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A study was conducted in order to obtain information about sheep farms in Norway and
to identify housing and management characteristics that were risk factors for neonatal
mortality of lambs 0-5 days of age. A questionnaire was submitted to sheep farmers, who
provided demographic data and information on sheep housing conditions and feeding and
management practices. Our description of farms is based on the questionnaire responses
received from 2260 farmers. Data on lamb mortality during the preceding lambing sea-
son were available for those flocks that were enrolled in the Norwegian Sheep Recording
System. Some flocks where the number of lambing ewes was less than 20 or greater than
400 were excluded. The total number of flocks included in the analysis of neonatal mor-
tality was 1125. An increase in the mean number of live-born lambs per ewe per flock
was associated with increasing neonatal mortality. Factors independently associated with
increased neonatal survival were continuous monitoring of the ewes during the lambing
season, active support to ensure sufficient colostrum intake of the lambs, feeding a combi-
nation of grass silage and hay compared with grass silage alone, and supplying roughage at
least twice per day versus only once. Increased survival was also observed in flocks where
the farmer had at least 15 years of experience in sheep farming. Flocks in which the Spel
breed predominated had lower odds for neonatal deaths compared to flocks in which the
Norwegian White breed predominated. In conclusion, measures in sheep flocks targeted
at feeding practices during the indoor feeding period and management practice during
lambing season would be expected to reduce neonatal lamb mortality.
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1. Introduction

Neonatal mortality is the cause of considerable eco-
nomic loss and reduced animal welfare in sheep production
(Mellor and Stafford, 2004; @sterds et al.,, 2007). Some
flocks experience severe losses, which may reduce the
farmers’ motivation for keeping sheep. Based on studies
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involving a varying number of flocks, neonatal mortality
rates ranging from 6 to 13% have been reported from dif-
ferent countries (Wiener et al., 1983; Scales et al., 1986;
Jordan and Le Feuvre, 1989; Binns et al., 2002). Exact
comparisons of figures from the various studies are dif-
ficult because rates reported correspond to observation
periods of different durations. However, most neonatal
deaths occur during the first five to seven days after
birth (Wiener et al., 1983; Nash et al, 1996; Binns
et al., 2002; Animalia, 2007) and extending the observa-
tion period somewhat beyond the first week of life will
likely cause only a small increase in observed mortality
rates.
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Factors affecting the risk for neonatal deaths have
been evaluated in several studies. In flocks in which
mortality rates are relatively high, exposure to adverse
weather conditions and starvation due to mismothering
and insufficient colostrum intake are commonly iden-
tified as main risk factors (Sawyer et al.,, 1977; Starr,
1981; Ahmad et al.,, 2000; Dwyer, 2008). Birth difficul-
ties, which may lead to injuries or weak lambs, are also
an important risk factor (Cloete et al., 1993). Feeding
and breeding strategies directed towards increased lit-
ter size have resulted in increased number of triplet
and higher order litters, which are associated with
decreased lamb survival (Gama et al, 1991; Christley
et al, 2003). Infections caused by various pathogens
can be an important cause of neonatal deaths in some
flocks but are generally not of major importance (Rhyan
and Dubey, 1984; Haughey, 1991; Rowland et al., 1992).
Congenital defects or functional disorders are not fre-
quent findings (Green and Morgan, 1993; Cloete et al.,
1993).

In Norway, ewes are lambing in spring, mainly in
April-May. Around one third of all sheep flocks are enrolled
in the Norwegian Sheep Recording System (NSRS). Still-
births and all neonatal deaths are recorded in these
flocks. According to annual reports from NSRS, neona-
tal mortality rates for recent years (2007-2010) are just
above 3% (Animalia, 2009, 2010, 2011). Although this
is much lower than figures reported from other coun-
tries, there has been an increase over the past decades.
Reasons for the relatively small average loss in Norway
compared with figures reported from other countries
may include differences in flock size, housing condi-
tions and management practices in the periparturient
period. Average number of ewes in flocks in the NSRS
is approximately 80. The relatively small flocks and the
fact that lambing takes place indoors, usually in individ-
ual pens, allow for close supervision of ewes and their
newborn lambs. On the other hand, a gradual increase
in mean litter size in NSRS flocks, reaching 2.11 in 2010
(Animalia, 2011), has likely increased the risk of neonatal
deaths.

Neonatal lamb mortality differs considerably among
flocks (Rowland et al., 1992; Animalia, 2010). Pre-
vious studies and NSRS data show that flock mor-
tality rates one year are strongly correlated with
those recorded the subsequent year (Binns et al,
2002; Waage and Holmgy, unpublished data), clearly
suggesting that flock level risk factors are impor-
tant.

To obtain information about sheep farms, and housing,
nutrition and management of the flocks, a questionnaire-
based survey was carried out. The objective was to
characterize sheep farms in Norway based on a rea-
sonably representative sample of farms. For those
flocks in the survey that were enrolled in the NSRS
we cross-matched mortality records and other data
from this register and data collected from the farms.
Based on these data, a separate objective of our
study was to identify flock characteristics that were
associated with the rate of neonatal lamb mortal-

1ty.

2. Materials and methods
2.1. Selection of farms

In March 2008, a questionnaire was sent to 4829 of the
16,909 sheep farmers registered in the Norwegian Live-
stock Register, i.e., to all farmers who had an e-mail address.
Those who did not respond within 3 weeks received
a reminder. A second reminder was submitted to non-
responders 8 weeks later. Responses were received from
2260 farmers, i.e., 46.8% of those contacted, comprising
13.4% of sheep farmers in Norway. The characterization of
sheep farming in Norway is based on this sample. Informa-
tion about geographic locations of the farms was available
in the Norwegian Livestock Register.

2.2. Questionnaire design

The questionnaire was submitted to the farmers using
the online program QuestBack (Oslo, Norway). The partic-
ipants were informed that the aims of the survey were to
get information on sheep farming in Norway and farm-
ers’ attitudes to animal welfare. Before submission the
questionnaire was pre-tested on one farmer and there-
after modified to improve clarity of questions. Responses
were stored in a database on a webserver and subsequently
exported to statistical software, where primary process-
ing and quality check were undertaken. Answers regarding
attitudes to animal welfare, which comprised approxi-
mately one third of the questionnaire, were not included
in this study. Questions asked included demographic data,
sheep housing conditions, feeding and management, and
disease preventive practices. Closed questions were used,
and response categories were those shown in Tables 1-5. If
necessary, more than one answer could be given for a ques-
tion. Information on age of farmer, amount of experience in
sheep farming and year of construction of the sheep barn
was collected in open questions (Table 6).

2.3. Study sample on neonatal mortality

Additional data were needed for the study of neonatal
lamb mortality. Of the 2260 farms, such data were available
for 1201 farms that were enrolled in the NSRS. We excluded
74 flocks with less than 20 ewes and two flocks with more
than 400 ewes lambing in 2007 from the analysis. Data
from the remaining 1125 flocks were used for the study
of associations between flock characteristics and neonatal
mortality. In the NSRS, each animal has a unique identifica-
tion consisting of numbers for county, municipality within
county, flock within municipality and animal within flock.
Compulsory recording of several variables is required. One
file containing variables recorded for each ewe at lamb-
ing includes the numbers of stillborn lambs and lambs that
die shortly after birth (before they are given an identity
number). In another file, containing animals which have
received an identification number, the breed and dates of
birth and death of the animals and the identity number
of the mother were available. Initial screening and a thor-
ough quality check of the extracted data were undertaken.
Identical double records were found for 23 of the flocks; a
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Table 1

Distribution of farmers on 2260 sheep farms in Norway by demographic
characteristics. Percentage distribution does not include those that did
not respond to the question.

Table 3

Distribution of 2260 sheep flocks in Norway by characteristics for feed-
ing and water supply. Percentage distribution does not include missing
responses to the question.

Demographic measures n (%) Feeding and water supply n (%)
Gender Water supply
Male 1801 (80%) Drinking bowl 876 (41%)
Female 447 (20%) Buckets 420 (20%)
Missing 12 Drinking nipples 291 (14%)
Ownership Pipes 54 (2%)
Family 1480 (66%) Drinking bowl and buckets 217 (10%)
Alone 678 (30%) Drinking nipples and buckets 104 (5%)
Other 80 (4%) Drinking bowl and drinking nipples 69 (3%)
Missing 22 Other combinations of those listed 113 (5%)
Production on farm Missing 16
Only sheep 695 (31%) Type of roughage
Sheep most important, also other 173 (8%) Grass silage 932 (42%)
animal production Hay 200 (9%)
Sheep in combination with other 719 (32%) Hay and grass silage 1066 (49%)
work Missing 62
Sheep, but other animal 550 (24%) Feeding frequency of roughage
production most important More than once daily 1943 (88%)
Sheep in combination with 104 (5%) Once daily 277 (12%)
forestry or grain production Missing 40
Missing 19 Concentrate feeding
Education above primary school More than once daily 1080 (50%)
None 224 (10%) Once daily 1071 (50%)
High school 1130 (51%) Missing 9
University college 579 (26%)
University 299 (13%)
Missing 22
Agricultural education total of 126 individual animals and 90 lambing events had
Yes 1135(51%) been reported twice. Ewes registered with no lambs and
No 1103 (49%) one ewe with a litter size of nine, assumed to be erroneous,
Missing 22
were excluded.

Flock level variables were generated by summarizing
within each flock the total number of lambs born (includ-
ing stillborn), the total number of live-born lambs and the

Table 2 total number of live-born lambs that died within five days
able

Distribution of 2260 sheep farms in Norway by housing characteris-
tics. Percentage distribution does not include missing responses to the
question.

Housing conditions n (%)
Building
Insulated 1394 (63%)
Uninsulated 831 (37%)
Missing 35
Pen flooring?
Metal mesh 1187 (53%)
Deep litter 441 (20%)
Slatted floor of wood 93 (4%)
Plastic grids 40 (2%)
Concrete 21 (1%)
Metal mesh and deep litter 174 (8%)
Metalmesh and slatted floor of wood 89 (4%)
Metal mesh and plastic grids 46 (2%)
Other combinations of those listed 141 (6%)
Missing 28
Ventilation
Mechanical 975 (44%)
Natural ventilation 972 (43%)
Mechanical and natural ventilation 284 (13%)
Missing 29
Access to outdoor areas during indoor period
Yes 738 (33%)
No 1495 (67%)
Missing 27

of age. The latter variable was the sum of lambs that died

Table 4

Distribution of 2260 sheep farms in Norway by various preventive mea-
sures related to management practices applied in 2007. Percentage
distribution does not include missing responses to the question.

Management measures n (%)

Body condition scoring

More than once 1650 (75%)
Once 381 (17%)
No 173 (8%)
Missing 56
Anthelmintic treatment
More than once 1629 (73%)
Once 520 (23%)
No 86 (4%)
Missing 25
Vaccination?®
More than once 1003 (45%)
Once 1035 (47%)
No 184 (8%)
Missing 38
Claw trimming
More than once 637 (29%)
Once 753 (35%)
No 782 (36%)
Missing 88

2 Combinations indicate that there were pens on the farm with different
flooring.

a Against Clostridium spp.; in some flocks also against Mannheimia
haemolytica and Bibersteinia trehalosi.
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Table 5

Distribution of on 2260 sheep farms in Norway according to manage-
ment at lambing and attention paid to newborn lambs in 2007. Percentage
distribution does not include missing responses to the question.

Management during lambing season n (%)

Use of extra labour during lambing season

No 396 (18%)

Family 1622 (73%)

Family and hired personnel 121 (5%)

Hired personnel 79 (4%)
Degree of supervision during lambing

At all time

Present at every lambing 1595 (71%)
Television monitoring and present at every lambing 262 (12%)
Not supervision all the time

Present only during daytime 190 (9%)
Not regularly present 72 (3%)
Inconsistent answers 120 (5%)
Missing 21
Proportion of ewes assisted at lambing as estimated by farmer
<25% 1294 (58%)
25-50% 725 (33%)
>50% 206 (9%)
Missing 35
Navel dipping practiced
Yes 760 (34%)
No 1465 (66%)
Missing 35
Routines for control of colostrum intake
Observation (no intervention reported) 646 (29%)
Sucking assistance practiced
Observation and sucking assistance 457 (20%)
Sucking assistance 728 (33%)

Tube feeding practiced 47 (2%)
Sucking assistance and tube feeding practiced

Observation, sucking assistance and tube feeding 198 (9%)
Observation and tube feeding 34 (2%)
Sucking assistance and tube feeding 103 (5%)
Missing 47

before receiving an identity number and those with iden-
tity number that died within five days after birth.

We considered breed a potential confounder. Of the
ewesinthe 1125 flocks, 83.1% were of the Norwegian White
breed, 12.1% of the Spel breed, 1.5% of various local Nor-
wegian breeds and 3.3% of various foreign breeds, of which
Cheviot was the predominating. In 82.5% of the flocks, >90%
of the ewes belonged to one of these four breed groups, in
16.7% of the flocks 50-90% of the ewes belonged to the same
breed group, and in the remaining 9 flocks 40-49.9% of the
ewes belonged to the most numerous breed group. We cre-
ated a flock level variable using the predominating breed
group within a flock to characterize the flock.

Variables created from the NSRS data were cross-
matched with the questionnaire data.

Table 6
Distribution of 2260 sheep farms in Norway by year of construction of
sheep barn and farmer’s age and amount of experience in sheep farming.

Variable Mean (range)

1971 (1600-2008)

Year of construction of sheep barn

Missing 145
Age of farmer 47 (16-76)
Missing 30
Years of experience in sheep farming 18 (1-65)
Missing 42

2.4. Descriptive statistics of questionnaire data

Mean and range were given for answers that were con-
tinuous variables. For questions where alternative answers
were listed the percentage distribution of responses across
categories was calculated, ignoring missing responses. The
number of missing responses is shown in Tables 1-6.

2.5. Data analysis

Data handling and statistical analyses were performed
in Stata (Stata SE/11, Stata Corp., College Station, TX, USA)
and SAS (version 9.2, SAS Institute Inc., Cary, NC, USA).

2.5.1. The outcome and model selection

The outcome variable was the proportion of neonatal
deaths within each flock, i.e., the number of live-born lambs
that died 0-5 days of age divided by the total number
of live-born lambs. The proportion was assumed to fol-
low the binomial distribution. Generalized linear models
with a binomial distribution and a logit link were used to
model the association between the potential risk factors
and the outcome. One would expect that cases of neonatal
mortality within a flock were not completely independent
events. Therefore, some degree of extrabinomial variation
would likely occur. To accommodate overdispersion a scale
parameter, equal to the square-root of the model Pearson
chi-square divided by degrees of freedom, was estimated
and used for adjustment of the standard errors and confi-
dence intervals.

2.5.2. Explanatory variables

For all categorical questionnaire responses, indicator
variables were created, choosing a convenient reference
group. For some questions with multiple responses, the
number of categories was reduced by pooling responses
considered similar.

For two continuous variables, number of lambing ewes
and mean number of live-born lambs per ewe in the flock,
one-term and two-term fractional polynomials were tested
in univariable and multivariable models, using the terms
recommended by Royston et al. (1999). Age of farmer was
grouped in approximately equally sized groups as <43,
43-52 and >52, years of experience in sheep farming as
<16,16-25and >25, and the age of the sheep barn according
to percentiles (10, 25, 50, 75 and 90%). Indicator variables
were created and included in the models.

2.5.3. Model building

Potential risk factors were tested in univariable mod-
els. The effect measure was the odds ratio (OR). Variables
showing an association with the outcome were selected
for multivariable analysis, using P<0.2 as the criterion for
entry.

When building the model, a manually forward step-
wise procedure was used, starting with the variables with
the lowest P-values from the univariable analysis. Thus,
any confounding could be observed as each variable was
included. Variables considered potential confounders a
priori were tested running the model with and without
the variables in question and changes in estimates were
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explored. Biologically plausible first-order interactions of
the predictor variables were evaluated and included if sig-
nificant. The likelihood ratio test was used to evaluate the
significance of variables. P<0.05 was considered signifi-
cant.

In generalized linear models, the condition of the
information matrix is affected by multicollinearity in the
weighted predictors. On the other hand, the weights may
lead to an ill-conditioned information matrix even if the
raw predictors are not collinear. The possible presence of
multicollinearity among explanatory variables in the final
multivariable model was examined using the weighted
predictors (Lesaffre and Marx, 1993). Diagonal values from
the information matrix from the final iteration of the
multivariable generalized linear model were included as
weights in a weighted multivariable regression, using the
REG procedure in SAS (SAS Institute, 2011). Assessment of
multicollinearity was based on the condition indices and
variance inflation factors provided by the analysis. If vari-
ables were strongly correlated the one considered the least
essential was removed from the model.

2.5.4. Missing data

Missing data from categorical variables were accounted
for by adding one category with ‘missing values’. Adding
an extra category to categorical variables is an approach
to handling missing values, especially when it is expected
that the data might be biased by excluding these observa-
tions (Dohoo et al., 2009). The reasons why farmers did not
answer a question might correlate with certain characteris-
tics of the farmer, justifying the inclusion of missing values
as a separate category (Kielland et al.,2010). The model was
tested with and without missing values and the estimates
were not affected. Due to the small number of missing data
in each ‘missing’ category and because they did not affect
the estimates in the model, the flocks with missing data
were excluded from the final model.

2.5.5. Model fit and regression diagnostics

Plots of standardized deviance residuals and influence
diagnostics were used to detect potential outliers and
observations with large influence on model fit. The influ-
ence of individual observations was assessed by the change
in the estimated regression parameters caused by one-step
deletions of observations, using a Cook’s distance diag-
nostic (Breslow, 1996). In a separate plot we combined
diagnostics by showing standardized residuals versus pre-
dicted probabilities, where the size of the plot symbols,
corresponding to Cook’s distance, indicated the influence
of the observations.

3. Results
3.1. Descriptive statistics from the questionnaire

3.1.1. Demographic information

The respondents were distributed across all counties of
Norway. For the majority of the farmers (61%), sheep farm-
ing was not their primary occupation; their major source
of income was other agricultural activities, for exam-
ple other farm animals, forestry or grain production, or

nonagricultural employment. Organic farming was prac-
ticed by 6.1% of the farmers. The mean flock size was
63 ewes (interquartile range, 29-85). The distribution of
demographic measures is presented in Table 1. Table 6
gives the distribution of the flocks by year of construction
of the sheep barns, the age of the farmers and their amount
of experience with sheep farming.

3.1.2. Housing and management

Sheep in Norway are usually housed from October to
May and kept on pasture during the rest of the year. Breed-
ing takes place in November or December and lambing
occurs before the animals are put out to pasture. Thus, the
description of housing conditions and management per-
tains to ewes during pregnancy and around lambing and
to newborn lambs. Nearly two thirds of the flocks were
housed in insulated buildings and over half of the flocks
were housed on metal mesh flooring. In 14% of the flocks,
two types of flooring were used and 6% of the sheep barns
had three or more types of flooring. Roughage used was
most frequently a combination of hay and grass silage. The
distribution of flocks by housing conditions and feeding
routines are shown in Tables 2 and 3.

Over two thirds of the farmers treated their flocks with
anthelmintics and did body condition scoring more than
once a year. Nearly all farmers (92%) vaccinated their ewes
against infections with Clostridium spp. Claw trimming was
performed by 65% of our respondents. Some general pre-
ventive measures carried out in 2007 are presented in
Table 4.

The majority (90%) of the farmers put the ewes in indi-
vidual pens during or right after lambing. Forty-five percent
of the flocks had separate sheds for the lambs in the areas
where ewes and lambs were kept a couple of days after
lambing. One third of the farmers used navel dipping of the
newborn lambs as a standard procedure to prevent navel
infection.

Eighty-three percent of the farmers had someone look-
ing after the ewes at all times during the lambing season
and 71% intervened actively to ensure sufficient colostrum
intake by the newborn lambs. Management at lambing and
the levels of attention paid to newborn lambs are shown in
Table 5.

3.2. Neonatal mortality

3.2.1. Descriptive statistics

The mean number of ewes lambing per flock was 78
(interquartile range, 43-98). The mean number of live-
born lambs per ewe per flock was 2.06 (interquartile
range, 1.92-2.17) and the mean proportion of neona-
tal deaths was 0.03 (interquartile range, 0.01-0.04). For
15% of the flocks there was no record of neonatal
deaths. Eighteen percent of the flocks had a propor-
tion of neonatal deaths >0.05 and 2.5% >0.10. The
distribution of flocks by mortality rates is shown in
Fig. 1.

3.2.2. Generalized linear model
All potential risk factors listed in Tables 1-6 and flock
size, dominant breed within flock, mean number of lambs



236 LH. Holmay et al. / Preventive Veterinary Medicine 107 (2012) 231-241

250

200

150

Number of flocks

100

50

11.1-12.0
12.1-13.0
13.1-14.0
14.1-15.0
15.1-16.0
16.1-17.0
17.1-18.0
18.1-19.0
19.1-20.0

Percent mortality

Fig. 1. Distribution of 1125 sheep flocks in Norway by neonatal mortality rates.

and mean number of live-born lambs per ewe per flock
were tested in univariable binomial models. Table 7 lists
the variables showing at least a moderate association with
the outcome (P<0.2).

Table 8 shows the multivariable adjusted OR for vari-
ables that were significantly associated with flock level
neonatal lamb mortality. Flocks where farmers were not
present at all time during lambing had increased odds of
mortality compared with flocks where continuous moni-
toring was carried out. With the exception of flocks where
tube feeding was reported as routine intervention, active
involvement to ensure sufficient colostrum intake of the
lambs gave lower odds for neonatal mortality compared
with flocks where intervention was not practiced rou-
tinely. Flocks where tube feeding was reported as routine
intervention had significantly increased odds of neona-
tal mortality compared with flocks where assistance with
sucking was reported as routine intervention (P=0.01).
Feeding a combination of grass silage and hay compared
with grass silage alone, and supplying roughage at least
twice per day versus only once, were associated with
decreased neonatal mortality. Farmer characteristics asso-
ciated with decreased odds were at least 15 years of
experience in sheep farming and having no agricultural
education. Potential interactions between education and
experience and education and types of production on farm
were tested, but were not significant. The farmers with
agricultural education tended to be slightly younger those
with no agricultural education (median age 45 versus 49).
Flocks dominated by the Spal breed had decreased odds
of neonatal mortality compared to flocks dominated by the
Norwegian White breed.

One-term and two-term fractional polynomials for the
number of ewes that lambed in the flocks were tested. A
combination of the linear and squared terms showed the
best fit but was not significant in the multivariable model.

The mean number of live-born lambs per ewe per flock
was included as a linear term because alternative fractional
polynomials did not improve the fit. The OR corresponding
to the 75th percentile for this variable (2.17 lambs) relative
to the 25th percentile (1.92 lambs) was 1.18. There was no
significant interaction between breed and mean litter size
of live-born lambs per ewe.

3.2.3. Model fit and regression diagnostics

The distribution of the standardized deviance residu-
als from the final model, grouped by magnitude, showed a
good approximation to the Normal distribution. A plot of
the standardized residuals versus the predicted probabili-
ties did not identify extreme outliers. A plot of standardized
residuals versus Cook’s distances revealed a markedly devi-
ating observation. However, refitting the model without
the observation resulted in negligible changes in the esti-
mated coefficients. The deviating flock was characterized
by a high proportion of neonatal deaths (0.20), a high mean
number of live-born lambs per ewe (2.46) and a relatively
small number of ewes (43). Data recorded for the flock were
checked; these were plausible, and the observation was not
omitted.

4. Discussion

The main purpose of this study was to investigate rela-
tionships between factors characterizing sheep flocks and
neonatal lamb mortality. We found that several flock level
characteristics were significantly associated with neona-
tal death. Apart from global and environmental flock
measures, as defined by Morgenstern (2008), we also
included two aggregate measures as covariates in the
analysis, i.e., the mean number of live-born lambs per
ewe in the flock and a variable describing the predom-
inating breed of the ewes in the flock. Thus, the study



LH. Holmay et al. / Preventive Veterinary Medicine 107 (2012) 231-241 237

Table 7
Number of observations (n), odds ratio (OR), 95% confidence intervals (CI) and P-values for factors associated with the outcome with P<0.2, based on
univariable testing using binomial models and adjusting for overdispersion.

Variable n OR 95% Cl of OR P
Gender

Male 910 Baseline

Female 209 0.87 0.75-0.99 0.047
Ownership

Alone 322 Baseline

Family 751 1.11 0.98-1.24 0.091

Other 37 1.11 0.80-1.52 0.528
Age of farmer

<42 376 Baseline

43-52 402 1.01 0.89-1.13 0.931

>52 335 0.87 0.76-1.00 0.051
Experience in sheep farming (years)

<15 434 Baseline

15-25 368 0.83 0.74-0.94 0.003

>25 308 0.85 0.75-0.97 0.017
Agricultural education

Yes 588 Baseline

No 529 0.87 0.78-0.96 0.007
Building

Insulated 787 Baseline

Uninsulated 329 1.11 0.99-1.24 0.063
Access to outdoor areas during indoor period

Yes 284 Baseline

No 835 0.89 0.80-1.00 0.073
Use of lambing pen

Yes 1015 Baseline

No 98 1.18 1.01-1.39 0.032
Feeding frequency (times/d)

1 993 Baseline

>1 118 0.77 0.66-0.90 0.001
Type of roughage

Grass silage only 503 Baseline

Grass silage and hay 524 0.86 0.77-0.95 0.005

Hay only 67 0.92 0.72-1.17 0.509
Body condition scoring performed

Yes 1066 Baseline

No 44 1.30 1.00-1.68 0.048
Anthelmintics given

More than once a year 859 Baseline

Once a year 242 1.15 1.02-1.29 0.023

No 18 1.38 0.94-2.02 0.099
Degree of supervision during lambing

At all time 1011 Baseline

Only daytime/not regularly 75 1.33 1.08-1.64 0.008

Inconsistent answers 33 1.02 0.75-1.39 0.866
Control of colostrum uptake

Observation 272 Baseline

Sucking assistance practiced 577 0.79 0.70-0.90 0.000

Tube feeding practiced 29 1.10 0.82-1.47 0.516

Sucking assistance and tube feeding practiced 233 0.87 0.75-1.00 0.057
Dominant breed

Norwegian White 936 Baseline

Spal 133 0.77 0.64-0.94 0.008

Various local 13 0.81 0.44-1.47 0.489

Various foreign 43 0.91 0.65-1.27 0.563
Number of ewes lambing? 1125 0.99 0.99-1.00 0.083
Number of ewes lambing squared 1.00 0.99-1.00
Lambs per ewe, flock mean® 1125 1.04 1.00-1.06 0.009
Live-born lambs per ewe, flock mean® 1125 1.05 1.02-1.08 0.000

2 Modelled as a two-term fractional polynomial.
b Estimated coefficient related to 0.1 increase in mean no. of lambs born per flock (including stillborn).
¢ Estimated coefficient related to 0.1 increase in mean no. of live-born lambs per flock.

has an ecological design. Due to potential ecological bias Litter size is known to be an important risk factor for
in such studies, estimates of associations should gener- perinatal lamb mortality (Gama et al., 1991; Rowland et al.,
ally be interpreted with caution, especially in terms of 1992). In our analysis, the linear term for mean number

risk. of live-born lambs per ewe was strongly associated with
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Table 8

Variables that significantly affected flock level neonatal lamb mortality. Multivariable adjusted estimates from a generalized linear model with binomial
distribution and a logit link function. Number of observations (n), odds ratio (OR) and 95% confidence intervals (CI) adjusted for overdispersion.

Predictors n OR 95% Cl of OR P
Intercept 1059
Degree of supervision during lambing

At all time 958 Baseline

Only daytime/not regularly 70 1.30 1.06-1.61 0.013

Inconsistent answers 31 0.90 0.63-1.27 0.540
Control of colostrum uptake

Observation 260 Baseline

Sucking assistance practiced 554 0.78 0.69-0.88 0.000

Tube feeding practiced 27 1.12 0.84-1.49 0.435

Sucking assistance and tube feeding practiced 218 0.84 0.72-0.97 0.016
Feeding frequency (times/d)

1 111 Baseline

>1 948 0.78 0.69-0.91 0.002
Type of roughage

Grass silage only 487 Baseline

Grass silage and hay 508 0.88 0.80-0.99 0.033

Hay only 64 091 0.71-1.16 0.437
Experience in sheep farming (years)

<15 413 Baseline

>15 676 0.83 0.74-0.92 0.000
Agricultural education

Yes 562 Baseline

No 497 0.87 0.78-0.97 0.012
Dominant breed

Norwegian White 878 Baseline

Spal 127 0.82 0.68-0.99 0.044

Various local 11 0.99 0.55-1.79 0.983

Various foreign 43 1.05 0.76-1.48 0.741
Mean no. of live born lambs? 1059 1.06 1.03-1.09 0.000

2 For 0.1 increase in mean no. of live-born lambs per ewe per flock.

the proportion of neonatal deaths. However, more reliable
and precise estimates of the effect of litter size on neonatal
mortality should be obtained in individual animal analyses.
In the current analysis, the variable served as a covariate
adjusting for potential confounding.

Lambing difficulties are not uncommon in the ewe,
although breed differences exist (Arthur and Bee, 1996;
Dwyer and Lawrence, 2005b). Without rapid and proper
intervention, intrapartum deaths or weak newborn lambs
are often the result of birth complications (Cloete et al.,
1993; Dwyer and Lawrence, 2005a). Therefore, one would
expect monitoring practices during the lambing season
to be important for lamb survival. We found 30% greater
adjusted odds of neonatal loss in flocks where farm staff
was not regularly present or present only during daytime,
compared with flocks that were monitored continuously.
A previous study found greater odds of perinatal survival
when lambing took place in areas where the ewes were
observed constantly, compared with unmonitored areas
(Nash et al., 1996).

Intake of colostrum shortly after birth is critical for
lamb survival. Being born with limited energy reserves,
lambs depend on colostrum as an essential and tai-
lored source of nutrients. In addition, intestinal uptake
of colostral immunoglobulins ensures passive immunity
in the neonate. Starvation and hypothermia owing to
insufficient colostrum intake are reported to be major
causes of neonatal mortality (Rowland et al., 1992; Cloete
et al, 1993; Green and Morgan, 1993). Lambs born
in poor condition are often too weak to suckle. For

example, prolonged labour may result in hypoxic brain
injury in the neonate (Haughey, 1991; Dutra et al.,
2007), which impairs suckling and locomotor activity
(Haughey, 1980; Dwyer, 2003). Unfavourable environmen-
tal conditions (Starr, 1981; Haughey, 1991), mismothering
(Everett-Hincks and Dodds, 2008) and poor milk produc-
tion or udder or teat disorders (Christley et al., 2003) in the
ewe are other possible reasons for insufficient colostrum
intake. Intervention by farm staff to help such lambs
would likely reduce mortality. We found that when rou-
tine sucking assistance was provided to lambs that needed
help, the adjusted odds for neonatal deaths at the flock
level decreased by 22%, compared with flocks where the
farmer reported that colostrum intake was observed but
no routine-based intervention was mentioned in the ques-
tionnaire response. Also, flocks where farmers reported a
combination of sucking assistance and tube feeding when
considered necessary had significantly lower odds than
those reporting no intervention. Based on the causes of
neonatal mortality revealed by autopsy, Rowland et al.
(1992) suggested that interventions designed to improve
ewe-lamb bonding and reduce the incidence of prolonged
parturition may reduce lamb mortality.

A somewhat unexpected finding was that the adjusted
odds for neonatal deaths at the flock level increased by
44% in flocks where tube feeding was the sole practice
compared to flocks where routine sucking assistance
was provided. One possible explanation might be that
tube feeding is sometimes practiced as a routine in flocks
with a high neonatal mortality rate where colostrum
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intake is suspected to be inadequate. On the other hand,
routine-based tube feeding of newborn lambs may reduce
their sucking impulse, thus leading to subsequent reduced
motivation for suckling their dam.

It might be expected that lambs that fail to suck would
be detected sooner in flocks monitored continuously than
in flocks not monitored regularly, and we tested whether
any interaction was present between the variables describ-
ing routines for monitoring and control of colostrum intake,
respectively. However, interaction terms were not signifi-
cant. Furthermore, the multivariable adjusted estimates for
the variables were almost identical to the univariable esti-
mates, clearly suggesting that the effects of these variables
were independent.

Flocks owned by farmers having many years of expe-
rience in sheep farming (>15 years) had lower odds of
neonatal loss than flocks managed by less experienced
farmers (OR=0.83). To our knowledge, the literature is
scarce regarding the effect of farmers experience on flock or
herd level mortality in farm animals. A study by Yeamkong
et al. (2010) found a positive effect of increased experi-
ence of farmers on economic performance and milk yield in
dairy farms. The relation between management and techni-
cal or economic performance is often explained by ‘level of
education’ and ‘experience’ or ‘age’ (Rougoor et al., 1998).
These aspects are relatively easy to measure but cover only
small parts of all aspects concerning management. Both
Wilson et al. (1998) and Rougoor et al. (1998) concluded
that more detailed information on management decision
making, motivation and ability are needed when explaining
variation in farm performance.

Somewhat surprisingly, farmers having some kind of
formal agricultural education had flocks in which adjusted
odds of neonatal mortality were higher than in flocks
where the farmer reported no agricultural education
(OR=0.87). One might speculate whether lambs that died
shortly after birth, i.e., before they received an identity
number, were underreported by farmers with no agricul-
tural education. However, the average number of lambs
per ewe, which included those that died before being
ear-tagged, did not differ between flocks run by farm-
ers with and without agricultural education, indicating
that underreporting by the latter group was not a likely
explanation.

Knowledge acquired through general agricultural edu-
cation does not necessarily cover important biological
aspects related to the lambing period. Nevertheless, it
is difficult to explain why formal agricultural education
was associated with increased mortality. Apparently, long-
time experience, likely to be accompanied by acquisition
of practical skills, is of greater importance. The farmers
with agricultural education tended to be slightly younger
than those with no agricultural education and might there-
fore be less experienced, although the interaction terms
between these variables were not significant. Information
on age, experience and level of education was only obtained
for the single person (main caretaker) who filled in the
survey return; underlying information on others involved
in the hands-on work at the farm was not collected. To
achieve good farm management, ideas and advices from
other farmers or from professionals were the preferred

sources of knowledge cited by farmers (Bamberry et al.,
1997). Such knowledge is often used to adjust and improve
management practices.

Experimental studies have shown that colostrum yields
depend on ewe nutrition in the final part of pregnancy,
which affects survival potential of the lambs (Mellor and
Murray, 1985). Size and vitality of newborn lambs may
also be influenced by ewe nutrition during pregnancy and
around breeding (Holst et al., 1986; Bloomfield et al., 2003;
Redmer et al., 2004). We did not collect detailed informa-
tion on ewe nutrition in the flocks; however, we found
that two variables roughly describing types of roughage
used and feeding frequency were associated with lamb
mortality. Giving a combination of hay and grass silage, as
compared with grass silage alone, and supplying roughage
at least twice a day were independently associated with
lower odds of neonatal deaths. One might speculate
whether these feeding regimes affected roughage palata-
bility and that frequent feeding and using two types of
roughage stimulated appetite and thus increased food
intake to a greater extent than feeding once a day and
providing only one type of roughage. Frequent supply of
roughage may also reduce competition between ewes dur-
ing feeding.

Due to differential distribution among flocks, breed
might have been a confounder in our analysis. Breed dif-
ferences for perinatal mortality rates have been reported
(Cloete et al., 1993; Nash et al., 1996; Dwyer and Lawrence,
1998); moreover, the ewe’s “mothering” ability(Everett-
Hincks and Dodds, 2008) and lambing ease (Dwyer, 2003;
Dwyer and Lawrence, 2005a) are associated with perina-
tal mortality. In most flocks in our study, all or nearly
all ewes were of the same breed and in the remaining
flocks the majority of the ewes belonged to the same breed.
Based on the predominating breed, we therefore included
breed as a flock level variable. Flocks with a majority, or
consisting entirely, of ewes of the Spzl breed had some-
what lower odds of neonatal mortality compared with
flocks where Norwegian White predominated (OR=0.82).
No confounding effect of flock level breed variable was
observed, because only slight differences in effects of the
remaining variables were predicted by models fitted with
and without this term. The magnitude of potential con-
founding due to different breed combinations within some
flocks was assumed to be small.

Certain factors related to animal welfare and disease
prevention were recorded in the questionnaire, some of
which might be expected to affect the risk of neonatal mor-
tality. Navel disinfection was practiced as a routine in one
third of the flocks receiving the questionnaire. However,
whether or not this was practiced did not affect mortality,
possibly because neonatal infections generally seem to be
of minor importance in sheep flocks in Norway (Holmay
et al., unpublished data). None of the housing factors
showed any relation to neonatal mortality in the multivari-
able adjusted model, clearly indicating that management
practices should be the main focus when preventive flock
level factors are addressed.

A separate aim of our study was to obtain a rather
detailed description of sheep farming in Norway. Based
on the responses received in 2008 from a sample of 2260
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farms, some general characteristics could be outlined. The
farms were family enterprises or were owned and run by
individual farmers. The flocks were relatively small - the
average number of ewes in our sample was 63. The ewes
were keptindoors during pregnancy and lambing, although
some flocks had access to outdoor areas during the preg-
nancy period. On around 40% of the farms, sheep were the
most important source of income; thus, combinations with
other agricultural or non-agricultural occupation were not
uncommon. Most farmers were experienced - mean num-
ber of years in sheep farming was 18 years. All of the flocks
were monitored by the farmer alone or the farmer in coop-
eration with family members in the lambing season, either
continuously or at least during daytime. The use of hired
personnel was limited. The close monitoring of ewes at
lambing was confirmed by the high proportion of ewes
assisted at lambing (>25%) in 42% of the flocks. The average
neonatal mortality rate in the flocks in our study was lower
than rates reported from studies in other countries (Scales
etal., 1986; Jordan and Le Feuvre, 1989; Binns et al., 2002).
Some of the general characteristics we found for flocks in
Norway might perhaps contribute to the relatively small
losses.

One might question whether our sample, which com-
prised 13% of all commercial sheep farms in Norway,
represented the entire population adequately. According
to Statistics Norway (2011), average number of sheep >1
year in commercial flocks in 2008 was 58, i.e., quite close to
the mean of our sample. Questionnaire respondents were
distributed across all counties of Norway and their rela-
tive distribution by county did not differ much from the
corresponding distribution of all sheep flocks in Norway
(Statistics Norway, 2011). Only farmers with an e-mail
address were recruited for our study, which might have
caused selection bias. However, taking into account the
widespread use of electronic communication in Norway,
particularly among people involved in commercial activi-
ties, this is likely a minor source of bias. Around 50% of the
flocks in the study were enrolled in the NSRS, which is con-
siderably higher than the percentage of all flocks in Norway
enrolled in 2008 (26%). Known differences between NSRS
and non-NSRS flocks are that in the former, mean flock size
is somewhat larger, average slaughter weights of lambs
somewhat higher, and quality classification of carcasses
somewhat better than for non-members (Animalia, 2009).
Thus, our sample of flocks used for statistical analysis might
tend to be biased by including farms that were, on average,
somewhat better managed than the average national flock.

Information based on a questionnaire is generally not
as precise as data collected by trained personnel using
a standardized approach for recording, especially when
it comes to technical details. However, with the excep-
tion of the housing conditions, the questions we asked
required information from the farmer. The possibility that
information given in the questionnaire was provided by
farmers not knowing precisely how their flocks were man-
aged was considered small. The size of most of the flocks
was relatively small and the farmer and his or her fam-
ily were involved in the daily management throughout the
year. Very few questions could be considered controversial
by the respondents, and there was no obvious reason to

expect deliberately incorrect information. Multiple choice
questions with mutually exclusive responses were posed,
which might have caused erroneous or inconsistent
responses if questions were misunderstood or did not
cover the characteristics of the farm. There was no direct
communication with the respondents and, therefore, no
opportunity to clarify doubts or misunderstandings. Rel-
atively few missing or inconsistent answers were received,
suggesting that most questions were reasonably easy to
answer; reasons for some missing answers might have
been varying routines or combinations of housing solutions
within farms that did not match the response alternatives
specified in the questionnaire.

5. Conclusions

Neonatal lamb mortality in sheep flocks increased con-
siderably with increasing mean litter size in the flocks.
None of the housing factors showed any relation to neona-
tal mortality in the multivariable model, clearly indicating
that management practices should be the main focus
when preventive flock level factors are addressed. Farm-
ers who had long-time experience in sheep farming and
provided close monitoring of lambing ewes and active sup-
port of newborn lambs that failed to suck their dams were
most successful with respect to neonatal survival. Feed-
ing roughage twice a day and using both hay and grass
silage proved more favourable than feeding grass silage
alone once a day. Thus, measures in sheep flocks targeted at
these management practices would be expected to reduce
neonatal lamb mortality.
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