at animals to make them move
shout at animals to make them stop walking or stop kicking
sse a stick to move them by visual signs
use a stick to move them by (slightly) hitting
use a stick to make them stand up

never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always
never 1 2 3 4 5 6 7 Always

Validity: not know, estimated: medium; reliability: medium (test-retest) to high (interobserver), but problem with reliability if the measures should feed into WQA since at least
from the second visit the farmers should know what is wanted; feasibility: high.
3. simple observational protocols for a rough assessment
during the inspection the assessor should stand close stand close to the animals when
discussing with the stockperson(s) for at least 10 min (e.g. while filling in the management
questionnaire) and during that time should additionally observe the behaviour of the farmer
and note if the farmer / stockperson uses
•
•
•
•

•

•

gentle interactions vocal (softly talking to)
never occurred 1 __________________ 10 often occurred
gentle interactions tactile (gently touching, stroking animals)
never occurred 1 __________________ 10 often occurred
Aversive interactions (hitting, kicking, shouting)
never occurred 1 __________________ 10 often occurred
intermediate interactions (pushing animals away with low force, very slight hit,
dominant talking to animals to make them stop behaviours)
never occurred 1 __________________ 10 often occurred
the relation of gentle to aversive
from 0 only gentle 1 _________________ 10 only aversive (with 50% of both in the
middle
carefulness / suddenness of movements from
sudden movement always 1_________________10 careful, quiet movement always

Validity: not know – guess to be medium; reliability: possibly medium; feasibility: high.
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A2.1 summARY

Welfare Quality® will develop monitoring systems for animal welfare based on both animal
parameters and design parameters for use from farm to slaughter. Housing structures and
environmental factors can affect the welfare of the reared animals and they can be used as
risk factors for the animal-based parameters. Within this approach the assessment of design
parameters is also important in order to give a feed back to farmers. Welfare assessment
protocols designed for the assessment of individual farms may take into account design or
environmental parameters. A series of parameters have been identified and assessed by
the use of 8 experts from 6 different eu countries. the proposed protocol covers 60
potential resource measures. simple measure descriptions are given. tables of the potential
resource measures are provided, along with short methodologies for collection of data,
suggested units, and a ranking of the potential ‘value’ of each measure.

A2.2 intRoduction

Within Welfare Quality®, sub-project 2 will develop monitoring systems for animal welfare
based on animal parameters and design parameters. part of this task was to put forward a
proposal for the standardisation of some resource-based parameters in cattle from farm to
slaughter.
Resource-based measures may be very useful for many reasons: to better understand what
animal-based measures mean for welfare; as a substitute for animal-based measures not
reliable or not feasible at farm level; as risk factors for the welfare of the animals (see
eFsA report on calves). different exiting protocols deal mainly with design parameters
such as Ani index, which is a system developed for the assessment of animal welfare on
organic farms in Austria, and some data can be obtained by farm records kept by producers,
273
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but there is the necessity of a direct assessment of resource-based measures which can
provide more reliable information.
design resources include housing system, floor space, bedding material, feeding and
watering, lighting and microclimate control for the on-farm period, and e.g. vehicle design,
unloading facilities, lairage and stunning facilities for the transport and slaughter periods.
cattle housing systems are various. the influences of the environment in which the
animals live are important for the animal-based measures which are the main tools of the
Welfare Quality® assessment scheme.
our commitment was for standardisation only and for this reason we did not carry out
animal trials. the steps of our work are described in the following parts.

A2.3 AppRoAcH tAken

We carried out a review of the scientific literature on design parameters used for the
assessment of the welfare in dairy cows, fattening bulls and veal calves (see reference
list). According to the available literature and personal experience in preparing and using
monitoring systems incorporating design parameters, the authors prepared a first table of
the possible measures; the validity and feasibility of each measure were listed. these tables
show the items and the reason to include them into a protocol or to disregard them.
Although other criteria could have been selected the ones described appeared to be a
reasonable method for ranking the measures.
A second step was to discuss these parameters with a group of 8 experts from 6 different
countries within eu (France, italy, the netherlands, sweden, ireland and Austria). the
members of the group were chosen for their experience in this area and tables were
delivered to them. each member of the group individually assessed and scored the ‘animal
welfare impact’ from low to high (1-5) for each of the discussed measures. the last step
was to keep the most useful measures and to rank them in relation to the experts’ opinions.
After the choice of measures, particular attention was paid to the practical sampling
strategy, which should suit different production systems, different concentrations of
animals per group and animals with little habituation to human proximity (i.e. fattening
bulls). the proposal presents the chosen sampling methods for dairy cows, fattening bulls
and veal calves.
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A2.4 meAsuRes

the first complete list of 92 potential resource-based measures is presented in tables A2.1
and A2.2. tables A2.3 and A2.4 show a final ranking of the in total 60 measures which
survived the expert ranking process.
All the parameters can be taken using a checklist or measurements. the sampling strategy
should include samples of all different housing types on the farm. sampling should be
done across the different stages of production for cows, fattening bulls and veal calves. All
production groups should be sampled for lactating dairy cows. precisely how each
measurement should be taken will vary from parameter to parameter (see tables A2.1 and
A2.2); however, the majority are assessed by counting the numbers or allocation of
equipment or resources and relating that to the total number of animals in the pen (fattening
bulls, veal calves) or in the production group (dairy cows). For other parameters measures
should be taken (i.e. cubicles dimensions). some parameters will need special devices or
equipment in order to take them (i.e. measurement of ammonia and light intensity).
the strategy used while assessing the resources varies according to the categories of
animals and size of pen and groups:
•

•
•
•

•

there should be no need for the inspector to enter small pens of veal calves (i.e.
containing less than 10 animals). it could be possible to check two pens
simultaneously (5 or less calves)
For larger pens, the inspector will need to enter the pen and walk through slowly
from one side to the other.
For fattening bulls resources should be checked without entering the pens, but the
chosen pens should offer high visibility.
For dairy cows the inspector should enter the stables. if the cows are divided into
production groups each group should be inspected. For each group, the occurrence
of equipment will be counted together with the number of animals present in the
group.
Assessments done ‘at slaughter’ should always be performed without entering pens
in use.

no reliability testing was carried out in this study, as the proposal was only for
standardisation. neither have the measures been validated within this project. However,
it has been recognized that housing and environmental factors can affect welfare (see
references such as last eFsA reports on calves and beef cattle reported in the reference
section).
the measures are feasible; however, we do have concerns about:
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fattening bulls: due to the danger of entering into the pen there is the necessity to
check facilities from the outside and it could be possible that some pens can not be
checked clearly from the outside (no longer a random sample of the pens, a biased
choice);
some parameters, such as calving pens, will need to be checked with the farmer
because they can be present but not used.

All these parameters can be assessed at any moment of the day. However, it is possible that
some facilities will be used only during certain periods of the year, such as cooling systems.
dairy cows, fattening bulls and veal calves should be assessed, although some parameters
are specific to cows only (i.e. milking parlour). For dairy cows the resources must be
sampled at every production stage. if the cows are divided into production groups each
group should be inspected and production stage should be identified. For fattening bulls
and veal calves a minimum of 4 pens per production stage (beginning, middle and end of
production stage) per building is suggested. if there are different systems of buildings, all
types must be sampled. Where there are identical buildings/systems for a production stage,
these should be sampled representatively (e.g. 50% from each of two buildings). Where
there are multiple non-identical buildings/systems for a production stage, a representative
sample from each should be taken relative to the number of animals. the assessor need not
enter pens with small numbers of veal calves if these are easily viewed from the
passageway. Fattening bulls resources should always be assessed without entering the pen.
table A2.1 comparison of different resource measures on farm. it lists the potential
measures important for inclusion in the welfare assessment tool, together with measures
not recommended for further use, to make the decision process transparent. only the 39
items later recommended for inclusion are given a number in the first column. in the
second column, the animal type for which the measure is relevant is specified. in the third
column there is a description of the item, followed by instructions to the assessor in the
fourth column. the reasons for including the measure, or not, are given in the fifth column.
the sixth column presents the welfare relevance as scored by the group on average; 1 =
low; 5 =high, followed by the range of scores in the next column. the eighth and final
column gives the links to other sub tasks, that is to say to management-based or animalbased measures. the table is sub divided according to where the measure should be taken
on the farm e.g. in the resting area, in the passages etc., or according to the topic e.g. stable
climate.
table A2.2 comparison of different resource measures at slaughter. this table has the
same columns as table 1 but it is sub divided according to areas at the slaughterhouse e.g.
unloading facilities, lairage etc. only the 19 items later recommended for inclusion are
given a number in the first column.
table A2.3 Rank ordering of measures assessed on farm (1=low rank to 4=high rank). the
proposed measures are ranked separately in relation to experts opinions, shown as mean
score in the tables. We feel that all can be included in the final protocol as they are valid
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and can be recorded rapidly. in addition to the rank and the mean score given by the
experts, a short description of the measure and the instructions to the assessor are given.
table A2.4 Rank ordering of measures assessed at slaughter. this table has the same
columns as table A2.3.

All

All

All

3

4

5

no

All

2

instruction to assessor
Reason to include or disregard;
welfare relevance, problems

Quality of floor (soft, hard,
slippery…)

difficult to assess and compare
different farms.

take measure. study animals and the animals should have sufficient
see if length and width is sufficient space to be able to rest
to allow comfortable resting and if comfortably and to assume all
normal behavioural pattern is
possible lying positions. the
performed during rising/lying.
length of the cubicle should allow
the animal to perform normal
behavioural pattern during rising
and lying.
type of cubicle partitions
Watch animals during rising/lying. should not cause injuries during
decide if this is performed easily lying/rising transitions. the design
or if the animals perform abnormal of cubicle partition can also
behavioural patterns.
interfere with normal behavioural
patterns during rising/lying.
Free space in front of cubicle
take measure of the free space in in order to perform a normal
front of cubicle. Also watch
(insufficient/sufficient for the
behavioural pattern during rising
animal to perform normal
animals during rising/lying. decide and lying cattle need a lot of free
behaviour pattern for laying/rising) if this is performed easily or if the space in front of the cubicle.
animals perform abnormal
behavioural patterns.
number of cubicles/animals (in
Ask farmer or count number of
too few cubicles may lead to that
cubicles and number of animals. low ranked animals are not able to
case of loose housing)
get access to a cubicle to rest.
type of floor (concrete, rubber...) check in stable
A soft, solid flooring increases
comfort during resting. nonslippery flooring is essential to
prevent falls and injury.

item description
number Animal
of item type
Resting area – cubicles
1
All
length and width of cubicles

4.5

4.3

(3-5)

(2-5)

(4-5)

(2-5)

4.1

4.7

(1-5)

(3-5)

Range

3.1

4.2

mean
score

linked to
animal- based
measures, such
as hygiene,
claw health
and lameness.

links to other
sub tasks
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Quality of bedding material (dry,
wet, clean, dirty)

8

All

Ask farmer or measure size of
resting area. decide if appropriate
in relation to number and size of
animals.

check in stable

instruction to assessor

type of floor (concrete, rubber,
check in stable
deep litter, fully/ partly slatted…)

Resting area – other than cubicles
7
All
space allowance (m2/animal)

no

item description
number Animal
of item type
6
All
type of bedding material (straw,
sawdust…)

space needed depends on age/size 4.4
of animal. the animals should
have sufficient of space to be able
to rest comfortably and to assume
all possible lying positions and to
perform normal behavioural
patterns during lying/rising
transitions. if too crowded the risk
of getting traumatic injuries such
as teat lesions increases. low
ranked animals can also choose to
lay in passages instead.
4.0
soft, solid flooring increases
comfort during resting. nonslippery flooring is essential to
prevent falls and injury.

(2-5)

(3-5)

Range
Reason to include or disregard; mean
welfare relevance, problems
score
can increases comfort if flooring is 3.6
(2-5)
hard and non-insulated. can
improve hygiene but also make
hygiene worse if not kept dry and
clean.
difficult to assess and compare
4.4
(3-5)
different farms.

linked to
animal-based
measures, such
as hygiene,
claw health
and lameness.

linked to
animal-based,
such as animal
hygiene
incidence of
mastitis. Also
linked to
management.

links to other
sub tasks
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Quality of bedding material (dry,
wet, clean, dirty)

check in stable and decide on
appropriateness.

instruction to assessor

Width of passages
(sufficient/insufficient for low
ranked animals to pass high
ranked)

11

All

Quality of floor (erosive, slippery,
hygiene…)

no

(3-5)

dirty, wet and/or erosive floors can 4.4
increase number of claw lesions.
However difficult to assess and
compare with other farms.
study animals moving in alleys
if too narrow low ranked animals 3.8
and see if they can easily pass each can have difficulties with passing
other.
higher ranked animals.

(1-5)

(1-5)

Range
Reason to include or disregard; mean
welfare relevance, problems
score
difficult to assess and compare
4.6
(2-5)
different farms.
can increases comfort if flooring is 2.8
(1-5)
hard and non-insulated. can
improve hygiene but also make
hygiene worse if not kept dry and
clean. For young calves provision
of straw is needed to provide a
suitable environment regarding
thermoregulation and comfort.
difficult to assess and compare
4.6
(3-5)
different farms.

non-slippery flooring is essential 3.5
to prevent falls and injury.

Animal passages (in case of loose housing)
10
All
type of floor (concrete, rubber,
check in stable
deep litter, fully/ partly slatted…)

no

item description
number Animal
of item type
Quality of floor (slipperiness,
no
hygiene …)
9
All
type of bedding material (straw,
sawdust…)

linked to
animal-based
measures such
as hygiene,
claw health
and lameness.

linked to
animal-based
measures such
as animal
hygiene
incidence of
mastitis.

links to other
sub tasks
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number of pens/animals

length and width

14

All

All

15

16

count number of hospital pens and Hospital pens facilitate medical
3.3
decide if appropriate in relation to care and supervision of sick
herd size.
animals in large herds. offers the
animals a calm environment.
measure pen. decide if appropriate the animals should have sufficient 3.3
in relation to size of the animals. space to be able to rest
comfortably and to assume all
possible lying positions.

Access to brushes in loose housing 3.4
systems increases comfort.

(2-5)

(2-5)

(3-5)

(1-5)

(2-5)

(1-5)

Range
Reason to include or disregard; mean
welfare relevance, problems
score
design will influence how animals 4.1
(3-5)
move between feeding ground,
cubicles and so on. However
difficult to decide if appropriate
and to compare with other farms.

sufficient space allowance is
4.3
important to prevent agonistic
behaviours during feeding.
number of feeder spaces/animals count number of feeder spaces for low ranked animals can have
3.7
roughage and decide if appropriate problems with getting access to
(in case of loose housing)
in relation to number of animals. roughage if too many animals must
share feeder spaces.
number of concentrate
count number of concentrate
low ranked animals can have
3.4
feeders/animals
feeders and decide if appropriate in problems with getting access to
relation to number of animals.
concentrate feeders if too many
animals has to share one feeder
station.

Feeding and drinking device
no
space allowance at feeding ground

All

instruction to assessor

Access to brushes (in case of loose check in stable
housing)

Hospital pen
13
All

enrichment
12
dairy

item description
number Animal
of item type
no
outline/design of passages
(possible for animals to access
water and feeding ground easily)

links to other
sub tasks
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no

dimension of exercise area

Regular access to indoor exercise Ask farmer about possibility to
area (every day, once a week, once indoor exercise.
a month…)

All

20

no

dimension of outdoor exercise
area or paddock.
type of bed/ground in the outside
area or paddock

Ask farmer about strategy for
outdoor exercise.

Ask farmer about strategy for
grazing.
pasture is the natural habitat for
3.6
cattle. Grazing thus increases
animal welfare.
exercise important to keep legs
3.5
and muscles fit in order to be able
to perform normal rising and lying
behaviour patterns. Abnormal
behaviour during rising/lying will
increase risk of traumatic udder
injuries.
Animals spend a short time periods 2.7
in this area only.
insufficient drainage in outdoor
3.0
paddocks can cause a poor
hygiene. difficult to assess if not
studied in rainy weather
conditions.
exercise important to keep legs
2.3
and muscles fit in order to be able
to perform normal rising and lying
behaviour patterns. Abnormal
behaviour during rising/lying will
increase risk of traumatic udder
injuries.
Animals spend a short time periods 3.0
in this area only.
(1-5)

(1-5)

(2-5)

(1-5)

(1-5)

(1-5)

Range
Reason to include or disregard; mean
welfare relevance, problems
score
count number of drinkers and
low ranked animals can have
4.6
(4-5)
decide if appropriate in relation to problems with getting access to
number of animals.
drinkers if too many animals has to
share one drinker.

instruction to assessor

no

Grazing and excercise
18
All
Regular access to grazing (year
round, during summer, every day,
once a week)
19
All
Regular access to outdoor exercise
area/ paddock (year round, during
summer; every day, once a
week…)

item description
number Animal
of item type
17
All
number of drinkers/animals
links to other
sub tasks
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no

no

no

23

All

check in stable

instruction to assessor

make a mean value from a few
measurements taken in different
places in the stable, not too close
to animals or air inlets/outlets.

(2-5)

(2-5)

(1-4)

(2-5)

(1-5)

Range
Reason to include or disregard; mean
welfare relevance, problems
score
non-slippery flooring is essential 3.3
(1-5)
to prevent falls and injury.

preferred temperature is depending 3.3
on age and amount and type of
bedding. low temperature can
make calves suffer if dry straw
bedding isn’t provided. For older
animals, excessive heat can be a
problem.
Relative humidity
make a mean value from a few
A high relative humidity indicates 4.3
measurements in different places in that the capacity of the ventilation
the stable, not too close to animals system is insufficient. it also
enhances the survival of different
or air inlets/outlets.
infectious agents on the floor
surface and in the aerosol and
makes thermo regulation more
difficult. the relative humidity is
related to the temperature and the
amount of air ventilated. needs
special device but easy to measure.
type of ventilation system
type of ventilation system is not 2.7
interesting from a welfare point of
view since all systems will
ventilate the building.
Amount (m3) of air ventilated per
Related to temperature and relative 3.7
humidity. difficult to measure.
hour and animal.
3.6
Related to chill factor. positive
Air velocity
during hot weather conditions.
negative during cold and/or humid
conditions. difficult to measure in
general for a whole stable.

item description
number Animal
of item type
type of floor in indoor exercise
21
All
area
stable climate
22
All
temperature

links to other
sub tasks

Appendix 2
/ 283

tAble A2.1 cont. comparison of different resource measures on farm.

light intensity

All

All

All

24

25

26

extra cooling systems
(sprinklers…)

noise

dust

no

item description
number Animal
of item type
chill factor (air velocity / air
no
temperature)
Reason to include or disregard; mean
welfare relevance, problems
score
is of high importance, especially 3.4
for young animals. is however
difficult to measure.
Respirable dust can act as carriers 3.5
for infectious agents present in the
aerosol. High dust levels can
therefore increase the risk for
spreading of airborne diseases. is
however difficult to measure.
make a mean value from a few
sufficient provision of daylight is 3.0
measurements taken in different important to keep normal daily
places in the stable where animals rhythm. total darkness can make
are held.
cattle restless and easily frightened
by sudden movements or noise etc.
soft lighting during night has been
shown to decrease traumatic teat
injuries. needs special device but
easy to measure.
High noise level can cause
2.8
make a mean value from a few
measurements taken in different impaired hearing, stress reactions
places in the stable where animals and disturbance in acoustic
are held.
communication. needs special
device but easy to measure.
check in stable
important in hot climate. necessity 2.9
depends on general climate.

instruction to assessor

(1-4)

(1-4)

(1-5)

(2-5)

(1-5)

Range
links to other
sub tasks
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carbon dioxide (co2)

carbon monoxide (co)

Hydrogen sulphide

methane

no

no

no

no

item description
number Animal
of item type
Air quality
Ammonia
27
All
make a mean value from a few
measurements taken in different
places in the stable where animals
are held.

instruction to assessor
mean
score

Reflects efficiency of ventilation 3.6
and manure handling system.
Ammonia is an irritant gas that
causes inflammation of the mucous
membrane in the eye and the
respiratory tract. this makes the
animals more susceptible to
respiratory diseases. Also
keratinolytic, thus predisposing for
claw lesions. needs special device
but easy to measure.
Reflects if supplies of fresh air are 2.7
sufficient. not harmful to animals
unless levels are very high (>7%).
Reflects efficiency of ventilation 2.8
and manure handling system.
Ammonia levels more easy to
measure.
Reflects efficiency of ventilation 2.8
and manure handling system. is
highly toxic. long term exposure
will affect blood coagulation. High
levels cause paralysation of
respiration and thereby sudden
deaths. Ammonia levels more easy
to measure.
Reflects efficiency of ventilation 3.0
and manure handling system. not
directly harmful to animals.
Ammonia levels more easy to
measure.

Reason to include or disregard;
welfare relevance, problems

(1-5)

(1-5)

(1-5)

(1-5)

(1-5)

Range

links to other
sub tasks
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dairy

31

no

no

dairy

dairy

30

no

29

instruction to assessor
Reason to include or disregard;
welfare relevance, problems

mean
score

study the flow of animals through collecting area should be
3.9
the collecting area during milking dimensioned so that overcrowding
and decide on appropriateness.
does not occur and designed in a
way that the group of cows will
easily walk through to the milking
parlour without need of electrical
prodding.
Floor type of collection area
check in stable
non-slippery flooring is essential 3.9
to prevent falls and injury.
slope of collecting area
Relevance for welfare not clear. A 3.1
large slope can make animals
reluctant to walk. However
possible that they will learn to pass
without fear since they walk
through every day.
3.9
design of passages from stable to Walk through passages and decide design of passages affects the
behaviour of animals. sharp edges
collecting area/milking parlour
on appropriateness.
can cause bruising. curved
(number of sharp edges/
passages and round crowding
corners…)
facilitate moving of animals.
3.4
design of passages from milking Walk through passages and decide design of passages affects the
parlour to the stable (number of
on appropriateness.
behaviour of animals. sharp edges
sharp edges/ corners…)
can cause bruising. curved
passages and round crowding
facilitate moving of animals.
type of milking system (robot
Relevance for welfare unclear.
2.3
(1-4)
milking, milking parlour…)
Access to feed during milking
increases milking yield but low
1.6
importance for welfare.

item description
number Animal
of item type
milking facilities
28
dairy dimension and design of
collection area

(1-3)

(3-5)

(3-5)

(1-5)

(2-5)

(2-5)

Range
links to other
sub tasks
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dairy

length and width

36

no

35

check housing of calves and
decide on appropriateness.

measure pens.

count number of calving pens.

instruction to assessor
mean
score

use of calving pens offers a calm 3.4
environment during parturition.
calvings are also better supervised
in calving pens than in a loose
housed system.
possibility to easily turn and move 3.1
around will facilitate parturition.

Reason to include or disregard;
welfare relevance, problems

social interaction reduces stress
3.2
and should be provided even if
kept in individual pens. mixing of
calves of different age increases
spread of disease and should be
avoided if possible.
calves space allowance (m2/animal)
measure pens and count number of important to allow animals to rest 4.2
calves/ pen.
comfortably. overcrowding can
increase risk of disease outbreak.
location of calves within the farm important for preventive health
3.0
(1-5)
(indoor, outdoor, in the same stable care but difficult to compare
as adult animals, close to milking between farms.
parlour…)
Young calves have a large
2.4
calves type of milk feeding device used check if teat buckets or other
until weaning (possible/not
device allowing calves to suckle behavioural need to suckle.
possible for young calves to suckle during feeding is used.
possibility to suckle during feeding
reduces suckling on pen mates and
when fed milk)
physical objects. drinking of milk
from an open bucket is a risk factor
for getting milk into rumen instead
of the abomasum which will make
the calf sick (so called ruminal
drinker).

Housing of calves and veal calves
34
calves Housing of calves (possibility to
social interaction, keeping calves
of different age separated …)

33

item description
number Animal
of item type
calving pen
32
dairy number of pens/animals

(1-5)

(3-5)

(1-5)

(1-5)

(2-5)

Range

links to other
sub tasks
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no
no

no

no

no

39

no

38

All

beef
cattle

check provision of shelter,
artificial or natural, and decide if
appropriate in relation to general
climate.

instruction to assessor

type of transport vehicle (1 or 2
stories, possibility for tying cattle,
flexible pen arrangements…)
type of ventilation during
transport (fans, draught…)
bedding material used during
transport
Access to water during transport
sheltered unloading

loading ramp angle

mean
score

4.3

not studied so far within WQ.

not studied so far within WQ.
4.0
can facilitate unloading of animals 1.6
but low relevance for animal
welfare.

(3-5)

4.0

not studied so far within WQ.

(3-5)
(1-3)

(4-5)

(3-5)

(1-5)

(1-5)

(1-5)

Range

(1-4)

Heavy wind and rain can cause
2.8
hypothermia, especially in young
animals if they can’t seek shelter.
both artificial and natural shelters
like close forests can be used.
All animals should be able to seek 3.2
shelter at the same time.

Reason to include or disregard;
welfare relevance, problems

High ranked animals can prevent 2.8
low ranked animals from getting
access to artificial shelters if the
entrance is too narrow.
check loading facilities, estimate if loading ramp angle is more than 4.0
loading ramp angle and decide if 20º, animals are reluctant to walk.
appropriate.
not studied so far within WQ.
2.6

dimension of shelters (possible for if shelter is provided, check if
all animals to seek shelter when
dimensions are appropriate in
relation to number of animals.
needed)
design of shelter (possible for low
ranking animals to get access)

item description
number Animal
of item type
outdoor shelter
provision of artificial or natural
37
beef
cattle shelter for protection from heavy
wind and rain (in case of constant
grazing)
links to other
sub tasks
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Floor type and quality (solid, slatted,
slippery…)

light conditions

noise conditions

5

6

7

lairage
type of housing (single pens, group
no
pens, tied stall …)
space allowance
8

presence of sharp corners/edges

4

2.5

(2-5)

study animals lying down and decide if space allowance may vary depending 3.6
upon weather conditions, animal sizes
space allowance is appropriate.
and varying holding times. All animals
should have enough space to be able to
lie down and rest comfortably.

(2-4)

(2-5)

(3-5)

(2-5)

(1-4)

(1-3)

(3-5)

(1-3)

(2-3)

non-slippery flooring is essential to
3.8
prevent falls and injury. cattle tend to
panic and become agitated when they
lose their footing.
shadows or bright light may frighten the 3.2
animals.
sudden noises like air hissing and
3
shouting is stressful and often frighten
the animals.

sharp corners, edges or gates can cause 3.6
severe bruising.

cattle are easily frightened if people or 3
other animals seen through non-solid
partition walls.

should not have sharp edges that may
cause injury.

can facilitate unloading of animals but 1.8
low relevance for animal welfare.
the slope should not be more than 20º. 3.8
if too sharp, animals tend to turn back or
start to run during unloading.

closely linked
to behaviour
during
unloading.

closely linked
to behaviour
during
unloading.

Reason to include or disregard; welfare mean Range links to other
score
sub tasks
relevance, problems

Relevance for animal welfare not clear. 2.6

Walk through the driving alleys and
decide on appropriateness.

check ramp partition and decide on
appropriateness.

type of ramp partition

2

driving alley into lairage
3
type of partition (solid, non-solid
walls...)

measure ramp angle.

unloading ramp angle

intruction to assessor

1

number
item description
of item
unloading facilities
sheltered unloading
no
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use of bedding material

Access to water

11

14

17
18
19
20

15

number of sharp corners/edges
Floor type and quality
light conditions
noise conditions

(3-5)
(3-5)
(2-5)
(2-4)

(2-4)

the design of the driving alleys
3.2
influences the behaviour of cattle.
Animals are easily frightened if people
walking by seen through non-solid
partition walls and if shadows or bright
light shines into their eyes. sharp
corners can cause bruising and a
slippery floor may cause injury. if the
driving alley appears as a dead end
animals are very reluctant to walk
forward.
4.0
3.8
3.4
3.0

(3-5)

(3-5)

(2-4)

(1-5)

4.2

3.8

3.0

closely linked
to behaviour
during driving.

mean Range links to other
sub tasks
score
3.6
(2-4)

2.8

Reason to include or disregard; welfare
relevance, problems
soft flooring increases comfort during
check in lairage and decide on
appropriateness.
resting. non-slippery flooring is
essential to prevent falls and injury.
continuous high noise from fans and
make a mean value from a few
measurements taken in different places other equipment is stressful for cattle.
in the stable where animals are held.
needs a special device but is easy to
measure.
check if bedding is used in lairage
increases hygiene and comfort if floors
are hard.
check in lairage that all animals have All animals should have access to water
access to water
at lairage.
Ask about feeding routines and check in All animals kept in lairage over night
stable
should be fed.

intruction to assessor

Access to feed if kept in lairage over
night
driving alley to stunning
type of partition (solid, non-solid walls Walk through the driving alleys and
16
...)
decide on appropriateness.

noise conditions

10

number
item description
of item
Floor type
9
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21

Floor type

number
item description
of item
design of stun crate
no
level of fixation (no fixation, head
fixated, neck fixated, whole animal
fixated…).

check flooring in the stun crate and
decide on appropriateness.

intruction to assessor
Fixation of the animal facilitates
3.2
performance of correct stunning.
excessive pressure can however cause
pain and should therefore be avoided.
Fully sensible animals should be held in
a comfortable, upright position. difficult
to assess and compare.
A slippery floor may cause injury. cattle 3.0
tend to panic and become agitated when
they lose their footing.
(3-3)

(1-5)

Reason to include or disregard; welfare mean Range links to other
relevance, problems
sub tasks
score
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tAble A2.3 Rank ordering of measures assessed on farm.
Rank mean
item description
intruction to assessor
score
4
4.7 number of cubicles/animals (in case of loose Ask farmer or count number of cubicles and
housing)
number of animals.
4
4.6 number of drinkers/animals
count number of drinkers and decide if
appropriate in relation to number of animals.
4
4.4 space allowance of resting area (m2/animal) Ask farmer or measure size of resting area.
decide if appropriate in relation to number
and size of animals.
4
4.3 Relative humidity
make a mean value from a few
measurements in different places in the
stable, not too close to animals or air
inlets/outlets.
4
4.3 type of floor in cubicles (concrete, rubber...) check in stable
4
4.2 length and width of cubicles
take measure. study animals and see if
length and width is sufficient to allow
comfortable resting and if normal
behavioural pattern is performed during
rising/laying.
4
4.2 space allowance in calf pens (m2/animal)
measure pens and count number of calves/
pen.
4
4.1 Free space in front of cubicle
take measure of the free space in front of
(insufficient/sufficient for the animal to
cubicle. Also watch animals during
perform normal behaviour pattern for
rising/lying. decide if this is performed
laying/rising)
easily or if the animals perform abnormal
behavioural patterns.
4
4.0 loading ramp angle
check loading facilities, estimate loading
ramp angle and decide if appropriate.
4
4.0 type of floor in resting area (concrete,
check in stable
rubber, deep litter, fully/ partly slatted…)
3
3.9 dimension and design of collection area
study the flow of animals through the
collecting area during milking and decide on
appropriateness.
3
3.9 Floor type of collection area
check in stable
3
3.9 design of passages from stable to collecting Walk through passages and decide on
area/milking parlour (number of sharp edges/ appropriateness.
corners…)
3
3.8 Width of passages (sufficient/insufficient for study animals moving in alleys and see if
low ranked animals to pass high ranked)
they can easily pass each other.
3
3.7 number of feeder spaces/animals (in case of count number of feeder spaces for roughage
loose housing)
and decide if appropriate in relation to
number of animals.
3
3.6 Regular access to grazing (year round, during Ask farmer about strategy for grazing.
summer, every day, once a week…)
3
3.6 Ammonia
make a mean value from a few
measurements taken in different places in the
stable where animals are held.
3
3.6 type of bedding material in cubicles (straw, check in stable
sawdust…)
3
3.5 type of floor in passages (concrete, rubber, check in stable
deep litter, fully/ partly slatted…)
3

3.5 Regular access to outdoor exercise area/
Ask farmer about strategy for outdoor
paddock (year round, during summer; every exercise.
day, once a week…)
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tAble A2.3 cont. Rank ordering of measures assessed on farm.
Rank mean
item description
score
3
3.4 number of concentrate feeders/animals
3
3

3.4
3.4

3
3

3.4
3.3

3

3.3

3
3

3.3
3.3

3

3.2

3

3.2

3

3.1

3
3

3.1
3.0

3
2

2.9
2.8

2

2.8

2

2.8

2

2.4

2

2.3

intruction to assessor

count number of concentrate feeders and
decide if appropriate in relation to number of
animals.
Access to brushes (in case of loose housing) check in stable
design of passages from milking parlour to Walk through passages and decide on
the stable (number of sharp edges/ corners…) appropriateness.
number of calving pens/animals
count number of calving pens.
number of hospital pens/animals
count number of hospital pens and decide if
appropriate in relation to herd size.
length and width of hospital pens
measure pen. decide if appropriate in
relation to size of the animals.
type of floor in indoor exercise area
check in stable
temperature
make a mean value from a few
measurements taken in different places in the
stable, not too close to animals or air
inlets/outlets.
Housing of calves (possibility to social
check housing of calves and decide on
interaction, keeping calves of different age appropriateness.
separated …)
dimension of shelters (possible for all
if shelter is provided, check if dimensions are
animals to seek shelter when needed)
appropriate in relation to number of animals.
type of cubicle partitions
Watch animals during rising/lying. decide if
this is performed easily or if the animals
perform abnormal behavioural patterns.
length and width of calving pens
measure pens.
light intensity
make a mean value from a few
measurements taken in different places in the
stable where animals are held.
extra cooling systems (sprinklers…)
check in stable
noise
make a mean value from a few
measurements taken in different places in the
stable where animals are held.
provision of artificial or natural shelter for check provision of shelter, artificial or
protection from heavy wind and rain (in case natural, and decide if appropriate in relation
of constant grazing)
to general climate.
type of bedding material (straw, sawdust…) check in stable and decide on
appropriateness.
type of milk feeding device used until
check if teat buckets or other device
weaning (possible/not possible for young
allowing calves to suckle during feeding is
calves to suckle when fed milk)
used.
Regular access to indoor exercise area (every Ask farmer about possibility to indoor
day, once a week, once a month…)
exercise.
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tAble A2.4 Rank ordering of measures assessed at slaughter.
Rank mean
item description
score
4
4.2 Access to water in lairage
4

4.0

3

3.8

3
3
3

3.8
3.8
3.8

3

3.6

3

3.6

3

3.6

3

3.4

3

3.2

3

3.2

3

3.0

3

3.0

3

3.0

3

3.0

3

3.0

2

2.8

2

2.5

intruction to assessor

check in lairage that all animals have access
to water
number of sharp corners/edges in driving
Walk through the driving alleys and decide
alleys to stun crate
on appropriateness.
Floor type in driving alleys to stun crate
Walk through the driving alleys and decide
on appropriateness.
use of bedding material in lairage
check if bedding is used in lairage
unloading ramp angle
measure ramp angle.
Floor type in driving alleys into lairage
Walk through the driving alleys and decide
(solid, slatted, slippery…)
on appropriateness.
presence of sharp corners/edges in driving Walk through the driving alleys and decide
alleys into lairage.
on appropriateness.
space allowance in lairage
study animals laying down and decide if
space allowance is appropriate.
Floor type in lairage
check in lairage and decide on
appropriateness.
light conditions in driving alleys to stun
Walk through the driving alleys and decide
crate
on appropriateness.
light conditions in driving alleys into lairage Walk through the driving alleys and decide
on appropriateness.
type of partition in driving alleys to stun
Walk thorugh the driving alleys and decide
crate (solid, non-solid walls ...)
on appropriateness.
noise conditions in driving alleys to stun
Walk through the driving alleys and decide
crate
on appropriateness.
Floor type in stun crate
check flooring in the stun crate and decide
on appropriateness.
type of partition (solid, non-solid walls...) Walk through the driving alleys and decide
on appropriateness.
noise conditions in driving alleys into lairage Walk through the driving alleys and decide
on appropriateness.
noise conditions in lairage
make a mean value from a few
measurements taken in different places in the
stable where animals are held.
Access to feed if kept in lairage over night Ask about feeding routines and check in
stable
type of partition at unloading ramp
check ramp partition and decide on
appropriateness.

Appendix 3
note on correlAtions:
speArmAn And peArson
correlAtion
B. engel and c.s. van reenen

in a previous note, we calculated how many pairs of observations one needs for inference
about correlations. to be more specific, imagine that the pairs consist of duplicate
observations of the same observer on a number (n) of animals. in that case the correlation
is a (scale free) measure of intra observer repeatability. Alternatively, one might imagine
observations on the same animals by two different observers. in that case the correlation
is a measure of reproducibility. We assume that the animals are a representative (as if
random) sample. in another setting the units may be pens or cages, rather than animals.
in order to find (with a probability of 95%) that the sample correlation is significantly
different from 0, while the true correlation is 0.65, we need n = 20 pairs of observations.
in order to get a 95% confidence interval for the correlation with a width less than 0.2,
while the true value of the correlation is 0.8, we need n = 55 pairs of observations.
these results were derived for pearson’s correlation coefficient, assuming bivariate
normality for the pairs of data. the main reasons for assuming bivariate normality are:
•

•

Under bivariate normality, there is a true correlation that we want to estimate. this
true correlation is one of the parameters of the bivariate normal distribution, i.e. the
true correlation is a population parameter.
Under bivariate normality, the (true) correlation has a clear interpretation as a
measure of linear dependence. testing for a non-zero correlation is equivalent to
testing for a non-zero slope in one of the associated regressions of one observation
in a pair on the other observation of the same pair.

the calculation of spearman’s correlation (or spearman’s rho) is similar to the calculation
of pearson’s correlation: the same calculations are made after observations are replaced by
rank numbers. spearma’s rho, in it’s original form, is not an estimate of a population
parameter. it is possible to introduce a population parameter as if that parameter was
estimated by spearman’s rho, but this is somewhat contrived and it is not quite clear what
295
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kind of dependence we are measuring. so, the idea of the width of a confidence interval
less than 0.2 that leads to n = 55 for a pearson correlation has no obvious extension towards
spearman’s rho. the same holds for Kendall’s coefficient of concordance, since that
coefficient can be derived from an average of spearman correlations.
often spearman’s rho is used to test for independence. Assuming independence, derivation
of the distribution of spearman’s rho is relatively straightforward. For dependent data
however, the distribution depends on the particular dependence structure that is assumed.
Although, for continuous observations, the data in the pairs of observations can be
transformed towards normality, a transformation towards bivariate normality does not
necessarily exist.
the relative efficiency of spearman’s rho as a test statistic for dependence compared with
pearsons’correlation, assuming bivariate normality, is high. so, it is not unreasonable to
use the result of n = 20 for spearman’s rho as well. Actually, for n = 20, assuming bivariate
normality, the power of the test based on pearson’s correlation is 95%, while the test based
on spearman’s rho has power 93%.
there is no obvious extension of the idea of the expected width of a confidence interval
for spearman’s rho. What can be done, to offer some impression of the relationship
between the two coefficients, is to assume bivariate normality and study the distribution
of spearman’s rho. We assume that the true correlation (in the bivariate normal
distribution) is 0.8. so, the true value for pearson’s correlation is 0.8. For various values
of n = the number of pairs, we simulated data (a 1000 data sets to be precise) and calculated
the pearson and spearman correlations.
For n = 55 the average width of the confidence interval for pearson’s correlation is 0.2. the
range of values for spearman’s rho, as measured by 2.5 and 97.5 percentile points, is 0.64
– 0.87. let us assume that we aim for a range (between the 2.5 and 97.5 percentile points)
less than 0.2. For n = 75, the range for spearman’s rho is 0.66 – 0.86. the corresponding
range for pearson’s correlation is 0.69 – 0.87. When we increase the number of pairs to n
= 150 we find a range of 0.70 – 0.85 for spearman’s rho and 0.74 – 0.85 for pearson’s
correlation.
so, results for the two correlations are similar, but the left hand tail of the distribution of
spearman’s rho is somewhat longer. in order to have a range of width 0.2 for spearman’s
rho we need to increase the number of pairs to n = 75. the calculations were performed
under restricted conditions; assuming bivariate normality with a true correlation of 0.8.
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conclUsion

•

•

•

•

Both for pearson and spearman correlation we advise a minimum of n = 20 pairs of
observations. this advice was based on a power of 93 to 95% under assumption of
bivariate normality and a true correlation of 0.65 for the test of independence. this
of course is the poor man’s choice when we are talking about repeatability or
reproducibility.
in order for the range of spearman’s rho to be smaller than 0.2, we need at least n =
75 pairs of observations. calculations were performed assuming bivariate normality
and a true correlation of 0.8.
For n = 75 pairs of observations, with a true correlation of 0.8, the outcome of
spearman’s rho may be as low as 0.66. For pearson’s correlation the outcome may
be as low as 0.69. in order to have the lower end of the range close to 0.7, n = 150
pairs are needed for spearman’s rho.
Here is more of a recommendation than a conclusion. in practice one might use the
spearman correlation when a normal approximation to the data does not apply. this
might be the case when the data are quite discrete. the most extreme example being
0-1 data. in that case often more direct measures for repeatability or reproducibility
(or association in general) can be found than a correlation. For 0–1 data for instance,
simple measures can be derived from a 2 x 2 table of joint results (0, 0), (0, 1), (1,
0) and (1, 1) for the pairs of data. An appropriate test for independence would be
Fisher’s exact test.

