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Summary
Objectives: To assess the association of 
farrowing and lactation factors with likeli-
hood of removal of sows from the breeding 
herd before the next farrowing, and to 
analyze the effect on sow removals of inad-
equate daily feed intake (≤ 3.5 kg per day) 
during the fi rst 2 weeks of  lactation.

Methods: Retrospective data on sows in a 
research herd were subjected to multivari-
ate logistic regression analysis to determine 
associations between sow retention and 

factors relating to feed intake, farrowing, 
and  lactation.

Results: Higher average daily lactation feed 
intake, greater litter weight, and greater 
backfat thickness at weaning were associ-
ated with less likelihood of removal of sows 
from the herd before the subsequent parity. 
Sows consuming ≤ 3.5 kg of feed per day 
during the fi rst 2 weeks of lactation were 
more likely to be removed from the herd 
before the next  parity.

Implications: Measures to ensure adequate 
feed intake from the start of lactation may 
minimize sow removals from breeding 
herds. Under the conditions of this study, 
a sow consuming no feed on a single day 
during the fi rst 2 weeks of lactation has the 
highest odds of removal from the  herd.
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Resumen – Asociación del consumo de 
alimento inadecuado durante la lactan-
cia con la eliminación de hembras del 
pie de  cría

Objetivos: Evaluar la asociación de los 
factores al parto y durante la lactancia con 
la probabilidad de eliminación de hembras 
del pie de cría  antes del siguiente parto, y 
analizar el efecto sobre la eliminación de 
hembras del consumo de alimento diario 
inapropiado (≤ 3.5 kg por día) durante las 
2 primeras semanas de  lactancia.

Métodos: Se analizó la información retro-
spectiva de hembras en una piara mediante 
el análisis de regresión logística multivariado 
para determinar asociaciones entre la reten-
ción de hembras y los factores relativos al 
consumo de alimento, parto, y  lactancia.

Resultados: El consumo de alimento dia-
rio alto en lactancia, un mayor peso de la 
camada, y un mayor grosor de grasa dorsal al 

destete se asociaron con una menor proba-
bilidad de eliminación de hembras antes 
del siguiente parto. Las hembras con un 
consumo de ≤ 3.5 kg de alimento por día 
durante las primeras 2 semanas de lactancia 
fueron más susceptibles de ser eliminadas de 
la piara antes de la siguiente  paridad. 

Implicaciones: Las medidas adoptadas 
para asegurar el consumo de alimento 
adecuado desde el inicio de la lactancia 
puede minimizar la eliminación de hem-
bras del pie de cría. Bajo las condiciones de 
este estudio, una hembra que no consume 
alimento un solo día durante las primeras 
2 semanas de lactancia tiene las probabili-
dades más altas de ser eliminada de la  piara.

Objectifs: Évaluer l’association entre des 
facteurs liés à la mise bas et la lactation et la 
probabilité de retrait de truies du troupeau 
reproducteur avant la prochaine mise bas, 
et analyser l’effet d’un apport alimentaire 
quotidien inadéquat (≤ 3.5 kg par jour) 
durant les 2 premières semaines de lacta-
tion sur le retrait des  truies.

Méthodes: Les données rétrospectives prov-
enant de truies d’un troupeau de recherche 
ont été soumises à une analyse de régression 
logistique multivariée afi n de déterminer les 
associations entre la rétention des truies et 
les facteurs reliés à l’apport alimentaire, la 
mise bas, et la  lactation.

Résultats: Une moyenne quotidienne 
d’apport lacté supérieure, un poids plus 
élevé de la portée, et une épaisseur de gras 
dorsal plus importante au sevrage étaient 
associés à une probabilité moindre de retrait 
des truies du troupeau avant la parité suiv-
ante. Les truies consommant ≤ 3.5 kg par 
jour durant les 2 premières semaines de lac-
tation étaient plus susceptibles d’être retirées 
du troupeau avant la prochaine  parité.

Implications: Les mesures mises en place 
pour assurer un apport alimentaire adé-
quat à partir du début de la lactation peut 
minimiser le retrait de truies des troupeaux 
reproducteurs. Dans les conditions de la 
présente étude, une truie ne consommant 
aucune nourriture pendant une seule 
journée durant les 2 premières semaines 
de la lactation a la plus grande chance de 
retrait du  troupeau.

 

Résumé – Association entre un apport 
alimentaire inadéquat durant la lacta-
tion et le retrait de truies du troupeau 
reproducteur
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Retention of sows in breeding 
herds for fewer than fi ve parities 
is a reason for both economic and 

welfare concerns. Although sow removals 
are attributed to many causes, reproduc-
tive and locomotor problems are the 
major reasons for removal.1,2 Lactation is 
a high-risk event in the life of a breeding 
female. Nutrition during lactation plays 
an important role in ensuring reproduc-
tive effi ciency, which in turn enhances the 
longevity of females in breeding herds. 
Inadequate feed intake has both direct 
and indirect effects on sow longevity. 
Direct effects include lameness related to 
trauma and stress3 secondary to inadequate 
consumption of feed to meet the sow’s 
nutritional demands, especially in highly 
productive sows. Indirect effects are medi-
ated by conditions that impair breeding 
performance. A prolonged wean-to-estrus 
interval (WEI)4 and lower pregnancy rate 
and embryo survival5 have been linked to 
restricted feeding during lactation. Another 
study6 has suggested an association 
between shorter farrowing-to-estrus inter-
val and higher lactation feed intake (LFI), 
regardless of the length of  lactation.

Although most lactating females lose body 
weight, excessive loss may cause prolonged 
WEI and smaller subsequent litter size. As 
reproductive effi ciency is essential in com-
mercial herds, affected sows are removed 
from the herd.7 Lactation feeding and 
lactation length may affect sow longevity 
in two ways.8 Sows with shorter lactation 
length tend to lose less body weight and are 
less exposed to higher nutrient demands 
in the short term. In the long term, sows 
with shorter lactation periods farrow more 
litters in the same time frame, which may 
result in higher culling rates. Greater risk of 
removal from the herd of sows with shorter 
lactation length has been  reported.9

During lactation, a female should consume 
adequate feed for maintenance as well as 
for milk production. Younger sows have 
an additional requirement for growth. The 
smaller intestinal capacity of primiparous 
sows may prevent them from consuming 
enough feed to meet their requirements10 
and may result in reproductive failure.11 
It has been shown12 that in primiparous 
sows, higher daily feed intake during 
lactation is associated with less tissue loss, 
greater litter weight gain, and less prob-
ability of a prolonged WEI (by 42% per 
extra kg of intake). As modern gilts are 

highly prolifi c, it is essential to encour-
age adequate daily feed intake in order 
to minimize weight loss during lactation. 
Sows with lean genotypes may not have 
adequate body protein and fat stores to 
reproduce effi ciently and stay in the herd 
for several parities, although they can pro-
duce their fi rst litter at 8 to 9 months of 
age.13 Voluntary intake may be insuffi cient 
to meet requirements for maintenance 
and milk production in lactating sows,14 
and this may adversely affect subsequent 
 reproduction.

Although several researchers have assessed 
the effect of nutrition during lactation 
on subsequent reproductive performance, 
including parameters such as WEI,4,15 
number of embryos and their survival,16 
ovulation rate,15,17 piglet mortality,18 and 
litter size and weight,19 little work has been 
done on the direct relationship between 
LFI and sow longevity. A relationship 
between measures of reproductive perfor-
mance, such as wean-to-service interval and 
longevity, has been reported.20 The effect 
of LFI on subsequent breeding perfor-
mance and physiological effects suggests a 
link between LFI and longevity of females 
in breeding  herds.

Available studies analyzing the relation-
ship between lactation feeding, reproduc-
tion, and longevity have used different 
parameters representing LFI, including 
average daily feed intake during lactation 
and pattern of daily feed intake,21 average 
daily feed intake,22 and backfat at wean-
ing.23 It has been suggested24 that for 
studies analyzing the effect of feed intake 
on longevity, the experimental design 
must take into account the period of time 
a sow is expected to stay in the herd and 
that data based on one reproductive cycle 
may not be adequate. However, it has been 
proposed25 that at some time points during 
lactation, the physiological mechanisms 
controlling reproduction (eg, estrus after 
weaning) are more sensitive to inadequate 
feed intake, suffi cient to cause sow remov-
als. It was reported21 that sows exhibiting 
a drop in feed intake during either the fi rst 
or second week of lactation are more likely 
to be culled for anestrus than unaffected 
sows, suggesting that even a transient 
reduction in feed intake during lactation 
can impair postweaning  estrus.

Inadequate feeding during the fi rst 3 weeks 
of lactation is associated with lower LH 

pulse frequency and longer WEI, which 
is linked to lower plasma concentrations 
of insulin and glucose.26 Therefore, feed 
intake on individual lactation days may be 
a more appropriate variable than average 
feed intake during the entire lactation to 
study the effect of lactation feeding on 
subsequent performance and longevity of 
breeding  females.

Each farrowing is a high-risk event for 
removal for both production and welfare 
reasons. The peripartum period (ie, 3 days 
before the predicted farrowing date to 3 
days after farrowing) is the period of great-
est risk in the reproductive cycle, with 42% 
of sow deaths occurring during this short 
interval.27 A higher proportion of sow 
deaths during lactation, compared to other 
stages of the reproductive cycle, has been 
previously reported.2 In addition to LFI, 
other farrowing and lactation factors asso-
ciated with sow removals from breeding 
herds include parity,28,29 lactation length,30 
litter size,28,31 and  stillbirths.28

The objectives of this study were to 
assess the association of farrowing factors 
(including parity, litter weights at birth 
and weaning, mummies, and stillborns) 
and lactation factors (including lactation 
length, average LFI, and body condition 
represented by backfat thickness) on the 
likelihood of removal of sows from the 
breeding herd before the next farrowing, 
and to analyze the effect of inadequate 
daily feed intake during the fi rst 2 weeks 
of lactation on sow removals before subse-
quent  farrowing.

Materials and  methods
A retrospective study was conducted at 
the University of Minnesota, Southern 
Research and Outreach Center, Waseca, 
during February to July 2004, including 
499 sows (Genetically Advanced Pigs; GAP 
Genetics, Winnipeg, Manitoba, Canada; 
body weight 221 ± 1.1 kg; parities one 
to eight). Data on daily feed intake, body 
weight, and backfat thickness on day 108 
of gestation and at weaning were collected 
from sow  cards.

Feed consumed was assumed to be equal 
to that fed if the feeder was empty. If some 
feed was eaten, then the amount of feed 
consumed was estimated. Finally, if it 
appeared that the sow had not eaten, the 
feed consumed was recorded as 0 kg. Sows 
in farrowing crates were hand-fed twice 
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daily using a standardized scoop. Sows were 
fed 3 kg per day until farrowing and were 
fed according to appetite after farrowing. If 
any feed remained in the feeder from previ-
ous delivery, the quantity fed was reduced 
accordingly, but the amount remaining was 
not measured. If no feed remained from 
the previous delivery, the sow was offered 
1 kg extra the following day. Little wastage 
of feed was observed, but this was not mea-
sured. The average LFI for each sow was 
calculated by dividing the total quantity 
of feed consumed from day 1 of lactation 
until weaning by the number of lactation 
days for that sow.

At 108 days of gestation and on the day of 
weaning (15 to 24 days post farrowing), all 
sows were weighed on an electronic scale 
(Ag Alliance, Altoona, Iowa), and backfat 
was measured at the last rib (5 cm from the 
midline of the back on both left and right 
sides) with a Lean-Meater ultrasound unit 
(Renco, Minneapolis, Minnesota). Litter 
birth weight, litter weaning weight, parity, 
lactation length, sow removals, and num-
bers of stillborn pigs and mummies were 
obtained from the PigCHAMP database 
(PigCHAMP, Ames, Iowa) of the research 
unit. The litter from each sow, including 
fostered pigs, was weighed at birth and 
at weaning using a weighing cart (Ag 
Alliance) with an electronic scale (Model 
TI500; Transcell Technology, Inc, Wheel-
ing,  Illinois; accurate to 1 lb).

Statistical  analysis
All statistical analyses were performed using 
SAS software (Statistical Analysis System, 
Version 8.2; SAS Institute Inc, Cary, North 
Carolina). The frequency distribution of 
the number of lactation days (N = 8851) 
was calculated for all sows using daily feed 
intake categories of 0, > 0 to 2, > 2 to 4, 
> 4 to 6, > 6 to 8, > 8 to 10, and >10 to 12 
kg. Day 1 of lactation was excluded from 
the calculation because feeding to appetite 
started after farrowing, making it is pos-
sible for a sow that farrowed in the evening 
to have received a restricted diet that morn-
ing, even though it was considered to be 
day 1 of lactation. Mean and SE of farrow-
ing factors and lactation factors collected 
from PigCHAMP records and sow cards 
(parity, body weight and backfat thickness 
at day 108 of gestation, litter size at birth, 
litter birth weight, lactation length, average 
daily feed intake during the 1st, 2nd, and 
3rd weeks of lactation, body weight and 

backfat of the sows at weaning, litter size at 
weaning, litter weaning weight, and wean-
ing-to-service interval) were calculated. 
A logistic regression analysis (Stepwise, 
Proc Logistic) using the Wald statistic was 
performed to analyze the association of 
farrowing and lactation factors with sow 
removals (including culling, death, or 
euthanasia) before subsequent farrowing. 
Parity was categorized as 1 and 2, 3 to 
5, and ≥ 6, and mummies and stillborns 
were reported as either present or absent. 
Litter birth weight, litter weaning weight, 
backfat thickness and body weights at day 
108 of gestation and at weaning, lactation 
length, and average LFI were included in 
the model as continuous variables. Parity 
was forced into the model. The number of 
days when LFI was ≤ 0, 0.5, 1.0, 1.5, 2.0, 
2.5, 3.0, or 3.5 kg for the period from day 
2 to day 14 post farrowing was calculated 
for each  sow.

The likelihood of removal associated 
with each LFI category was assessed using 
separate logistic regression analyses (Proc 
Logistic), with models including only the 
number of days of lactation with the spe-
cifi c level of feed intake as the explanatory 
variable. One univariable logistic regression 
model was analyzed for each of the eight 

categories of feed intake ≤ 3.5 kg. The 
comparison group in each model was the 
rest of the population. No diagnostics were 
performed on the models. A P value < .05 
was considered signifi cant in all  analyses.

Results
Means (± SE) of farrowing and lactation 
parameters of sows included in this study 
are presented in Table 1. The numbers of 
sows with mummies and stillbirths were 
99 and 230, respectively. Of 499 sows, 52 
were removed (Table 2), with 54% of these 
removed for reproductive  reasons.

Restricted feed intake has been defi ned 
as ≤ 3 kg per day.4,5 In this study, average 
daily feed intake was approximately 7 kg 
per day, and feed intake ≤ 3.5 kg per day 
was considered  inadequate.

The results of multivariate and univariate regres-
sion models are presented in Table 3 and Figure 
1, respectively. Table 3 shows the odds ratios 
(OR) and confi dence intervals (CI) for associa-
tions between sow removal and  farrowing and 
lactation factors. The odds of a sow being 
removed from the herd before another far-
rowing decreased by approximately 30% 
with a 1-kg increase in average daily LFI. 
The odds of removal decreased by 5% with 

Farrowing and lactation factors Mean ± SE

Parity* 4.3 ± 0.11

Lactation length (days) 18.7 ± 0.06

Average feed intake during entire lactation (kg) 6.9 ± 0.06

Average feed intake during fi rst week of 
lactation (kg)

5.0 ± 0.04

Average feed intake during second week of lactation 
(kg)

7.7 ± 0.08

Body weight at 108 days of gestation (kg) 224.5 ± 1.35

Body weight at weaning (kg) 215.5 ± 1.29

Backfat thickness at 108 days of gestation (mm) 17.5 ± 0.24

Backfat thickness at weaning (mm) 15.3 ± 0.21

Litter size at birth 11.5 ± 0.13

Litter birth weight (kg) 16.0 ± 0.17

Litter size at weaning 9.5 ± 0.05

Litter weaning weight (kg) 59.2 ± 0.45

Wean-to-service interval (days) 6.3 ± 0.32

Table 1: Means ± SE of farrowing and lactation factors for 499 sows included in 
a retrospective study in a research  herd

* Parities ranged from one to  eight.
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to meet nutritional requirements. Even 
with ad libitum feeding during lactation, 
the nutritional demands for high-produc-
ing females cannot be met,14 and sows lose 
weight and backfat. Factors that may affect 
LFI, and thus body weight at weaning, 
include parity, litter size, lactation length, 
pregnancy weight gain, mean room tem-
perature,32 and particle size and digestibil-
ity of the feed.33 Inadequate LFI and exces-
sive weight loss indicate increased tissue 
catabolism to maintain lactation and may 
have adverse reproductive consequences. 
Restricted LFI (ie, 3 kg per day compared 
to 6 kg per day) prolongs WEI.4 Restricted 
LFI is also associated with a lower preg-
nancy rate and embryo survival.5 As repro-
ductive ineffi ciency is the most important 
reason for sow removals in breeding herds,1 
effects of low LFI may reduce longevity 
of sows. Hughes and Varley34 confi rmed 
an adverse effect of inadequate nutrition 
on reproduction and longevity of females 
in breeding herds. The association of a 
lower likelihood of sow removals before 
subsequent farrowing with a higher average 
daily LFI in the present study agrees with 
earlier reports on LFI and sow longevity. 
Most sows in this study were removed from 
the herd for reproductive ineffi ciency, also 
confi rming earlier  results.

Overfeeding during gestation increases 
weight and condition of the sow at the end 
of pregnancy, which can cause farrowing 
and lactation problems and culling for 
poor lactation performance or locomotor 
problems.11 Our fi nding that likelihood 
of sow removal increases with body weight 
on day 108 of gestation agrees with this 
report. The odds ratios reported in this 
study were controlled for parity, as higher 
parity sows are likely to weigh more than 
young females and are more likely than 
younger sows to be removed from the 
herd for old age (≥ 7th parity), especially if 
they develop other reproductive or health 
 problems.

Average daily LFI increases with suckling 
litter size from small litters of three to six 
pigs up to a maximum of approximately 
11 pigs.35 Evidently, there is a positive 
association between litter size and litter 
weight at weaning. Greater litter weaning 
weight indicates the ability of the sow to 
produce the required quantity of milk, 
which is linked to her LFI. Thus, sows with 
greater litter weight at weaning have greater 
average daily LFI and are less likely to have 

Removal reasons
Removal categories

Cull Death Euthanasia

Body condition* 6 0 1

Downer 0 0 2

Farrowing performance 24 0 0

Lameness 6 0 1

Anestrus† 4 0 0

Old age‡ 6 0 0

Rectal prolapse 0 1 0

Other§ 0 1 0

Table 2: Reasons for removal from the breeding herd for 52 sows assigned to 
three removal  categories

*    Emaciated.
†    Showed no signs of  estrus.
‡    Parity ≥ 7.
§    Includes sudden death, heat stroke, behavioral problems, wastes feed, unthrifty, and 

other  reasons.

Explanatory variables Odds ratios (CI) P*

Parities 1 and 2 versus parity > 6 0.969 (0.377 - 2.488) > .05

Parities 3 to 5 versus parity > 6 0.762 (0.352 - 1.648) > .05

Average daily lactation feed intake (kg) 0.703 (0.547 - 0.903) < .01

Body weight  at gestation day 108 (kg) 1.018 (1.002 - 1.033) < .05

Litter weight at weaning (kg) 0.955 (0.925 - 0.987) < .01

Backfat thickness at weaning (mm) 0.831 (0.763 - 0.905) < .001

Table 3: Factors associated with sow removal before subsequent farrowing 
among 499 sows in a breeding herd

*    Based on multivariate logistic regression analysis.

a 1-kg increase in litter weaning weight and 
by 17% with a 1-mm increase in backfat 
thickness at weaning. The odds of removal 
increased by 2% with each 1-kg increase in 
body weight at day 108 of gestation. Other 
variables included in the model (parity, 
litter size at birth or weaning, litter birth 
weight, weaning-to-service interval, and 
lactation length) were not associated with 
whether or not sows were removed from 
the herd.

The frequency distribution of daily feed 
intake of all sows during the entire lacta-
tion, excluding day 1, is presented in 
Figure 2. In 50% of the lactation days 
analyzed, sows consumed 6 to 8 kg of feed; 
in 35.7% of days, sows consumed > 8 kg of 
feed; and in 14.3% of days, sows consumed 
< 6 kg of  feed.

Figure 1 shows the odds of sow removals 
for categories of feed intake ≤ 3.5 kg per 
day calculated in eight different univariate 
logistic regression models, one for each 
level of feed intake. The odds of removal 
was higher for sows consuming ≤ 3.5 kg 
feed in any one day within the fi rst 2 weeks 
of lactation than for sows consuming > 3.5 
kg (P < .05 for all feeding  levels).

The odds of removal decreased with an 
increase in feed intake and was highest 
(OR 2.36, CI 1.311- 4.261) for sows that 
consumed no feed during in any one day 
during the fi rst 2 weeks of lactation com-
pared to the rest of the  population.

Discussion
Inadequate feed intake of sows during lac-
tation may cause depletion of body reserves 
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WEI can lead to sow removal.20 However, 
WEI is one of several reproductive variables 
determining sow retention. A higher culling 
rate of parity 1 and 2 sows with < 12 mm 
P2 backfat thickness at weaning has been 
reported.23 An extensive review1 concludes 
that improving body condition at weaning 
is benefi cial in terms of improving sow 
mortality and replacement rates. Ensuring 
adequate feed intake is crucial in improv-
ing sow longevity. Modern high-producing 
genotypes produce large quantities of milk, 
with a high nutrient requirement for lacta-
tion. When this requirement is not met, 
tissue reserves are utilized to meet milk-
production demands, and body condition 
is lost. With excessive loss of body condi-
tion, premature culling of high-producing 
sows may result because of reproductive 
problems such as anestrus or failure to con-
ceive upon weaning. Lactation feed intake 
may vary with lactation length. Therefore, 
the diet must be adequate to ensure that 
milk production demands are met and 
that postweaning breeding performance 
remains unaffected when lactation length is 
short. First-parity sows may require a more 
concentrated diet, ie, more energy, since 
they consume less feed. Other factors that 
may infl uence LFI must be considered to 
ensure adequate feed intake during lacta-
tion, including ad libitum availability of 
water, frequency of feeding, environmental 
temperature, and feeder  design.

Although this study clearly demonstrated 
the adverse effect of inadequate LFI on sow 
longevity, feed disappearance rather than 
feed intake was measured, therefore wasted 
feed was included in intake. In addition, 
feeding was not absolutely ad libitum, since 
feed was offered on the basis of feed disap-
pearance. As this study involved only one 
genetic line, the results cannot be general-
ized to other lines, since milk production, 
and thus nutritional requirement during 
lactation, are largely under genetic  control.

Implications
• Ensuring adequate feed intake 

throughout lactation minimizes sow 
removals in breeding herds.

• Under the conditions of this study, 
inadequate feeding of sows on even a 
single day during the fi rst 2 weeks of 
lactation is associated with a greater 
risk of removal from the  herd.

• Lower backfat thickness at weaning 
may increase the risk of sow  removals.
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Figure 2: Distribution of categories of feed intake during a total of 8851 lacta-
tion days for 499 sows in a research unit breeding herd. Feeding to appetite 
began after farrowing. Day 1 of lactation was not included in the calculation 
because sows that farrowed in the evening were likely to have been fed 
a restricted amount that morning. Sows were weaned 15 to 24 days post 
 farrowing.

Figure 1: Odds of removal for 499 sows in a research unit breeding herd for 
categories of feed intake ≤ 3.5 kg per day during days 2 to 14 of lactation. 
Values inside the bars indicate confi dence intervals for the odds ratio. Eight dif-
ferent univariate logistic regression models were fi tted, one for each category 
of lactation intake. The comparison group in each model was the rest of the 
population, with P < .05 for each model.
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problems that result in removal from the 
herd, as shown in this  study by the lower 
likelihood of sow removals with greater 
litter weight at weaning.

Although the associations of LFI with WEI 
and backfat thickness at weaning were not 
analyzed in this study, there was a greater 

likelihood of removal before subsequent 
farrowing in sows with low backfat thick-
ness at weaning. This fi nding is supported 
by a previous report,36 in which WEI was 8.1 
days in mature sows with backfat < 10 mm 
compared to 5.8 days for sows with backfat 
> 13 mm. It is likely that a prolonged 
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