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Many sows show reduced litter sizes in their second parity compared with their first
parity.The aim ofthe current thesis was to describe causes and consequences of variation
in second parity reproductive performance and to evaluate if feeding strategies during
early gestation affect reproductive performance and sow body weight recovery after first
lactation. In a first study, effects of sow weight development from first insemination up
to first weaning on second parity reproductive performance were studied. Weight gain
from first insemination up to first weaning showed a positive effect on non-pregnancy as
well as on litter size, especially on a farm where gilts were relatively young and light at
time of first insemination. In a second study, effects of weight loss during lactation were
evaluated on embryonic survival and metabolic parameters during lactation and gestation
in primiparous sows that were fed close to ad libitum. Sows with a high (>13.8%) weight
loss showed a lower embryonic survival and fewer vital embryos at day 35 of gestation
comparedwithsowswithalowerweightloss,whilstnodifferences inmetabolic parameters
(IGF-1, NEFA,urea) were seen. The fact that the number of implantation sites was lower
in high weight loss sows compared with low weight loss sows indicates that the negative
effects of weight loss were already present during late lactation or early gestation. In a
third study, a data-analysis using 46,500 sows was performed to assess relations between
second parity performance and reproductive performance inlater parities.Results showed
that farrowing rate and litter size in parity 3 and up, as well as parity at culling, were
related to second parity reproductive performance. These relations with second parity
litter size were affected by first parity litter size. In practice, feed allowance during early
gestation is often limited and might not be sufficient to support growth and recovery from
lactation.Thequestion wastherefore raised ifincreased feed or protein intake during early
gestation could improve litter size. In two experiments, the effects of an altered feeding
strategy during the first month of gestation on farrowing rate and litter size (exp. 1) and
embryonic survival and embryonic and placental development and metabolic parameters
(exp. 2) were assessed. In Experiment 1, a 30% higher feeding level increased litter size
withtwo piglets,without negativelyaffecting pigletbirth weight.InExperiment 2,designed
tofind aphysiological explanation for these results,an increased feeding leveldid not affect
embryonic survival, embryonic development or placental development. Furthermore, no
relations with metabolic parameters were found. From this thesis it can be concluded that
second parity reproductive performance is related to reproductive performance in later
parities. In order to improve second parity reproductive performance, weight loss during
first lactation should be limited and gilts should be heavier at first weaning than at first
insemination. Further, increased feeding levels during early gestation improve sow body
weight recovery, without negatively affecting reproductive performance.
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Chapter 1
General Introduction

Around 19% of the reproductive sows in a herd are second parity sows, i.e sows after
first weaning. Their reproductive performance, i.e.farrowing rate and litter size, therefore
has alarge impact on farm productivity. Ingeneral, reproductive performance is supposed
to increase with increasing parity, reaching the highest level from parity 3 to 5 (Koketsu
et al., 1999; Hughes and Varley, 2003). Many sows,however, show an equal or lower litter
size in second parity than in first parity (Morrow et al., 1992; Saito et al., 2010), which
negatively influences reproductive efficiency of second parity sows and thereby farm
productivity (Willis et al., 2003). Since reproductive failure is one of the main reasons
for culling in young sows (Lucia et al., 2000), improving second parity reproductive
performance might also increase sow longevity and thereby decrease replacement costs.
Furthermore, second parity reproductive performance might also be related to subsequent
reproductive performance, however, little information is available on this relation.
Suboptimal litter sizes or farrowing rates in second parity sows are often related to
(excessive) weight loss during first lactation (Thaker and Bilkei, 2005; Schenkel et al.,
2010). Since litter sizes and number of piglets weaned have increased in the last decade
(Figure 1.1), the metabolic demands on first litter sows have also increased, whilst feed
intake didnot.Thiscanresult inmoreweightloss.Furthermore,selection onshort weaning
to oestrus interval (WOI) has been successful and most sows come in oestrus 4-5 days
after weaning. This period, however, might not be sufficient for sows to recover from high
lactation weight losses.Boththe higher weight loss and short WOIcan negatively influence
follicle and oocyte development and/or embryonic survival and make sowsmoreat risk for
reduced litter sizes or farrowing rates insecond parity.
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Figure1.1 Phenotypic trend ofnumber ofpiglets born aliveand number ofpiglets weaned in
the Dutchpig husbandry inthe past decade (Agrovision BV, Deventer, The Netherlands).

10

2010

1.1Lactation:Weight loss and effects on reproductive functioning
During lactation, sows need energy and nutrients for maintenance and growth, but the
highest energy demand is for milk production. Feed intake during lactation is often not
sufficient to cover these energetic demands for milk production, maintenance and growth
(Prunier et al., 2010; Bergsma, 2011). Energy for maintenance has been estimated to be
0.44 MJ/kgBW075 (Evertsand Dekker, 1994).Energyfor milkproduction isoften measured
as energy needed for 1kgofpiglet growth. Producing one kgofpiglet costs about 3.8 kgof
milk (~25.5 MJMEoffeed).Thismeans that a 200kgsow,weaning 11.7pigletswith a litter
growth of 2.9 kg/day (standard sow in feeding manual, TOPIGS,Vught, The Netherlands)
should ingest about 100 MJ MEwhich is equal to 7.8 kg feed containing 12.8 MJ ME/kg.
In practise feed allowance is often calculated based on the assumption that the daily
energetic demands of sows are 1% of body weight for maintenance and 0.5 kg of feed per
piglet (NRC recommendation). For a 200 kg sows weaning 11.7 piglets this means a feed
intake of7.8kg.However,average feed intake rarely exceeds 6to 7kgper day (Eissen etal.,
2003; Kruse et al.,2011). First litter sows might even eat less than 6kgper day (Bergsma,
2011), since their feed intake is estimated to be about 15%lower than multiparous sows
(Koketsu et al., 1996a).
When feed intake is not sufficient to fulfil the energy demands, sows use body reserves,
i.e. body protein and body fat, as an alternative energy source to ensure continuous milk
production (McNamara and Pettigrew, 2002) and coverage of maintenance costs. Even
though some weight loss is acceptable, high body reserve losses, e.g. more than 10-12%
weightlossor morethan 10% protein loss,havebeen reported to negativelyaffect weaning
to insemination interval, ovulation rate and follicle and oocyte quality (Zak et al., 1997b;
Clowes et al., 2003a; Vinsky et al., 2006). First litter sows are considered to be especially
sensitive for negative effects of body reserve losses, since they are physically immature at
first farrowing and thus only have limited body reserves and still need energy for growth
and further development.
Up to the mid-nineties, negative effects of severe feed and protein restriction during
lactation were mainly expressed as a prolonged weaning-to-oestrus interval (WOI), while
more recent studies mainlyshownegative effects onovulation rateand embryonic survival
(Table 1.1). The shift from prolonged WOI to reduced embryonic survival and ovulation
rate is probably due to genetic selection for a short WOI (Quesnel, 2009).When sows with
(a high) lactation weight loss return to oestrus shortly after weaning, follicle and oocyte
qualitycanbecompromised sincethefollicles developed duringaperiod ofnegative energy
balance (reviewed byQuesnel (2009)) and are recruited immediately after weaning. IfWOI
is substantially prolonged, follicles and oocytes develop during a period of positive energy
balance,which benefits their quality. Compromised follicle development can lead to lower
quality oocytes (Pope et al., 1990) and less developed corpora lutea (CL).
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Whilst low quality oocytes canlead tolowquality embryos, increased embryonic losses
(Zaketal.,1997a) and eventually tolower litter sizesand farrowing rates.
1.1.1 Physiologicalbackground oflactational influencesonfolliculargrowth and development
Follicular growth is influenced by Follicle Stimulating Hormone (FSH, small follicles up
to 4 mm) andLuteinising Hormone (LH, mainly follicles >4mm). During the first weeks
of lactation, antral follicle development is minimal duetotheinhibition ofpulsatileLH
release. Theinhibition of LH release is caused bythe suckling stimuli of piglets, which
results inthe release ofendogenous opoids that inhibit gonadotrophin-releasing hormone
(GnRH)release from the hypothalamus (DeRensis etal.,1993;Quesnel and Prunier, 1995).
Table 1.1 Effects ofhighorlowlactation feed orprotein intake onweaning to oestrus interval, ovulation rate
and embryonic survival (adapted from Quesnel (2009)
Reference
Parity
WOI (days)
Ovulation Rate
Embryo Survival
High*
High*
Low5
High*
Low5
Low§
Feed intake
Kingand Williams [1984a)

1

Kingand Williams (1984b)

10.8"

23.0"

14.4

13.5

70

72

14.2"

17.9"

12.3

12.6

61
68"

Kirkwoodetal. (1987)

2

4.3"

5.8'

18.2

18.7

62
83'

Kirkwood etal. (1990)
Baidooetal. (1992a)

2

6.9"

8.9'

79"

72"

5.9b

67"

3.6b
4.2"

88"

64b

Zaketal. (1998)

1
1

17.2
15.4"

81"

Zaket al. (1997a)

7.3'
5.0"

17.6
16.4
19.9"

17.7

2

Van den Brand etal. (2000b)

1

5.1

5.7

14.4
18.2"

15.6
16.2"

Vinskyetal. (2006)
Protein intake

1

5.3

5.4

18.3

18.2

83
88a
79"

72
64"
68"

23.4"

20"

72

73

6.3"

1
Mejia-Guadarrama etal. (2002)
5.4
5.3
High~adlibitum;5Low-50% adlibitum;a' significant difference between HighandLow

As lactation progresses, LHpulsatility ispartly restored, which allows follicles to develop
upto 2-5 mmatweaning (Lucyetal.,2001).Inaddition, LHstores inthe pituitary increase
duringlactation,asisshown byagreater LH releaseinresponsetoinjection with oestradiol
bezoate (Elsaesser and Parvizi, 1980; Kirkwood etal., 1984). FSH concentrations areless
influenced by factors related to lactation, butmore soby ovarian factors (Quesneland
Prunier, 1995).
Afterweaning,LHpulsatilitychangesfromlowfrequency,highamplitudetoahigh frequency,
low amplitude pattern which stimulates follicles to develop to pre-ovulatory size about
3-4 days later (~ 7-8 mm; Soede etal. (1998)). IfLHpulsatility isnotrestored duringthe
course oflactation, follicle development atweaning willbeimpaired and follicular growth
up tothe pre-ovulatory stages will take longer, increasing the weaning to oestrus interval
(Lucyetal., 2001).The restoration ofLHpulsatility, and thus follicle development, during
and after lactation may be related tothe reduced intensity ofthe suckling stimuli, but can
also be affected bythe nutritional state ofthe sow (Quesnel and Prunier, 1995;Figure1.2),
aswillbedescribed below.Besidesbyinfluencing LHpulsatility,the nutritional or metabolic
state ofthe sowcan alsodirectlyinfluence follicle development and oocyte quality.
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Theeffect ofthemetabolicstateofthesowonLHreleaseandfollicleandoocyte development
are mediated bymetabolic hormones and metabolites, such as insulin, Insulin-like-Growth
Factor-1 (IGF-1),glucose, leptin and Non Esterified FattyAcids (NEFA) (Webb et al., 2007,
Figure 1.2). Insulin and IGF-1 concentration are low during feed or protein restriction
(Baidoo et al., 1992b; Van Den Brand et al., 2001b; Mejia-Guadarrama et al., 2002).
Insulin has been reported to stimulate follicle and oocyte development both indirectly,
by stimulating LH secretion in hourly fed sows (Koketsu et al., 1996b), and directly on
the ovarian level (Quesnel et al., 2007). Furthermore, insulin seems to stimulate IGF-1
concentrations during periods of negative energy balance (Van Den Brand et al., 2001b).
Under anabolic conditions, IGF-1 concentration is increased in response to an increasing
Growth Hormone (GH) concentration. During lactation, GH concentration is often high
whilst IGF-1 concentration is low (Kraetzl et al., 1998; reviewed by Quesnel, 2009). This
indicates an uncoupling of the link between GH and IGF-1 and during this uncoupling
insulin can stimulate IGF-1. In pigs,IGF-1is one ofthe most intensively studied metabolic
hormones related to follicular development. IGF-1 concentrations can influence follicle
development either indirectly, by acting on the hypothalamus and thereby influencing
pulsatile LH release by the pituitary (Quesnel and Prunier, 1998; Van Den Brand et al.,
2001b) or directly by increasing the ovarian response to gonadotropins (reviewed by
Quesnel, 2009). During lactation, the mammary gland uses glucose for milk synthesis
which results in low circulating glucose levels.Low glucose concentration might influence
LHrelease from thepituitary,sinceglucosehasbeen reported topositivelyaffect LHrelease
from the pituitary (reviewed by Barb et al., 2001). Leptin concentrations are positively
related to body fatness of sows (Estienne et al., 2000) and results from in-vitro studies
indicate that leptin can affect GnRHrelease and thereby LHsecretion (reviewed byBarb et
al., 2008). In in-vivo studies in pigs,however, the relation between leptin and subsequent
reproductive performance isless clear (De Rensis et al., 2005; Summer et al., 2009).NEFA
concentrations are high during lactation and are indicative for fat mobilization (Hultén et
al.,2002a; Valrosetal.,2003).Indairy cattle,high NEFAconcentration havebeen related to
reduced embryonic survival, either by negative effects on follicle and oocyte development
or byaffecting the uterine environment (Leroy et al.,2008;van Hoeck et al.,2011). Inpigs,
it's relation with follicle and oocyte development is,however, not clear.
In conclusion, feed or protein restriction during lactation influences the metabolic state of
sows and canthereby affect reproductive performance in subsequent parities.Most of this
information, however, is based on studies in which severe protein and/or feed restriction
isapplied (Table 1.1). In practise, sows are often fed (close to) ad libitum and variations in
weight loss during lactation is a balance between voluntary feed intake, milk production
and costs for maintenance. Though also under these circumstances weight loss has also
been related to reduced reproductive performance. However, effects of weight loss under
practical circumstances on underlying traits, such as ovulation rate, embryonic survival
and metabolic parameters, have hardly been studied.
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Figure 1.2Schematic overview of relations between weight lossand reproductive
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1.2Weaning to oestrus interval and early gestation:
reproduction and sow development
After weaning, when adequate feeding levels are provided, sows quickly return to an
anabolic state (Kraetzl et al., 1998]. During the weaning to oestrus interval, sows are
often fed a fairly high amount of a high energetic diet, which is called 'flushing'. Flushing
stimulates plasma concentrations of insulin and IGF-1(Cox et al., 1987),which stimulates
follicle development. Around 4 to 5 days after weaning, most sows come into oestrus and
can be inseminated. Ovulation takes place at about two-thirds of the oestrus (Soede et
al., 1994).After ovulation, oocytes are released into the oviduct and follicles develop into
CL.Fertilized oocytes develop into embryos, whilst CLproduce progesterone throughout
gestation, which is important for the maintenance of pregnancy. If CL regress and
progesterone concentrations decrease, pregnancy isterminated. Progesterone also affects
(synchronous) development of the fertilized oocytes and the uterine environment, which
is necessary for successful implantation around day 12 of gestation. Alow follicle quality,
caused by weight loss during lactation, can result in CLthat produce less progesterone,
which reduces progesterone concentrations during (early) gestation.
Furthermore, less developed follicles might also decrease luteal weight. Luteal weight, in
turn, isrelated to progesterone concentrations and areduced lutealweight might decrease
progesterone concentrations. Reduced progesterone concentration, in turn, can cause
asynchronous development of embryos and the uterine lumen and therefore decrease
embryonic survival (Pope, 1988;Ashworth, 1991),which can lead to alower litter size and
perhaps alower farrowing rate at term.
Even though sows are fed a high energetic diet during the WOI, the 4 to 5 day period is
too short for sows to fully recover from weight loss during lactation and restoration of
body reserves is therefore needed during gestation. The recovery period is especially
important for young sows, since they also need to grow to reach their mature body size,
which is reached around their third or fourth parity (Everts, 1994). During the first
two-thirds of gestation, the energetic demands for litter growth are low and young sows
can use this period to recover from lactation (Dourmad et al., 1996). In practise, however,
feeding levels during early gestation are often low. The low feeding levels are based on
studies in gilts which report a reduced embryonic survival when gilts are fed a high
feeding level during early gestation (Jindal et al., 1996; De et al., 2009). This reduced
embryonic survival has been related to a decreased systemic progesterone concentration
(Jindal et al., 1996), caused by an increased clearance of progesterone in the liver in gilts
on a high feeding level (Prime and Symonds, 1993). Results from studies on the effects
of a high feeding level on progesterone concentrations and reproductive performance
in multiparous sows, however, are inconclusive (Kirkwood et al., 1990; Varley and Prime,
1993; Virolainen et al., 2005b). Studies on the effect of feeding level during early second
gestation on reproductive performance in second parity sows are to our knowledge not
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reported.Ifhighfeedinglevelsduringearlypregnancy donotnegativelyaffect reproduction
in second parity sows, feeding levels during early pregnancy can be increased, which
improves sow body recovery and growth to maturity. Furthermore, a higher feeding level
during early gestation might even improve subsequent reproductive performance, as has
been reported for multiparous sowsby S0rensen and Thorup (2003).
1.3Aim and outline ofthe thesis
Many sows show a suboptimal second litter size compared with their first litter size.
Thishasmostlybeen related tonegativeeffects ofweightlossduringfirst lactation.Theaim
of this thesis was to describe causes ofvariation in second parity litter size and farrowing
rate, to study relations between second parity reproductive performance and subsequent
reproductive performance and to evaluate if feed strategies during early gestation affect
reproductive performance and bodyweight recovery after lactation in second parity sows.
First parity sows are especially sensitive for lactation losses since they do not have enough
body reserves at first farrowing and have a limited feed intake capacity. Many studies have
shown that [severe) feed or protein restriction, as a model for weight loss, during first
lactation affects reproduction insecond parity.Inpractise,however,sowsare often fed (close
to) ad libitum and variations inlactation weightlossare mainlyduetovariation in voluntary
feed intake, milk production and maintenance costs. Effects of weight loss on reproductive
functioning and metabolism might therefore be different during severe feed restriction
than when feeding levels are close to ad libitum. Furthermore, the effects of weight loss
on reproductive functioning are often assessed at the embryonic stage and information
on farrowing rate and litter size is scarce. More information on the effects of the different
sow (weight) development parameters on farrowing rates and litter size in second parity
can optimize farm management of gilts and first litter sows up to first weaning. Chapter 2
therefore describes the association of farrowing rate and litter size in second parity with
body weight development in first parity sows under practical circumstances. Many studies
only follow metabolic changes during lactation up to the WOI,whilst metabolic differences
present during lactation might be continued into (early) gestation and thereby influence
embryonic survival. Chapter 3, describes the associations of weight loss during lactation
with reproductive performance on day 35 ofsecond gestation. Inaddition, associations with
metabolic profiles during the ast 10 days of lactation and during the first month of second
gestation are described, using first parity sows which were fed a lactation feeding regime
commonly used inpractice.Around 50%ofthe second parity sows show a lower litter size
in second compared with first parity. The reduced reproduction decreases reproductive
efficiency of second parity sows but might also lead to earlier culling. It is, however,
not known if second parity reproductive performance is also related to reproductive
performance in later parities. For farm profitability it is important to know if such an
relationship exists. In Chapter 4, using a large dataset, the relations of failure to farrow
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and litter size in second parity with reproductive performance in later parities are
investigated. Furthermore, Chapter 4 also discusses relations between litter size in first
parity with litter size in second parity and their combined effect on litter size in
subsequent parities.
Lactation is a large burden for sow body condition, especially for first parity sows that
are physically immature and have relatively low body reserves at time of first farrowing.
An increased feeding level in early second gestation can help young sows to recover from
lactation losses. However, in practise, feeding levels during early gestation are often low.
The low feeding levels are based on studies in gilts, which report a reduced embryonic
survivalwhen usinghigh feeding levelduring earlygestation. Littleinformation is available
onthe effects offeeding levelduringearlygestation onreproductive performance in second
parity sows.Ahigher feeding level during early gestation might even improve reproductive
performance in second parity sows,as has been described for multiparous sows.Chapter 5
therefore studies if an increased feed and protein level during the first 4 weeks of second
orthird gestation improves sow recovery from lactation losses and ifit improves litter size
and farrowing rate. Based on results from Chapter 5,Chapter 6 investigates the possible
physiological mechanisms involved, by studying hormonal and metabolic alterations and
their relation with reproductive performance during the first 35 days of second gestation.
Inthe last chapter ofthisthesis.Chapter 7,the findings from Chapters 2to 6are combined
and discussed and practical recommendations will be given.
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ABSTRACT
An impaired reproductive performance in second parity compared to first parity sows,
decreasesreproductiveefficiency and,perhaps,longevityofsows.Thisstudyaimsto quantify
the effect of live weight development and reproduction in first parity on reproductive
performance ofsecond paritysows,i.e.pregnancy rateaswellaslittersize.Measuresofsow
development (live weight at first insemination, farrowing and weaning) and reproduction
(total number of piglets born, weaning to insemination interval, lactation period, number
pigletsweaned) wererecorded ontwoexperimental farms.Logisticregression analysis was
done for the binary outcome 'non-pregnancy from first insemination after first weaning'
(yes/no). General linear regression analysis was used for litter size from 1 st insemination
in second parity. Repeat breeders were omitted from the analysis on litter size in second
parity, since aprolonged period between weaning and conception can positively influence
litter size. Farms differed significantly in measures of sow live weight development and
therefore data were analyzed per farm. Compared with gilts from farm A,gilts from farm B
were older and heavier at:first insemination (275 ±0.9 daysand 145 ±0.8kgfor farm Bvs.
230 ±0.6 daysand 124±0.5kgfor farm A),first farrowing (resp.189 ±1.1vs.181±0.9 kg)
and first weaning (resp. 165 ±1.1vs.156 ±0.9 kg).Weightloss duringlactation was similar
for both farms (resp. 24.9 ±0.7 and 23.7 ±1.0 kg).Giltsfrom farm A, however,gained more
weight in the period between first insemination and first weaning compared with gilts
from farm B(resp. 36.1 ±0.8 and 20.9 ±1.3 kg).Non-pregnancy insecond parity was1 1 %
for farm Aand 15%for farm B.Littersizesinfirst and second paritywere,respectively, 10.7
±0.1and 11.6±0.2 for farm Aand 11.8±0.1and 11.6±0.1for farm B.Variables associated
with non-pregnancy and litter size in second parity differed between farms. On farm A,
mainly sow liveweight development was associated with non-pregnancy and litter size in
second parity,whilst on farm B variables like total number born in 1 stparity and sow line,
were associated with non-pregnancy and litter size insecond parity.Onboth farms, higher
weightgain from first insemination tofirst weaningwasassociated with adecrease in nonpregnancy (odds ratio 0.7 per 10 kgfor farm Aand 0.8per 10 kgfor farm B)and on farmA
with higher litter size in second parity (ß =0.42 per 10 kgweight gain).Results show that
sowliveweight development affects reproductive performance insecond parity, especially
on farm Awhere gilts are relatively light or young at first insemination. Management of
these animals should aim to optimize development at first insemination and to increase
growth between first insemination and first weaning in order to optimize production in
second parity.
KeyWords: Litter Size,Pregnancy Rate,Reproductive Performance, Sows,Second Parity
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1. INTRODUCTION

Reproductive performance, i.e. farrowing rate and litter size, is supposed to increase as
parityincreases,reachingthehighest levelsfrom parity 3to 5(Koketsu etal.,1999; Hughes
and Varley, 2003). Second parity sows, however, often have lower pregnancy rates and/or
smaller litter sizes from first insemination compared with first parity sows (Morrow etal.,
1989).Thisphenomenon iscalledsecondlittersyndrome (SLS).SLSdecreases reproductive
efficiency ofsecond parity sows and might decrease sow longevity, as reproductive failure
isthemain reason for cullinginyoungsows (Zaketal.,1997b;Luciaetal.,2000).Genetically
there is a high correlation between litter size in parities 1and 2 (0.88; Holm et al., 2005)
and (0.83;Hanenbergetal.,2001),however phenotypic correlation islow(0.04; Hanenberg
et al.,2001),indicating a high environmental influence on litter size.
Severe body reserve depletion during lactation is a well-known factor associated with
reproductive failure insows (Prunier etal.,2003).Effects ofmetabolicstatuson subsequent
reproductive functioning have been extensively studied. Feed restriction aswell as protein
restriction during lactation,and therefore an increased negative energybalance,have been
reported to decrease follicular development (Quesnel et al., 1998; Clowes et al, 2003a), to
increase weaning to estrous interval (Zak et al., 1997a),to decrease ovulation rate (Zak et
al., 1997a; Vinsky et al., 2006), and to decrease embryonic survival (Vinsky et al., 2006)
and litter size (Reveil et al., 1998; Prunier et al., 2003). In these studies sows are usually
slaughtered during early pregnancy and effects on farm variables (e.g. pregnancy rate
and litter size) are not well documented. Moreover, in these studies differences in energy
balance are induced by restricted feeding of sows,which might be different from 'natural'
differences in energy balance.
Most of the studies above have focused on first litter (first parity) sows. First parity sows
are especially sensitive to body reserve depletion because they do not have enough body
reserves at first farrowing and their feed intake capacity is not sufficient to fulfill energy
needs during lactation (Everts, 1994). In addition, young sows still need to grow to reach
maturity. Growth mainly consists of protein and fat accretion and aims to reach a certain
'intrinsicgrowth standard' (Evertsand Dekker, 1995).Thelackofbodyreserves and desire
to grow, make young sows more sensitive to the negative effects of a negative energy
balance on reproduction (Prunier et al., 2003).
Thisretrospectivestudyaimstoquantify theassociationbetweenreproductive performance
ofsecond parity sows,focusing on non-pregnancy and litter size in relation to measures of
sow liveweight development in first parity.
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2. MATERIALS AND METHODS

2.1 General
Between August 1999 and June 2005, sow development and sow reproduction data were
recorded on a routine basis on two experimental farms of Wageningen University and
Research Centre in The Netherlands. Farm A had a sow population of about 400 Great
YorkshirexDutch Landrace sows (YxDL).Farm B had a sow population of about 300 sows,
consisting of Dutch Landrace (DL)and YxDLsow lines.
During lactation sows were housed in individual farrowing crates and were fed a
commercial lactation diet.After agradual increase in feeding level during the first week of
lactation, sows were fed ad libitum for the remaining lactation.Actual feed intake per sow
was not recorded. During the weaning to insemination interval, sows were individually
housed in crates and were fed a commercial gestation diet with a maximum of 3.5 kg of
per day.Sows were checked for estrus twice a day using a mature boar. Onthe first day of
standing estrus sowswere inseminated usingacommercialAIdose.Asecond insemination
took place when the standing estrus extended to the next day. An ultrasound pregnancy
checkwas done 4weeks after insemination. Duringpregnancy sowswere housed in stable
groups with either feeding stalls (farms Aand B) or feeding stations (farm A].Sows were
fed a commercial gestation diet. Feeding level on farm Awas 2.5 kgper day for the first 60
days ofgestation, 2.8kgper day from days 61to 85,and 3.4 kgper day from day 86 for the
remaining gestation. Feeding level for farm Bwas 2.6 (parity 1) or 2.8 (parity >1) kg per
day for the first 85 days ofgestation, and 3.0 (parity 1) or 3.4 (parity 2) kg per day for the
remaining gestation.
2.2 Measures ofsow development
Measures of sow development, both body weight and back fat, were taken throughout
sow reproductive life. Both farms recorded age and body weight at first insemination,
body weight at day 112 of pregnancy and body weight at weaning. Onfarm A also back fat
was measured (P2method) at first insemination, at day 112 of pregnancy and at weaning.
Based on body weight and back fat, the protein content of sows on farm Awas estimated
according to the formula of Everts and Dekker (1995):
Protein (kg)=1.67+0.175*weight (kg) - 0.38*P2 (mm).
Weight afterfarrowing (kg) was estimated as:Weight afterfarrowing (kg)=
weight at day 112 ofprenancy (kg) - (total number ofpiglets born *1.5 kg).
The 1.5 kg accounts for the estimated average piglet weight at birth including placenta
and fluids.
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2.3 Sow reproduction measurements
Foreach sow,weaningtoinsemination interval (WII),number ofpigletsborn alive, number
ofpigletsborn dead,and number ofpigletsweaned were recorded per parity.Total number
of piglets born (TNB) was calculated from number born alive and number born dead.
Only on farm A individual sow records of cross-fostering and piglet birth weight were
registered.Asowwas considered pregnant after apositive pregnancy diagnosis at 4 weeks
from after insemination.
2.4 Statistical analyses
Differences between parities and between farms in sow development and reproduction
variables were tested for significance using general linear regression (proc glm, SAS Inst.
Inc.,2004].Assumptions on normality were checked byexamining model residuals.
Effects of sow development on reproductive performance were analyzed using two
outcome variables. A binary outcome variable 'non-pregnancy' (yes/no) was analyzed
using logistic regression (proc logistic, SASInst. Inc.,2004). Total number born in second
parity (TNB2)was analyzed usinggeneral linear regression (procglm,SAS Inst.Inc.,2004),
in which assumptions on normality were checked by examining model residuals. Repeat
breeders were omitted from the analysis on TNB2, since a prolonged (recovery) period
between weaning and conception can positively influence litter size and therefore mask
possible effects onlitter size (Reveiletal., 1998;Prunier étal., 2003).Reason ofculling was
not registered properly on both farms and, therefore, no statistical inferences on culling
could be made.
Explanatory variables tested were: age and weight at first insemination; weight at first
farrowing; weight gain during first pregnancy, weight loss during lactation, weight at
first weaning, total number of piglets born in first parity, number of piglets weaned in first
parity, season of insemination and farrowing, sow line (only farm B) and housing during
gestation (only farm A). If explanatory variables, measured on a continuous scale, were
linearly related to the dependent variable they were analyzed as continuous variables.
If independent variables were not linearly related to the dependent variable, they were
categorized and analyzed as classvariables (weaningto insemination interval (<4,5, 6-20,
>21 days)),relative weight loss during lactation (<15%and >15%).
Including highly correlated variables in a multivariable model results in co-linearity
problems. As a consequence of that, it might be difficult to statistically select the most
"important" predictors from a larger group of explanatory variables. This is less serious
if the purpose of analysis is prediction, but it is a problem when interpretation of causal
effects is the objective (Hosmer and Lemeshow, 1989). To avoid co-linearity problems
in multivariable models, only variables with a Pearson correlation coefficient of <0.5
(Table 2.1) were included inthe multivariable model.
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Ifvariables were highly correlated, the variable that correlated with the highest number
of other variables was chosen to be included in the multivariable model. Minimizing the
number ofvariables results inamodel that isnumerically stable,and reduces the standard
errors (Neter et al., 1985). As our goal was not prediction, and due to high correlations
between explanatory variables associated with non-pregnancy, also results of univariable
analyses are presented. All variables possibly affecting TNB2, as well as two-way
interactions,were included inamultivariable model.Inabackward elimination procedure,
the least significant interaction or variable was eliminated from the model until the final
model only contained significant (P<0.05) variables.
Non-pregnancy results are presented as percentage of non-pregnancy, odds ratio (OR]
and 95% confidence interval (CI).An OR is an estimate of the relative risk, which is the
prevalence or cumulative incidence in the 'exposed' group divided by the prevalence of
cumulative incidence inthe reference group. Ifan ORequals 1,then there isno association
between thevariableandthe outcomevariable;ifORissmallerthan 1,thevariable imposes
adecreased risk;ifORislargerthan 1thevariableimposesanincreased risk (Frankena and
Thrusfield, 2001). Inthe results section ofthis paper, onlyvariables significantly (P<0.05)
associated with non-pregnancy and TNB2 are presented.
3. RESULTS

3.1 Measures ofsow development
Farms differed significantly in sow liveweight development (P <0.05,Table 2.2) and were
therefore analyzed separately. Age and weight at first insemination were 46 days and
21.3 kg lower at farm Acompared with farm B.After first farrowing and at first weaning
sows on farm Aremained lighter, but the weight difference was reduced from 21.3 kg at
first insemination to 9.5 kgat first weaning. Both absolute and relative weight loss during
lactation, was similar for farm A (24.9 kg and 13.6%) and farm B(23.7 kg and 12.3%).
On average, sows on farm Agained more weight in the period between first insemination
and first weaning compared with farm B(31.6 kgfor farm A,20.9 kgfor farm B;P<0.05).
3.2 Reproduction measurements
Table 2.3 shows reproduction results for the first two parities per farm. Pregnancy rates of
first and second parity did not differ between farms. Onfarm Apregnancy rate was similar
for both parities (resp.88.5 vs.88.7%for parities 1and 2).On farm B,however, pregnancy
rate of second parity was 4.2% lower (P < 0.05) compared with first parity (84.2% vs.
88.4%). Total number born in first parity sows was 1.1 piglet lower (P <0.05) for farm A
compared with farm B(10.7 vs.11.8), whilst total number born in second parity did not
differ between farms (both 11.6). On farm Atotal number born was 0.9 piglet higher (P<
0.05) in second parity compared with first parity sows (11.6vs.10.7).
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On farm Btotal number born did not significantly differ between second and first parity
(11.6and 11.8).Number ofpigletsweaned infirst and second parity did not differ between
or within farms. Weaning to insemination interval was 2 days longer (P < 0.05) on farm
A compared with farm B,respectively 8and 10 days.
3.3 Factors associated with non-pregnancy
Forfarm A,measures ofsowliveweight development were associated with non-pregnancy
(Table2.4),whilstothervariableswereassociatedwithnon-pregnancyonfarmB(Table2.5).
Forboth farms, weight gain from first insemination to first weaning was associated with a
decreasedpercentageofnon-pregnancy,i.e.anincreasedpregnancyrate.Each10kgincrease
in weight gain between first insemination and first weaning decreased the percentage of
non-pregnancy on both farms (OR = 0.72 for farm A (P = 0.02) and OR= 0.76 for farm B
(P = 0.001)). To visualize this, Fig. 2.1 shows how to interpret an OR of a continuous
explanatory variable, in this case the OR per 10 kg weight gain from first insemination
to first weaning. It shows how much the percentage of non-pregnancy decreases per
unit of weight gain. For example farm A, the difference in percentage of non-pregnancy
for sows that gain 20 kg compared to sows that gain 30 kg is 3.4% (15.7% vs. 12.3%
non-pregnancy, respectively).Ifthe weightgain increases from 20to 50 kg,the percentage
ofnon-pregnancy decreases from 15.7 to 7.4%.
For farm A,higher weight at first weaning was associated with a decreased percentage of
non-pregnancy (OR = 0.76 per 10 kg; P = 0.03), whilst weight loss during first lactation
was associated with an increased percentage of non-pregnancy (OR = 1.79 per 10 kg; P
=0.001). Relative weight loss was also associated with non-pregnancy, sows losing more
than 15% of their weight during lactation had an increased percentage of non-pregnancy
compared to sows losing less than 15% of their weight (OR = 2.82, P = 0.02). After a
multivariable analysis only weight gain from first insemination to first weaning remained
in the model. For farm B, sow line was associated with 24.5% non-pregnancy in Dutch
Landrace compared with 14.2% in the crossbreed (YxDL) (OR = 1.96; P = 0.001). Higher
weight at first insemination was associated with higher percentage of non-pregnancy
(OR = 1.39 per 10 kg; P = 0.015). Aweaning to insemination interval of 6-20 days was
associated with an increased percentage of non-pregnancy (29.2%) compared with a
WII of 5 days (10.9%; OR= 3.39; P = 0.001). Season also affected farrowing rate, since
both farrowing and being bred in summer compared with winter were associated with
an increased percentage of non-pregnancy (respectively 25.0%, OR= 2.76; P = 0.001 and
23.8%, OR= 2.97; P = 0.001). After a multivariable analysis only weight gain from first
insemination to first weaning remained inthe model.
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Table2.2Measuresofsowdevelopmentfromfirst inseminationtofirstweaningontwofarms
FarmA
FarmB
Variable
SEM
Mean
SEM
N
Mean
Ageat 1"insemination (dys)
229.4a
0.6
340
275.4"
0.9
767
Weightat 1 stinsemination (kg)
123.9*
0.5
340
145.2b
0.8
284
st
a
b
Weight gain during 1 pregnancy (kg)
73.2
0.8
301
62.l
1.0
218
Protein gain during 1 stpregnancy (kg)
10.6
0.1
277
nd
nd
Weight after farrowing (kg)
180.9*
0.9
301
189.4b
1.1
257
b
Weight at weaning (kg)
156.0*
0.9
301
165.5
1.1
236
Weight loss 1 stlactation (kg)
24.9
0.7
301
23.7
1.0
236
Protein loss 1 stlactation (kg)
2.2
0.1
263
nd
nd
Backfat loss 1 stlactation (mm)
5.9
0.1
283
nd
nd
Relativeweightloss 1 stlactation (%)
13.6
0.4
301
12.3
0.5
236
Relative protein loss 1 stlactation (%)
8.1
0.5
263
nd
nd
st
s
a
b
Weight gain from 1 insemination to I 'weaning (kg)
31.6
0.8
340
20.9
1.3
216
ab
different superscripts withinrowsindicate significant differences (P<0.05),nd= notdetermined

N

Table2.3Reproduction resultsoffirstandsecondparitysows
Parity
Variable
FarmA
Pregnancy rate (%)*
Total born (n)**
Born alive (n)**
Weaned/sow (n)
Lactation length (dys)
WH (dys)

Mean

SE

N

Mean

SE

N

88.5
10.7»
10.3»
10.0
29.2*

0.1
0.1
0.1
0.2

340
301
301
300
340

88.7
11.6b
11.2b
10.4

0.2
0.2
0.1

301
267
267
267

-

-

-

10.0*

0.6

271

FarmB
Pregnancy rate (%)*

88.4

767

84.2

Total born (n)**

11.8y

0.1

640

11.6

0.1

513

Born alive (n)**

ll.ly

0.1

640

11.2

0.1

513

Weaned/sow (n)

9.8

0.1

640

10.5

0.1

513

Lactation length (dys)

25.7

0.2

711
8.0y

0.3

638

WII (dys)

-

-

638

ab

different superscripts within rowsindicatesignificantly differences (P<0.05);**different superscriptswithin columns
indicatesignificantly differences between farms (P<0.05); *onlysignificant between parity 1 and 2onfarm B;**from 1st
insemination

Table2.4Univariableoddsratiosforvariablesassociatedwithnon-pregnancy insecondparitysowsof FarmA
Variable
Category
N
NonOdds
95%CI
P-value(-2
pregnancy
Ratio
log
[%]
likelihood)
Cont.1
271
10.7
0.76
0.58 0.98
0.03
Weight at first weaning (per 10 kg)
Weight gain 1 stinsemination to 1 st
weaning (per 10kg)+
Weight loss during 1 st lactation (per
10kg)
Relativeweightloss 1 stlactation (%)

Cont.1

271

10.7

0.72

0.55 0.96

0.02

Cont.1

237

10.7

1.79

1.26 2.55

0.001

0.02
<15.0
147
6.1
Ref
>15.0
90
15.5
2.82
1.17 6.83
1
cont.= continuous,formeanpervariableseeTable2.2,tvariablethat remained significant after multivariable regression
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Table 2.5 Univariable odds ratlos for variables associated with non-pregnancy in second parity sows of Farm B
Non
P-value
Pregancy
C-2 log
likelyhood]
Variable
Category
N
Odds Ratio
95% CI
(%]
24.5
0.001
1.96"
1.17 3.28
DL
102
SowLine
14.2
Y*DL
536
Ref
Weight at first insemination (per 10kg}
Cont.1
233
15.5
1.39
1.06 1.81
0.015
Weightgain from 1stinsemination to 1stweaning
Cont.1
(per 10 kg)t
16.2
0.76
0.61 0.95
203
0.001
Weaning to insemination interval (days)
16.4
<4
110
1.61
0.85 3.03
5
267
10.9
Ref
0.0047
6-20
194
22.7
2.41"
1.44 4.02
1.44
67
14.9
0.66 3.12
221
Season of 1st farrowing
Fall
118
14.4
1.39
0.71 2.74
Spring
176
15.3
1.50
0.82 2.74
Summer
140
25.0
2.76"
1.54 4.94
Winter
204
10.8
Ref
0.006
Season of2nd insemination
20.2
2.41*
Fall
119
1.23 4.71
Spring
176
11.9
1.29
0.66 2.54
Summer
164
2.97"
23.8
1.61 5.50
Winter
179
9.5
Ref
0.001
* P< 0.05,** p< 0.001:levelsofsignificance oftheWald'sP-valueforthecategorycompared tothereference [Ref) category
cont.=continuous,formeanpervariableseeTable2.2,t variablethatremained significant after multivariable regression

1

FarmA(n=271)-

0

10

FarmB(n=203) •

20

30

40

50

60

Weightgainfromfirst breedingtofirstweaning(kg)

Figure 2.1 Relation between weight gain from first insemination tofirst weaning and probability of
non-pregnancy (lines are estimated by logistic regression each marker represents observed values
ofabout 30sows]
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3.4. Factors associated with total number born in second parity (TNB2)
For farm A,11explanatory variables were eligible for multivariable analysis, however due
to high correlations 5variables were not included; number ofpigletsweaned in first parity
was correlated with total number ofpiglets born in first parity (r =0.57,Table 2.1), weight
gain from first insemination to first weaning was correlated with weight difference during
pregnancy, weight after farrowing, weight loss during lactation and weight at weaning
(resp., r =0.55,0.49, -0.50 and 0.85,Table 2.1).
The multivariable model, therefore, started with 6 variables; total number of piglets
born in first parity (TNB1), weight gain from first insemination to first weaning, weight
at first insemination, age at first insemination, season of insemination in second parity
and weaning to insemination interval in second parity (WII2).The final model contained
3variableswithnosignificant interaction effects; TNB1,weightgainfrom first insemination
to first weaning and WII2 (Table 2.6,R2 =0.08). For every piglet born in first parity TNB2
increased with 0.18 piglet (P =0.04). Per 10 kghigher weight gain from first insemination
to first weaning TNB2 increases with 0.42 piglet (P =0.008).

Table2.6Effects ontotalnumberofpigletsborninsecondparity:multivariablemodel estimates
forcontinuousvariablesand LeastSquareMeans(LSmeans)for classvariables
Variable
Intercept
Total number born in 1st parity (n)
Weightgain from 1 stinsemination to
l st weaning (per 10kg)

Class
Cont.
Cont.

FarmA
Estimate(SE)
9.32 (0.61)
0.18 (0.09)
0.42 (0.16)

P-value
<0.001
0.04

FarmB
Estimate (SE)
11.03 (0.61)
0.27 (0.10)

0.008

Estimate (SE)
P-value
Estimate (SE)
11.0 (0.5)ab
11.8 (0.6)yz
0.01
<4
ab
11.5 (0.4)z
12.2 (0.3)
(days)
5
b
10.9 (0.4)
11.1(0.5)*
6-20
12.5 (0.4)a
14.2 (0.9)y
>21
ns= notsignificant; ' different subscriptswithincolumnstendtoindicatesignificant differences (P< 0.10)
yz
different subscriptswithincolumnsindicatesignificant differences (P< 0.05)
R2ofthemodelis0.08for FarmAand0.11for FarmB
Weaningto insemination interval

P-value
<0.001
<0.001

P-value
0.03

SowswithaWII2ofmore than21daystended (P=0.08)tohavehigherTNB2compared with
sows with a WII2 of 6-20 days (resp. 12.5 vs. 10.9 piglet). For farm Balso 11 explanatory
variables were eligible for multivariable analysis, however due to high correlations 4
variables were not included; weight at first breeding was correlated with weight after
first farrowing (r = 0.52, Table 2.1), weight gain from first insemination to first weaning
were correlated with weight loss during lactation and weight at weaning (resp., r =-0.63,
r = 0.74, Table 2.1). The multivariable model therefore started with 7 variables; TNB1,
weight gain from first insemination to first weaning, age at first insemination, weight after
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first farrowing, number of piglets weaned in first parity, season of insemination in 2nd
parityandWII2.Thefinalmodelcontained 2variables;TNB1andWII2(Table2.6,R2=0.11).
For every extra piglet born in first parity TNBincreased with 0.27 piglets in second parity.
Sows with a WII2 of more than 21 days had more piglets in second parity compared to
sows with a WII2 of 5 or 6-20 days (resp. 14.2, 11.5 and 11.1 TNB2). Interaction was
not significant.
4. DISCUSSION
Theaim ofthis studywastoquantify the association between reproductive performance of
secondparitysows,focusing onnon-pregnancy andlittersizeinrelationtomeasures ofsow
liveweight development in first parity.Reproductive performance ofsecond parity sows is
related with several variables such as lactation weight loss (Morrow et al., 1989; Thaker
and Bilkei, 2005] and weaning to insemination interval in second parity (WII2,Vesseur,
1997).Ahigh lactation weight loss has been reported to decrease litter size and pregnancy
rate in subsequent parity (Thaker and Bilkei,2005) and to increase WII2 (Vesseur, 1997).
In our study many variables concerning live weight development were associated with
non-pregnancy and litter size insecond parity.However, many ofthesevariables are highly
correlated and cannot be analyzed in a multivariable model. This is not a problem when
prediction is the goal of the study (Hosmer and Lemeshow, 1989). As our goal is not to
predict, but to explain differences caused bycausal factors, we will also discuss the results
of single predictors. From these data it cannot be judged which explanatory variable is
most important in explaining differences.
In our study, weight gain from first insemination to first weaning affected pregnancy rate
in second parity on both farms and litter size in second parity on farm Aand therefore
seems to be an important variable affecting reproductive performance in second parity.
One should note, however, that for the analysis on TNB2 the R2 for the final models was
rather low, indicating that there should be also other factors, though not measured in the
study, affecting litter size in second parity. Weight gain from first insemination to first
weaning represents the growth ofan animal during the first cycleand isa combined effect
of weight gain during pregnancy (r = 0.55) and weight loss during lactation (r = 0.50).
Replacingweightgainfrom first inseminationtofirstweaningwiththetwovariables weight
gain during pregnancy and weight loss during lactation resulted in non-significant effects
for bothvariables (results notshown).Weightgainfrom first insemination tofirst weaning,
therefore, appears to be abetter explanation for TNB2 than each variable separately.
Positiveeffects ofweightgainbetween first insemination and firstweaningon reproduction
results might be explained bythe desire ofyounganimals to grow to a certain mature size.
Selection on lean growth has led to agiltwhich is physiologically immature at time of first
insemination (Everts, 1994). Therefore, gilts and young sows still need to grow to reach
their mature weight and body composition, perhaps by aiming to reach a certain intrinsic
target (Clowesetal.,1994;Evertsand Dekker, 1995).Ifthisgrowth isnotachieved between
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first insemination and first weaning a gilt might prioritize growth above reproduction
after weaning, which can result in non-pregnancy or reduced litter sizes in second parity
compared with first parity. Our data show that the percentage pregnancy increases when
weight gain between first insemination and first weaning increases.This substantiates the
hypothesis that intrinsic growth ofa,relative, immature giltto mature size,can be a factor
involved in poor reproductive performance in second parity sows.
Weaning to insemination interval also affected reproductive performance of second
parity sows on both farms; sows with an interval >21 days showed higher litter sizes in
second parity compared with sowswith an interval of6-20 days.Similar results have been
reported by Vesseur (1997) and Morrow et al. [1989). By extending the period between
weaning and insemination sows have time to recover from lactation weight loss and will
therefore show better reproductive performance (Morrow et al., 1989).
The lower production of first parity sows on farm Acompared to farm Bmight be related
to the difference in age (and possibly weight) at first insemination between both farms.
Le Cozier et al. (1998) and Schukken et al. (1994) both showed that sows older than
270 days at first mating or conception produced more piglets born alive in first parity.
The relation between litter size in first parity and litter size in second parity on both
farms might be explained byahigh genetic correlation between litter size in first and litter
size in second parity (Hanenberg et al., 2001). Phenotypic correlation, however, was low
(r =0.05 for farm Aand 0.22 for farm B) as is also described by Hanenberg et al. (2001).
The strong effect ofsow development on reproduction performance ofsecond parity sows
on farm Acould also be related to the fact that gilts on farm Bwere heavier and older at
first insemination compared with gilts on farm A.First parity sows are especially sensitive
to body reserve depletion during first lactation. They do not have enough body reserves at
first farrowing and their feed intake capacity is not sufficient to fulfil energy needs during
lactation (Mejia-Guadarrama et al., 2002). Aheavier and older gilt at first insemination
is probably also heavier at first farrowing (r = 0.43 for farm Aand r = 0.53 for farm B,
Table 2.1), and therefore better able to cope with the negative energy balance during
lactation (Gill, 2000). The results show that relations between live weight development
and reproduction in first parity and subsequent reproduction in second parity differ
between the two farms. It indicates that management factors like age and weight at first
insemination and probably many other factors affect these relations. Farm management
strategies should therefore alwaysbe taken into account when tryingto assess generalized
associations between liveweightdevelopment, reproduction infirst parityand subsequent
second parity reproduction results.
Exclusion of repeat breeders for analysis on litter size is important to determine the true
difference oflittersizesbetween parities,sincerepeatbreeders often havelargerlitter sizes
compared with non-repeat breeders (Tummaruk et al.,2001b).Forexample,litter sizes for
second parity sows including repeat breeders would have been 0.2 piglet higher for farm
A(11.8vs.11.6) and 0.3 piglet higher for farm B(11.9 vs. 11.6) compared with litter sizes
ofsecond paritysows not including repeatbreeders.Sowmanagement programs, however,
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donotseparatelyshowlittersizesfrom first insemination,andtherefore thetrueeffects of
first cycleonreproductiveperformance insecondparityismasked.Addinglittersize after
first insemination tosowmanagement programsmightthusprovidevaluable information
for farmers andtheiradvisors.
The results described in this study, show that gilts that are relatively light or young
at first insemination have reduced reproductive performance in first parity. For these
sows, sow live weight development has a large influence on reproductive performance
in second parity. Management of these animals should aim to optimize development at
first insemination and to increase growth between first insemination and first weaning,
for example byincreasing growth during pregnancy or reducing weight loss during first
lactation,inordertooptimizeproduction insecondparity.
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ABSTRACT
Our objective was to study reproductive consequences of lactation body weight loss
occurring in primiparous sows with mild feed restriction and to relate these lactation
weight losses and its consequences to metabolic profiles during lactation and subsequent
early gestation. After weaning, 47 first litter sows were retrospectively assigned to a high
(HWL,> 13.8%, n=24) or low (LWL,< 13.8%, n=23) weight loss group.Thirty-six animals
receivedanindwellingjugularveincathetertodeterminelactationalandgestational profiles
of Insulin-like Growth Factor-1 (IGF-1), Non-Esterified Fatty Acids (NEFA) and urea and
gestational profiles of progesterone. At day 35 after insemination sows were euthanized
and their reproductive tract collected. Pregnancy rate was 75% (18/24) for HWLand 96%
(22/23) for LWL sows. High weight loss sows had a lower number of implantation sites
(17.2 ± 0.8 vs. 19.5 ± 0.7, respectively, p = 0.03 ) and a lower embryonic survival (65.6 ±
3.4 vs. 77.4 ± 2.9%, P = 0.02), resulting in fewer vital embryos (14.9 ± 0.9 vs. 16.8 ± 0.7,
P = 0.07) than LWL sows. Progesterone peak values were reached later in HWL than in
LWLsows (day 13.4 ±0.5 vs.12.0 ±0.5,respectively, P=0.05).Gestational concentrations
of IGF-1, NEFAand urea were almost identical for HWL and LWLsows, whilst numerical
differences were seen during lactation. The current study shows negative consequences of
lactational weight loss in mildly feed restricted primiparous sows for embryonic survival,
and showed that these consequences seem only mildly related with metabolic alterations
during lactation and not with metabolic alterations during subsequent gestation.
Keywords:Lactation, Weight Loss, Reproduction, Metabolic Profiles, Primiparous Sows
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1. INTRODUCTION

During lactation, feed intake ofsows is often not sufficient to fulfil the energy demands for
maintenanceand milkproduction (Eissenetal.,2003).Toensure sufficient milk production,
sows utilize their body reserves, i.e. protein and fat, as an energy source for milk (Noblet
et al., 1998). These lactational body weight losses negatively influence farrowing rate
and litter size in subsequent parity (Prunier et al., 2003; Schenkel et al., 2010). Especially
primiparous sows have substantial lactational losses since their feed intake capacity is
often lower compared with multiparous sows (Quesnel, 2009). Furthermore, primiparous
sows have relatively limited body reserves and still need to grow to reach mature size and
therefore mightbemoresensitivetothenegativeeffects oflactationlosseson reproduction.
Severalauthors havestudied thephysiological mechanisms through which lactation weight
loss in primiparous sows can affect reproductive performance, using restricted feeding.
From these studies negative effects on ovulation rate (Zak et al., 1997a; van den Brand et
al.,2000c),oocyte quality (Zaket al., 1997b) and embryonic survival (Baidoo et al.,1992b;
Vinsky et al., 2006) are reported. These negative effects of feed restriction on follicular
development and oocyte quality are mediated byseveral hormonal and metabolic changes
during lactation in response to the catabolic state of the sow as reviewed by Quesnel
(2009). Feed restricted lactating sows, or sows in a negative energy balance, show low
plasma glucose,insulin and Insulin likeGrowth Factor-1 (IGF-1)concentrations (Zaket al.,
1997a) and high Non Esterified Fatty Acids (NEFA) concentrations (Hultén et al., 2002a).
Insulin and IGF-1can act onthe hypothalamus and thereby affect LHrelease (Quesnel and
Prunier, 1998;VanDenBrand etal.,2001b).Lowinsulin and IGF-1 concentrations, however,
can also reduce follicular development through direct effects on the ovaries (Quesnel,
2009). Further, in dairy cattle, high NEFA concentrations have shown to be detrimental
to embryonic survival by influencing oocyte quality, the embryonic environment or
both (Leroy, 2005).
The above described relationships have been established in experiments that used severe
feed restriction duringlactation and havefocussed onlyon metabolic consequences during
lactation.Therefore, theaim ofthe current paper istostudythereproductive consequences
of lactational bodyweight loss in sows with mild feed restriction and to relate both weight
loss and its consequences to metabolic profiles during lactation and subsequent early
gestation.
2. MATERIALSAND METHODS
All experimental procedures were approved by the Institutional Animal Use and Care
Committee ofWageningen University (Wageningen, The Netherlands).
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2.1Animals, housing, feeding and treatment
In total 47 crossbred (Yorkshire x Dutch landrace) first parity sows were used. Between
October and December 2010, the animals arrived in three consecutive batches (n = 14,
n = 17 and n =16, respectively) at day 80 ± 4 of first gestation at the experimental farm
'de Haar' ofWageningen University inWageningen, The Netherlands.
On day 103 ± 0.5 of first gestation, 36 sows were fitted with an indwelling jugular
vein catheter as described by Soede et al. (1997), to allow frequent blood sampling.
After surgery, all sows were housed in individual farrowing crates.
After placement in farrowing crates,gestation feed (12.2 MJME/ kg, 13.0%crude protein
and 0.3%lysine) was gradually replaced with the commercial lactation diet (13.1 MJME /
kg, 15.5% crude protein and 0.8%lysine) which was fed throughout lactation. Throughout
the experiment, animals were fed twice a day (0830 and 1600 h) and had ad libitum
access to water.Within 3days after farrowing, litters were standardized to 11-14 piglets.
Daily feed allowance gradually increased in the first 14 days of lactation to a maximum of
7 kg,which was based on sowbody weight after farrowing and number ofpiglets suckling
(1% ofbody weight for maintenance and 0.4 kgper piglet).Duringlactation, wet weight of
feed refusals was determined and classified as low (<1kg) or high (>1 kg).After weaning
(25.5 ± 1.4 days after farrowing), sows were housed in individual gestation crates. From
weaningtoinsemination, sowswere fed 3.5kg/day ofthelactation diet.Sowswere checked
for estrus 2times per day (0900 hand 1530 h) usingtheback pressure test inthe presence
ofamature teaser boar. Fourto 6hafter first standing estrus,sowswere inseminated with
a commercial dose of semen (1.5 x 109 motile sperm cells of a TOPIGS boar line, Topigs,
Vught, The Netherlands). If still in estrus, sows received a second or third insemination
21to 24 hours after first or second insemination.
From day 3 after first insemination sows received either 2.5 or 3.25 kg of a standard
gestation feed (12.2 MJME, 13%crude protein, 0.29% lysine) per day. From day 18 after
first insemination onwards, sows were checked for signs of estrus twice a day using fence
line contact with a mature teaser boar. Date of return to estrus was recorded as the date
the first standing reflex was observed. Around 4 weeks of gestation an ultrasound check
(Scanner 200,PieMedical/Esaote, Maastricht,TheNetherlands) wasperformed to confirm
pregnancy.
Retrospectively, based on the median of the percentage of weight loss during lactation,
sows were divided in a LowWeight Loss (LWL,<13.8%,n=23) or HighWeight Loss (HWL,
> 13.8%, n=24) group. Only pregnant sows (n=22 for LWL,n= 18 for HWL) were used to
study effects oflactation weight loss on metabolic,hormonal and reproductive parameters.
2.2 Measurements
Sow body weight, backfat and loin muscle depth were measured one day after farrowing
and at weaning. Back fat was measured 6 cm of the midline, straight above the last rib
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on the left and right sides of the animal using a Renco© Meter (MS Schippers, Bladel,
The Netherlands). In animals from batch 2 and 3,loin muscle depth was measured at the
same locations using Aloka Ultrasound Equipment (Aloka SSD-500, Biomedic Nederland
BV, Almere, The Netherlands). For loin muscle measurement, two measurements were
taken on both the left and right sides of the animal. Ifthe two measurements at one side
differed more than 2 mm, a third measurement was taken. Piglets were weighed on day
3 after farrowing, week 3 of lactation and at weaning and litter weight was calculated by
adding the weights ofallpiglets in a litter at the different times the piglet were weighed.
2.2.1Blood sampling
On days 10, 6 and 3 before weaning and the day of weaning, 10 ml blood samples were
taken at 0730 h,for analysis on IGF-1, NEFA,urea and leptin.
From day 4 until day 25 after weaning, 3 ml blood samples were taken daily at 0730 h.
After day 25,blood samples were taken three times per week, at 2 to 3 day intervals up
until slaughter. These samples were analyzed for progesterone. From day4till day 25 after
weaning an additional 7ml blood sample was taken twice a week (at 3to 4 day intervals)
at 0730 h,for analysis of IGF-1, NEFAand urea.
All blood samples (except for NEFA samples) were collected in polypropylene tubes
containing 50 or 100 ul (depending on sample size) EDTA solution (144 mg/ml saline),
were placed on ice and centrifuged at 3000 x g for 10 min at 4°C. Plasma was collected
and stored at -20°C until analysis. NEFA samples were collected in 0.8 ml serum tubes
(Minicollect, Greiner Bio-One BV, Alphen a/d Rijn, Netherlands). After collection, the
NEFAsamples were allowed to incubate at room temperature for at least 1h, after which
the samples were centrifuged at 3000 x g for 10 min. Serum was collected and stored at
-20°Cuntil analysis.
2.2.2Plasma analyses
Concentrations of plasma progesterone were analyzed in duplicate using a commercial
Coat-A-Count Progesterone RIA-kit (PITKPG-7®, Siemens Medical Solutions Diagnostics,
Los Angeles, CA,USA).The sensitivity, intra- and interassay CVwere 0.1 ng/ml, 4.7 and
6.0% respectively. The average progesterone concentration was calculated as the mean
of all values from days -1 to 34 (Dl = day of first progesterone rise above 0.5 mg/ml).
Furthermore average progesterone concentrations from days 1 - 10, 11 - 15, 16 - 21 and
2 1 - 3 4 were calculated using allvalues inthe defined time frame.
Concentrations of plasma IGF-1 were quantified in duplicate, using a commercial kit
(IRMA IGF-1 A15729®, Immunotech, Marseille, France), after extraction of the samples
with ethanol/HCl (as validated by Louveau and Bonneau (1996). The sensitivity,
intra- and interassay CVwere 2ng/mL, 2.2% and 3.5%,respectively. NEFA concentrations
were determined induplicate usingan

