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ABSTRACT

Our aim was to investigate the associations between
management factors, compliance with current legisla-
tion, and herd-level calf mortality. In a national calf
welfare audit, veterinary inspectors from the Norwe-
gian Food Safety Authority assessed compliance with
current legislation on calf welfare (n = 912 herds). Nine
criteria were assessed and rated as satisfactory (1) or
not satisfactory (0): housing, natural behavior, single
pens, colostrum feeding, feeding, water, surveillance,
illness/injuries, and <5% mortality rate. In addition,
a short questionnaire on milk feeding management
for 3-wk-old calves was distributed to all national calf
welfare audit herds, and data on mortality and disease
recordings were obtained from the Norwegian Dairy
Herd Recording System (NDHRS). A herd welfare
compliance score (WCS) for each farm was constructed,
summarizing the results for the individual criteria.
Most herds had a high WCS (median 9.0, range 2-9).
Fifty-six percent of the national calf welfare audit
herds (508/912) responded to the questionnaire. We
performed a cross-sectional study using a data set from
431 herds with available data on recorded disease and
mortality events from the NDHRS, recordings from the
national calf welfare audit, and the questionnaire. A
mixed-effects negative binomial model with Norwegian
Food Safety Authority district as the random effect
was fitted to the data. Of the 416 herds with avail-
able data on calf mortality, 108 (25.9%) reported no
mortality in 2016, and the median 6-mo mortality rate
was 0.064 (interquartile range 0-0.11) dead calves per 6
calf-months at risk, based on NDHRS recordings. Calf
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mortality rates were higher in herds whose calves did
not have free access to water (incidence rate ratio 1.29;
95% confidence interval 1.02-1.64) and higher in herds
that had reported calf disease events (incidence rate
ratio 1.31; 95% confidence interval 1.09-1.54). Neither
the WCS nor any of the calf milk feeding management
factors were associated with mortality, but more than
half of producers (59.6%) fed less milk than currently
recommended for 3-wk-old calves (8 L/d first 3 to 4
wk). These results indicate that a lack of access to
water was associated with higher calf mortality rates.
Herds with registered calf disease events had a higher
incidence rate ratio of mortality. This finding may be
linked to suboptimal calf management, leading to more
calf diseases and mortality; or it may be that veterinary
consultancy occurs too late or only for the worst cases.
There is room for improvement in Norwegian dairy calf
management, and water should be provided to young
calves.

Key words: observational study, calf health, welfare,
regulations

INTRODUCTION

High calf mortality rates are of concern for animal
welfare and contribute to decreased sustainability in
dairy production (von Keyserlingk and Weary, 2017).
Quantifying calf mortality rates and understanding the
underlying risk factors can enable producers and herd
health advisors to implement preventive measures.

Known risk factors for perinatal calf mortality include
sex (male), being born to primiparous dams, receiving
assistance during calving, or being a twin (Cuttance
and Laven, 2019). The most recent study in Norway
indicated a dairy calf mortality rate from birth to 12
mo of 7.8% (including stillbirths of 3.4% and abortion
of 0.7%), with high between-herd variability (Gul-
liksen et al., 2009a). It has already been established
that common calf diseases such as bronchopneumonia
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and diarrhea are important causes of mortality (e.g.,
Gulliksen et al., 2009a). Studies in other countries also
point to common management practices that increase
the health risks of milk-fed calves, such as not using
calving pens and having suboptimal routines to ensure
colostrum intake (Vasseur et al., 2010).

In Norway, many calf management practices are for-
mulated as minimum standards and defined in legisla-
tion (the Animal Welfare Act and the directive under
the act on the keeping of cattle; Lovdata, 2004, 2009).
As a national governmental body, the Norwegian Food
Safety Authority (NFSA) inspects herds for compli-
ance with animal welfare legislation. Inspections in
herds classified as high-risk were performed on 1,921
of 15,089 cattle herds (13%) in 2019 (NFSA, 2020).
The NFSA also uses national welfare audits targeting
specific focus areas and production forms. Recently,
veterinary inspectors from the NFSA visited a repre-
sentative selection of dairy herds during a national calf
welfare audit to better understand compliance with leg-
islation (Dgsen, 2016). However, knowledge is lacking
about whether compliance with calf welfare legislation
is associated with calf mortality rates.

Management procedures related to milk feeding may
also be associated with calf mortality (Gulliksen et al.,
2009a). Recent advances in research on calf milk feed-
ing management show a positive association between
increased milk allowances and calf growth, health,
welfare, and productivity (Shamay et al., 2005; Raeth-
Knight et al., 2009; Moallem et al., 2010). Norwegian
legislation emphasizes that the feed should “promote
good health and welfare, and should be adjusted ac-
cording to the animals’ age, weight, physiological, and
behavioral needs” (Lovdata, 2004), but minimum milk
allowances for dairy calves are not defined. Advisory
services in the Norwegian dairy company TINE recom-
mend feeding 8 I./d of milk during the first 3 to 4 weeks
(Overrein et al., 2015).

Our aim was to investigate the association between
management factors, compliance with current legisla-
tion, and herd-level calf mortality rates.

MATERIALS AND METHODS
Source Population and Study Period

The source population for this study was herds regis-
tered with at least 1 dairy cow in the Norwegian Dairy
Herd Recording System (NDHRS). Dairy herd mem-
bership in the NDHRS is optional, but 7,745 of 7,928
(97.8%) Norwegian dairy herds were registered with the
NDHRS in 2018 (TINE, 2018). The study population
consisted of dairy herds that were randomly selected to
be included in a national calf welfare audit. The focus
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of the NFSA audit was compliance with current legisla-
tion on calf welfare for calves aged 0 to 6 mo. Using the
central databases of the NDHRS, 15% of the herds in
each of the 28 NFSA districts (i.e., geographical subdi-
visions of the NFSA in Norway) were randomly chosen
to be included in the national calf welfare audit using a
random number generator. The study period was Janu-
ary to December 2016, and all farm visits were carried
out between March and December 2016.

Data Sources

National Calf Welfare Audit. Before the audit,
all inspectors took part in a workshop led by the NFSA.
The workshop presented recent research and the crite-
ria to be assessed during the audit. The welfare criteria
were housing, natural behavior, single pens, maternity
pens, colostrum feeding, feeding, water, surveillance,
illness or injuries, calf care, and <5% mortality (for
detailed descriptions, see Supplemental Table S1; https:
//doi.org/10.3168/jds.2020-18865). All inspectors also
received written guidance on how to evaluate the dif-
ferent criteria based on the relevant legislation. In to-
tal, NFSA inspectors visited 912 herds from March to
December 2016. The audits were carried out by one or
more NFSA veterinary inspectors visiting each farm at
a time. In total, 135 NFSA inspectors were involved in
the visits. All inspectors were veterinarians affiliated
with 1 of the NFSA districts. Audits were notified (i.e.,
producers were notified >30 min before the inspection)
or not notified. During the herd visit, each criterion
was assigned a rating of “satisfactory” or “not satisfac-
tory” based on legal compliance (Lovdata, 2004, 2009).
In cases of “not satisfactory” ratings, inspectors were
required to add a comment about their observations
that resulted in that rating.

Calf Health Data. Data on counts of calves (0-6
mo) that died or were euthanized in the herd; counts of
recorded disease events; days at risk (defined as days the
calf was present in the herd); and herd size were obtained
from the central databases of the NDHRS ((@steras et
al., 2007b). The 6-mo calf mortality pertained to counts
of calves that died from the date of expected calving
(including stillborn calves) and onwards to the age of 6
mo. In the NDHRS database, each animal has an indi-
vidual “health card,” which follows the individual from
birth to slaughter. The information registered on farm
is then transferred automatically to the central cattle
database. The NDHRS data have been validated for
use in epidemiological research for adult cattle (Espet-
vedt et al., 2013b) and calves (Gulliksen et al., 2009b).
A disease event is usually the result of a veterinary visit
to a sick calf in the herd. All animal treatments beyond
oral rehydration are to be prescribed by a veterinarian,
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Source population: dairy herds randomly selected for the national audit on compliance to current legislation on calf welfare by

the Norwegian Food Safety Association (NFSA): 1550 herds

Exclusion criteria of the NFSA

Calving period (herds with concentrated calving during a time period different than the planned

visiting-period)

Time since last inspection-visit, herds known to be phasing out dairy production, geographic

vicinity to other included farms.

Herds visited by the NFSA: 912

R

Exclusion criteria:

Herds visited by the NFSA but did not return questi ire on calf

Responses to the short

questionnaire on calf milk feeding
t: 404

Herds which did not give consent to share production data: 30

Herds which could not be matched in the NDHRS database: 47

iy management: 604

|

Herds with missing entries:

Study sample: registry data, recordings from the welfare audit and a short questionnaire to the
farmer on calf milk feeding management with data : 431 herds

-mortality and disease events: 15

-water allowance: 2

Herds included in the final statistical model: 414

.

Figure 1. Flowchart of eligible and analyzed herds, and reasons for exclusions in a cross-sectional study of associations between herd-level
calf mortality rates, compliance with legislation on calf welfare, and milk feeding management in Norwegian dairy herds.

and prophylactic or metaphylactic antimicrobial agents
are not used. Hence, a recorded disease event in most
cases represents a clinically affected calf that requires
veterinary treatment (Espetvedt et al., 2013b).

Calf Milk Feeding Management Questionnaire.
A short questionnaire (Supplemental Figure S1; https:
//doi.org/10.3168/jds.2020-18865) on calf milk feeding
and management was distributed to each producer by
the NFSA inspector(s) during the farm visit. Produc-
ers’ input into the questionnaire was voluntary. The
questionnaires were photographed and returned by
mail to the contact person (first author), either by the
NFSA inspector or directly by the producer. Producers
were asked for their consent to access data from the
NDHRS database; in this way, the herd identification
number was obtained.

Study Design and Study Sample

We performed a cross-sectional study combining reg-
istry data, recordings from the national calf welfare au-
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dit, and responses from the producer questionnaire on
calf milk feeding management. The final study sample
used for statistical analysis of calf mortality consisted
of herds with data from all 3 sources. Exclusion criteria
are described in Figure 1.

Variables

Outcome. The outcome of interest was herd 6-mo
mortality rate in 2016, calculated as follows:

Mortality rate =
no. of calves that died from expected calving to 6 mo
no. of calf days at risk/180

Ezxplanatory Variables. We calculated the dis-
ease event rate using the herd count of recorded calf
disease events registered for calves less than 6 mo old
divided by the calf days at risk per 180 d. For analysis
purposes, this variable was dichotomized (registrations
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in the NDHRS of calf disease events in 2016, yes/no).
Each new disease event for the same calf was registered
as a new observation.

In the national calf welfare audit data, the follow-
ing welfare criteria were rated as satisfactory (1) or
not satisfactory (0): housing, natural behavior, single
pens, colostrum feeding, feeding, water, surveillance,
illness/injuries, and <5% calf mortality. For analysis
purposes, the ratings for individual criteria on each
farm were summarized into a single score that hereafter
will be referred to as the herd welfare compliance score
(WCS). We did not include the criterion “surveillance”
in the herd WCS because all herds received a score
of “satisfactory.” Similarly, we assessed the criterion
“maternity pens” only in loose-housing barns, because
it is not mandatory in tie-stall barns, so we did not
include data for this criterion in the analysis. With 9
welfare criteria, the maximum possible herd WCS was
9. The qualitative data on the inspectors’ reasoning for
assigning “not satisfactory” ratings for a specific crite-
rion were not analyzed. However, the overall comments
for each criterion as published in the NFSA report are
cited in Table 1 (Dgsen, 2016).

Statistical Analysis

The count of herd calf mortality followed a negative
binomial distribution. We investigated the associations

between the herd 6-mo calf mortality rate and com-
pliance with legislation on calf welfare and calf milk
feeding management using a mixed-effects negative
binomial model. We used calf days at risk per 180 d
in each herd in 2016 as the exposure variable in the
model. We expected a hierarchical structure in the
data due to clustering of geographical locations and
NFSA inspectors within NFSA districts. Therefore, we
entered NFSA district as a random term. Explanatory
variables that were offered to the model were as fol-
lows: herd WCS; count of recorded calf disease events
in the herd; herd size; daily milk allowance at 3 wk of
age (L/d); daily milk feedings; time housed in single
pen (wk); barn type (free stall or tie stall); free access
to water at 3 wk (yes/no); use of milk replacer (yes/
no); change of calf milk allowance during recent years
(yes/no) and if yes, the previous milk allowance (L/d).
Descriptive statistics on potential risk factors related
to milk feeding management are presented in Table 2.
We used univariable mixed-effects negative binomial
regression for initial screening; variables associated
with calf mortality at P < 0.2 were considered for fur-
ther analysis. As a second step, we built a mixed mul-
tivariable negative binomial regression model using a
manual backward stepwise regression strategy until all
included variables were significant at P < 0.05 or they
were identified as confounders. Potential confounding
variables were identified a priori by constructing a

Table 1. The number and proportion of herds in the study sample with a not satisfactory rating for compliance with current legislation

concerning calf welfare!

Herds rated
“not satisfactory,”

Welfare criterion n (%) Observations leading to the “not satisfactory” rating
Housing 145 (33.6) e No access to a soft, insulated, nonperforated lying surface
e Calves lay directly on slatted wooden floors (single pens), or the group pens were
overcrowded, resulting in calves lying on the slatted floors or in the walking alley
Natural behavior 17 (3.9) e Calves were tied on a regular basis or had no social contact with other calves
e Pens were too small to allow natural behaviors
Single pens 12 (2.8) e Calves were housed in single pens for more than 8 wk
Maternity pens2 19 (15.1) e The herd lacked a maternity pen, or the maternity pen was used for other purposes
Colostrum feeding 12 (2.8) e The colostrum quantity of the first meal reported to the NFSA inspector was considered
too little, or the herd lacked stored colostrum or routines to check colostrum quality
Feeding 13 (3.0) e The reported milk allowances were too low
e Calves were considered undernourished. Amounts of roughage were too low, or roughage
was of low quality
Water 43 (10.0) e Calves in single pens were not given access to drinking water
e Sick calves had no water access, or access to water nipples with a water capacity that was
too low
Surveillance 0 (0) e No comments
Tllness/injuries 5 (1.2) e Untreated, sick calves were present
Calf care 21 (4.9) e Calves observed with fresh or dried fecal smears
e Some calves were wet
<5% mortality 9 (0.02) e Methods to calculate herd calf mortality were not coherent

'As assessed by inspectors in the Norwegian Food Safety Authority (NFSA) during a national calf welfare audit. Of the 912 herds that were
visited in 2016, 431 were included in the study sample.

92, . . . . .
This welfare criterion was assessed only in loose-housing barns.
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Table 2. Descriptive results on milk feeding management factors studied as potential risk factors for herd calf mortality®

Variable n Median IQR? Minimum Maximum
Daily milk allowance for calf age 3 wk (L/d) 431 7 6-8 2 15
Daily milk feedings for calf age 3 wk (n) 427 3 2-3 2 10
Missing entries 4
Housing in single pen (wk) 429 2 1-3 0 14
Missing entries 2
Barn type (cows)
Freestall 165
Tiestall 260
Missing entries 6
Free access to water at 3 wk
No 69
Yes 360
Missing entries 2
Use of milk replacer
Yes 194
No 237
If milk replacer is used, from what age (wk)? 187 2 1-3 0 14
Missing entries 7
Has the calf milk allowance been changed during recent years?
Yes 116
No 315
If yes, what was the former milk allowance? 114 6 5-6 0 9
Missing entries 2

'A short questionnaire was distributed to the source population of 912 herds visited during a national audit on calf welfare. Of these herds, 508
(56%) responded and 431 dairy herds constituted the final study population.

Interquartile range.

causal diagram. Variables considered to be potential
confounders were tested by running the model with
and without the variables in question while exploring
changes in estimates. Plausible interactions—estab-
lished a priori—were also tested. The effect measure
was the incidence rate ratio (IRR). We assessed model
fit by observing log-likelihood and Akaike information
criterion. Many herds had a mortality count of 0, and a
O-inflated negative binomial regression model was also
applied, but it did not improve model fit.

Data handling and statistical analyses were per-
formed in Stata (Stata SE/14; Stata Corp., College
Station, TX).

RESULTS

Figure 1 shows a flowchart of eligible and analyzed
herds in the study sample and reasons for exclusion.

Descriptive Statistics

Among the 416 herds with information on calf mor-
tality, 108 (25.9%) reported no mortality in 2016, and
the median 6-mo mortality rate was 0.064 [interquartile
range (IQR) 0-0.11] dead calves per 6 calf-months at
risk. The median herd size was 21 (IQR 14.8-35.3)
cows, and the median herd count of calves that died
within the first 6 mo was 2 (IQR 0-3.0; Figure 2).
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Among the 416 herds with available data on recorded
disease events, 210 (50.5%) reported calf disease events.
The most prevalent barn type was tie stall (61.2%).
The main results of the national calf welfare audit are
presented in Table 1. Most of the herds had a high herd
WCS, with a median score of 9.0 (IQR 5.1-9.0; range
2.4-9.0). Of all herds in the study sample, 285 (66%)
were notified before the NFSA visit. Among the loose-
housing barns in the study population, NFSA found
that calving pens were not satisfactory in 19 (15.1%)
herds.

Out of the 912 herds that NFSA visited during the
national calf welfare audit, 508 producers returned the
questionnaire (56% response rate). The regions covered
by these respondents (24, 16, 32, and 25%) were com-
parable to that of the study population (21, 18, 33, and
27% from mid- and eastern, northern, southern, and
western Norway, respectively). Of the producers in the
study sample (n = 431), more than half (257; 59.6%)
reported that calves were fed less than 8 L/d at 3 wk
of age (Table 2), and milk replacer was used by 194
(45.0%) producers. Of the producers in the study popu-
lation, 69 (16%) did not provide their calves with free
access to water at the age of 3 wk. Of these, 41 (9.6%)
also reported feeding <8 L /d of milk to 3-wk-old calves.
Most producers, 285 (66%) reported that calves were
group-housed before the age of 3 wk (median age of
group-housing: 2 wk).
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Figure 2. Distribution of herd calf 6-mo mortality rates (i.e., calves that died from birth up to 6 mo of age) among 416 Norwegian dairy
herds in a cross-sectional study of associations between herd-level calf mortality, compliance with legislation on calf welfare, and milk feeding

management in Norwegian dairy herds.

Statistical Model

The multivariable model showed that calf mortality
rates were higher in herds in which calves had no access
to water at 3 wk of age compared to herds in which
calves had free access to water (IRR 1.29; 95% CIL:
1.02-1.64; Table 3). Calf mortality was higher in herds
that reported calf disease events compared to herds in
which no treatments were registered (IRR 1.31; 1.09—
1.54). As a random effect, NFSA district explained
none of the unexplained variation in herd calf mortality

rates, but it was not removed from the final model.
Herd WCS explained variations in calf mortality at the
univariable level, but it was not retained in the final
model. Except for water access, none of the other calf
milk feeding management factors were associated with
calf mortality rates.

DISCUSSION

This study shows that calf mortality from birth to
6 mo varied to a high extent among herds, and many

Table 3. Variables significantly associated with herd counts of calves that died between birth and 6 mo of age’

Variable Level IRR 95% CI of IRR P-value
Intercept 0.06 0.05-0.07 <0.001
Herd calf disease events No Referent

Yes 1.31 1.09-1.54 0.003
Free access to water at 3 wk Yes Referent

No 1.29 1.02-1.64 0.031

'A mixed effects negative binomial regression model was run using data from 414 dairy herds. Potential risk fac-
tors that we investigated were calf herd health data from the Norwegian Dairy Herd Recording System, data on
herd compliance to welfare legislation investigated in a national audit by the Norwegian Food Safety Authority,
and factors regarding milk feeding management. A random effect of Norwegian Food Safety Authority district
was applied to account for intra-district correlation, but <0.001% of the variance in 6-mo calf mortality inci-
dence was explained by the random effect. Results are reported with incidence rate ratio (IRR) and 95% CI.
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herds (25.9%) had no calf deaths. The median mortality
rate in this study (0.064 dead calves per 6 calf-months
at risk) seemed to be lower than what has been found
in other Nordic countries [Nordic Committee for Milk
Quality and Osteras et al. (2007a)], but comparable to
mortality rate estimates from recent literature reviews
(5-8%, Mee, 2013; 6.2%, Cuttance and Laven, 2019)
and a Norwegian study (7.8%, Gulliksen et al., 2009a),
although the Norwegian study reported calf mortal-
ity during the first year of life. However, the lack of a
standardized definition for calf mortality renders inter-
study comparisons difficult. Our data did not allow us
to stratify mortality by calf age, but Gulliksen et al.
(2009a) found that stillbirth and abortion accounted
for 3.9 and 0.7% of mortality events, respectively. The
design of our study did not allow us to investigate im-
portant perinatal risk factors for calf mortality (calf
sex, parity, dystocia; Cuttance and Laven, 2019), but
these were likely influential.

Herds that reported calf disease events also had
greater IRRs of mortality rates. This finding was in
line with other studies showing that calves diagnosed
with diarrhea, respiratory diseases, or arthritis have
an increased risk of death (Waltner-Toews et al.,
1986; Svensson et al., 2006; Gulliksen et al., 2009a).
This information may provide valuable in risk-based
assessment of herd calf welfare, because it may point
toward suboptimal management of calves that lead to
calf disease and ultimately death. Increased morbidity
among calves may also be related to suboptimal colos-
trum management if they receive inadequate quantities
of colostrum, are given colostrum of poor quality, or
are ensured colostrum too late after birth (e.g., Weaver
et al., 2000). As described for endemic calf diseases as
diarrhea (Torsein et al., 2011), producers may contact
the veterinarian too late or merely for the worst cases,
and this may contribute explanations of the association
between veterinary treatment and calf mortality. Calf
mortality may also indicate issues concerning cow man-
agement and health (Torsein et al., 2014). In herds with
calf disease events, re-prioritizing calf health over other
issues may be needed (Mee, 2013). In this context, the
herd veterinarian may need to state when in the cascade
from signs of ill health to death, veterinary help should
be sought (Espetvedt et al., 2013a). Underreporting of
calf diseases was estimated at approximately 40% in
2009 (Gulliksen et al., 2009b). Since then, a system for
direct veterinary reporting of disease events has been
made available, and today the vast majority of disease
events (93%) are reported to the NDHRS directly by
the attending veterinarian. We believe that this has
reduced underreporting of calf disease events, although
the number of herds with no recorded disease events
may be artificially deflated. Herd recordings of calf
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mortality are considered reliable, because it is manda-
tory to record calf mortality events.

Lack of free access to drinking water at 3 wk of age
was associated with calf mortality. By law, Norwegian
dairy calves must have free access to water in cases
of disease or high temperatures; otherwise, it is not
compulsory. Free water intake by calves during the first
16 d is estimated to be 0.75 kg/d (in addition to 6.25
kg milk/d; Wickramasinghe et al., 2019). Providing free
access to water from birth is recognized as an impor-
tant factor for calf growth and development, potentially
by stimulating rumen development (Kertz et al., 1984;
Wickramasinghe et al., 2019). Some of the producers
(9.6%) reported that they fed less milk than is currently
recommended and did not provide free access to water,
which together may limit fluid intake. The study design
did not allow us to conclude whether lack of access to
free water caused calf mortality. However, this associa-
tion with calf mortality rates likely represented a proxy
for unmeasured management procedures during the
first weeks of the calves’ life. The results of the NFSA
audit found that lack of water access was primarily an
issue for calves housed in single pens (Dgsen, 2016).
These results indicate that the provision of free access
to water should be emphasized in the future.

Herd size was not associated with calf mortality
rates in our multivariable model. Previous studies have
shown associations between calf mortality rates and
herd size (Gulliksen et al., 2009a). Current reports also
show that calf mortality rates are higher with increas-
ing herd size (TINE, 2018).

The herd WCS was associated with calf mortality
rates only at the univariable level. In the multivariable
model, we did not find associations between compli-
ance with current welfare legislation and calf mortality
rates. This was probably linked to the fact that the
audit focused primarily on legal compliance, which
represents the minimum standards. In most herds, the
WCS was high, indicating a high level of legal compli-
ance. Although herd calf mortality rates can serve as
an indicator of calf welfare (Nyman et al., 2011), less
crude measures should reflect all perspectives of animal
welfare: biological functioning, natural behavior, and
subjective feelings (Fraser et al., 1997). On-farm welfare
assessment is a good tool for providing such measures.
In a recent Canadian study, good animal welfare, as
quantified by the use of the Welfare Quality assessment
protocol, was associated with improved productiv-
ity and longevity (Villettaz Robichaud et al., 2019).
Beyond management and resource-based measures,
animal-based welfare indicators bring important exten-
sions to the welfare scoring of dairy herds (Hultgren,
2009). The producer’s occupational well-being and low
levels of stress have also been shown to have a direct
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positive association with indicators of animal welfare
(Hansen and Osteras, 2019).

Surprisingly, milk feeding management factors were
not associated with calf mortality rates. Similarly, Gul-
liksen et al. (2009a) did not find associations between
calf milk allowance at the ages of 1 to 4 wk and risk for
calf diarrhea. On the other hand, in a study from the
United States Jorgensen et al. (2017) found that the
higher the peak milk allowance, the lower the odds of a
high hind dirtiness score—an indirect measure of diar-
rhea. According to the audit report, many of the calves
in herds that received a “not satisfactory” rating for the
feeding welfare criterion were considered malnourished
(Dgsen, 2016). Lack of water combined with low milk
allowances will reduce rather than encourage the intake
of solid feed (Kertz et al., 1984).

Our study showed that more than half of dairy pro-
ducers (59.6%) provided young calves with less milk
than currently recommended by the Norwegian dairy
industry (8 L/d). This indicated that restricted milk
feeding, which has been practiced since the 1950s
(Kertz et al., 1979), is still common. New industry rec-
ommendations, including emphasis on a higher daily
calf weight gain (700-800 g/d), were published in 2015
(Overrein et al., 2015). Many producers may not be
aware of the new guidelines, and this may explain why
many producers feed less milk than recommended. Sev-
eral recent studies have highlighted the importance of
providing sufficient milk to the young calf (e.g., Khan
et al., 2011; Jorgensen et al., 2017; Rosenberger et al.,
2017). Important advantages of feeding higher milk al-
lowances are related to the prevention of hunger (De
Paula Vieira et al., 2008), a feeding pattern more con-
sistent with the natural behavior of calves (Appleby et
al., 2001), and higher preweaning growth rates (Jasper
and Weary, 2002). It is now recommended that calves
should be fed higher milk allowances for increased pro-
ductivity and growth (Geiger et al., 2016; Fischer et al.,
2019). In fact, recent meta-analyses have indicated that
average daily gain preweaning is positively correlated
with first lactational milk yield in adult life (Soberon
and Van Amburgh, 2013; Gelsinger et al., 2016). The
results of our study indicate that there is considerable
room for improvement with respect to calf milk feeding
levels.

Limitations to this study are associated with the
study design. Using data aggregated at the herd level
implies loss of details, and inferences about individual
calves may not be deduced from herd-level data. In
addition, the questionnaires were completed by produc-
ers by self-report, which could have been associated
with misinterpretation of questions and recall bias
(Coughlin, 1990). Because the welfare criteria were as-
sessed by the individual NFSA inspectors, subjective
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considerations may have affected the audit (Bracke
et al., 1999). However, to align the assessment of the
criteria, inspectors received both written and oral guid-
ance before the national calf welfare audit. Because the
inspectors were affiliated within a NFSA district, some
of the clustering was accounted for in the model. As
well, we only know the amount of milk offered to calves
at 3 wk of age; producers’ routines may have varied
throughout the milk feeding period. Because the study
design was cross-sectional, our results did not support
claims of causality. Norwegian dairy herds are gener-
ally small (mean herd size: 28.7 cows) and are declared
free of many of the major infectious diseases, including
infectious bovine rhinotracheitis and bovine viral diar-
rhea virus (Hofshagen et al., 2018). These factors may
limit the generalizability of the study.

CONCLUSIONS

Our results indicate a great variation in mortality
rates among herds. Many herds had no calf deaths,
and a few herds reported many deaths. We found an
association between lack of free access to water and
higher herd calf mortality rates. Herds that reported
calf disease events were associated with greater mortal-
ity rates. This may have been related to suboptimal calf
management, leading to disease and ultimately death,
or it may have been that veterinary consultancy oc-
curred too late or only for the worst cases. More than
half of the producers reported feeding less milk than
what is currently recommended in Norway. There is
room for improvement in Norwegian dairy herds by im-
proving calf management and providing water to young
calves.
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