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RESEARCH ARTICLE

Where do all the ewes go? Ewe culling and mortality in 34 sheep flocks 
in New Zealand
AL Ridler a, RA Corner-Thomas b, S Motea, S Morganc, PR Kenyon b and KJ Flay d

aTāwharau Ora – School of Veterinary Science, Massey University, Palmerston North, New Zealand; bSchool of Agriculture and 
Environment, Massey University, Palmerston North, New Zealand; cDepartment of Agricultural Sciences, Lincoln University, Lincoln, 
New Zealand; dDepartment of Veterinary Clinical Sciences, City University of Hong Kong, Kowloon, Hong Kong

ABSTRACT  
Aims: To describe rates of and reasons for culling and mortality of ewes between breeding and 
mid-lactation on New Zealand sheep farms; to investigate associations of these variables with 
farm demographic variables; and to describe rates of and reasons for culling of ewes at 
weaning.
Methods: Participants were a convenience sample of 34 farms from across New Zealand. 
Demographic data were initially collected for each farm via a questionnaire administered in- 
person to the flock owner or manager. During approximately 8 months from breeding to 
mid-lactation, ewe tally, culling and mortality data were collected and used to calculate 
various parameters related to flock performance and to investigate associations. During the 
main ewe-culling event at weaning, ewe-culling data were collected from 29/34 flocks 
participating in the study.
Results: There was considerable variation between flocks, but the between-flock mean 
replacement percentage was 29.2 (SD 5.0)%. Overall, a between-flock mean of 10.5 (SD 
4.6)% of ewes presented for breeding were culled or dead/missing by mid-lactation and 
thus did not rear any lambs. Additionally, from 27 flocks that reported data on ewes’ 
success at rearing lambs, a between-flock mean of 3.9 (SD 2.5)% of ewes that remained alive 
at mid-lactation failed to rear any lambs, resulting in an overall between-flock mean loss of 
23.1 (SD 6.3) potential lambs per 100 ewes. Two-thirds of ewe mortalities between breeding 
and mid-lactation occurred during the lambing period. Model results showed flocks with 
higher pregnancy scanning percentages had lower rates of culling and mortality between 
breeding and mid-lactation. However, apart from farm contour, from breeding to mid- 
lactation there were no associations for culling and mortality with farm size, flock size, 
number of ewes per labour unit, whether ewe hoggets (7–9 months of age) were presented 
for breeding, or duration of the breeding period. A between-flock mean of 16.5 (SD 8.3)% of 
ewes present at weaning were culled, and among mixed-age ewes, the most common 
reasons for culling at this time were age, incisor teeth defects and udder defects.
Conclusions: To reduce unnecessary ewe culling and mortality, attention should be focused 
on maximising conception rates, ensuring judicious culling decisions, optimising body 
condition score, and identifying farm-specific causes of death over the lambing period to 
facilitate targeted intervention strategies.
Clinical relevance: Identifying why and when ewes exit flocks, and comparing it with the data 
presented here, will facilitate the development of flock-specific interventions to reduce ewe 
culling and mortality.

Abbreviations: BCS: Body condition score; NI: North Island; SI: South Island
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Introduction

Within sheep flocks, ewes can be removed from a flock 
either due to culling or mortality. Culling refers to the 
deliberate removal of ewes by selling them to slaugh
ter or to other properties, or by slaughtering them on- 
farm for pet food or personal consumption. Mortality 
comprises inadvertent deaths due to disease, injury 
or accident. In extensive farming systems where it is 
difficult to physically find all dead ewes, mortality 

also includes ewes that are missing from the flock 
based on discrepancies in flock numbers at different 
time points (Flay et al. 2022) and these are sometimes 
referred to as “dead/missing” ewes (Capdevila-Ospina 
et al. 2021). In seasonally-based pastoral sheep- 
farming countries such as New Zealand, Australia and 
the United Kingdom, it is probable that many farmers 
routinely cull ewes at the end of their expected pro
ductive lifespan, with a mean culling age of 5–7 
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years (Wishart et al. 2016; McLaren et al. 2020; Ridler 
et al. 2023). However, ewes exiting a flock before the 
end of their potential productive lifespan results in a 
higher proportion of maiden ewes in the flock, which 
are less productive than mature ewes (Annett et al. 
2011a; Edwards et al. 2015; Flay et al. 2022) and 
reduces cash profit (Farrell et al. 2019). Furthermore, 
ewe mortality results in a complete financial loss for 
that ewe, as the cull value of the ewe for meat pro
duction or sale to another flock cannot be realised.

Culling of non-dairy breed ewes is primarily due to 
failure to become pregnant, being pregnant but failing 
to rear a lamb (“wet-dry”), having a vaginal prolapse or 
perceived defects of the teeth, feet, udder, form, type 
or conformation (Mekkawy et al. 2009; Flay et al. 
2022; Ridler et al. 2023). Annual ewe mortality rates 
in New Zealand, Australia and the UK range from 
around 3–16% (reviewed by Flay et al. 2022) but in 
most cases the causes of mortality were not identified. 
Around two-thirds of ewe deaths in New Zealand are 
reported to occur over the lambing period (Flay et al. 
2021; Capdevila-Ospina et al. 2021) which means 
their potential lambs are also lost.

There are limited data on the extent of culling and 
ewe mortality in New Zealand sheep flocks. Flay et al. 
(2021) evaluated culling and mortality over the lifetime 
of >13,000 ewes but these ewes were on only three 
North Island farms, and most were on two, limiting 
the ability to extrapolate the data more generally. Fur
thermore, the percentage of ewes culled for particular 
reasons is largely unknown. Therefore, the aims of this 
study were to investigate ewe culling and mortality in 
34 sheep flocks located throughout New Zealand.

Materials and methods

Sheep flocks

Farmer participants for this study were required to 
collect and share data on ewe numbers, culling and 
mortality, be visited by researchers on two occasions, 
and commit to the study for 10 months. Therefore, 
flocks were convenience-sampled by contacting a 
nationwide network of personal contacts, farm advi
sors and veterinarians previously known to the 
researchers to identify potentially suitable participants. 
Members of the network made the initial contact with 
the farmers to assess their interest in potential partici
pation, and, if interested, gain their consent to pass on 
their contact details to the researchers. Farmers were 
then contacted by the researchers via email or a 
phone call and were emailed an information sheet. 
The study was judged to be low risk through peer 
evaluation and an online assessment by the Research 
Ethics Office (Massey University, Palmerston North, 
NZ), and therefore did not require review by a 
human ethics committee.

Data collection

Ewe culling and mortality between breeding and 
mid-lactation
Farms were visited in autumn (April and May) 2021 and 
a questionnaire (Supplementary Information 1) was 
completed via an in-person interview with the farm 
owner or manager to collect demographic information 
including: farm size, contour (based on the percentage 
of flat land), livestock numbers, ewe breed/s, farmer- 
reported average mature ewe liveweight at breeding, 
number of permanent labour units whose role was pri
marily working with livestock, duration of the breeding 
period (in days), and whether replacement ewe 
hoggets were joined with the ram at 7–9 months of 
age. Farmers were asked how ewes were grouped 
over the year and were briefed on supplying ewe 
data for the upcoming 2021 year through until mid- 
lactation, stratified by these groups. Farmers were 
requested to provide data on the number of ewes at 
key management events, which in chronological 
order, were pregnancy diagnosis (mid-gestation), set 
stocking (1–2 weeks prior to the planned start of 
lambing) and docking/tailing (when lambs are 
approximately 3–6 weeks of age). They were also 
asked for pregnancy diagnosis data (number of ewes 
non-pregnant, single-bearing and twin- or triplet- 
bearing) and the number of ewes that were pregnant 
and survived up to docking/tailing but did not rear 
any lambs (“wet-dry”). Finally, the dates, number and 
reason/s for any ewes culled, and mortality data, 
including where possible, the date and farmer- 
reported cause of death were collected.

At this time farmers were also interviewed about 
their general ewe-culling policies; this data is pre
sented elsewhere (Ridler et al. 2023) but was used to 
categorise farmers’ culling policies based on age as: 
no culling for age, culling at < 6 years, at 6 years, or 
at > 6 years of age.

Throughout 2021, farmers were contacted at the 
time of key management events and prompted to 
supply the requested data. Contact was made by 
email, phone call, text or messaging app, based on 
each farmer’s stated preference. Non-response was fol
lowed up using a different contact method. Farmers 
supplied data via a range of methods including down
loads from software packages, photographs of relevant 
pages of notebooks or other written records, verbal 
communication, or completing and returning requests 
sent via email. All data were entered into an Excel 
spreadsheet (Microsoft, Redmond, WA, USA).

Calculated flock productivity, culling and 
mortality parameters between breeding and mid- 
lactation
At breeding, all farmers kept ewes in two or more 
different management groups generally based on 
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ewe age or on whether the ewes were to be mated to 
maternal-breed rams (to generate replacement ewe 
lambs) and or to terminal-breed rams (ram breeds 
whose progeny are all sent to slaughter). However, 
after pregnancy diagnosis or set stocking, manage
ment groups were often mixed or re-allocated based 
on litter size and thereafter were difficult to differen
tiate until weaning. Therefore, all culling and mortality 
parameters between breeding and mid-lactation are 
presented for two-tooth and mixed-age ewes com
bined. For each flock, the parameters listed below 
were determined and then used to calculate 
between-flock means and SD.

Replacement percentage: number of two-tooth 
ewes at the start of breeding as a percentage of the 
total number of two-tooth and mixed-age ewes at 
the start of breeding.

Percentage non-pregnant: number of non-pregnant 
ewes at pregnancy diagnosis as a percentage of the 
number of ewes presented for breeding.

Percentage culled for non-reproductive reasons: 
number of ewes culled between the start of breeding 
and mid-lactation for reasons other than non-pregnant 
or failure to rear a lamb, as a percentage of the number 
of ewes presented for breeding.

Number of missing ewes: number of ewes missing 
between the start of breeding and mid-lactation that 
were not accounted for by culling or recorded deaths.

Percentage dead/missing: number of ewes recorded 
dead or calculated to be missing between the start of 
breeding and mid-lactation, as a percentage of the 
number of ewes present at breeding. Four farms did 
not provide ewe tally data for mid-lactation and on 
these farms, the number of ewes present at weaning 
(approximately 6 weeks after mid-lactation) was used 
as a proxy for the number present in mid-lactation.

Percentage of ewes exiting the flock: number of 
ewes that were non-pregnant, culled for non-repro
ductive reasons and dead/missing between breeding 
and mid-lactation, as a percentage of the number of 
ewes presented for breeding.

Percentage pregnant but failed to rear a lamb: 
number of ewes that were diagnosed as pregnant 
and survived to mid-lactation, at which time they 
were determined by the farmer to not be lactating 
based on udder palpation (Griffiths et al. 2016), as a 
percentage of the number of ewes present prior to 
lambing.

Percentage of ewes presented for breeding that did 
not rear any live lambs: number of ewes that exited the 
flock between breeding and mid-lactation plus those 
that were pregnant but failed to rear a lamb, as a per
centage of the number of ewes presented for breeding.

Scanning percentage: number of fetuses identified 
at pregnancy diagnosis as a percentage of the 
number of ewes presented for breeding (note: calcu
lated scanning percentages are likely to be an 

underestimate as most flocks did not identify triplet 
fetuses and therefore ewes with more than one fetus 
were recorded as carrying two fetuses only).

Potential lambs lost per 100 ewes: ewes presented 
for breeding that did not rear any live lambs, multi
plied by the scanning percentage, divided by 100 
ewes.

Statistical analysis

Descriptive statistics (mean and 95% CI for continuous 
variables, proportions for categorical variables) were 
calculated for each of the parameters measured.

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) 
was used to further analyse the data and fit general 
linear models for the following outcome variables: 
“percentage dead/missing”, “percentage of ewes 
exiting the flock” and “percentage of ewes presented 
for breeding that did not rear any live lambs”. The nor
mality of continuous variables was assessed using 
graphical displays in combination with the Shapiro– 
Wilk test of normality, and correlations were assessed 
using Pearson’s r. Then, for each of the three 
outcome variables, the relationship between each pre
dictor and the outcome was modelled separately. Pre
dictor variables considered for each of these models 
were: region (Eastern North Island (NI), Northern NI, 
Western NI, Northern and Central South Island (SI), 
Southern SI), farm contour (< 25% flat land, 25–75% 
flat land, > 75% flat land), farm size (effective ha), 
flock size (number of ewes), labour units (number), 
ewes per labour unit, farmer-reported average ewe 
weight (kg), scanning percentage, replacement per
centage, length of breeding period (≤ 42 days, > 42 
days), hogget mating (yes, no) and age at which 
ewes were culled for age (< 6 years old, 6 years old, 
> 6 years old, do not cull for age).

A model was also specifically created to assess the 
relationship between scanning percentage and the 
outcome percentage of dead/missing ewes that only 
occurred over the lambing period (calculated based 
on the timing of the dead/missing ewes, thus only con
sidering those that went missing or died during the 
lambing period as a percentage of all ewes that were 
dead/missing between breeding and mid-lactation).

After each model was fitted, the model assumptions 
were checked visually using diagnostic plots. Results of 
all models are presented as predicted mean and 95% 
CI for categorical variables and beta coefficient (esti
mate) and 95% CI for continuous variables. To further 
facilitate visualisation, a graphical representation has 
been included for some of the continuous variables.

As there were biologically plausible relationships 
between some predictor variables, these relationships 
were also examined both descriptively and using uni
variable linear models; for example, the relationship 
between scanning percentage and percentage of 
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ewes that were non-pregnant; between scanning per
centage and average ewe weight; and between age at 
which ewes were culled for age and replacement 
percentage.

Finally, the outcome parameter “percentage of ewes 
exiting the flock” was selected for further analysis where 
multiple predictors were considered for inclusion in one 
model. This outcome was selected as it was 
accompanied by the most complete dataset and is an 
outcome measure that encompasses overall culling 
and mortality from breeding to mid-lactation. The fol
lowing predictor variables, with p < 0.3 in the above uni
variable analysis, were considered for inclusion: region, 
farm contour, average ewe weight, scanning percen
tage, hogget mating, duration of breeding period, and 
age at which ewes were culled for age. The most signifi
cant (smallest p-values) were considered first, namely 
average ewe weight and scanning percentage, then 
the other variables were added one at a time and 
their impact on overall model fit was assessed.

Reasons for ewe culling at weaning
Lambs were weaned at approximately 10–16 weeks of 
age. Subsequently, 0–6 weeks after weaning, farmers 
assessed their whole ewe flock for culling purposes. 
At this time, data were collected regarding the total 
number of ewes examined in each flock, the number 
of ewes culled, and the reasons for culling them. This 
was done by either the researchers or the farmers 
using a recording sheet (Supplementary Information 
2). Data were entered into a spreadsheet and the per
centage culled for each reason for each flock was cal
culated. These data were then used to calculate 
between-flock means and SD.

Results

Summary statistics for enrolled sheep flocks

Thirty-eight sheep flocks were recruited from through
out New Zealand, of which 34 provided sufficient data 
for analysis, with 18 in the North Island and 16 in the 
South Island. Based on the Beef + Lamb New Zealand 
regions (Anonymous 2023a), farms were in the North
ern (n = 7), Eastern (n = 9) and Western (n = 2) regions 
of the NI and the Northern and Central (n = 11) and 
Southern (n = 5) regions of the SI.

All farms kept beef cattle as well as sheep, and two 
also farmed deer. One farm kept Merino breed ewes 
while the remainder farmed Romney or Romney- 
derivative ewe breeds. Throughout the study all ewes 
were managed entirely outdoors (no housing) under 
commercial conditions, primarily grazing pasture.

Farm size, ewe flock size, farmer-reported average 
mature ewe weight and number of two-tooth and 
mixed-age ewes per permanent labour unit are sum
marised in Table 1.

Ewe hoggets were bred on 21/34 farms. Details on 
farm contour were obtained from 28 farms and were 
categorised as < 25% flat land (n = 9), 25–75% flat 
land (n = 9) and > 75% flat land (n = 10). Farm culling 
policies based on ewe age were available for 32 
farms and were categorised based on the routine 
ewe age for culling as: < 6 years old (n = 7), 6 years 
old (n = 15), > 6 years old (n = 4), did not cull for age 
(n = 6). The between-flock mean replacement percen
tage was 29.2 (min 19.2, max 44.9, SD 5.0)%.

Summary statistics for ewe culling and mortality 
between breeding and mid-lactation
Overall, of the 155,164 ewes that were present at the 
start of breeding, 16,725 (10.8%) had exited their 
flock by mid-lactation. The between-flock mean per
centage that exited during this time was 10.5 (SD 
4.6)% (Table 2) due to either being non-pregnant 
and therefore culled (between-flock mean 3.3 (SD 
2.4)%), culled for non-reproductive reasons (between- 
flock mean 1.7 (SD 2.5)%), or dead/missing (between- 
flock mean 5.5 (SD 2.9)%) (Table 2). Farmers reported 
that most of the ewes that were culled for non-repro
ductive reasons were due to low body condition score 
(BCS).

Summary statistics for wet-dry ewes and 
potential lambs lost per 100 ewes presented for 
breeding
Twenty-seven of the 34 farms reported data on ewes 
that survived to mid-lactation but did not rear any 
live lambs (wet-dry ewes). In addition to ewes exiting 

Table 2. Range, mean and SD of ewe culling, mortality and 
selected reproductive parameters between breeding and 
mid-lactation for two-tooth and mixed-age ewes in 34 New 
Zealand sheep flocks enrolled in a survey to investigate the 
extent and drivers of ewe culling and mortality in 2021.
Parameter Range Mean SD

Non-pregnant ewes (culled) (%) 0.6–12.2 3.3 2.4
Ewes culled for non-reproductive reasons (%) 0–9.5 1.7 2.5
Dead/missing ewes (%) 1.1–15.5 5.5 2.9
Total ewes exiting flock (culled or dead/ 

missing)
2.4–21.7 10.5 4.6

Scanning percentage 115–216 171.4 17.8

Table 1. Range, mean and SD of farm size, ewe flock size (two- 
tooth and mixed-age ewes combined), farmer-reported 
average mature ewe weight, and number of two-tooth and 
mixed-age ewes per permanent labour unit for 34 New 
Zealand sheep farms enrolled in a survey to investigate the 
extent and drivers of ewe culling and mortality in 2021.
Parameter Range Mean SD

Farm size (effective ha) 204–4,000 1,205 874
Ewe flock size 920–17,461 4,702 3,919
Farmer-reported average mature 

ewe weight (kg)
54–77 66.4 4.8

Ewes per labour unit 511–2,910 1,502 584
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these flocks due to culling and mortality between 
breeding and mid-lactation, a between-flock mean of 
3.9 (min 0.4, max 9.1; SD 2.5)% of ewes that were 
diagnosed pregnant failed to rear any lambs (wet- 
dry). Considering these losses and their flock scanning 
percentages, for these 27 flocks this resulted in a 
between-flock mean of 23.1 (min 12.8, max 37.7; SD 
6.3) potential lambs lost per 100 ewes presented for 
breeding.

Flocks varied in whether, and when, some or all wet- 
dry ewes were culled (Ridler et al. 2023) and most of 
this culling occurred in mid-lactation at docking/ 
tailing. Eleven of the 27 flocks reported the number 
of ewes that were specifically culled for wet-dry with 
a between-flock mean of 4.0 (SD 2.3)% of ewes 
culled for this reason.

Summary statistics for the timing of ewe 
mortality and recording of dead ewes
Twenty-one flocks reported the number of dead ewes 
that were found. Of all ewes that died or went missing 
during the study period from these flocks, a between- 
flock mean of 65.2 (SD 28.7)% were recorded dead. Of 
the ewes that died or went missing between breeding 
and mid-lactation, a between-flock mean of 66.9 (SD 
24.0)% occurred between set stocking and mid-lacta
tion (i.e. during the lambing period).

Only four farms reported the suspected causes of 
death for ewes found dead, and this was only recorded 

during the period between pregnancy diagnosis and 
mid-to-late lactation. During this time the suspected 
cause of death was recorded for 192 ewes of which 
55 (29%) were attributed to dystocia, 46 (24%) to 
unknown causes, 33 (17%) to poor body condition 
and the remainder to other causes such as vaginal pro
lapse, metabolic disorders and mastitis.

Univariable associations

Associations with the percentage of dead/ 
missing ewes (mortality) between breeding and 
mid-lactation
There was an association with farm policy on culling at 
a fixed age and mortality between breeding and mid- 
lactation. Flocks that routinely culled ewes at > 6 years 
of age had higher dead/missing predicted mean per
centages compared to those that did not cull for age, 
culled at 6 years of age, or culled at < 6 years of age 
(Table 3). There were no associations, however, 
between any of the other predictor variables and 
ewe mortality between breeding and mid-lactation.

Associations with the percentage of ewes exiting 
the flock between breeding and mid-lactation
Flocks in the Northern and Central SI region had a 
higher percentage of ewes exiting the flock compared 
with the Eastern NI region, but there were otherwise 
no differences between regions (Table 4). Farms with 

Table 3. Unadjusted analyses showing the predicted mean (categorical variables) or beta coefficient (continuous variables) and 
associated 95% CI when the outcome variable was the percentage of ewes dead/missing between breeding and mid-lactation, 
from a study of 34 New Zealand sheep flocks to investigate the extent and drivers of ewe culling and mortality in 2021.
Variable Predicted mean or beta coefficienta 95% CI P-valueb

Region 0.288
Eastern North Island 4.3 2.4–6.2 Reference
Northern North Island 5.7 3.5–7.9 0.339
Western North Island 4.2 0.1–8.2 0.943
Northern and Central South Island 5.5 3.6–7.2 0.389
Southern South Island 7.8 5.2–10.4 0.037

Farm size (ha) −0.0001 −0.001 to 0.001 0.836
Flock size −0.00002 −0.0003 to 0.0003 0.876
Ewes per labour unit 0.0003 −0.002 to 0.002 0.759
Mating period

≤42 days 5.6 4.4–6.8 Reference
>42 days 5.1 3.0–7.2 0.679

Ewe weight −0.087 −0.301 to 0.128 0.418
Scanning % −0.032 −0.089 to 0.026 0.269
Replacement rate −0.171 −0.387 to 0.044 0.115
Hogget breeding

Yes 5.6 4.3–6.9 Reference
No 5.2 3.4–6.9 0.662

Contour 0.355
<25% 5.9 4.3–7.5 Reference
25–75% 4.3 2.7–5.9 0.166
>75% 4.8 3.2–6.3 0.311

Cull age 0.023
<6 years old 3.7 1.6–5.7 0.003
6 years old 5.5 4.0–6.9 0.024
>6 years old 9.0 6.3–11.7 Reference
Do not cull for age 4.7 2.5–6.9 0.016

aContinuous variables are presented as the beta coefficient (the increase in the dependent variable for one unit increase in the predictor), 95% CI and p- 
values. Categorical variables are presented as the predicted mean for each level of the respective categorical variable, 95% CI and p-values. 

bSignificance of the variable as a whole and for categorical variables with > 2 levels, the significance of each level of the variable within the model com
pared to the referent
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< 25% flat land had higher percentages of ewes exiting 
the flock compared with farms that had 25–75% flat 
land (Table 4). The higher the average ewe weight or 
flock scanning percentage the fewer ewes that exited 
the flock (Table 4). For every 10-kg increase in average 
ewe weight, there was a 3.7% decrease in the percen
tage of ewes exiting the flock. Similarly, for every 10% 
increase in scanning percentage, there was a 1.5% 
decrease in the percentage of ewes exiting the flock. 
Flocks that routinely culled ewes at > 6 years of age 
had higher percentages of ewes exiting the flock 
between breeding and mid-lactation compared to 
those that culled at < 6 years of age (Table 4).

Associations with the percentage of ewes at 
breeding that did not rear any live lambs
Farms with < 25% flat land had a higher percentage 
of ewes at breeding that did not rear a live lamb 
compared with farms with > 75% flat land and 
farms with 25–75% flat land (Table 5). Farmer- 
reported average mature ewe weight and scanning 
percentage were both significant (Table 5). For 
every 10-kg increase in average ewe weight, there 
was a 4.4% decrease in the percentage of ewes at 
breeding that did not rear a live lamb. Similarly, for 
every 10% increase in scanning percentage, there 
was a 1.8% decrease in the percentage of ewes at 
breeding that did not rear a lamb.

Association between percentage of dead/ 
missing ewes over lambing and scanning 
percentage

There was a significant relationship between the scan
ning percentage and the percentage of dead/missing 
ewes that occurred over the lambing period (estimate 
0.542; 95% CI = 0.062–1.022; p = 0.029). Flocks with 
higher scanning percentages had a greater percentage 
of ewe mortality (dead/missing) during the lambing 
period than at other times of the year. For every 10% 
increase in scanning percentage, there was a 5.4% 
increase in ewe mortality percentage occurring 
during the lambing period.

Relationship between potential predictor 
variables

Ewe age at culling and ewe replacement 
percentages
Flocks with a culling policy to routinely cull ewes at 
< 6 years of age had a higher mean replacement 
rate (32.4%; 95% CI = 28.6–36.3%) than those that 
routinely culled ewes at 6 years of age (27.4%; 95% 
CI = 24.5–30.3%; p = 0.041) but there were no differ
ences with those that did not cull for age (30.0%; 
95% CI = 25.4–34.6%; p = 0.419) or those who routi
nely culled at > 6 years of age (27.4%; 95% CI =  
22.3–32.5%; p = 0.120).

Table 4. Unadjusted analyses showing the predicted mean (categorical variables) or beta coefficient (continuous variables) and 
associated 95% CI when the outcome variable was the percentage of ewes exiting the flock between breeding and mid-lactation, 
from a study of 34 New Zealand sheep flocks to investigate the extent and drivers of ewe culling and mortality in 2021.
Variable Predicted mean or beta coefficienta 95% CI P-valueb

Region 0.144
Eastern North Island 8.0 5.0–11.0 Reference
Northern North Island 11.3 7.9–14.7 0.146
Western North Island 6.7 0.3–13.0 0.695
Northern and Central South Island 12.7 9.8–15.5 0.027
Southern South Island 11.5 7.5–15.5 0.161

Farm size (ha) −0.0004 −0.002 to 0.001 0.655
Flock size −0.0001 −0.0005 to 0.0003 0.664
Ewes per labour unit 0.0007 −0.002 to 0.004 0.632
Mating period

≤42 days 11.3 9.4–13.1 Reference
>42 days 8.4 5.2–11.6 0.126

Ewe weight
Scanning % −0.145 −0.221 to −0.068 < 0.001
Replacement rate −0.066 −0.417 to 0.285 0.702
Hogget breeding

Yes 9.7 7.7–11.7 Reference
No 12.1 9.5–14.8 0.142

Contour 0.043
<25% 12.5 9.9–15.2 Reference
25–75% 7.8 5.2–10.5 0.015
>75% 9.2 6.7–11.7 0.070

Cull age 0.170
<6 years old 8.8 5.3–12.2 Reference
6 years old 10.7 8.3–13.2 0.346
>6 years old 14.7 10.1–19.2 0.043
Do not cull for age 8.7 5.1–12.6 0.965

aContinuous variables are presented as the beta coefficient (the increase in the dependent variable for one unit increase in the predictor), 95% CI. Cat
egorical variables are presented as the predicted mean for each level of the respective categorical variable, 95% CI. 

bSignificance of the variable as a whole and for categorical variables with > 2 levels, the significance of each level of the variable within the model com
pared to the referent.
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Ewe live weight and scanning percentage
There was an association between scanning percen
tage and farmer-reported average ewe live weight 
such that flocks with heavier ewes had higher scanning 
percentages; for every 10% increase in scanning per
centage, there was a 1.5-kg increase in average ewe 
weight (estimate 0.151 (95% CI = 0.070–0.231); p <  
0.001).

Scanning percentage and percentage of ewes not 
pregnant
There was also an association between scanning per
centage and percentage of ewes non-pregnant (esti
mate −0.070 (95% CI = −0.111 to −0.029); p = 0.002); 
for every 10% increase in scanning percentage, there 
was a 0.7% decrease in the percentage of ewes non- 
pregnant. There was no association between farmer- 
reported average ewe liveweight and the percentage 
of ewes non-pregnant (p = 0.201).

Multivariable model for percentage of ewes 
exiting the flock between breeding and mid- 
lactation

Due to the relationship between scanning percentage 
and farmer-reported average ewe weight, only one of 
these variables was included in the final multivariable 
model. Scanning percentage was offered into the 
model rather than ewe liveweight, as a scanning 

percentage was an accurate flock-level measure, 
whereas ewe weight was an estimated average ewe 
weight reported by the farmers that did not account 
for the distribution of ewe weights within the flock. 
When assessing variables for inclusion in a multivari
able model predicting the percentage of ewes (of all 
ages) leaving the flock, only scanning percentage 
and farm contour were retained. The higher the 
flock scanning percentage, the lower the percentage 
of ewes that exited the flock early (beta coefficient for 
scanning percentage = −0.123 (95% CI −0.201 to 
−0.045); p < 0.001)). Farm contour (Figure 1) 
improved the fit of the model in terms of the R2 
value and visual assessment of residual diagnostic 
plots.

Summary statistics for reasons for ewe culling 
at or after weaning

Reasons for ewe culling at or after weaning
Culling data were collected during the main culling 
event, shortly after weaning, on 29/34 farms included 
in the study. Twenty of the 29 farms were visited by 
researchers during these ewe examinations and 
tallies were recorded by them; of these, seven were 
large farms on which ewes were examined for 
culling over multiple days and it was not possible 
for researchers to be present on-farm for the entirety 
of this time, so culling data of representative mixed-

Table 5. Unadjusted analyses showing the predicted mean (categorical variables) or beta coefficient (continuous variables) and 
associated 95% CI when the outcome variable was percentage of ewes presented for breeding that did not rear any live lambs, 
from a study of 34 New Zealand sheep flocks to investigate the extent and drivers of ewe culling and mortality in 2021.
Variable Predicted mean or beta coefficienta 95% CI P-valueb

Region 0.550
Eastern North Island 12.4 9.0–15.7 Reference
Northern North Island 13.8 10.0–17.7 0.567
Western North Island 10.8 3.6–18.0 0.684
Northern and Central South Island 16.2 12.3–20.0 0.140
Southern South Island 13.9 6.7–21.0 0.704

Farm size (ha) 0.002 −0.0006 to 0.004 0.143
Flock size 0.0002 −0.0002 to 0.0007 0.327
Ewes per labour unit 0.001 −0.002 to 0.005 0.357
Mating period

≤ 42 days 14.2 12.0–16.2 Reference
> 42 days 12.1 8.1–16.2 0.365

Ewe weight −0.442 −0.819 to −0.065 0.023
Scanning % −0.179 −0.255  to −0.104 < 0.0001
Replacement rate 0.061 −0.349 to 0.470 0.762
Hogget breeding

Yes 12.4 10.1–14.7 Reference
No 15.9 12.9–18.9 0.071

Contour 0.004
<25% 17.7 14.7–20.8 Reference
25–75% 10.2 7.5–12.9 0.001
>75% 12.9 10.0–15.8 0.027

Cull age 0.590
<6 years old 12.6 7.9–17.3 Reference
6 years old 13.7 10.8–16.6 0.683
>6 years old 17.9 10.5–25.3 0.223
Do not cull for age 12.4 7.7–17.0 0.941

aContinuous variables are presented as the beta coefficient (the increase in the dependent variable for one unit increase in the predictor), 95% CI. Cat
egorical variables are presented as the predicted mean for each level of the respective categorical variable, 95% CI. 

bSignificance of the variable as a whole and for categorical variables with > 2 levels, the significance of each level of the variable within the model com
pared to the referent.
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age mobs were collected. On the remaining nine 
farms, the farmers recorded the information them
selves using recording sheets provided by the 
researchers.

A total of 71,416 two-tooth and mixed-age ewes 
were examined at the main culling events and 10,983 
(15.4%) ewes were selected for removal from the 
flocks and slaughtered or sold. The between-flock 
mean was 16.5 (min 4, max 38.7; SD 8.3)%.

For mixed-age ewes only, a total of 50,490 ewes 
from 22 flocks were examined. Age was the most 
common reason for their removal from the flock and 
a total of 2,849 (5.6%) ewes were culled for this 
reason. A between-flock mean of 6.3 (SD 6.6)% 

(Figure 2) of ewes were culled for age; however, six 
flocks did not cull any ewes for age and if these 
flocks were excluded then a between-flock mean of 
8.6 (SD 6.2)% mixed-age ewes were culled for age in 
the remaining 16 flocks (37,913 ewes).

The next most common reason for culling mixed- 
age ewes was teeth defects, with a total of 1,867 
(3.7%) ewes culled for this reason. A between-flock 
mean of 4.7 (SD 6.0)% were culled for teeth defects. 
A total of 1,248 (2.5%) ewes were culled for udder 
defects (between-flock mean 2.1 (SD 3.4)%), and 715 
(1.4%) were culled for low BCS (between-flock mean 
1.8 (SD 3.2)%). A between-flock mean of 1.1% or less 
was removed for each of feet defects, perceived 

Figure 2. Unadjusted between-flock mean (and 95% CI) percentages of mixed-age ewes selected at weaning (summer) for culling 
and the associated reasons in 22 New Zealand sheep flocks (n = 50,490 ewes) enrolled in a survey to investigate the extent and 
drivers of ewe culling and mortality in 2021.

Figure 1. Predicted mean (M (solid black lines) and upper (U) and lower (L) CI (dashed lines)) percentage of ewes exiting their 
flocks between breeding and mid-lactation due to culling or dead/missing vs. scanning percentage from 34 New Zealand sheep 
flocks enrolled in a study of the extent and drivers of ewe culling and mortality in 2021. A) Farm contour comprising < 25% flat 
land; B) farm contour comprising 25–75% flat land; and C) farm contour comprising > 75% flat land.

8 A. L. RIDLER ET AL.



phenotype defects (type/looks/conformation), or other 
reasons (Figure 2).

Summary of ewe culling and mortality
Figure 3 depicts the loss of ewes from a flock over 
time, based on a flock of 1,000 two-tooth and 
mixed-age ewes. For the period between breeding 
and mid-lactation, this is based on the mean and 
range data for culling and mortality from the 34 
flocks included in this study (Table 2). Additionally, 
the mean and range data for replacement rates and 
total ewes culled during the main culling event 
around weaning have been used to extrapolate the 
loss of ewes from mid-lactation to the next breeding 
period.

Discussion

The present study is the first to describe ewe culling 
and mortality in an appreciable number of New 
Zealand sheep flocks and, to our knowledge, is the 
only study to have gathered specific data on the per
centages of ewes culled for particular reasons in New 
Zealand flocks. While it only focused on one pro
duction season, it did so with 34 flocks with diversity 
of farm and flock size, location, and contour. Overall, 
almost 11% of ewes that were retained for breeding, 
exited the flock by mid-lactation approximately 8 
months later due to culling or mortality and therefore 
did not rear any lambs. In the 27 flocks that also 
reported data on ewes that remained in the flock to 
mid-lactation but failed to rear any lambs, this rep
resented a between-flock mean loss of over 23 poten
tial lambs per 100 ewes presented for breeding. There 

do not appear to be comparable overseas studies with 
which to compare these data, but the main saleable 
product for non-dairy sheep breeds is lamb sold for 
meat, and this loss of potential lambs therefore rep
resents a substantial financial loss. There was, 
however, considerable variation between farms in 
the numbers and reasons for ewes exiting their 
flocks; identifying why and when ewes exit their 
flocks will thus facilitate the development of flock- 
specific interventions to reduce ewe culling and 
mortality.

Scanning percentage was associated with the per
centage of ewes exiting the flock between breeding 
and mid-lactation, primarily because flocks with 
higher scanning percentages culled fewer ewes due 
to a failure to conceive. Strategies to maximise ewe 
conception rates are therefore recommended; for 
example, managing ewes to achieve a satisfactory 
pre-breeding BCS (reviewed by Kenyon et al. 2014), 
pre-breeding ram soundness examinations, and ensur
ing adequate ram-to-ewe ratios and mating-period 
lengths (reviewed by Ridler et al. 2012). Ewe BCS was 
not measured during this study but there are known 
associations between optimal BCS and increased scan
ning percentages (reviewed by Kenyon et al. 2014), 
while poor BCS is associated with increased culling 
and mortality (Flay et al. 2021, 2022, 2023). Addition
ally, in this study, most of the ewes contributing to 
the between-flock mean of 1.8% of ewes culled 
between breeding and mid-lactation (and therefore 
included in the model analysis) were culled due to 
poor BCS, and a further between-flock mean of 1.8% 
of ewes were culled shortly after weaning due to 
poor BCS. Therefore, flock management practices to 

Figure 3. Flow diagram showing loss of ewes (two-tooth and mixed-age ewes combined) due to culling and dead/missing in a 
hypothetical New Zealand sheep flock based on 1,000 ewes and where flock numbers remain stable from year to year. Parameters 
are between-flock means (and ranges) and based on data obtained from 29 to 34 New Zealand sheep flocks enrolled in a survey to 
investigate the extent and drivers of ewe culling and mortality in 2021.
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optimise BCS are likely to reduce ewe culling and 
mortality.

Two-thirds of ewe mortality occurred during the 
lambing period, and ewes that died in flocks with 
high scanning percentages were more likely to do so 
during this time compared to flocks with lower scan
ning percentages; these findings are consistent with 
those of Flay et al. (2021, 2023). Limited farmer- 
reported data were obtained on suspected causes of 
ewe death over the lambing period, but dystocia was 
the most frequently reported followed by unknown 
causes. Similarly, dystocia and septicaemia were the 
most common causes of ewe death diagnosed by 
veterinarians during the lambing period on Australian 
sheep farms (McQuillan et al. 2021). In contrast, Capde
vila-Ospina et al. (2021) reported becoming cast as the 
most important cause of death. To reduce ewe mor
tality, focusing on the lambing period is likely to be 
the most efficient approach and farm-specific causes 
of ewe death during this time should be identified to 
facilitate the development of targeted intervention 
strategies.

Farms with < 25% flat land (i.e. which were primarily 
comprised of hill country) had higher percentages of 
ewes exiting the flock, and ewes at breeding that 
failed to rear a lamb, compared with flatter farms. It 
has been reported that perinatal lamb mortality is 
greater for lambs born on slopes compared with 
those born on flatter land (Knight et al. 1989) and it 
is likely that there are other factors that accompany 
sloping land that may also influence ewe and lamb 
losses. It was perhaps surprising that, apart from farm 
contour, there were no associations between mortality 
percentages or the percentage of ewes exiting the 
flock between breeding and mid-lactation and the 
other selected broad-based demographic and man
agement practices investigated (such as flock size, 
farm size, ewes per labour unit and hogget breeding 
policy). This suggests these parameters were primarily 
impacted by specific farm management practices that 
are likely to be variable and complex, and it was 
beyond the scope of this study to investigate these.

Dead/missing ewes accounted for more than half of 
the ewes that exited the flock between breeding and 
mid-lactation. Despite committing to reporting the 
number of dead ewes in their flocks, less than two- 
thirds of farmers in this study did so, and in those 
flocks, only 65% of ewes that were dead/missing 
were reported dead. Discrepancies in the number 
reported dead compared with those calculated as 
missing might be because some dead ewes were not 
found, they were found but farmers did not always 
record them, and/or there were inaccuracies in the 
tally data used to calculate the number of missing 
ewes. Previous authors have reported the difficulty in 
physically identifying all dead ewes on extensive com
mercial farms (Flay et al. 2022), even with intensive 

researcher monitoring (Capdevila-Ospina et al. 2021). 
Consequently, it is probable that many sheep farmers 
in New Zealand underestimate their ewe mortality 
rates, as has been demonstrated in Australia (Doyle 
2023).

The replacement rates for the farms in this study 
were variable but averaged > 29%, which means a 
considerable number of young ewes must be kept 
to maintain flock numbers and results in a relatively 
young age structure of the flock. Younger ewes are 
known to be less productive than older ewes 
(Annett et al. 2011b; Edwards et al. 2015), although 
they are likely to have lower mortality rates (Flay 
et al. 2023), which could potentially offset some of 
the negative impacts of having a higher number of 
young ewes. The financial impacts of high replace
ment rates will vary depending on the sale price 
for cull ewes and lambs, or the cost of purchasing 
replacements, but a high proportion of young 
sheep in a flock has been shown to result in 
reduced cash profit (Farrell et al. 2019). In the 
present study, approximately half of these replace
ments were likely required to replace ewes culled 
during the main culling event after weaning. It is 
probable that many of these culling decisions were 
justified, but culling ewes for perceived faults that 
may not impact production, such as phenotype or 
treatable feet defects, may be wasteful (Ridler et al. 
2023). Culling for age was the most common 
reason for mixed-age ewes to be removed at that 
time although not all flocks culled at a fixed age. It 
might be expected that flocks that did not have a 
policy of culling ewes at a fixed age, or that culled 
ewes at > 6 years old, would have a lower replace
ment rate than those that routinely culled ewes at 
≤ 6 years of age. However, that was not found to 
be the case. This suggests that farmers who were 
not culling ewes based on age, or who kept older 
ewes, were still culling a similar number of ewes 
for various other reasons and that replacement rate 
cannot therefore be predicted by culling-for-age 
policies.

Perceived defects of the incisor teeth were also a 
common reason for culling at weaning, including in 
many flocks that routinely culled ewes at a fixed age, 
which represents a substantial loss of potentially other
wise productive ewes. There is a relative dearth of 
research into the causes, risk factors and impacts of 
incisor teeth defects in sheep (reviewed by McGregor 
2011), and further research is warranted. The percen
tage of ewes culled for udder defects was similar to 
that described by Ridler et al. (2022) at weaning. In 
that study, it was identified that additional ewes devel
oped defects in the 4–8 weeks after weaning and it is 
likely that if the farmers in the present study examined 
their ewes a second time, they would identify more 
ewes with udder defects.
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This study only included data from 34 farms, and 
the method of enrolling participating farms via net
works means that it was likely biased towards 
farmers who engage with rural professionals, have an 
interest in research and are proactive in keeping 
records. Additionally, the mean size of sheep and 
beef farms in New Zealand is 700 ha (Anonymous 
2023b), considerably smaller than the mean of 1,205 
effective ha in the present study. It is difficult to 
secure highly accurate data from farm-based studies 
such as the one reported here, and it is probable 
that there were many farm-specific factors that 
influenced ewe losses on individual farms that were 
not measured in this study. Therefore, caution must 
be applied if extrapolating these data to New 
Zealand sheep flocks more broadly.

In summary, this study has identified the magni
tude, timing and causes of ewe culling and mortality 
in 34 New Zealand sheep flocks. These were variable 
between flocks, but the culling and mortality rates 
were often high, highlighting the scope for improve
ment. To reduce unnecessary culling and mortality, 
attention should be placed on maximising ewe con
ception rates, ensuring judicious culling decisions, 
optimising ewe BCS, and identifying farm-specific 
causes of ewe deaths over the lambing period to facili
tate targeted intervention strategies.
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