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In a dairy production system where cows are grazing for a large portion of their lactation, little attention has
been afforded to investigating multiple indicators of welfare for risk factors associated with the housing period.
Yet regardless of the length of the housing period, cows still experience the positive and negative welfare impacts
of both indoor and outdoor environments in a hybrid system. Thus, the objective of this study was to identify risk
factors for indicators of dairy cow welfare during the housing period in a spring-calving, hybrid pasture-based
system. Herd-level scores for seven indicators of welfare (locomotion, body condition, ocular and nasal
discharge, integument damage, tail injury and human avoidance response) were collected from 82 Irish dairy
farms during the housing period (October – February). Data were analysed using multiple beta regression or zeroinflated beta regression to identify associations between these welfare indicators and measured herd-level
housing, resource and management factors. Thirty-six unique risk factors were associated with one or more
welfare indicators (P < 0.05). Analyses identified two risk factors for body condition < 3.0 and four for body
condition > 3.5, the target range during the housing period. Four risk factors were identified for each of ocular
discharge, nasal discharge and avoidance response of > 1 m from human approach. Six risk factors each were
associated with the proportion of lame cows and integument damage to the head-neck-back or hindquarter re
gions. The greatest number of risk factors, 12, were associated with tail injury (broken, lacerated or incomplete
tails). Risk factors associated with multiple indicators of welfare were cow comfort index (tail lacerations and
hindquarter integument damage), cubicle width (broken and incomplete tails), shed floor slipperiness (lameness
and head-neck-back integument damage), shed light-level (tail lacerations, avoidance response and below target
body condition), shed passage width (broken tails and head-neck-back integument damage) and presence
(incomplete tails) or absence (broken tails) of a collecting yard backing gate. With the large number of risk
factors associated with tail injury, continued research is necessary to identify causes and determine prevention
methods to contribute to improved overall welfare of dairy cows. Housing features meeting recommended
guidelines from the literature were frequently associated with greater negative indicators of welfare. In light of
this, housing guidelines may benefit from regular re-evaluation to ensure facilities meet the welfare needs of
cows during the housing period.

1. Introduction
Pasture-based dairy production in a hybrid system, where cows
spend a portion of the year on pasture and a portion housed indoors
(Mee and Boyle, 2020), is seen in countries worldwide wherever

temperate climates allow for periods of grazing. These farms may differ
in the amount of pasture access provided, from as little as two months as
reported in parts of Sweden (Bergsten et al., 2015) to approximately
eight months in Ireland (Teagasc, 2021). Yet regardless of the length of
the grazing or housing period, all cows experience the positive and
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negative welfare impacts of both indoor and outdoor systems. For
example, recent work from our group on the prevalence of dairy welfare
indicators in the Irish spring-calving, hybrid pasture-based system found
similar average prevalence between the indoor and outdoor periods for
lameness (9 % and 10 % respectively) and nasal discharge (5 % and 7 %
respectively) However, on average more integument damage was
observed on farms during housing than grazing; 32 % and 26 %
respectively on the hindquarters and 66 % and 5 % respectively to the
head-neck-back region (Crossley et al., 2021).
To gain a better understanding of how different factors of both in
door and outdoor production systems impact dairy cow welfare, much
research has been conducted using risk factor analyses. These analyses
often examine factors that affect indicators of animal welfare. Animalbased indicators of welfare are those that directly measure attributes
of the animal to reflect their welfare, rather than measures of the fa
cilities or resources provided (Whay et al., 2003). Most studies have
focused on individual indicators of welfare, such as lameness (Dippel
et al., 2009a; Barker et al., 2010; Ranjbar et al., 2016; Bran et al., 2018;
Somers et al., 2019; O’Connor et al., 2020), integument damage
(Rutherford et al., 2008; Kielland et al., 2009, 2010), and aspects of
health such as subclinical ketosis (Garro and Mian, 2014), or on-farm
mortality (Alvåsen et al., 2012). Few studies have incorporated multi
ple indicators of welfare, such as de Vries et al. (2015) who examined the
impact of housing and management factors on Dutch dairy farms on four
indicators of welfare: lameness prevalence, integument lesions, preva
lence of dirty hindquarters, and frequency of displacements (an
agonistic interaction whereby one cow’s position is replaced by another
cow). Additionally, Kathambi et al. (2019) examined risk factors asso
ciated with lying time, cubicle and cow cleanliness as multiple welfare
indicators in a study of dairy farms in Kenya.
Even when the period of housing is relatively short, understanding
the risks to good welfare is equally important as during grazing because
we have a responsibility to ensure optimal welfare in all environments to
which a cow is exposed. The spring-calving, hybrid pasture-based dairy
production predominant in Ireland is an example of such a difference
between grazing and housing periods. There are over 15,000 dairy farms
in Ireland with an average herd size of 91 cows/farm (Dillon et al.,
2022), and cows typically graze grass 24 h/d for an average of 233 d/yr,
(Teagasc, 2021). This means cows may be housed indoors for approxi
mately 132 days on average. However, in hybrid pasture-based systems
with a relatively short period of housing compared to grazing, the
welfare assessment is typically focused on the grazing period. Previous
research of Irish dairy production which did examine the housing period
include a comparison of periparturient welfare between fully-housed,
total mixed ration fed dairy cows and pastured dairy cows (Olmos
et al., 2009), as well as an investigation of the effect of out-wintering
pads, an alternative form of outdoor winter housing, on lameness
(O’Driscoll et al., 2008).
Optimizing cow welfare during housing is particularly important
when considering seasonal calving systems. In a spring-calving system,
the period of winter housing corresponds with the time of dry-off and the
transition period surrounding parturition when cows are more vulner
able to poor health and well-being (Ingvartsen and Moyes, 2015; Red
fern et al., 2021). Additionally, what a cow experiences during this time
can have lasting effects into the grazing season. Previous research has
reported that integument damage during housing remains into the
grazing season before it heals (Rutherford et al., 2008; Burow et al.,
2013) and visual evidence of hoof sole damage may take up to 12 weeks
to appear (Nocek, 1997).
Despite the importance of this period in ensuring good dairy cow
welfare, no large-scale study to date has investigated the risk factors for
multiple indicators of welfare during the housing period on springcalving, hybrid pasture-based dairy farms. Knowledge of risk factors
for indicators of welfare will enhance the ability of farmers and farm
advisors to make decisions on herd management and improve the wel
fare of dairy cattle. Thus, the objective of this study was to identify risk

and protective factors for a variety of welfare indicators during the
housed period on spring-calving, hybrid pasture-based dairy farms.
2. Materials and methods
This study was approved by the Teagasc Animal Ethics Committee
(TAEC 197–2018), and conducted in accordance with the Cruelty to
Animals Act (Ireland 1876, as amended by European Communities
regulations 2002 and 2005) and the European Community Directive 86/
609/EC.
2.1. Farm recruitment and selection
As part of a larger welfare assessment, farms were selected that met
the criteria of conventional (non-organic), spring calving (< 20 % of
cows calving outside spring period from Dec – June), pasture-based (>
200 d/yr on pasture) dairy herds located within the primary dairy
producing counties (≥ 70,000 dairy cows; Central Statistics Office,
2018) in the Republic of Ireland (Cork, Kerry, Kilkenny, Limerick, Tip
perary, Waterford and Wexford). Herd size of each farm was between 30
and 250 cows, which represented 95 % of all eligible farms meeting the
selection criteria. Breeds were primarily cross-bred Holstein, Friesian or
Jersey cows or pure-bred Holstein cows. All farms were members of the
Irish Cattle Breeding Federation (ICBF), the national information data
base for dairy and beef farms in Ireland. From a list of over 3000 eligible
farms provided by ICBF, 518 farms were randomly selected using SAS
9.4 (SAS Institute Inc., Cary, NC, USA) and invited to participate by mail
or telephone with an overall response rate of 25 % (131 farms). The
maximum number of farms possible were visited during each of the
grazing and housing periods. Visits were made to 103 Irish dairy farms
during the grazing season (April – September 2019); 87 of which were
re-visited during the housing period between October 2019 to February
2020. The grazing period has been examined in Crossley et al. (2022),
therefore, the focus of this study will be on data pertaining to the
housing period.
2.2. Data collection
Data collection was performed by a team of three to four trained
members at each visit and consisted of three components: scoring of
animal-based welfare indicators, measurements of on-farm facilities and
resources, and completion of a management survey with the farmers.
The median date of the housing visit was 33 d after the cows were
housed (range 0 – 99 d). Herd was the experimental unit for each in
dicator and heifers were excluded from animal scoring. Data collection
was pilot tested on six different farms prior to the start of the study.
2.2.1. Animal-based measures
Animal-based indicators scored on each farm were body condition
score (BCS), locomotion, ocular and nasal discharge, integument dam
age, lacerated, broken or incomplete tails, and avoidance response to
human approach. Chosen welfare indicators reflected the three inter
connected aspects of welfare: health, behaviour and affective state; all of
which were animal-based measures adapted from common welfare
assessment protocols (Welfare Quality®, 2009; AssureWel, 2018; Na
tional Milk Producers Federation, 2019). Detailed descriptions of all
categorical scales are included in Appendix A. Inter- (between) and
intra- (within) observer agreement for locomotion and body condition
scoring were determined prior to the start of housing period data
collection. Agreement scores were calculated as weighted kappa co
efficients (between 0 and 1, whereby 1 indicates perfect agreement)
with a target of ≥ 0.7. Mean inter-observer agreement for locomotion
was 0.9 (range: 0.8 – 0.9) and 0.8 (range: 0.7 – 0.9) for BCS. Mean
intra-observer agreement for locomotion was 0.8 (range: 0.7 – 0.8) and
0.9 (range: 0.8 – 0.9) for BCS. For all remaining scoring scales, all team
members participated in group training sessions prior to the start of
2
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assessment and had access to scoring keys with detailed written and
photographic descriptions of each category to ensure consistent scoring
throughout the study.
Body condition was scored on a one to five scale ranging from
emaciated (1) to extremely over-conditioned (5) with 0.25 increments
(Agriculture and Horticulture Development Board, 2015a). Locomotion
was scored on a 4-point scale from good mobility (0) to severely
impaired mobility (3) (Agriculture and Horticulture Development
Board, 2015b). Discharge was scored on 4-point scales from normal (0)
to heavy (3) for ocular, and from normal (0) to copious bilateral and
mucopurulent (3) for nasal discharge, adapted from the University of
Wisconsin-Madison calf-health scoring system (University of
Wisconsin-Madison School of Veterinary Medicine, n.d.). Integument
damage was scored for each of five body regions (head – neck – back,
hindquarters, rear hocks, side body and front hocks) on the side of the
body facing the observer (the scored side varied depending on handling
facilities of each farm) according to the methods of Welfare Quality®
(2009) and Gibbons et al. (2012). Within each zone, damage was scored
on a 4-point scale from none (0) to a lesion with or without major
swelling (3), and whether none, single and multiple areas of damage
were observed. When there were multiple areas of damage within a
single zone, that zone was assigned the score of the most severe alter
ation. Tail injury was scored as the presence or absence of any lacera
tions, breaks or incomplete tails (shortened or docked). Avoidance
response test was adapted from Rousing and Waiblinger (2004) and
measured the distance of a cow’s first retreat from an approaching
human observer within the indoor pen. This was scored on a 5-point
scale ranging from “retreat at > 2 m from approaching observer” (1)
to “accepting of touch” (5). A detailed description of the test procedure
for avoidance response is available in Crossley et al. (2021). All cows
were scored for locomotion, while all other scores were performed on a
subset of animals selected according to herd size following the methods
provided in Welfare Quality® (2009) which recommended a sample size
between 30 and 70 cows/herd for herd sizes ranging from 30 to 250
cows respectively. For BCS, ocular and nasal discharge, tail injury, and
integument damage, every nth cow required to obtain the desired sample
size was scored as they passed through the handling area. For avoidance
response, the required number of cows were scored as they appeared
while the observer moved through the pen; no animals were encouraged
to rise if lying.
A series of instantaneous scan samples of the cows’ behaviour were
carried out throughout the visit at each farm. A target of three scans per
pen were performed on each farm; a minimum of two on the day of
scoring, and one additional scan performed within approximately 1
week of the initial visit during a follow up visit for a concurrent study
(Browne et al., 2022). Utilising an ethogram of nine commonly observed
behaviours (standing - idle, standing – active, standing - social, standing
– eating, standing – drinking, standing – cubicle, perching, lying –
cubicle [includes those lying in loose-housing], lying – passage) each
scan was conducted by a trained observer who recorded the number of
cows performing each behaviour, recording each cow only once. Scans
began with the observer in a position outside of each pen; if all areas of
the pen could not be seen from one position, the area was visually
sub-divided into zones and cows were scored within each. If it was still
necessary for the observer to enter the pen, they proceeded slowly and
carefully so as not to disturb the cows before they were counted.
Behaviour scans took place at various times throughout the day, with the
first scans taking place as early as 08:30 h and the final scans beginning
as late as approximately 17:30 h. However, all scans were preceded by a
minimum 15 min settling period when cows were undisturbed by either
the observers or farmers; this provided a standardized period across
farms for cows to return to their normal activities within the shed
following any disturbance caused by the study procedures. Results of
these scans were used to calculate a cow comfort index, a measure of
cubicle use calculated as the number of cows lying in cubicles, divided
by the total number of cows in contact with cubicles (standing either

fully in, part-in part-out, or lying in cubicles; Nelson, 1996; Overton
et al., 2002).
2.2.2. Facility measurements
Measured facilities included all sheds in use for housing the dry and
milking herd outside of the grazing season, as well as the parlour and
collecting yard because some farms continued to milk a portion of their
herd after the start of housing. All measures are described in Table 1.
2.2.3. Management survey
Two in-person surveys were carried out as part of the overall welfare
assessment which collected information regarding farm characteristics,
management practices and animal health (Appendix B). Survey ques
tions were derived among authors and other researchers in the field and
underwent multiple rounds of revision prior to delivery within the
study. The first survey was conducted during the initial visit to each farm
during the grazing period and included questions regarding size of the
grazing platform, number of milking cows, number of staff, history of
Table 1
Overview of facility measurements recorded on spring-calving, hybrid pasturebased Irish dairy farms.
All sheds

Design (cubicles or loose-housing), shed (length,
width, roof height, passage widths), feed-face
dimensions (available length, feed-surface
height inside and outside pen, head-rail height
from pen floor and from top of the feed barrier,
number and width of partitions if applicable),
number and cleanliness of water sources (clean,
partly dirty, dirty), water source dimensions
(diameter or length and width, height, depth to
waterline), water source functional and
drainable, number of open sides, flooring type
(smooth or grooved concrete, slats, rubber),
flooring slipperiness (slippery, somewhat
slippery, not slippery)*, automatic alley scraper,
dead-end passages, light-level (bright, dim or
dark)

Loose-housing sheds only (i.e.
slatted sheds or straw-yards)

Bedded area dimensions (length, width),
bedding type (sand, straw, sawdust, shavings
woodchips, other, none), bedding cleanliness
(clean, partly dirty, dirty), and bedding depth
(sparse, thin, thick, very thick)

Cubicle sheds only

Number of rows, number and type of cubicles
(head-head, wall-facing, passage facing), cubicle
base type (concrete, wood, sand, soil, other),
cubicle partition style (cantilever, mushroom,
Newton-Rigg/front-rear fixed, double-front
fixed), partition flexibility and overall condition
(very good, good, poor, bad), cubicle dimensions
(total length, bed length, diagonal length, lunge
space, curb height, neck-rail height, cubicle
width, brisket board), cubicle stocking rate,
cubicle surface material (concrete, mat,
mattress), mat thickness if applicable, hardness
(hard, medium, soft), bedding type (none, sand,
sawdust, shavings, woodchips, lime, other),
bedding depth and percent coverage (full,
partial, minimal, none), cleanliness (clean,
partly dirty, dirty)

Parlour

Design (parallel, herringbone), presence and
type of divisions between cows, flooring type
and slipperiness (slippery, somewhat slippery,
not slippery)* , light level (bright, dim, dark)* ,
distance from last milking unit to end of parlour,
presence of steps, turns (90 or 180 degrees),
footbath

Collecting yard

Dimensions (length, width, entrance width and
roof height if applicable) and design (shape,
flooring type, slope, presence and type of
scraper, brushes, backing gate)

*Measures adapted from de Vries et al. (2015)
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expansion, plans for future expansion and participation in national herd
health programs. Questions regarding management practices included
biosecurity protocols for purchased stock, breeding strategy, housing
and pasture turn-out dates, milking protocols and grazing strategies,
source of water supply, water availability and water source mainte
nance. Questions related to animal health consisted of health record
protocols, disease testing, use of pain-relief medication, parasite control,
locomotion and body-condition scoring practices. The second survey
was carried out during the housing period visit and included questions
regarding autumn housing dates, target dry period length, grouping
strategy during housing, passageway and cubicle cleaning protocols,
diet and feeding protocols and farmer demographics. In addition to herd
health and production records obtained from ICBF, a fillable health re
cord form was also distributed to each farm by mail in advance of our
second visit, requesting details on vaccination protocols, disease di
agnoses, and lameness level within the herd for the study period of the
2019–2020 lactation.

ZIBR models, proportion values equal to one (100 %) cannot be
modelled, thus to approximate such values, they were replaced by the
average of one and the next highest proportion. For the locomotion score
analysis, a value of zero percent lame cows was observed on only a single
farm, thus to eliminate the need to include a ZI model component, a
similar procedure was followed and this value was replaced by the
average of zero and the next lowest value.
For each welfare indicator, we selected a list of factors determined to
be potentially relevant, excluding any obvious confounders, based on
the literature and the expert opinion of the authors. Description and
categorisation of all independent variables initially included in analyses
for each welfare indicator are available as Appendix C. Factors under
went univariate analysis and were screened for potential significance at
the level of P < 0.2; those below this level were included in further
analysis. Fisher’s exact test was used to identify collinearity between all
retained variables. Where significant association was found (P < 0.05)
the independent variable deemed most biologically relevant was
retained. After univariate analysis and exclusion of variables due to
collinearity, the number of remaining independent variables introduced
to any model ranged from 6 to 14 for each dependent variable.
Automatic stepwise selection (backward and forward) was per
formed among all retained variables, utilising the lowest Akaike’s In
formation Criterion for the initial selection and exclusion criterion, to
identify a preliminary model. Any non-significant variables (P > 0.05),
according to the Wald test, retained in the preliminary model were
eliminated individually beginning with the factor with the greatest Pvalue until only significant (P < 0.05) factors remained. To check for
any remaining effects, each excluded factor was reintroduced to the
model individually; any significant (P < 0.05) factors for either the ZI or
BR components were included in the final model. No variables were
forced to remain within the model. Tests of interaction were performed
for all variables retained in the final model and any significant in
teractions were also included. For all independent variables retained in
the final model, odds ratios were calculated using the R package,
‘emmeans’ (Lenth, 2020), including a Tukey type adjustment for P values of pairwise comparisons for explanatory variables with three or
more levels. Model effects are described when significant at P < 0.05,
and odds ratio pairwise comparisons when significant at P < 0.05 or
tendencies at P < 0.1 > 0.05.
To account for a reduced sample size (63 – 69 farms) once any farms
with missing data were eliminated (e.g. due to missing survey responses
or inability to record a measurement on-farm because of safety or
weather conditions etc.), all analyses were repeated twice; once using
only complete cases (CC), and once where missing values were
substituted through single imputation (SUB; Curley et al., 2019). This
method allowed us to maintain the data from the maximum number of
farms within the analysis. Starting with a dataset containing only those
potential independent variables with < 5 % missing data, each missing
value was substituted for the most frequently recorded value for each
factor. The resulting SUB data set consisted of 82 study farms for all
welfare indicators except avoidance response, for which the maximum
number of study farms was 75. The previously described regression
analysis was performed for both CC and SUB datasets, and the results of
both are presented. Those risk factors identified by both methods of
analysis show the most evidence for association with the particular
welfare indicator. Risk factors identified through only SUB may indicate
a weaker association that could become more apparent at larger sample
sizes and thus may benefit from further research.

2.3. Data management
Of the initial 87 farms, five were excluded due to a large proportion
of the herd (> 20 %) calving outside of the typical spring calving period
from December to June. As a result, 82 farms were included in the final
analyses. Risk factor analyses were performed for seven welfare in
dicators derived from the animal score data. The locomotion score in
dicator consisted of the average percentage of cows that scored 2 or 3
(clinically lame) on the locomotion scale. The body condition indicators
were the average percentage of cows that were scored outside the target
range for BCS during housing, either below 3.0 or above 3.5 (Butler,
2016). The ocular and nasal discharge indicators were the average
percentages of cows scored with any signs of discharge (score 1, 2 and
3). For tail injury, separate analyses were performed for the average
herd-level prevalence of each of lacerated, broken and incomplete tails.
Analysis of integument was performed only for the head-neck-back and
hindquarter regions as these were the only regions that demonstrated
substantial signs of damage during the housing period (Crossley et al.,
2021). For both zones, the integument damage indicator consisted of
any signs (single or multiple) of mild, moderate or severe integument
damage (score 1, 2 and 3). The avoidance response indicator consisted of
the percentage of cows with an avoidance response of > 1 m (levels 1
and 2) representative of a fearful avoidance response.
2.4. Data analysis
Risk factor analyses were performed for each welfare indicator
(dependent variables). Data were analysed using a beta regression mixed
model, fit by the glmmTMB routine as part of the glmmTMB library
(Brooks et al., 2017) in R software version 4.0.2 (R Core Team). The beta
regression (BR) modeled a response for proportion data between zero
and one generated by a beta distribution. Where the analysed dependent
variable included values of zero, a zero-inflated component (ZI) was fit
simultaneously with the BR component, which can only account for
values between zero and one. The ZI component models the response for
“pure-zero” values. The simultaneous fitting of BR and ZI components is
known as a zero-inflated beta regression (ZIBR). Categorical explanatory
(independent) variables were modelled on the logit scale for probability
p for a pure zero farm and for the mean of the beta distribution for a
non-pure zero farm (values > 0 < 1). On this logit scale, a large effect
resulting from the ZI component implies a higher probability of a zero
response, while a large effect from the BR component implies a response
close to one. In other words, a significant effect in the ZI component
indicates the presence or absence of an effect of the categorical inde
pendent variable on the dependent variable while the BR component
indicates the degree of effect or the proportion of cows affected. The
ZIBR analysis was only required for data from two dependent variables,
BCS > 3.5 and tail injury. Due to a limitation of the beta regression and

3. Results
Descriptive statistics including the average prevalence of each ana
lysed welfare indicator for both CC and SUB are included in Table 2. This
study will focus on the results of the risk factor analysis, thus, for further
discussion of the descriptive data see Crossley et al., 2021. Unless
otherwise specified, reported risk factors pertain to the BR model
4
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Table 2
Descriptive statistics for the average herd-level prevalence of scored welfare indicators for both the complete cases and substitution dataa during the housing period on
spring-calving, hybrid pasture-based Irish dairy farms.
Complete Cases

Substitution

Welfare Indicatorb

No. Farms

Mean

SD

Median

Min

Max

No. Farms

Mean

SD

Median

Min

Max

Lameness
BCS below target
BCS above target
Integument damage - HNB
Integument damage - H
Ocular discharge
Nasal discharge
Fearful avoidance response
Tail lacerations
Tail breaks
Incomplete tails

68
67
67
65
65
64
64
63
69
69
69

8.7
56.7
5.9
66.4
32.8
44.9
36.5
75.0
2.9
9.0
7.0

4.72
9.28
6.44
25.00
18.24
20.29
20.94
17.47
5.27
9.80
12.97

8.9
57.0
3.3
70.7
30.6
43.8
35.7
76.9
0.0
5.0
1.8

0.0
22.0
0.0
11.9
1.9
6.5
1.9
33.3
0.0
0.0
0.0

23.0
75.9
36.5
100.0
79.5
83.8
88.6
100.0
21.8
47.3
74.5

82
82
82
82
82
82
82
75
82
82
82

9.3
56.9
5.6
65.8
32.2
46.5
35.3
74.2
2.8
8.5
7.5

5.71
9.58
6.09
25.17
18.13
20.95
20.23
17.03
5.05
9.31
13.90

9.0
56.7
3.2
71.3
30.6
45.1
35.7
75.8
0.0
4.9
1.8

0.0
22.0
0.0
7.6
1.9
6.5
1.9
33.3
0.0
0.0
0.0

28.0
79.8
36.5
100.0
79.5
94.0
88.6
100.0
21.8
47.3
74.5

a
The complete case dataset included only those farms with no missing data. The substitution dataset employed single imputation of the most frequently observed
value for each missing value within each variable, resulting in a dataset containing all 82 study farms.
b
Body Condition Score (BCS) below target ( 3.5) were based on recommended body condition during housing (Butler et al., 2016) on a 1 to 5 scale with 0.25
increments; lame cows were those scored 2 or 3 on a 4-point locomotion scale from 0 to 3; integument damage to the head-neck-back (HNB) and hindquarter (H)
regions includes hair-loss and/or lesions (score 1–3 on a 4-point scale from 0 to 3); ocular and nasal discharge include cows scored with any signs of discharge (1 – 3 on
a 4-point scale from 0 to 3); fearful avoidance response refers to cows that displayed signs of retreat at > 1 m from an approaching observer (level 1 or 2 on a 5-point
scale from 1 to 5) in an avoidance test conducted within the housing pen.

component, indicating an effect on the proportion of cows affected by
each association. All variables included in the final models are indicated
in Tables 3 to 12.

For above target BCS (Table 5), the proportion of cows was positively
associated with insufficient cubicle lunge space (recommended > 0.6 m;
Ryan, 2004), and there being only one principle farmer compared to
more than one (CC and SUB). Through CC analysis, feed partitions being
uniformly present or absent from the feed-face compared to a mixture of
both, all feed passages meeting the required width (recommended ≥
4.6 m; Agriculture and Horticulture Development Board, 2012)
compared to only some, and also some meeting recommended widths
compared to none were positively associated with the proportion of
cows above target BCS. Cleaning cubicles once/d compared to twice/d
and not performing regular BCS were positively associated with the
proportion of cows above target housing BCS through SUB analysis.
Additionally, through SUB analysis, both the presence (ZI component)
and proportion (BR component) of cows above the target housing BCS
were positively associated with farmers not reporting that BCS was an
aspect of animal care to improve. Interacting effects were found between
herd size and cubicle width, as well as the frequency of cleaning water
sources and whether farmers perform regular BCS (CC). Analysis by SUB
also revealed some significant interactions when included individually
in the model, however the model did not converge when all were
included simultaneously in the model. Therefore, interactions were not
included for the SUB analysis.

3.1. Lameness
In total, 56 variables were initially selected for univariate analysis. In
the final model, the proportion of lame cows (Table 3) was positively
associated with treating cows seven days or more after being identified
as lame compared to treating cows within both 48 or 24 hrs of identi
fication, not testing silage quality, and having slatted compared to
concrete flooring in the collecting yard (CC and SUB). Furthermore, the
proportion of lame cows was positively associated (CC) with shed
flooring being either all slippery or all non-slippery compared to a
mixture of both surfaces, keeping manual compared to digital health
records and farmers reporting that lameness is a problem in their herd.
Lastly, the proportion of lame cows was positively associated with the
diagonal length of all cubicles being outside recommended dimensions
(1.9 – 2.1 m; Clarke, 2016), and the widths of all cubicles being within
recommended dimensions (1.15 ± 0.025 m for partitions with no rear
attachment and 1.25 ± 0.025 for partitions with rear attachments;
Ryan, 2004; Clarke, 2016) (SUB). Interacting effects included cubicle
diagonal length and cubicle width (CC), as well as whether farmers
consider lameness a problem in their herd and employing additional
full-time staff (SUB).

3.3. Integument damage
For integument damage to the head-neck-back region, a total of 47
variables were initially included in univariate analysis. In the final
model, damage to the integument of the head-neck-back (Table 6) was
found to be positively associated with the presence of turns into the
parlour entrance compared to no turns, diagonal lengths of all cubicles
being within recommended dimensions compared to all not within
recommended levels, shed passages all being of sufficient width (≥ 3 m;
Agriculture and Horticulture Development Board, 2012) compared to
not being sufficient width, and shed flooring being all or partially slip
pery compared to non-slippery (CC and SUB). Cubicles being in “good”
condition compared to “very good” condition, all cubicles’ neck-rail
heights being within recommended dimensions (1.1–1.2 m; Clarke,
2016) compared to outside recommendations, feed-rail heights being
outside compared to within recommended dimensions (≥ 1.18 m;
Clarke, 2016), 180◦ turns not being present at the parlour exit compared
to turns being present, and farmers reporting an aspect of animal care
needed improvement, compared to farmers reporting no aspect of ani
mal care needed improvement were also positively associated with

3.2. Body condition
A total of 43 variables were considered for univariate analysis of both
below (< 3.0) and above (> 3.5) target BCS. In the final model for below
target BCS (Table 4), the proportion of cows was positively associated
with having uniformly bright shed lighting compared to mixed lighting
(CC) and uniformly low shed lighting compared to mixed (CC and SUB).
Younger farmers (average age of ≤ 40 among principle farmers)
compared to the oldest farmers (average age of > 50 among principle
farmers) were also positively associated with cows having a below target
BCS through CC, and tended to be positively associated through SUB.
Interacting effects of herd size and diagonal cubicle length were also
identified through CC. Additionally, herd size was identified as a risk
factor through SUB analysis which indicated a positive association be
tween increasing herd size and the proportion of cows with below target
BCS. Lastly, cows were more likely to have a below target BCS when
lights were left on for cows at night (SUB).
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Table 3
Final beta regression model of risk factors associated with the herd-level proportion of lame cows during the housing period on spring-calving, hybrid pasture-based
Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete
cases

56

Shed flooring slipperiness

Substitution

56

Percentage of
farms

Non-slippery

18

Slippery

51

Mixed
Collecting yard flooring
Concrete (C)
Slats (S)
Mixed (M)
Silage quality tested
No
Yes
Health record-keeping

31

Manual
Digital
Time from lame cow identification to treatment

43
57

≤ 24 h
≤ 48 h
≥7d
Farmers consider their farm to have a lameness
problem
No
Yes
Cubicle diagonal length x cubicle width
Recommended (R)
Non-recommended (NR)
Diagonal cubicle length
Recommended (R)
Non-recommended (NR)
Cubicle width
Recommended (R)
Non-recommended (NR)
Silage quality tested
No
Yes
Time from lame cow identification to treatment

47
25
28

≤ 24 h
≤ 48 h
≥7d
Collecting yard flooring
Concrete (C)
Slats (S)
Mixed (M)
Farmers consider their farm to have a lameness
problem x Additional full-time staff other than
principle farmersb
No (N)
Yes (Y)
Farmers consider their farm to have a lameness
problem x Health record-keeping methodb

50
23
27

56
28
16
29
71

57
43

62
38
17
83
34
66

56
31
13

P-value

Pairwise
comparison

Odds
ratio

95% CI

P-value of
pairwise
comparison

0.01

Non-slippery vs
Slippery
Non-slippery vs
Mixed
Slippery vs
Mixed

1.27

0.99–1.63

0.160

1.72

1.3–2.27

0.001

1.35

1.1–1.67

0.019

0.001

C vs S
C vs M
S vs M

0.64
0.81
1.26

0.51–0.80
0.62–1.06
0.95–1.67

0.001
0.272
0.252

< 0.001

No vs Yes

1.86

1.52–2.29

< 0.001

< 0.001

Manual vs
Digital

1.58

1.31–1.91

< 0.001

< 0.001

≤ 24 h vs
≤ 48 h
≤ 24 h vs ≥ 7 d
≤ 48 h vs ≥ 7 d

1.01

0.79–1.28

0.999

0.59
0.58

0.47–0.73
0.45–0.75

< 0.001
< 0.001

0.001

No vs Yes

0.72

0.60–0.87

0.001

0.001
< 0.001

R,R: NR,R
NR,R: R,NR
NR,R: NR,NR
R vs NR

0.42
2.67
2.53
0.65

0.31–0.75
1.73–3.44
1.46–2.99
0.53–0.80

0.001
< 0.001
< 0.001
< 0.001

0.025

R vs NR

1.33

1.04–1.70

0.029

< 0.001

No vs Yes

1.61

1.32–1.96

< 0.001

0.001

≤ 24 h vs
≤ 48 h
≤ 24 h vs ≥ 7 d
≤ 48 h vs ≥ 7 d

0.96

0.74–1.22

0.927

0.66
0.69

0.52–0.82
0.52–0.90

0.002
0.025

0.003

C vs S
C vs M
S vs M

0.70
0.95
1.36

0.57–0.86
0.70–1.28
0.99–1.86

0.004
0.936
0.144

0.013

N,N: Y,N

0.51

0.41–0.64

< 0.001

Y,N: N,Y
Y,N: Y,Y

1.84
1.81

1.25–2.72
1.31–2.50

0.016
0.003

0.075

a
Data from 68 farms were included in complete case data analysis and 82 farms in substitution data analysis. Lame cows were those scored 2 or 3 on a 4-point
locomotion scale from 0 to 3.
b
For interaction factors, only pairwise comparisons with P < 0.05 are shown.

integument damage to the head-neck-back-region (SUB).
For integument damage to the hindquarters, a total of 42 variables
were initially included in univariate analysis. In the final model, integ
ument damage to the hindquarters (Table 6) was positively associated
with housing cows in multiple groups compared to a single group (CC
and SUB), the cow comfort index being below average compared to
above average (CC), slippery flooring at the parlour entrance compared
to non-slippery flooring and not using automatic alley scrapers
compared to using them (SUB). Interacting effects (CC) included floor
slipperiness at the parlour entrance and passage width, as well as the

presence of turns into the parlour entrance with the presence of auto
matic alley scrapers.
3.4. Ocular and nasal discharge
A total of 41 variables were initially included in univariate analysis
for ocular discharge. In the final model, the proportion of cows with
ocular discharge (Table 7) was positively associated with drinking water
being dirty compared to either clean or partly dirty, collecting yard
area/cow being below recommended allowance of 1.4 m2/cow (Clarke,
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Table 4
Final beta regression model of risk factors associated with the herd-level proportion of cows displaying below target body condition score (BCS < 3.0) during the
housing period on spring-calving, hybrid pasture-based Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete
cases

43

Shed light level

Substitution

43

Percentage of
farms

Bright
Low
Mixed
Average farmer age

25
39
36

≤ 40 years

26

≤ 50 years

37

> 50 years
Herd size (≤ 80, ≤ 125, > 125 cows) x
Diagonal cubicle length (Recommended
[R], Non-recommended [NR])b

37

Health record-keeping
Manual
Digital
Herd size

45
55

≤ 80 cows

24

≤ 125 cows

33

> 125 cows
Shed light level
Bright
Low
Mixed
Lights left on for cows at night
No
Yes
Average farmer age

43

≤ 40 years

23

≤ 50 years

38

> 50 years
Regular body condition scoring
No
Yes
Herd biosecurity status
Closed
Open

39

P-value

Pairwise
comparison

Odds
ratio

95% CI

P-value of pairwise
comparison

0.013

Bright vs. Low

1.01

0.87–1.17

0.992

Bright vs. Mixed
Low vs. Mixed

1.21
1.2

1.04–1.41
1.04–1.37

0.047
0.032

≤ 40 vs. ≤ 50
years
≤ 40 vs. > 50
years
≤ 50 vs. > 50
years

1.13

0.96–1.33

0.310

1.25

1.07–1.46

0.022

1.11

0.96–1.28

0.347

≤ 80, R > 125,
R
≤ 80, R ≤ 80,
NR
≤ 80, R > 125,
NR
≤ 125, R > 125,
R
≤ 125, R ≤ 80,
NR
> 125, R ≤ 80,
NR
≤ 80, NR
≤ 125, NR
≤ 80, NR
> 125, NR

0.67

0.53–0.83

0.009

1.47

1.15–1.89

0.037

0.69

0.53–0.83

0.043

0.78

1.15–1.88

0.049

1.72

1.43–2.08

< 0.001

2.21

1.84–2.64

< 0.001

0.59

0.48–0.74

< 0.001

0.47

0.39–0.57

< 0.001

≤ 80 vs ≤ 125
cows
≤ 80 vs > 125
cows
≤ 125 vs > 125
cows

0.74

0.73–0.96

0.001

0.55

1.00–1.28

< 0.001

0.74

1.36–1.70

0.001

0.033

Bright vs. Low
Bright vs. Mixed
Low vs. Mixed

0.95
1.14
1.20

0.82–1.10
0.97–1.33
1.04–1.37

0.793
0.252
0.031

0.003

No vs. Yes

0.80

0.69–0.93

0.005

0.038

≤ 40 vs. ≤ 50
years
≤ 40 vs. > 50
years
≤ 50 vs. > 50
years

1.03

0.89–1.20

0.912

1.19

1.02–1.38

0.071

1.15

1.01–1.31

0.097

0.014

0.045

0.089
7.41E15

26
44
30
18
82

0.064

52
48

0.101

18
82

a
Data from 67 farms were included in complete case data analysis and 82 farms in substitution data analysis. Below target BCS is a score of < 3 on a scale from 1 to 5
with 0.25 increments.
b
For interaction factors, only pairwise comparisons with P < 0.05 are shown.

2016) compared to equal or above, and not being enrolled in a health
management program (CC and SUB). Additionally, pushing feed up to
the feed-face once/d or less compared to more than once/d was also
positively associated with the proportion of cows with ocular discharge
(CC).
For nasal discharge, a total of 40 variables were initially included in
univariate analysis. In the final model, the proportion of cows with nasal
discharge (Table 8) was positively associated with farmers who did not

report that facilities were an aspect of animal care in need of improve
ment on their farm compared to those that did (CC and SUB), delivering
fresh feed less than once/d compared to once/d or more, employing
compared to not employing full-time staff in addition to the principle
farmer, and application of absorbent material onto the cubicles
compared to no application (CC). Additional interacting effects were the
average age of the farmer with both the presence of absorbent material
on cubicles and the frequency of fresh feed delivery (SUB).
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Table 5
Final zero-inflated beta regression model of risk factors associated with the herd-level proportion of cows displaying above target body condition score (BCS > 3.5)
during the housing period on spring-calving, hybrid pasture-based Irish dairy farms.1
Analysis
method

No.
factors
tested

Factor levels

Complete
cases

43

Sufficient lunge space

Substitution

No
Yes
Feed partitions
No
Yes
Mixed
Sufficient feed passage width
No
Yes
Mixed
Number of farmers
One
> One
Herd size (≤ 80 cows, ≤ 125 cows, >
125 cows) x Cubicle width
(Recommended [R], Nonrecommended [NR])3

43

Percentage of
farms

25
75
31
54
15
54
18
28
75
25

Model
component2

P-value

Pairwise
comparison

Odds
ratio

95% CI

P-value of
pairwise
comparison

BR

< 0.001

No vs Yes

1.82

1.35–2.44

< 0.001

ZI

0.219

BR
ZI

< 0.001
0.538

No vs Yes
No vs Mixed
Yes vs Mixed

0.78
1.94
2.51

0.56–1.06
1.18–3.19
1.57–4.01

0.271
0.035
0.002

BR
ZI

< 0.001
0.356

No vs Yes
No vs Mixed
Yes vs Mixed

0.55
0.61
1.12

0.38–0.78
0.45–0.84
0.75–1.66

0.271
0.035
0.002

BR
ZI

0.012
0.199

One vs > One

1.56

1.11–2.21

0.017

BR

0.004

7.22

3.0–17.37

0.001

ZI

0.884

≤ 80, R:
≤ 125, R
≤ 80, R:
> 125, R
≤ 80, R:
≤ 80, NR
≤ 80, R:
≤ 125, NR
≤ 80, R:
> 125, NR
OAD, N:
< OAD, Y
> OAD, N:
< OAD, Y
OAD, Y:
< OAD, Y

2.74

1.47–5.12

0.037

3.54

2.20–5.69

< 0.001

6.44

4.07–10.19

< 0.001

3.79

2.46–5.83

< 0.001

2.23

1.34–3.72

0.043

3.19

1.65–6.17

0.019

2.53

1.50–4.26

0.017

OAD vs
< OAD
OAD vs TAD
< OAD vs
TAD

2.01

1.08–3.73

0.080

1.79
0.89

1.29–2.50
0.48–1.66

0.003
0.934

Water cleaning frequency (Once/day
[OAD], < OAD, > OAD) x Regular
body condition scoring (No [N], Yes
[Y])3

BR

0.009

ZI

0.873

Cubicle cleaning frequency

BR

0.001

ZI

0.206

BR
ZI

< 0.001
0.493

No vs Yes

1.96

1.41–2.73

< 0.001

BR
ZI

0.030
0.36

No vs Yes

1.37

1.03–1.83

0.035

BR
ZI

0.017
0.229

One vs > One

1.56

1.08–2.24

0.020

BR

0.042

No vs Yes

2.38

1.03–5.51

0.047

ZI

0.007

No vs Yes

0.023

0.001–0.35

0.009

BR
ZI

0.270
0.945

BR
ZI

0.094
0.655

BR
ZI

0.141
0.447

BR
ZI

0.334
0.065

Once/day (OAD)
< Once/day (< OAD)

52
10

Twice/day (TAD)
Sufficient lunge space
No
Yes
Regular body condition scoring
No
Yes
Number of farmers
One
> One
Farmers reported herd BCS needs
improvement
No
Yes
Herd size
≤ 80 cows
≤ 125 cows
> 125 cows
Shed light level
Bright
Low
Mixed
Sufficient feed passage width
No
Yes
Mixed
Feeding advice
No
Yes

38
26
74
52
48
74
26
91
9
24
33
43
26
44
30
52
22
26
60
40

1

Data from 67 farms were included in complete case data analysis and 82 farms in substitution data analysis. Above target BCS is a score > 3.5 on a scale from 1 to 5
with 0.25 increments.
2
The zero-inflated beta regression model fit to the data consisted of two model components: the beta distribution component (BR) and the zero-inflated component
(ZI). ZI model estimates the probability of a zero proportion, thus there is an inverse effect of the odds ratio (> 1 is lower risk, < 1 is greater risk).
3
For interaction factors, only pairwise comparisons with P < 0.05 are shown.
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Table 6
Final beta regression model of risk factors associated with the herd-level proportion of cows displaying integument damage to the head-neck-back (HNB) and
hindquarter (H) regions during the housing period on spring-calving, hybrid pasture-based Irish dairy farms.a
Analysis
method

Body
Zone

No. factors
tested

Factor levels

Complete
cases

HNB

47

Diagonal cubicle length

H

Substitution

HNB

H

42

47

42

Percentage of
farms

Recommended (R)
Non-recommended (NR)
Turns into parlour entrance
No
Yes
Sufficient passage width
No
Mixed
Shed flooring slipperiness

58
42

Non-slippery

17

Slippery

51

Mixed

32

Multiple housing groups
No
Yes
Cow comfort index
Below average (Below)
Above average (Above)
Turns into parlour entrance x
Automatic alley scraper
No (N)
Yes (Y)
Flooring slipperiness at parlour
entrance x Sufficient passage widthb
No (N)
Yes (Y)
Flooring slipperiness at parlour
entrance x Cow comfort indexb
Flooring slipperiness at parlour
entrance x Turns into parlour
entranceb
Cubicle condition
Very Good (VG)
Good (G)
Poor (P)
180-degree turn at parlour exit
No
Yes
Feed-rail height
Recommended (R)
Non-recommended (NR)
Reported any aspect of animal care
farmers wish to improve
No
Yes
Neck-rail height
Recommended (R)
Non-recommended (NR)
Multiple housing groups
No
Yes
Flooring slipperiness at parlour
entrance
Non-slippery
Slippery
Automatic alley scraper
No
Yes

57
43
74
26

23
77
48
52

P-value

Pairwise
comparison

Odds
ratio

95% CI

P-value of pairwise
comparison

0.003

R vs NR

2.06

1.28–3.31

0.004

< 0.001

No vs Yes

0.41

0.25–0.66

0.001

0.001

No vs Mixed

0.39

0.22–0.69

0.002

0.009

Non-slippery vs
Slippery
Non-slippery vs
Mixed
Slippery vs
Mixed

0.36

0.18–0.71

0.012

0.39

0.20–0.77

0.023

1.08

0.65–1.79

0.952

< 0.001

No vs Yes

0.417

0.28–0.63

< 0.001

0.002

Below vs Above

1.44

1.05–1.97

0.030

0.006

N, N: N, Y

4.26

2.23–8.11

< 0.001

0.008

Y, N: N, Y
N, Y: Y, Y
N, N: Y, Y

2.53
0.52
0.21

1.55–4.12
0.36–0.75
0.10–0.43

0.003
0.005
< 0.001

Y, N: Y, Y
N, Y: Y, Y

0.28
0.25

0.14–0.58
0.12–0.52

0.006
0.003

0.001

VG vs G
VG vs P
G vs P

0.43
0.71
1.67

0.27–0.67
0.36–1.40
0.81–3.46

0.001
0.589
0.352

0.010

No vs Yes

1.76

1.15–2.70

0.012

0.001

R vs NR

0.46

0.29–0.73

0.002

0.011

No vs Yes

0.57

0.37–0.88

0.013

0.020

R vs NR

1.63

1.08–2.47

0.023

0.015

No vs Yes

0.63

0.43–0.91

0.018

0.003

Non-slippery vs
Slippery

0.61

0.44–0.85

0.004

0.034

No vs Yes

1.51

1.03–2.22

0.038

0.139
0.247

60
30
10
70
30
72
28
26
74
38
62
26
74
66
34
21
79

a
Data from 65 farms were included in complete case data analysis and 82 farms in substitution data analysis. Integument damage consists of hair-loss and/or lesions
with a score of 1–3 on a 4-point scale from 0 to 3.
b
For interaction factors, only pairwise comparisons with P < 0.05 are shown.
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Table 7
Final beta regression model of risk factors associated with the herd-level proportion of cows displaying ocular discharge during the housing period on spring-calving,
hybrid pasture-based Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete cases

41

Collecting yard area
Below 1.4 m2/cow (Below)
Above 1.4 m2/cow (Above)
Frequency of feed push-up to
feed-face
≤ Once/day (≤ OAD)
> Once/day (> OAD)
Shed water cleanliness

Substitution

41

Percentage of
farms
42
58
48
52

Clean
Partly dirty

26
55

Dirty
Enrolled in health management
program
No
Yes
Collecting yard area
Below 1.4 m2/cow (Below)
Above 1.4 m2/cow (Above)
Shed water cleanliness

19

Clean
Partly dirty

23
57

Dirty
Enrolled in health
management program
No
Yes

20

22
78
41
59

P-value

Pairwise
comparison

Odds
ratio

95% CI

P-value of pairwise
comparison

0.003

Below vs Above

1.73

1.20–2.48

0.005

0.009

≤ OAD vs > OAD

1.63

1.13–2.34

0.011

< 0.001

Clean vs Partly
dirty
Clean vs Dirty
Partly dirty vs
Dirty

1.29

0.84–1.97

0.471

0.49
0.38

0.29–0.84
0.23–0.62

0.033
0.001

0.019

No vs Yes

1.66

1.09–2.54

0.023

0.028

Below vs Above

1.48

1.04–2.09

0.031

0.028

Clean vs Partly
dirty
Clean vs Dirty
Partly dirty vs
Dirty

1.12

0.73–1.71

0.859

0.61
0.55

0.36–1.03
0.35–0.85

0.166
0.025

No vs Yes

1.56

1.05–2.31

0.032

0.029

24
76

a
Data from 64 farms were included in complete case data analysis and 82 farms in substitution data analysis. Ocular discharge includes any cows scored 1 – 3 on a 4point scale from 0 to 3. Recommended collecting yard area is 1.4 m2/cow (Clarke, 2016).

Table 8
Final beta regression model of risk factors associated with the herd-level proportion of cows displaying nasal discharge during the housing period on spring-calving,
hybrid pasture-based Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete
cases

40

Absorbent material on cubicles

Substitution

40

Mixed
Yes - all
Feed delivery frequency
≥ Once/day (≥ OAD)
< Once/day (< OAD)
Additional full-time staff other than principle
farmers
No
Yes
Reported facilities need improvement
No
Yes
Reported facilities need improvement
No
Yes
Absorbent material on cubicles (Mixed [M], Yes –
all [Y])x Average farmer age (≤ 40, ≤ 50, > 50
years)b

Percentage of
farms

25
75
77
23
75
25
70
30
71
29

Feed delivery frequency (≥ Once/day [≥ OAD],
< Once/day [< OAD]) x Average farmer age (≤
40, ≤ 50, > 50 years)b

Pvalue

Pairwise
comparison

Odds
ratio

95% CI

P-value of
pairwise
comparison

0.006

Mixed vs Yes - all

0.52

0.33–0.83

0.008

0.016

≥ OAD vs < OAD

0.57

0.36–0.90

0.019

0.047

No vs Yes

0.63

0.40–0.99

0.051

0.012

No vs Yes

1.74

1.13–2.68

0.015

0.002

No vs Yes

1.83

1.25–2.67

0.003

0.022

Y, ≤ 40 yr: M,
> 50 yr
M, > 50 yr: Y,
> 50 yr
≥ OAD, ≤ 40 yr:
≥ OAD, > 50 yr
< OAD, ≤ 50 yr:
≥ OAD, > 50 yr
≥ OAD, > 50 yr:
< OAD, > 50 yr

2.96

1.45–6.02

0.043

0.37

0.21–0.67

0.020

2.78

1.45–6.02

0.004

4.28

1.98–9.24

0.006

0.36

0.19–0.67

0.021

0.038

a
Data from 64 farms were included in complete case data analysis and 82 farms in substitution data analysis. Nasal discharge includes cows scored 1 – 3 on a 4-point
scale from 0 to 3.
b
For interaction factors, only pairwise comparisons with P < 0.05 are shown.
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Table 9
Final beta regression model of risk factors associated with the herd-level proportion of cows displaying a fearful avoidance response (> 1 m) during the housing period
on spring-calving, hybrid pasture-based Irish dairy farms.a
Analysis
method

No.
factors
tested

Factor levels

Complete
cases

32

Shed light level

Substitution

Bright
Low
Mixed
Dog present when herding
No
Yes
Tail marking tape
No
Yes
Regular
locomotion scoring
No
Yes
Cubicle bedding frequency (Once/day [OAD], <
OAD, Twice/day [TAD]) x Frequency of feed pushup (≤ Once/day [≤ OAD], > Once/day [> OAD])b

32

Routine parasite treatment
No
Yes
Shed light level
Bright
Low
Mixed
Dog present when herding
No
Yes
Regular locomotion scoring
No
Yes
Additional full-time staff other than principle
farmers
No
Yes
Cubicle bedding frequency
Once/day (OAD)
< Once/day (< OAD)
Twice/day (TAD)

Percentage of
farms

25
43
32
63
37
35
65
84
16

P-value

Pairwise
comparison

Odds
ratio

95% CI

P-value of
pairwise
comparison

0.007

Bright vs Low

1.86

1.20–2.90

0.022

Bright vs. Mixed
Low vs Mixed

1.93
1.04

1.23–3.02
0.70–1.53

0.016
0.983

< 0.001

No vs Yes

3.08

2.12–4.44

< 0.001

0.002

No vs Yes

0.54

0.37–0.79

0.003

0.005

No vs Yes

0.49

0.30–0.81

0.007

0.027

OAD, ≤ OAD:
TAD, ≤ OAD
TAD, ≤ OAD:
OAD, > OAD
TAD, ≤ OAD:
< OAD, > OAD
< OAD, > OAD:
TAD, > OAD

3.36

1.88–6.01

0.002

0.30

0.16–0.57

0.007

0.11

0.04–0.28

< 0.001

5.07

2.14–12.02

0.007

0.010

Bright vs Low
Bright vs Mixed
Low vs Mixed

1.81
1.97
1.09

1.16–2.81
1.24–3.14
0.74–1.60

0.028
0.015
0.896

< 0.001

No vs Yes

2.23

1.55–3.20

< 0.001

0.009

No vs Yes

0.49

0.29–0.84

0.011

0.025

No vs Yes

1.57

1.06–2.34

0.028

0.011

OAD vs < OAD
OAD vs TAD
< OAD vs TAD

0.81
1.64
2.02

0.49–1.36
1.12–2.41
1.17–3.49

0.713
0.035
0.038

0.055

13
87
27
41
32
63
37
87
13
75
25
53
15
32

a
Data from 63 farms were included in complete case data analysis and 75 farms in substitution data analysis. Fearful avoidance response refers to signs of retreat at
> 1 m from an approaching observer (level 1 or 2 on a 5-point scale from 1 to 5) in an avoidance test conducted within the housing pen.
b
For interaction factors, only pairwise comparisons with P < 0.05 are shown.

3.5. Avoidance response

univariate analysis. The final models indicated that the presence of cows
with broken tails (Table 10; ZI component) was positively associated
with all cubicles being outside recommended widths compared to
within, all or some cubicles being clean compared to all being dirty, and
not having a backing gate in the collecting yard compared to having a
backing gate (CC and SUB). The proportion of cows with breaks in their
tail (BR component) was positively associated with having sufficiently
wide shed passages compared to having narrow passages (CC and SUB).
Additionally, the use of tail tape compared to not using it, and using
artificial insemination (AI) as the sole breeding method compared to
using only stock bulls or a combination of AI and stock bulls were
positively associated with the proportion of cows with tail breaks (CC).
The presence of cows with tail lacerations (Table 11; ZI component)
was positively associated with above average compared to below
average cow comfort index (CC and SUB), as well as mixed compared to
both low and bright (a tendency) shed lighting (CC). There was also a
tendency for a positive association between the presence of cows with
tail lacerations (ZI component) and alley scraper passage cleaning fre
quency of eight times or more in 24 hr compared with six to less than

In total, 32 variables were initially included in univariate analysis for
avoidance response. The final model indicated that the proportion of
cows displaying an avoidance response at > 1 m (Table 9) was positively
associated with shed lighting being bright compared to low or mixed,
performing regular locomotion scoring compared to not regularly
scoring, and no dog being present when herding cattle compared to a
dog being present (CC and SUB). Additionally, using tail marking tape
compared to not using it (CC), not employing compared to employing
full-time staff in addition to the principle farmers, and bedding cubicles
once/d or less compared to twice/d (SUB) were also positively associ
ated with the proportion of cows displaying an avoidance response at
> 1 m. Lastly, an interacting effect was found between the cubicle
bedding frequency and push-up of feed to the feed-face (CC).
3.6. Tail injury
For each type of tail injury, 33 variables were initially included in
11
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Table 10
Final zero-inflated beta regression model of risk factors associated with the herd-level proportion of cows with broken tails during the housing period on spring-calving,
hybrid pasture-based Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete
cases

33

Sufficient passage
width
No
Yes
Breeding method
Combined
Artificial Insemination
only (AI)
Tail marking tape
No
Yes
Cubicle cleanliness
Clean
Dirty
Mixed
Cubicle width
Recommended (R)
Non-recommended
(NR)
Backing gate
No
Yes
Sufficient passage
width
No
Yes
Cubicle width
Recommended (R)
Non-recommended
(NR)
Backing gate
No
Yes
Cubicle cleanliness
Clean
Dirty
Mixed

Substitution

33

Percentage of
farms

74
26
87
13
39
61
35
10
55
16
84
78
22
76
24
17
83
79
21
35
12
53

Model
componentb

Pvalue

Pairwise
comparison

BR

0.018

No vs Yes

ZI

0.886

BR
ZI

0.012
0.855

BR
ZI

0.022
0.077

BR
ZI

0.813
0.012

BR
ZI

0.539
0.029

BR
ZI

0.672
0.036

No vs Yes

BR

0.012

No vs Yes

ZI

0.384

BR
ZI

0.760
0.027

R vs NR

BR
ZI

0.260
0.025

No vs Yes

BR
ZI

0.417
0.038

Odds
ratio

95% CI

P-value of pairwise
comparison

0.62

0.41–0.92

0.022

Combined vs AI

0.48

0.27–0.85

0.015

No vs Yes

0.59

0.38–0.93

0.026

Clean vs Dirty
Clean vs Mixed
Dirty vs Mixed

0.01
0.70
53.61

0.001–0.32
0.06–8.72
3.13–919.66

0.027
0.957
0.022

R vs NR

17.0

1.33–216.59

0.034

0.10

0.01–0.87

0.041

0.59

0.39–0.89

0.014

1.33–125.66

0.030

0.02–0.76

0.028

0.002–0.57
0.07–4.70
1.67–192.02

0.059
0.851
0.051

Clean vs Dirty
Clean vs Mixed
Dirty vs Mixed

13.0

0.12
0.03
0.56
17.93

a

Data from 69 farms were included in complete case data analysis and 82 farms in substitution data analysis.
The zero-inflated beta regression model fit to the data consisted of two model components: the beta distribution component (BR) and the zero-inflated component
(ZI). ZI model estimates the probability of a zero proportion, thus there is an inverse effect of the odds ratio (> 1 is lower risk, < 1 is greater risk).
b

eight times/24 hr (CC). The proportion of cows with tail lacerations (BR
component) was positively associated with some or all cubicles meeting
the recommended lengths (2.3–2.6 m for wall facing or 2.21–2.45 m for
head-to-head/passage facing; Clarke, 2016) compared to all cubicles
being outside recommended length dimensions (CC). Additionally, a
herd size of 80 cows or less compared to herds of either 81–125 cows, or
more than 125 cows, the use of tail tape for marking cows compared to
not using tape, and farmers not reporting facilities as an aspect of animal
care they wanted to improve compared to those that did were also
positively associated with the proportion of cows with tail lacerations
(SUB). The risk factors, cubicles outside recommended lengths, bright or
low shed lighting compared to mixed lighting and a tendency for
less-frequent passage cleaning by the alley scraper, were found to be
interrelated. When considered in the model individually, significant
interactions were identified between alley scraper passage frequency
and either cubicle length or shed lighting level. However, the final
model did not converge when both interactions were included, thus
interactions were not included in this model.
The presence of incomplete tails (Table 12; ZI component) was
positively associated with all cubicles being outside recommended
widths compared with all or some cubicles being of recommended width
(CC and SUB). Having a backing gate in the collecting yard compared to
not having a backing gate (CC), as well as not having a brisket board in
cubicles compared to having one (SUB) were also positively associated
with the presence of incomplete tails. In addition, there were tendencies
for a positive association between the presence of incomplete tails and

bedding cubicles twice/d compared to once/d or less (CC), herds with
125 cows or more compared to herds with 80 cows or fewer, and for
having an above average cow comfort index compared to below average
(SUB). The proportion of cows with incomplete tails (BR component)
was positively associated with introduced heifers being familiar with
cubicle housing compared to those that had no previous experience with
cubicles (CC).
4. Discussion
To the best of our knowledge, this is the first large-scale study
investigating risk factors for multiple aspects of dairy cow welfare
during the housing period of a spring-calving, hybrid pasture-based
system. In total, 36 unique risk factors (Fig. 1) and seven interaction
effects were identified through either CC or both CC and SUB analysis
methods. A further 12 risk factors and three interaction effects were
identified through SUB analyses alone, each of which involved at least
one variable that was also identified in their respective CC analyses. The
identified risk factors generally fall into three categories, those related to
the facilities, feed resources and management.
Both CC and SUB analyses were utilised because risk factors identi
fied through both methods represent factors with the most robust as
sociation as they were consistently present regardless of changes in
sample size. Additionally, identifying risk factors through analysis of CC
data alone eliminated potential impacts of including estimated data. For
risk factors identified only after imputation of missing values (SUB),
12
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Table 11
Final zero-inflated beta regression model of risk factors associated with the herd-level proportion of cows with tail lacerations during the housing period on springcalving, hybrid pasture-based Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete
cases

33

Cow comfort index

Substitution

33

Percentage of
farms

Model
componentb

P-value

BR

0.176

Below average (Below)
Above average (Above)
Passage cleaning
frequency
< 6 times/ 24 h

49
51

ZI

0.004

BR

0.099

43

ZI

0.040

≥ 6 < 8 times/ 24 h

38

≥ 8 times/ 24 h

19

Shed light level
Bright
Low
Mixed

25
42
33

Cubicle length
Mixed
Non-recommended
(NR)
Herd Size

32
68

BR

0.018

ZI

0.018

BR
ZI

< 0.001
0.412

BR

< 0.001

≤ 80 cows

24

≤ 125 cows

33

> 125 cows
Reported facilities need
improvement
No
Yes
Tail marking tape
No
Yes
Cow comfort index
Below average (Below)
Above average (Above)
Cubicle cleaning
frequency
Once/day
< Once/day
Twice/day

43

ZI
BR

0.318
0.019

71
29

ZI

0.805

BR
ZI

0.025
0.419

BR
ZI

0.448
0.001

BR

0.383

ZI

0.070

38
62
49
51
52
10
38

Pairwise
comparison

Odds
ratio

95% CI

P-value of pairwise
comparison

Below vs Above

6.47

1.81–23.20

0.006

< 6 vs ≥ 6 < 8
times/ 24 h
< 6 vs ≥ 8 times/
24 h
≥ 6 < 8 vs ≥ 8
times/ 24 h
Bright vs Low
Bright vs. Mixed
Low vs Mixed
Bright vs Low
Bright vs. Mixed
Low vs Mixed
Mixed vs NR

0.22

0.05–0.94

0.111

2.06

0.41–10.33

0.657

9.29

1.47–58.87

0.056

0.40
0.32
0.79
1.17
7.22
6.19
3.10

0.17–0.95
0.14–0.71
0.44–1.41
0.23–5.96
1.39–37.43
1.47–26.09
1.75–5.49

0.106
0.018
0.710
0.982
0.057
0.042
< 0.001

≤ 80 vs ≤ 125
cows
≤ 80 vs > 125
cows
≤ 125 vs > 125
cows

2.61

1.55–4.40

0.002

2.29

1.37–3.84

0.007

0.88

0.53–1.46

0.872

No vs Yes

1.83

1.10–3.03

0.023

No vs Yes

0.61

0.40–0.94

0.028

Below vs. Above

7.49

2.35–23.68

0.001

a

Data from 69 farms were included in complete case data analysis and 82 farms in substitution data analysis.
The zero-inflated beta regression model fit to the data consisted of two model components: the beta distribution component (BR) and the zero-inflated component
(ZI). ZI model estimates the probability of a zero proportion, thus there is an inverse effect of the odds ratio (> 1 is lower risk, < 1 is greater risk).
b

while unlikely to lead to error when applied to only a small amount of
data (≤ 5 % as in the present study; Curley et al., 2019), they never
theless represent variables whose effects were only detectable at larger
sample sizes. These present promising avenues for future research;
however, for the purposes of this study, only variables identified
through both CC and SUB analysis together, or CC analysis alone will be
discussed.

with the aim of highlighting areas for future research.
4.2. Facilities – cubicles
After the transition from pasture to indoor housing, appropriate fa
cilities are necessary to ensure good welfare. In the current study, both
total and diagonal cubicle length, cubicle width and insufficient lunge
space were associated with multiple indicators of welfare: incomplete,
lacerated or broken tails, integument damage to the head-neck-back and
above target body condition. Improper cubicle design has been shown to
lead to abnormal lying and rising movements in cows (Lidfors, 1989;
Dirksen et al., 2020), increased skin lesions (Regula et al., 2004), and
reduced lying time and lying bouts (Tucker et al., 2006). For both di
agonal and total cubicle length, adhering to recommended cubicle di
mensions (Clarke, 2016) were determined to be risk factors for good
welfare. This suggests that some guidelines for appropriate cubicle
housing design may need to be better tailored to suit existing animals
within the herd when constructing indoor facilities, as appropriate
cubicle dimensions are proportional to body size (Dirksen et al., 2020).
The fact that in a spring-calving pasture-based system cows are dried-off

4.1. Study limitations
To simplify results interpretation, individual welfare indicators were
not included as explanatory variables for other indicators or factors
which could have had an influence on the results, e.g. the potential
impact of herd lameness level on the calculation of the cow comfort
index. Additionally, while interaction effects indicate interesting areas
of further study, for the purpose of brevity only the significant main
effect variables (P < 0.05) will be discussed. The exploratory aim of this
study is also a limitation, as the causes of the associations cannot be
concluded definitively based on these analyses. Thus, the results are
discussed by providing potential explanations for the associations found,
13
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Table 12
Final zero-inflated beta regression model of risk factors associated with the herd-level proportion of cows with incomplete tails during the housing period on springcalving, hybrid pasture-based Irish dairy farms.a
Analysis
method

No. factors
tested

Factor levels

Complete
cases

33

Introduced heifers are
familiar with cubicles
No
Yes
Cubicle width
Recommended (R)
Non-recommended (NR)
Backing gate
No
Yes
Cubicle bedding frequency
Once/day (OAD)
< Once/day (< OAD)
Twice/day (TAD)

Substitution

33

Brisket board
No
Yes
Cubicle width
Recommended (R)
Non-recommended (NR)
Herd size
≤ 80 cows

Percentage of
farms

29
71
16
84
78
22
51
17
32
77
23
17
83
24

≤ 125 cows

33

> 125 cows

43

Cow comfort index
Below average (Below)
Above average (Above)
Backing gate
No
Yes

49
51
79
21

Model
componentb

Pvalue

Pairwise
comparison

BR

0.030

No vs Yes

ZI

0.676

BR
ZI

0.647
0.002

R vs NR

BR
ZI

0.252
0.013

BR
ZI

0.654
0.049

BR
ZI

0.241
0.039

No vs Yes

BR
ZI

0.302
0.044

BR
ZI

0.722
0.046

BR
ZI

0.558
0.048

BR
ZI

0.330
0.106

Odds
ratio

95% CI

P-value of pairwise
comparison

0.24–0.93

0.035

25.0

3.32–188.44

0.003

No vs Yes

16.40

1.80–150.63

0.016

OAD vs < OAD
OAD vs TAD
< OAD vs TAD

0.47
6.57
13.88

0.10–2.18
1.14–37.80
1.61–119.94

0.605
0.098
0.052

0.22

0.05–0.92

0.042

R vs NR

5.8

1.05–32.17

0.048

≤ 80 vs ≤ 125
cows
≤ 80 vs > 125
cows
≤ 125 vs > 125
cows

4.38

1.00–18.99

0.128

5.53

1.33–22.96

0.055

1.26

0.33–4.92

0.939

Below vs Above

3.45

1.02–11.76

0.052

0.48

a

Data from 69 farms were included in complete case data analysis and 82 farms in substitution data analysis.
The zero-inflated beta regression model fit to the data consisted of two model components: the beta distribution component (BR) and the zero-inflated component
(ZI). ZI model estimates the probability of a zero proportion, thus there is an inverse effect of the odds ratio (> 1 is lower risk, < 1 is greater risk).
b

as they enter housing, and consequently have a larger body size at the
end of housing when heavily pregnant, should be considered when
recommending facility dimension requirements.
Greater time spent lying in cubicles of inappropriate dimensions may
expose the tail to potential injury. This could contribute to the associ
ation found between above average cow comfort index and the presence
of tail lacerations. Cubicle comfort level was also found to be linked to
integument damage. Below average cow comfort index was associated
with a greater proportion of cows with hindquarter integument damage,
possibly due to collisions with cubicle features when rising or lying,
which may contribute to cubicle discomfort. Similar damage to hock
lesions has been linked to collisions with cubicles as shown by Weary
and Taszkun (2000). A cow comfort index of 85 % or more is recom
mended as an indicator that cubicles are comfortable and meeting the
needs of cows to encourage lying time (Overton et al., 2003). However
in the current study the average cow comfort index across farms was
only 55 %, with only two farms achieving the 85 % target. One
contributor to cubicle discomfort may be the observed lack of bedding
use. While 82 % of farms applied some form of moisture absorbent
material to cubicles, primarily hydrated lime (calcium hydroxide), only
4 % applied any bedding to a depth greater than 0.5 cm. Increased use of
bedding can increase total lying time and reduce the occurrence of cows
perching half in and half out of cubicles, indicating an increase in cubicle
comfort (Tucker and Weary, 2004).
The observed presence of broken and incomplete tails with more
frequent application of fresh bedding and cleaner cubicles, less
contaminated with manure or urine, further suggests that tail injury is
occurring while cows are resting. Cows show a clear preference for

cubicles with dry bedding over wet, and substitute lying time for greater
time standing or perching half-in half-out of cubicles when they are wet
(Fregonesi et al., 2007; Reich et al., 2010). The addition of hydrated lime
as a moisture-absorbing and bacteria-inhibiting material to the cubicles
was associated with greater nasal discharge when used on all cubicles
compared to only a portion. Commonly used on Irish farms, hydrated
lime is an alkaline powder with an approximate pH of 12 (Gleeson,
2013). It is effective at reducing bacterial counts on cubicle surfaces, yet
can cause some skin irritation of teats (Kristula et al., 2008; Gleeson,
2013). At such a high pH it is likely that it could also be an irritant if
inhaled as dust in the air or through contact with a cow’s nose and nasal
passages. In fact, stockpersons utilising hydrated lime on farm are
advised to wear personal protective equipment and to seek medical help
if contact with the eyes is made (Francesca et al., 2011).
It is also important to consider appropriate facilities for the needs of
young stock. The greater proportion of incomplete tails among cows
with experience in cubicle housing as newly housed heifers also suggests
that cubicle housing of young stock compared to other forms of housing
may result in greater tail injury. Young animals lying incorrectly on, or
outside of, cubicles may create more opportunities for their tails to be
injured by the alley scraper or trampling by other cows. Slatted flooring
in particular has been associated with tail-tip injury in housed feedlot
calves and adult beef cows (Drolia et al., 1991; Schrader et al., 2001;
Grooms et al., 2010). Farms in the USA have also been reported to
prophylactically dock feedlot cattle’s tails when housed in slatted
flooring, supposedly to prevent further injury (Miller, 2010). Intentional
tail docking is prohibited in Ireland except where deemed medically
necessary and performed by a veterinarian, and thus should represent a
14
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Fig. 1. Herd-level risk factors for seven indicators of dairy cow welfare identified during the housing period of a spring-calving, hybrid pasture-based system. Only
main effects variables that were identified as significant at P < 0.05 in either the complete cases model or by both the complete cases and substitution models are
presented. The lameness indicator was the average prevalence of cows that were locomotion scored 2 or 3 on a 4-point scale from 0 to 3. Body condition indicators
were either under 3.0 or above 3.5 (on a scale from 1 to 5 with 0.25 increments), outside the target range for BCS during housing. Ocular and nasal discharge
indicators were the average prevalence of cows scored with any signs of discharge (score 1, 2 and 3 on a 4-point scale from 0 to 3). Tail injury indicators were the
average prevalence of each of lacerated, broken and incomplete tails. The integument damage indicators consisted of any signs of mild, moderate or severe
integument damage (score 1, 2 and 3 on a 4-point scale from 0 to 3) to the skin of either the head-neck-back or hindquarter regions. The avoidance response indicator
consisted of the proportion of cows with an avoidance response of > 1 m (levels 1 and 2 on a 5-point scale from 1 to 5) representative of a fearful avoidance response
to human approach.
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relatively small proportion of incomplete tails observed on farms.
However, in the current study, 15 % of the 82 study farms had more than
15 % of cows with incomplete tails, the threshold proposed by Welfare
Quality (2009) for considering farms to be practicing tail docking.

outdoor environments, and it is known that cows have difficulty dis
tinguishing objects in shadow or at differing light intensities (Moran and
Doyle, 2015). Such difficulty with vision in low light may have
contributed to the reduced fearful avoidance response observed if the
cows were less able to observe the approaching scorer. In mixed-light
conditions, where more shadows may result from the combination of
bright and low light, the occurrence of tail lacerations was more com
mon. This suggests injury may be due to impaired vision and inability to
distinguish and avoid hazards in shadowed environments. It is also
possible that the association with tail injury is in fact due to other as
pects of housing that are found in conjunction with particular lighting
conditions. De Vries et al. (2015) found greater prevalence of hock le
sions and swellings to be associated with low shed lighting and
concluded that it may be due to superior housing conditions, such as
wider alleys or longer and cleaner cubicles, being more common in
sheds with brighter lighting. This supports our results that when tail
lacerations were present, the proportion of affected cows was reduced in
bright lighting environments. Similarly, the observed association be
tween more cows with below target BCS during housing and uniformly
bright or low shed lighting compared to mixed is not clear from the
measured variables. Length of light exposure has been associated with
increased DMI during the dry period, although without corresponding
changes in BCS, and the variation in light level (e.g. bright or dim) was
not investigated (Auchtung et al., 2005; Velasco et al., 2008). Further
research into the impact of shed lighting on dairy cow welfare during
housing could help to understand these associations.

4.3. Facilities – shed
One of the major environmental differences in the transition to in
door housing from pasture is the exposure to hard and potentially slip
pery flooring surfaces. Shed flooring that was scored as either all
“slippery” or all “non-slippery” were both associated with a greater
proportion of lame cows compared to sheds with a combination of
surfaces. Slipperiness is commonly associated with accumulation of
slurry which can soften the heel horn (Gregory et al., 2006) and increase
exposure to infections causes of lameness such as interdigital dermatitis
and heel erosion (Somers et al., 2005). More abrasive flooring is less
slippery, yet may cause greater wear resulting in thinner soles and
increased hoof lesions (Shearer and Van Amstel, 2007). It is unclear why
a combination of these flooring surfaces would provide a protective ef
fect on the proportion of lame cows. Potentially providing a variety of
surfaces offers a degree of relief from continuous exposure to the
negative effects of either slippery or non-slippery flooring. Sufficient
passage cleaning frequency can help to control floor slipperiness.
However, more frequent passage cleaning also tended to be associated
with a greater likelihood of tail lacerations, suggesting that such injury
may be related to contact with the scraper.
Shed floor slipperiness was also linked to integument damage to the
head-neck-back. In competitive feeding environments such as those
observed on the majority (84 %) of study farms, displacements from the
feed-rail are common, particularly among subordinate cows (DeVries
et al., 2004; Huzzey et al., 2006). Cows are capable of exerting up to
2000 N of pressure on the neck-rail when feeding (Dumelow, 1987),
thus perhaps if cows are displaced from the feed-rail while on slippery
flooring, the friction between the cow’s neck and the feed-rail could
account for the observed integument damage. Inappropriate feed-rail
heights may also contribute to integument damage to the neck (Kiel
land et al., 2010). Lower odds of head-neck-back integument damage for
feed-rails within recommended heights (1.18 m; Clarke, 2016) were
identified in our analysis, although only through substitution analysis,
thus the effect may be more apparent in a larger data set.
Sufficient passage widths allow for free movement of cows within the
shed, space for cows to perform social interactions and ease of cleaning
(Agriculture and Horticulture Development Board, 2012). The fact that
recommended passage widths were associated with greater tail breaks
and integument damage to the head-neck-back once again suggests that
guidelines may not be suitable for the modern cow in this system or for a
cow at a late stage in their pregnancy. Feed passages in particular should
be wider to prevent feeding cows blocking the movement of others
(Agriculture and Horticulture Development Board, 2012). Having feed
passages above or equal to recommended widths would allow greater
feed accessibility, at which point the focus should be on providing cor
rect quantities and quality of feed to moderate intakes. Above target
BCS, especially towards the end of the housing period, is of particular
welfare concern as over-conditioned cows at calving with a BCS of ≥ 3.5
may also reduce DMI into early lactation and lead to a greater risk of
metabolic disorders and negative energy balance (Roche et al., 2009;
Atkinson, 2016).
The primary reasons farmers gave for housing cows in multiple
groups were based on BCS, calving or dry-off date, parity, or space
availability. A potential explanation for the association between greater
integument damage to the hindquarters and multiple housing groups
may be an increase in agonistic behaviour. Housing cows in multiple
groups may necessitate re-grouping which has been shown to increase
agonistic behaviour due to social stressors (Proudfoot and Habing,
2015).
Indoor sheds provide very different lighting conditions compared to

4.4. Facilities – collecting yard
The collecting yard continues to be an area commonly used by dairy
cattle during the housing period, whether because some cows are still
milked daily up until dry-off, or because many farms used this area as
additional housing space. However, it is important that these areas
continue to be operated at the proper capacity, as demonstrated by the
greater ocular discharge found among collecting yards below the rec
ommended area per cow. Crowding cows within an insufficient space
may increase airborne pathogens (Callan and Garry, 2002), increase
ammonia emissions due to greater volumes of deposited manure and
urine (Misselbrook et al., 1998), and reduce air quality which can
contribute to an impaired immune system (Love et al., 2014).
Additionally, the association between slatted concrete flooring in the
collecting yard and greater lameness supports previous studies which
also found greater odds of lame cows when housed on slatted compared
to solid concrete flooring (Dippel et al., 2009b; Fjeldaas et al., 2011).
Compared to solid flooring, slatted floors have been shown to have
lower friction, making them more slippery (Telezhenko and Bergsten,
2005; van der Tol et al., 2005), and modelling scenarios show slatted
flooring in isolation to have a more uneven distribution of stress with
greater maximum peaks across the hoof sole (Hinterhofer et al., 2006).
The purpose of a backing gate or crowd-gate in the collecting yard is
to reduce available space and encourage cows to move into the milking
parlour. Conflicting effects on tail injury were found when backing gates
were used, with broken tails occurring less often, yet incomplete tails
occurring more often. Without a backing gate to encourage cows into the
parlour, direct handling of the animals may be required. Tail breaks
have previously been attributed to excessively forceful animal handling
practices, such as tail twisting to force a cow’s forward motion (Alam
et al., 2010; Lindahl et al., 2016). However, milking is not typically an
aversive activity requiring such forceful handling (Lindahl et al., 2016).
The cause of a greater likelihood of incomplete tails when a backing gate
is used is difficult to determine without knowing whether the injury is
due to accidental damage or intentional removal. Further research is
required to identify the nature of this injury and how it may be linked to
the milking facilities.
Sharp turns can be challenging for walking cows (Rushen et al.,
2004) and are considered risk factors for lameness, particularly when
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more frequent trimming, a potentially negative and painful interaction
which could increase a cow’s fear of humans.
In a review discussing farmer perceptions of lameness, Dutton-
Regester et al. (2020) illustrated agreement within the literature that
lameness often is underdiagnosed by farmers and thus goes without
treatment. In the current study, on average, farmers reported approxi
mately 5 % lame cows in their herd on the day of the housing period
visit, whereas 9 % of cows on average were scored as lame by the
research team. However, farmers were also asked whether they
considered lameness a problem in their herd, and those that replied yes
were associated with a greater proportion of lame cows. Therefore, even
though lameness is, on average, underreported by farmers in the current
study, they appear to at least be aware when a problem exists.
Monitoring the development of illness within the herd enables ac
curate monitoring of disease prevalence and is a critical component of
disease control. This involves keeping updated health records, although
the method of record-keeping may vary between farms. We found that
maintaining digital health records was associated with reduced pro
portions of lame cows. Use of digital health recording, such as phone
apps e.g. HerdWatch, provide additional tools for visualising health data
and interpreting trends that would be unavailable through manual no
tation. This additional information has the potential to increase a
farmer’s ability to diagnose and treat disease such as lameness in their
herd, and can be shared with those involved in herd health management
such as vets and advisors (Tremblay et al., 2016).
Participation in herd health management programs may also
improve health monitoring, and thus disease management. Ocular
discharge in cows was reduced when farmers were enrolled in herd
health management programs. Ocular discharge is a common sign of
respiratory diseases in adult dairy cows (Banks, 1999; Decaro et al.,
2008; Ferraro et al., 2021). Respiratory diseases may severely impact a
cow’s welfare, thus any practices associated with a reduction in ocular
discharge should be promoted. Further research into whether farmers
enrolled in herd health management programs were more proactive in
other aspects of animal health, such as practicing vaccination or meeting
space requirements, would provide greater insight into this association.

they occur near the entrance or exit from the parlour (Barker et al.,
2010). However, rather than lameness, we found that the proportion of
cows with integument damage to the head-neck-back region to be
greater when turns into the parlour entrance were required. Navigating
fewer turns improves cow flow (Grandin, 1980) and reduces the op
portunity for contact with objects that my cause harm or damage to the
cow.
4.5. Feed resources
Ensuring cows are receiving adequate nutrition throughout the
housing period is critical to maintain good welfare. This is demonstrated
by the reduction in lameness associated with silage quality testing. Since
nutrition has been associated with hoof health (Bell and Randall, 2021),
testing of silage quality to monitor feed supply during housing may
prevent or reduce lameness. Insufficient quantities of vitamins, min
erals, fibre, protein or lipids in a cow’s diet may impair healthy hoof
growth and potentially contribute to lameness (Langova et al., 2020).
A positive association was found between practicing less frequent
feed push-up and greater ocular discharge, as well as less frequent fresh
feed delivery and greater nasal discharge. It is possible that less frequent
feed disturbance could allow moulds the opportunity to flourish in
stagnant feed. This may be particularly problematic when using some
feeds such as baled grass silage, which was fed by at least 15 % of study
farms; baled grass silage has been shown to commonly display visible
mould growth especially when stored and managed improperly (O’Brien
et al., 2007a, 2007b). While studied more in horses, it is possible that
fungal spores dispersed in feed dust may lead to inflammatory response
in the upper respiratory system of cattle as well (Wilkinson, 1999;
Fink-Gremmels, 2008). Dirty water is also a potential source of patho
gens that may pre-dispose cattle to disease (Linn and Raeth-Knight,
2010), which may explain the association found between greater signs
of ocular discharge and poor water cleanliness.
Results suggest that the use of a combination of both partitions and
open-rail feed-faces had a protective effect on the proportion of cows
that were above the target housing BCS (Butler, 2016). The majority of
study farms (84 %) were overstocked at the feed-face when considering
a feeding stocking rate 0.6 m/cow (Farm Animal Welfare Advisory
Council, 2018). Vertical feed partitions have been shown to reduce the
occurrence of displacements in competitive feeding situations (O’Con
nell et al., 2010). This may be of particular benefit to more socially
subordinate animals (Endres et al., 2005) as it could provide an area for
them to feed, protected from displacements by other cows. This may
balance intakes of provided feed more evenly between cows within the
herd and reduce the proportion of cows with above target BCS.

4.7. Management – general
Multiple aspects of general herd management were found to be
associated with broken tails; practicing AI as the only breeding method,
and using tail tape for marking cows. Tail marking tape is often used to
identify ill or medically treated cows in the parlour. It seems unlikely
that either of these practices alone would result in the force capable of
breaking a tail when carried out appropriately. However, while these
two variables were not directly correlated (P = 0.139), it is possible that
herds that use solely AI exhibit some other similarity to those that use
tail tape. Perhaps if excessively forceful animal handling was used to
separate cows previously identified with tail tape for breeding by AI this
could explain this connection. Association of such forceful tail twisting
with broken tails has been speculated (Alam et al., 2010; Lindahl et al.,
2016; Laven and Jermy, 2020); however, research on the causes of
broken tails is currently sparse.
The use of tail tape was also associated with greater fearful avoid
ance response. This is possibly in response to its use in identification of
ill or treated cows. Because conditions such as mastitis can be painful
(Huxley and Whay, 2006; Leslie and Petersson-Wolfe, 2012) a cow may
associate the use of tail tape with aversive experiences and in turn in
crease their avoidance response of the humans who apply the tape (Pajor
et al., 2000). Another factor associated with greater fearful avoidance
response was the absence of a dog when herding. As cows are a prey
species, the presence of a dog is typically considered a fearful stimulus
(Welp et al., 2004; Lee et al., 2018). However, for herds accustomed to
disturbance or threatening stimulus from proximity to a dog, the
approach of a lone human may be experienced as less threatening in
contrast. This is supported by Welp et al. (2004), who found that

4.6. Management - health
Lameness is widely considered one of the greatest welfare challenges
in the dairy sector. It is a painful and debilitating condition (Coetzee
et al., 2017) and can impair a cow’s welfare as long as it is left untreated.
The positive association we found between greater time from diagnosis
to treatment of lame cows and a higher proportion of lameness supports
findings by Leach et al. (2012) and Bell et al. (2009) who demonstrated
that reducing the time between diagnosis and treatment resulted in
fewer severe cases of hoof lesions and lameness.
Performing regular locomotion scoring on farms as a means of
identifying lame cows was found to increase the proportion of cows
displaying a fearful avoidance response. This may either be related to
the process of locomotion scoring itself or whether or not cows were in
fact lame. If the scoring process is an aversive experience for the cow due
to improper animal handling, poor facilities, loud noises etc., it could
negatively affect the human-animal relationship resulting in a greater
fearful avoidance response (Pajor et al., 2000). Lame cows experiencing
pain may also have a heightened stress response resulting in a greater
fearful avoidance response. More frequent scoring may also result in
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exposure to a dog elicited a greater vigilant fear response from cows than
exposure to humans.
The number and average age of principle farmers and the presence of
additional farm staff were also associated with indicators of welfare.
Seventy-four percent of farms reported that there was only a single
principle farmer, and it was this group that was associated with a greater
proportion of cows above target housing BCS. No correlation was found
between the number of principle farmers and farmer age; both sole
farmer and multiple farmer operations had a median age of 47 years,
therefore it is not likely to be a difference in experience driving this
association. However, there did appear to be differences between farmer
age groups in regard to cows being under-conditioned. The average age
of principle farmers was younger (≤ 40) on 25 % of farms and these
farms were associated with a greater proportion of cows below the target
housing BCS compared to 37 % of farms where the average age was
among the oldest (> 50 years). There is perhaps some connection with
herd size as larger herds may be more likely to have multiple principle
farmers. However, while herd size was included in the models, it was
involved in interactions with aspects of cubicle dimensions and thus the
association with the number or age of farmers is unclear. Potentially a
shortage of labour necessitates differences in feeding management be
tween farms with either sole or multiple farmers that impacts cow BCS;
however, no trend could be identified from the current data. Also un
expectedly, employing additional full-time staff other than the principle
farmer was associated with an increased proportion of cows with nasal
discharge. With increased staff to identify health issues, one might
expect reduced signs of poor health. The relationship between stock
persons and animals was not examined in detail in this study and would
benefit from continued research to better understand these associations.
When asked during the survey if there were aspects of animal care
they would like to improve, those farmers that specified facilities needed
improvement were negatively associated with nasal discharge. These
farmers may be more aware of shortcomings within their facilities and
may be more likely to have made improvements leading to reductions in
signs of poor health or injury. Previous research has shown that farmers
consider animal welfare to be one of their primary goals of health
management (Kristensen and Enevoldsen, 2008) and that personality
and attitudes of farmers contribute to dairy cow welfare, health, pro
duction and management on farms (Adler et al., 2019). The responses to
this question could reflect farmers’ desire to improve welfare of cows on
their farms.
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Tremblay, M., Bennett, T., Döpfer, D., 2016. The DD Check App for prevention and
control of digital dermatitis in dairy herds. Prev. Vet. Med. 132, 1–13. https://doi.
org/10.1016/j.prevetmed.2016.07.016.
Tucker, C.B., Weary, D.M., 2004. Bedding on geotextile mattresses: How much is needed
to improve cow comfort? J. Dairy Sci. 87, 2889–2895. https://doi.org/10.3168/jds.
S0022-0302(04)73419-0.
Tucker, C.B., Zdanowicz, G., Weary, D.M., 2006. Brisket boards reduce freestall use.
J. Dairy Sci. 89, 2603–2607. https://doi.org/10.3168/jds.S0022-0302(06)72337-2.
van der Tol, P.P.J., Metz, J.H.M., Noordhuizen-Stassen, E.N., Back, W., Braam, C.R.,
Weijs, W.A., 2005. Frictional forces required for unrestrained locomotion in dairy
cattle. J. Dairy Sci. 88, 615–624. https://doi.org/10.3168/jds.S0022-0302(05)
72725-9.
Velasco, J.M., Reid, E.D., Fried, K.K., Gressley, T.F., Wallace, R.L., Dahl, G.E., 2008.
Short-day photoperiod increases milk yield in cows with a reduced dry period
length. J. Dairy Sci. 91, 3467–3473. https://doi.org/10.3168/jds.2008-1028.
de Vries, M., Bokkers, E.A.M., van Reenen, C.G., Engel, B., van Schaik, G., Dijkstra, T., de
Boer, I.J.M., 2015. Housing and management factors associated with indicators of
dairy cattle welfare. Prev. Vet. Med. 118, 80–92. https://doi.org/10.1016/j.
prevetmed.2014.11.016.
Weary, D.M., Taszkun, I., 2000. Hock lesions and free-stall design. J. Dairy Sci. 83,
697–702. https://doi.org/10.3168/jds.S0022-0302(00)74931-9.
Welp, T., Rushen, J., Kramer, D.L., Festa-Bianchet, M., De Passillé, A.M.B., 2004.
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Pajor, E.A., Rushen, J., De Passillé, A.M.B., 2000. Aversion learning techniques to
evaluate dairy cattle handling practices. Appl. Anim. Behav. Sci. 69, 89–102.
https://doi.org/10.1016/S0168-1591(00)00119-2.
Proudfoot, K., Habing, G., 2015. Social stress as a cause of diseases in farm animals:
current knowledge and future directions. Vet. J. 206, 15–21. https://doi.org/
10.1016/j.tvjl.2015.05.024.
Ranjbar, S., Rabiee, A.R., Gunn, A., House, J.K., 2016. Identifying risk factors associated
with lameness in pasture-based dairy herds. J. Dairy Sci. 99, 7495–7505. https://doi.
org/10.3168/jds.2016-11142.
Redfern, E.A., Sinclair, L.A., Robinson, P.A., 2021. Dairy cow health and management in
the transition period: the need to understand the human dimension. Res. Vet. Sci.
137, 94–101. https://doi.org/10.1016/j.rvsc.2021.04.029.
Regula, G., Danuser, J., Spycher, B., Wechsler, B., 2004. Health and welfare of dairy cows
in different husbandry systems in Switzerland. Prev. Vet. Med. 66, 247–264. https://
doi.org/10.1016/j.prevetmed.2004.09.004.
Reich, L.J., Weary, D.M., Veira, D.M., Keyserlingk, M.A.G.Von, 2010. Effects of sawdust
bedding dry matter on lying behavior of dairy cows: A dose-dependent response.
J. Dairy Sci. 93, 1561–1565. https://doi.org/10.3168/jds.2009-2713.
Roche, J.R., Friggens, N.C., Kay, J.K., Fisher, M.W., Stafford, K.J., Berry, D.P., 2009.
Body condition score and its association with dairy cow productivity, health, and
welfare. J. Dairy Sci. 92, 5769–5801. https://doi.org/10.3168/jds.2009-2431.
Rousing, T., Waiblinger, S., 2004. Evaluation of on-farm methods for testing the humananimal relationship in dairy herds with cubicle loose housing systems - test-retest

20

