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Several authors have noted that a sow’s parity has a significant impact not only on

her own productivity but also on the performance of her piglets. Analyzing all the

factors related to sows and their neonates at each birth event is an effective tool

for improving management and reproductive performance on production units.

Multiparous sows exhibit cortisol levels up to 38% higher than those of

primiparous sows at peripartum, but the latter have prolactin levels 54-70%

lower that reduce colostrum production. In addition, the weaning-to-estrous

period is 3 days longer in primiparous sows, and their farrowing intervals up to 8

days longer. Farrowing performance is significantly affected, as litter size tends to

increase in multiparous sows, thus extending duration. Piglets are also influenced

by parity: those born to multiparous sows have higher weights, up to 2.21 kg

more in total litter weight (up to 200 g/piglet). Their thermoregulation capacity is

better as they show temperatures up to 1.6°C higher, greater overall vitality, and

higher growth rates than the neonates of primiparous sows, which also suffer

higher mortality rates. Given the obvious performance differences among sows

of different parity and their offspring, swine breeders must determine the precise

effects of this factor. This review details the key differences related to parity in the

events surrounding farrowing in sows and the early lives of their offspring.
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1 Introduction

Primiparous sows (PS) have characteristics distinct from other

dams on production units (Patterson and Foxcroft, 2019). These

emerge when their productive performance is compared to that of

multiparous sows (MS) (Ordaz-Ochoa et al., 2013). Among

endocrinological changes, PS tend to have lower cortisol levels,

though various factors can affect concentrations of this hormone

(Hales et al., 2016). It is well known that certain environmental

and novel phenomena in the first farrowing experience can

intensely affect PS as, for example, alertness tends to decrease in

later parities (Jarvis et al., 2001). Prolactin, a hormone linked to

colostrum and milk production (Craig et al., 2019), is greatly

affected by parity (Quesnel et al., 2013) as MS have higher

levels and, hence, produce significantly more colostrum and

milk (Yun et al., 2014).

The close relation between reproductive parameters and parity

must also be considered. Galıńdez and Pulido (2014) hold that

farrowing intervals tend to decrease with higher parity, while

weaning-to-estrous intervals are typically longer in primiparous

sows (Ordaz-Ochoa et al., 2013). Performance at farrowing is

clearly influenced by parity, with litter size, the number of

liveborn piglets, birthweight, farrowing duration, and birth

interval all increasing with higher parity. Age is also a main factor

that differentiates the reproductive parameters of sows. Primiparous

dams are still growing, so they have high energy requirements as

they reach physiological maturity in terms of body weight, body

tissue composition, structural solidity, and productive development,

compounded by the physiological demands of gestation and

subsequent lactation (Menegat and Tokach, 2021). Multiparous

sows, in contrast, have larger energy reserves, so they are better

adapted to these conditions.

Sow parity also affects piglet performance. Neonates of 1st-

parity sows may be as much as 8% lighter than their those of MS

(Ruediger and Schulze, 2012; Roldán-Santiago et al., 2019a), while

initial body temperatures of newborns can vary by almost 1°C

(Roldán-Santiago et al., 2019a; Schild et al., 2020). These

factors affect piglet vitality –higher in the litters of MS (Roldán-

Santiago et al., 2019a)– and the ability of neonates from PS to

adapt to the extrauterine environment, since they present 16%

less colostrum intake, lower daily weight gain (DWG) (Rincón-

Gainza et al., 2014; Zotti et al., 2017), and higher mortality (Schodl

et al., 2019). In light of the foregoing, ensuring the productive

longevity of sows in swine production demands attending to the

differences between primiparous and multiparous dams

(Roongsitthichai and Olanratmanee, 2021) by evaluating distinct

management strategies based on parity (Muns et al., 2015). The

objective of the present review is to identify and analyze the

most important differences between PS and MS in relation to the

effect of parity during the peripartum period and its impact on

neonate performance.
Frontiers in Animal Science 02
2 The farrowing process

2.1 The endocrinology of parturition
associated with sow parity

As outlined above, at the end of gestation, just before partus,

sows experience a cascade of hormonal changes that are responsible

for activating various mechanisms before and during delivery, and

in preparation for the subsequent phase of lactation (Devillers et al.,

2004; Quesnel and Farmer, 2019; Wahner and Fisher, 2005; Walls

et al., 2022). The increase in the secretion of the hormone cortisol by

fetuses initiates the endocrinal changes that trigger parturition as

higher levels in the sow redirect endometrial PGF2a to the uterine

vein and, from there, to the bloodstream. Cortisol is also known to

be a biomarker of stress (Walls et al., 2022). Several authors have

pointed out that hormonal variations occur due to the effect of the

sow’s parity (Table 1) (Farmer et al., 1995; Yin et al., 2016; Ison

et al., 2018). Hales et al.’s (2016) comparison of 1st- and 2nd-parity

dams reported that salivary cortisol levels were associated with

parity since, in general, the 2nd-parity group had higher levels than

the primiparous dams at the onset of farrowing and 24 h later (45

and 43 nmol/l, respectively, vs. 28 and 30). These results are

consistent with those in Ison et al. (2018), who found that

salivary cortisol concentrations varied on the day of delivery

depending on sow parity, with PS having lower levels than MS

(3.4 and 4.6 ng/ml, respectively, P < 0.05). In this regard, Hales et al.

(2016) suggest that the lower amount of cortisol that PS produce

may be associated with smaller litter sizes compared to MS.

Moreover, the larger litters produced by the latter imply a longer

farrowing duration that extends the period when cortisol levels

remain high. Finally, the impact of stressors may be distinct for PS

since they are unfamiliar with the farrowing environment and many

of the handling procedures involved (Roelofs et al., 2019). In a

related finding, levels of both alertness and absolute cortisol

decreased in sows with previous farrowing experience (Jarvis

et al., 2001).

Progesterone is the hormone responsible for preventing

contractions and maintaining pregnancy, but after luteolysis it

decreases abruptly and its remnants are transformed into

estrogens. This eliminates the myometrial block and allows

contractions to begin under the influence of estrogens (Walls

et al., 2022). Miller et al. (2004) fed pregnant sows diets with two

energy levels (maintenance energy at 460 kJ DE/kg BW0.75 vs.

double that amount) from day 100 of gestation to farrowing in sows

of parities 1, 2 and 3. Progesterone concentrations were assessed at

farrowing –obtaining values of 8.4 ± 0.88, 7.8 ± 0.65, and 9.0 ± 0.93

ng/mL, respectively (P>0.05)– and then at 6 hours postpartum with

results of 5.8 ± 0.67, 5.3 ± 0.53, and 7.0 ± 0.72 ng/mL, respectively

(P>0.05). There were no significant differences due to parity in the

sows evaluated, a finding similar to that in the study by Quesnel

et al. (2013), who administered a formulated lactation diet (9.11 MJ
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NE kg-1, 17.8% crude protein, 0.8% lysine, and 4.4% crude fiber) to

sows of parities 1-5 during the week prior to farrowing. They

recorded an abrupt decrease in progesterone between the day before

farrowing and the day after in all study groups (10.46 ± 0.49, 6.6 ±

0.35, and 1.41 ± 0.12 ng mL-1 on day -1, day 0, and day 1,

respectively), though no significant differences appeared due

to parity.

Prolactin has been linked to both nest-forming behavior prior

to farrowing and stimulation of udder development in preparation

for lactation (Farmer, 2022; Walls et al., 2022). Yun et al. (2013)

studied serum prolactin levels in PS and MS in the peripartum and

postpartum periods (days -3, -2, -1, +1, +2, +4, and +7) under

distinct housing and nesting material conditions (cage+1 sawdust

bucket, pen+1 sawdust bucket, and pen+2 sawdust buckets with

other materials). Regardless of the housing type, prolactin

concentrations were affected by parity: the authors found that the

PS had 18 pg/ml on the day before farrowing and peaked at ~20 pg/

ml on day 1 postpartum, whereas the MS had readings of 37 pg/ml

on the day before farrowing and 43 pg/ml on day 1 postpartum (P <

0.01). Clearly, the latter maintained almost double the prolactin
Frontiers in Animal Science 03
level at all measuring intervals, from the day before farrowing to day

7 postpartum.

Higher concentrations of this hormone may positively affect

oxytocin levels prior to delivery and during postpartum. Other

authors have found that oxytocin plays an important role in

regulating prolactin secretion in various species (Samson et al.,

1986; Bar-Pelled et al., 1995). During farrowing, this hormone

stimulates myometrial contractions for fetus expulsion and

stimulates milk letdown (Farmer, 2022; Walls et al., 2022). In this

regard, Yun et al. (2014) studied the influence of housing (crate vs.

pen) and nesting materials (sawdust, shredded newspaper,

branches, chopped straw, sisal rope) in sows of parities 1, 2, and

3-4 on oxytocin and prolactin levels prior to farrowing. Regardless

of the housing conditions, they found that the PS had an average

prolactin level of 14.8 ng/ml, 2nd-parity sows 18.6 ng/ml, and 3rd-

and 4th-parity sows 22.5 ng/ml (P=0.007). Results for oxytocin,

irrespective of housing, were 18.3 pg/ml for the PS, 20.3 pg/ml for

the 2nd-parity sows, and 23.9 pg/ml for the 3rd- and 4th-parity

mothers (P=0.078). The authors concluded that, regardless of the

housing environment, parity affected both oxytocin and prolactin
TABLE 1 Effects of parity on the physiological and performance variables of sows.

Indicator Effects References

Salivary cortisol Cortisol levels in PS at farrowing are lower than in MS (3.4 vs. 4.6 ng/
ml). Cortisol increases in the former compared to the latter at 3 d
postpartum (5.7 vs. 4.3 ng/ml).

Hales et al. (2016); Ison et al. (2018)

Plasma prolactin Prolactin levels in nulliparous sows are lower during the peripartum,
farrowing, and postpartum periods than in MS (35 ng/mL-1, 38 ng/
mL-1 and 36 ng/mL-1 vs. 40-61 ng/mL-1, 70-124 ng/mL-1 and 36-104
ng/mL-1, respectively).

Quesnel et al. (2013); Yun et al. (2013); Yun et al. (2014)

Return to estrus In 1st-parity sows this takes 7-15.9 d on average. In 2ndsecond-parity
sows it takes 5-10 d, while the time for 3rd-parity sows is 5-11 d, and
for 4th- to 6th-parity, 5-6 d.

Moeller et al. (2004); Mendoza and Ortega (2009); Ordaz-Ochoa et al.
(2013); Santos et al. (2015)

Posture changes Prior to farrowing, nulliparous sows exhibited more postural changes
(106 vs. 96) than MS. On the day of farrowing, nulliparous sows
presented around 120 postural changes vs. 95 in MS.

Jarvis et al. (1997); Jarvis et al. (2001); Mainau et al. (2010)

Expulsion interval Longer in PS than MS, in ranges of 19-25 vs. 15-22 min. Cronin et al. (1993); Yang et al. (2019)

Farrowing duration Shorter in PS, ranging from 140-150 mins, whereas 2nd-to-4th-parity
sows averaged 199 min, and 5th-to-7th-parity dams 180-190 min.

Cronin et al. (1993); Tummaruk and Sang-Gassanee (2013); Björkman
et al. (2017); Ju et al. (2022).

Colostrum
production

This is lower PS (2.7-4.5 kg) than MS (5.3-to-5.5> kg) but decreases in
5th-to-7th-parity dams (3.5-5 kg).

Devillers et al. (2007); Ferrari et al. (2014); Nuntapaitoon et al. (2019);
Tospitakkul et al. (2019)

IgG content
in colostrum

Primiparous sows have up to 5% less IgG than MS. This factor tends to
increase with parity.

Cabrera et al. (2012); Nuntapaitoon et al. (2019)

Total number of
piglets born and
liveborn piglets

Primiparous sows bear a lower total number of piglets than MS: 9.2-
10.5 vs. 10.6-11.6.
The number of liveborn piglets is lower in PS than MS: 8.3-9.7 vs.
10-11.

Cronin et al. (1993); Garcıá-González et al. (2011); Tummaruk and
Sang-Gassanee (2013); Ju et al. (2022).

Litter size Litter size tends to increase with parity, 1st: 13.6 ± 2.0; 2nd: 10.2 ± 4.7;
3rd: 12.2 ± 5.5; 4th: 15.0 ± 3.7; 5th: 15.0 ± 6.8; 6th: 13.5 ± 6.9; and 7th:
14.7 ± 2.7.

González-Hernández et al. (2002); Santos et al. (2015)

Litter weight at birth Litter weight at birth is lower in PS than MS (16.19 vs. 17.4-18.4> kg). Garcıá-González et al. (2011); Rincón-Gainza et al. (2014); Muns
et al. (2015)

Between-birth
interval

This interval increases in PS compared to MS (152 vs. 145 d). Koketsu (2005); Galıńdez and Pulido (2014)
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levels and confirmed that the former increase with parity while

claiming that MS tend to have higher oxytocin concentrations.

Quesnel et al. (2013) also described the effect of parity on

prolactin, comparing sows from parities 1-5 over three days,

beginning on the day prior to farrowing. Levels increased on that

day, reaching 35, 40, 52.5, 61.5, and 58.5 ng/mL-1, respectively. This

hormone reached its maximum concentration on the day of

farrowing (38, 70, 103, 80, and 127 ng/mL-1, respectively), but

decreased in all groups the following day (36, 52.5, 69.5, 60.5, and

104 ng/mL-1, respectively). These results demonstrate that marked

differences occurred in the prolactin levels of the five study groups

on all three days (P<0.001). These findings show that older sows

had higher prolactin concentrations in all three phases: peripartum,

parturition, and postpartum. Higher parity was also related to adult

sows with better udder development, a more mature hormonal axis,

and previous farrowing experience. In contrast, the younger sows

required more energy resources to trigger colostrogenesis and,

subsequently, lactogenesis, because they were still growing

(Menegat and Tokach, 2021). Fully adult sows exhibited greater

mammary development and had larger energy reserves for milk

production, so they were better adapted for initiating and

maintaining lactation (Nuntapaitoon et al., 2019; Tospitakkul

et al., 2019). But parity also influenced litter size (Santos et al.,

2015), which in turn affected the duration of parturition. Larger

litters may stimulate more active suckling by piglets and, since the

neonates of MS tend to exhibit greater vitality (Roldán-Santiago

et al., 2019a), could lead to more effective stimulation of the udder,

thus promoting higher prolactin and oxytocin levels and facilitating

milk production.

PS and older sows (those with parities >6) have a higher risk of

experiencing poor farrowing, which can compromise their health

and increase the danger of postpartum dysgalactia syndrome (Walls
Frontiers in Animal Science 04
et al., 2022). In sows with this condition, cortisol levels increase

from 36 h prepartum to 36 h postpartum (Kaiser et al., 2018),

possibly an early indication of inflammation or stress, while their

prolactin concentrations are lower (Maes et al., 2010). Primiparous

sows with large litters that require human intervention at farrowing

have a higher risk of developing this syndrome (Gerjets et al., 2011;

Bardehle et al., 2012). In relation to this, differences in hormone

levels due to parity can affect the performance of sows. Unlike

progesterone, which is not influenced by the number of births,

prolactin shows marked differences that affect colostrum and milk

production in PS. Handlers must be aware of this disadvantage in

cases of PS with large litters, as they must consume more food due

to the greater wear and tear they suffer (Kim and Easter, 2001).
2.2 Reproductive parameters of sows

The main parameters used to determine reproductive capacity

in sows include gestation length, weaning interval, and the return of

estrus. Gestation length spans the days from the first insemination

during estrus to the farrowing date (Sasaki and Koketsu, 2007;

Rydhmer et al., 2008), while the weaning-to-estrus interval is the

number of days a sow requires to present signs of heat after weaning

(Sasaki and Koketsu, 2007). Significant differences in these

reproductive parameters associated with sow parity have been

reported. According to Smith et al. (2013), who induced

farrowing in nulliparous and primiparous sows on days 113, 114,

and 116 of gestation, gilts typically had shorter gestation periods

than 2nd-parity sows, as a higher proportion gave birth

spontaneously on days 113 (9 vs. 5%) and 114 (23 vs. 9.5%),

though this pattern was reversed on day 116 (75 vs. 87%). These

results may suggest that the effects of stress during gestation are
TABLE 2 Main differences in piglets due to the effect of sow parity.

Indicator Effects References

Birthweight Piglets born to PS have a lower average birthweight than those born to
MS: 1st parity, 1.1-1.34 kg; 2nd, 1.27-1.52; 3rd, 1.33-1.42; 4th, 1.27-1.48;
5th, 1.4-1.53; 6th, 1.38-1.59.

Ruediger and Schulze (2012); Roldán-Santiago et al. (2019a); Roldán-
Santiago et al. (2019b); Schild et al. (2020)

Vitality Piglets born to MS (especially in their 4th parity) have greater vitality
than those born to PS and dams in their 7th parity.

Roldán-Santiago et al. (2019a); Roldán-Santiago et al. (2019b)

Tympanic
temperature

At birth, piglets of PS had lower tympanic membrane temperatures
than those of MS in their 2nd-7th parity (37.1 vs. 37.3, 37.5, 37.8, 37.6,
37.3, and 36.9°C).
Piglets born to 4th-parity sows had the highest temperatures, while
those born to 1st- and 7th-parity dams had the lowest.

Roldán-Santiago et al. (2019a)

Rectal temperature On the day of birth, piglets born to PS had lower rectal temperatures
(38.0 ± 0.08°C) than those born to 2nd-parity sows (38.9 ± 0.09°C).

Schild et al. (2020)

Colostrum
consumption

The piglets born to PS had lower colostrum intake than those born to
MS of parities 2 to 4 (360 vs. 413, 425, and 300-422 g, respectively).

Nuntapaitoon et al. (2019); Tospitakkul et al. (2019)

Daily weight
gain (DWG)

The piglets born to PS had lower DWG in the first 21 days of life (150-
254 g) than those born to MS from 2nd-to-5th parities (164-249, 169-
242, 175-250, and 181-259 g). The piglets born to PS also had lower
colostrum intake (360 g) than those born to MS of 2nd-to-4th parity
(413, 425, and 361 g).

Ruediger and Schulze (2012); Carney-Hinkle et al. (2013); Rincón-
Gainza et al. (2014); Schild et al. (2020)

Neonatal mortality PS presented a figure of 29.2% compared to MS at 22.85% and dams of
parities 2 and 3 at 15.72%.

Schild et al. (2020)
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more pronounced in nulliparous sows, possibly due to constraints

on behavior during gestation and because farrowing is a novel event

for them (Estienne and Harper, 2010). Yang et al. (2019) found

significant differences (P <0.05) in the duration of gestation by

parity, as they presented the following results: PS, 115.4 ± 1.3 d;

middle-aged sows (parities 2-5), 115.5 ± 1.2 d; and old sows

(parities 6-9), 116.7 ± 0.9 d. They concluded that the higher the

parity, the lower the impact of stress on reproductive performance.

In an effort to develop a scale to score the ease of farrowing,

Mainau et al. (2010) assessed PS and MS (parities 2-7) in relation to

duration, postural changes, activity levels, and the presentation of the

piglets at expulsion and after birth. They found that parity had no

effect on the duration or ease of farrowing, as average times of 221.87

min and inter-piglet intervals of 16.96 min were recorded. This

indicates that PS will not necessarily have more difficult farrowings

than MS, but contradicts the findings of Wülbers-Mindermann et al.

(2002) and Cronin et al. (1993), who reported that parity significantly

affects farrowing duration. Here, it is important to consider that PS

tend to have smaller litters (Santos et al., 2015), so this may reduce

farrowing duration. Although prolonged farrowings may reflect

difficult births, various factors can increase duration, such as body

condition, housing, gestation length, and the sow’s age, genetics, and

parity (Oliviero et al., 2010; Adi et al., 2022).

It is generally accepted that the weaning-estrus interval should be

in a range of 5.5-7.5 days (Knox and Zas, 2001; Bolado et al., 2011;

Pérez-Sánchez et al., 2015; Yatabe et al., 2019). The return of estrus is

influenced not only by parity (Malavé et al., 2007), but also by feed

intake, the intensity of lactation, and the consumption of body

reserves, key factors that are more intense in 1st- and 2nd-parity

sows (Ordaz-Ochoa et al., 2013). The former must distribute their

energies and the nutrients they consume among their requirements

for growth, reproduction, gestation, and lactation, but MS no longer

need to invest energy in growth (Malavé et al., 2007; Leite et al., 2011).

Primiparous sows exhibit longer anestrus, but this tendency decreases

with higher parity (Pérez-Sánchez et al., 2015). Santos et al. (2015)

evaluated the parity of sows selected for the integrity of locomotion,

udder morphology, and body condition (3-4 on a scale of 5) with the

supplementation of coconut oil to their piglets. Their comparison of

the sows’ parity (1-7) revealed that the 1st- and 2nd-parity dams took

longer to re-enter the estrous cycle than the 3rd-parity sows (7-10 vs.

5.6 d). Moeller et al. (2004) reported similar results when comparing

1st-4th-parity sows from six different genetic lines, as they found that

this interval was shorter in the sows of parities 2 and 3 (8.2-10 vs. 8.5-

11.4 d) than in the PS (11.2-15.9 d). Mendoza and Ortega (2009)

observed a similar effect, as they reported higher average weaning-to-

estrus intervals for PS (12.2 d) and a decrease with higher parity (7.0,

6.1, 6.1, 5.4 and 5.3 d, respectively, for parities 2-6).

In their work, Ordaz-Ochoa et al. (2013) determined that PS

had longer weaning-to-estrus interval (8.8 d) than 1st-to-5th-parity

dams, and that the latter had the shortest interval (6.7, 6.4, 6.2, and

5.8 d, respectively). Smith et al. (2013), however, reported that the

percentage of sows that entered estrus on day 7 post-weaning, and

the probability of a subsequent pregnancy, was not affected in

primiparous vs. 2nd-parity dams. Their findings concur with

Rincón-Gainza et al.’s (2014), comparison of 1st- and 2nd-parity
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sows, which found no significant variation in this interval due to

parity. They also showed that if the loss of weight and backfat

during lactation is not severe, the return to estrus post-weaning will

not be delayed. Other authors also affirm that the late presentation

of post-weaning estrus in PS is associated with significant weight

loss and deficient nutrition during lactation (Karvelienė et al., 2008;

Han et al., 2020). One such finding is that PS whose backfat

thickness is below 18 mm at weaning will take longer to present

estrus and will have lower conception rates (Murillo-Galán et al.,

2007; Škorjanc et al., 2008).Therefore, backfat thickness is

considered a main factor that affect the reproductive performance

of sows, especially in relation to litter size (Tummaruk et al., 2007).

In this regard, Roongsitthichai and Olanratmanee (2021) evaluated

fetal mortality in PS in relation to backfat during insemination and

farrowing. Their results showed that the number of stillborn piglets

appeared to be proportional to backfat thickness at farrowing, as

their study revealed a higher number of stillbirths (9.1%) in sows

with more backfat (>21 mm) compared to those with less (≤15 mm,

0.2% stillbirths). They hypothesized that the birth canals of sows

with thicker backfat may have more layers of adipose tissue that

could form a physical impediment to the expulsion of their piglets.

The length of gestation and the weaning-to-return to estrus

interval are highly important parameters in swine production units,

as they contribute to determining the productivity of sows. In the case

of PS, these times are modified by the fact that they are experiencing

their first parity, a condition that may be deemed disadvantageous

and require special handling, since inadequate management and the

failure to monitor backfat thickness could lead to an increase in the

number of stillbirths and in the time required to return to estrus, two

factors that reduce the productivity of sows.
2.3 Sows’ behavior at farrowing

Regarding sows’ behavior during farrowing, studies show that

both multiparous and primiparous mothers housed in farrowing

crates show constant changes in posture. They remain standing or

sitting for varying periods of time, but in the 6 hours prior to

farrowing they perform the greatest number of postural changes

(Mainau et al., 2009; Girardie et al., 2023). Sows in farrowing crates

show behavioral patterns similar to those of nest-building

(Lammers and De Lange, 1986; Yun et al., 2013; Yin et al., 2016;

Rosvold et al., 2019). On the day after farrowing, however, they

remain lying laterally 89% of the time (Hötzel et al., 2004; Girardie

et al., 2023). Mainau et al. (2010) found that PS had more postural

changes (lying, sitting, standing) than MS (106.8 ± 9.8 vs. 96.7 ± 5.5

movements) on the day before farrowing, but 120.6 ± 8 vs. 95.1 ±

6.9 on the day of farrowing. In contrast, Mainau et al. (2009)

reported that the proportion of time that sows remained standing,

sitting, and lying down, and the frequency of their postural changes,

were not affected by parity. This latter finding is consistent with the

study by Jarvis et al. (2001), who followed gilts through their first

and second gestations. They found no effect of parity on the time

spent in each posture but added that there was a tendency for the

number of postural changes to decrease with higher parity.
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Jarvis et al. (1997) also described behavioral changes related to

the postures of gilts 24 h prior to farrowing. They observed that at

16 h before parturition, the sows remained standing for longer

periods, and that this reached its maximum level 8 h before

farrowing. The lateral lying posture decreased around 16 h prior

to farrowing and was at its lowest point 8 h before birthing began.

Both the ventral lying and sitting postures varied depending on the

time relative to the onset of farrowing. Those authors also

mentioned that, regardless of the environment, gilts increased the

proportion of time they remained standing mainly during the

period that coincided with the performance of nest-building

behavior, a conduct that is altered of no material for nest

construction is provided. In contrast, the sows housed in cages

increased the proportion of time spent sitting (Plush et al., 2021).

Cronin et al. (1993) observed increased nest-building behaviors

24 h prior to farrowing –with notable increases at 12 h pre-

farrowing– that included pawing, rooting, and nosing at the floor

and cage bars. In that study, the sows generally remained lying

laterally throughout farrowing, though some –clearly nervous–

dams tended to stand frequently (Randall, 1972; Jarvis et al.,

1997). Jarvis et al. (2001) monitored sows during their first and

second gestations to compare different types of housing in relation

to behavior and plasma cortisol levels. Although they found no

significant differences in parity related to the time sows spent in

different postures, they did report decreased alertness in the 2nd-

parity sows. which they attributed to habituation to the farrowing

crates. One indication of this was a pattern of lower absolute cortisol

levels. Therefore, previous experience of farrowing in a crate seemed

to reduce physiological stress during the second farrowing. It is

necessary, however, to consider factors that may influence cortisol

levels, such as other housing conditions (Hales et al., 2016) and the

changes that occur with higher parity, as these can improve

reproductive parameters like litter size (Santos et al., 2015) while

also prolonging farrowing (Ju et al., 2022), which affects cortisol

levels. In this vein, Thorsen et al. (2017) evaluated sows of parities 1-

6 (grouped as 1-2, 3-4, and >4), but found no effect (P=0.614) on the

number of postural changes post-delivery.

Some studies of swine suggest that tail-wagging is a common

indicator of positive emotions in sows (e.g., Reimert et al., 2013).

Yang et al. (2019), however, indicated that tail-wagging at farrowing

is a significant indicator of pain. Their experiment determined a

negative correlation independent of parity number, with values of r

= –0.441 for PS, r = –0.428 for sows from parities 2-5, and r = –0.832

for parities 6-9. Those results suggest that the frequency of tail-

wagging increases around the moment of the expulsion of the first

piglet but decreases considerably after the last one is expelled. The

sows with 6-9 parities exhibited more tail movements before

expelling the first piglet (24 with an average of 7.8 ± 6.7 per

piglet) followed by the PS (16 with an average of 5.3 ± 4.3), and

those from parities 2-5 (9 with an average of 5.6 ± 2.3). These figures

indicate that sows with very high parity, along with PS, experience

greater pain than dams with 2-5 parities.

It is essential to provide sows with an adequate environment to

prevent disruptions in the farrowing process. This is especially

important for gilts, whose first experience with farrowing should
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not be negative. One of the differences between gilts and MS is that

the former show greater reactivity because farrowing is a novel

event. The number of postural changes and tail movements may

reflect discomfort, so all sows must be manipulated gently before

farrowing, and handlers must take special care with gilts by, for

example, providing materials that allow them to engage in nest-

building behavior whenever possible.
2.4 Between-farrowing interval

The farrowing interval (FI) is a critical reproductive parameter, as

it represents the number of days that elapse from one farrowing to the

next and, hence, the quality of farm management. It spans the

lactation, weaning-service interval, and days of gestation (Galıńdez

and Pulido, 2014; Wu et al., 2019). Studies related to parity suggest

that primiparous sows may have longer FIs than multiparous ones

(Tantasuparuk et al., 2000; Pandey et al., 2010). Galıńdez and Pulido’s

(2014) cross-sectional study compared sows with parities 1-5 and ≥6

in two periods. They found that FI tended to decrease as the sow

enters full adulthood but does not present a constant tendency (153,

150, 148, 148, 148, and 145 days, respectively, for parities 1-5 and ≥6).

This coincides with the report by Koketsu (2005) on his cross-

sectional research into the characterization of reproductive

performance according to sow parity. Koketsu found longer FIs in

sows from 1st-to-2nd parity (152 days) compared to those in the ≥6th-

parity group (144 days). However, not all authors agree. Van Dijk

et al. (2005), for example, evaluated the length of the expulsion stage

and birth interval in piglets from sows of different breeds, reaching

the conclusion that FI was not affected by parity.

Returning to the evidence for reduced FI with higher parity, this

relation has been attributed to the subsequent development that

sows achieve due to a better distribution of nutrients, especially

since PS show greater mobilization of fat reserves during lactation

(Ek-Mex et al., 2014; Rempel et al., 2022). As mentioned above,

primiparous sows must distribute their energy and nutrients among

their requirements for growth, reproduction, gestation, and

lactation, while multiparous sows no longer invest energy in

growth (Malavé et al., 2007; Leite et al., 2011). In addition, PS

tend to have longer weaning-to-estrus intervals because they are

more susceptible to reproductive failures (e.g., anestrus, repeated

estrus, abortion). This can be explained by their immature

endocrine system, since they are young and still growing (Ortıź

et al., 2004; Rempel et al., 2022). Another factor involved is low feed

intake during lactation, as this decreases the secretion of

gonadotropins (Koketsu et al., 1996; Butler, 2005), which restricts

follicular growth in their ovaries, consequently increasing FI. We

cannot ignore findings which suggest that reproductive

performance improves as parity increases, apparently peaking

between parities 2-5, before declining (Klimas et al., 2020) in

older sows that may have decreased ovulation, lower fertilization

rates, and higher more stillbirths (Koketsu et al., 2017).

Because PS are young animals that are still growing, they

require different handling to achieve their maximum productive

potential, especially in terms of nutrition. The feed provided must
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be optimal so they can maintain high productivity while they

continue to grow. This will help prevent the kinds of reproductive

failures –caused by the wear and tear that lactation can cause

through consumption of body reserves– that occur much less

frequently in MS.
2.5 Farrowing duration

Parturition is defined as a three-stage process: the first stage

refers to the ripening of the cervix and the initial myometrial

contractions to position the fetus in the birth canal; the second is

characterized by the onset of strong abdominal contractions,

rupture of the allantochorionic sac, and expulsion of the fetuses;

the third involves expulsion of the residual fetal membranes (Walls

et al., 2022). For productive purposes, the parameter farrowing

duration begins in stage 2 with the expulsion of the first fetus, and

ends with that of the last piglet (Zaremba et al., 2015). Average

duration can vary from 156 to 262 min, but if it lasts more than 300

min it is considered prolonged (Oliviero et al., 2010; Liu et al.,

2021), a condition that can increase the mortality rate of piglets

(Fraser et al., 1997). Björkman et al. (2017) reported that farrowing

duration correlated positively with the number of stillbirths and

parity (P = 0.009). In their study, sows with 0 stillbirths had a

farrowing duration of 307 ± 141 min, whereas those with 1 stillbirth

had an average duration of 437 ± 275 min. In the case of sows with 2

stillbirths, this was 487 ± 219 min; with 3, 429 ± 229 min; with 4,

445 ± 221 min; and with 5, 696 ± 548 min. Farrowing duration can,

however, be influenced by various factors, including breed, the age

of the sow, gestation length, litter size, and housing and body

conditions (van Rens and van der Lende, 2004; Van Dijk et al., 2005;

Oliviero et al., 2010).

On the topic of farrowing duration, distinct average times for

the between-birth interval of individual piglets have been

established by different authors. This interval can be classified as

very short –fewer than 5 min–; long, over 20 min (van Rens and van

der Lende, 2004; Van Dijk et al., 2005), as 12-18 min (Alonso-

Spilsbury et al., 2004), or as 15-28 minutes (van Rens and van der

Lende, 2004). In this regard, van Rens and van der Lende (2004)

reported that the first piglets expelled have longer birth intervals,

while expulsion of the second and final fetuses may take longer in

PS (2-28 and 2-150 minutes, respectively).

To study the effect of farrowing duration on the expulsion of the

placenta, Björkman et al. (2017) compared sows from the 2nd-to-5th

farrowings. They found significant differences (P=0.008) for the

effect of parity, as they recorded the following times: 2nd farrowing,

273 ± 147 min; 3rd, 366 ± 183 min; 4th, 377 ± 219 min; and 5th, 481 ±

278 min. Tummaruk and Sang-Gassanee (2013), in turn, suggested

that PS have a shorter average farrowing duration (141.2 ± 18.6

min) than sows of parities 2 to 4 (199.2 ± 17.1 min, P=0.025), but

that this does not differ significantly from that of sows of parities 5-7

(179.9 ± 16.2 min, P=0.123). They recognized that their results were

affected by the litter size in each group of sows. In this sense, some

authors claim that high parities result in longer farrowing (Farmer

and Robert, 2003), though others do not suggest any significant
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effect (Van Dijk et al., 2005; Oliviero et al., 2009; Mainau et al.,

2010). van Rens and van der Lende (2004) performed a study to

evaluate farrowing duration, body weight, inter-expulsion interval,

birth order of the piglets, and delay in expelling the placenta in

LargeWhite ×Meishan F2 PS. They reported an average duration of

130 ± 89 min with between-piglet intervals of 14.9 ± 9.8 min.

Oliviero et al. (2010) and Nam and Sukon (2020) reported that

parity has no statistically significant effect on farrowing duration.

In contrast, Yang et al.’s (2019) evaluation of the reproductive

performance of sows of different parities found a shorter average

between-piglet interval in older sows (22.2 min, parities 6-9) than

middle-aged (29.5 min, parities 2-5), and young sows (25.9 min,

primiparous) The study by Hales et al. (2015), however, which

evaluated the effect of confinement of sows from parities 1-7 on

farrowing duration, found that the birth interval was shorter in sows

of parities 1-2 than in those of parity 3 or greater, irrespective of

housing conditions (20 vs. 24 min. p < 0.09). Van Dijk et al. (2005),

meanwhile, analyzed the length of the expulsion stage and the birth

interval in piglets from sows of different breeds. They reported that

the between-birth interval was not affected by parity, but did show

an effect of breed.

In a study designed to determine the effect of parity on (i) the

total number of piglets born; (ii) the number of liveborn piglets; and

(iii) the number of stillbirths, Ju et al. (2022) analyzed 32,231

farrowings from 8,420 sows of parities 1-10. They reported that PS

had a shorter average farrowing duration (212.65 ± 61.90) than the

MS (243.01 ± 67.68, 247.23 ± 67.23, 250.23 ± 65.84, 251.10 ± 67.23,

252.01 ± 68.35, and 260.40 ± 68.02 min for parities 2-7, respectively,

p < 0.05), and added that the average duration of parturition was 4.2

h, though it increased with litter size. They concluded that both

litter size and parity influence the duration of parturition. Although

as these studies show, the length of farrowing varies amply, verifying

the range of the between-piglet interval and the total length of

farrowing, as well as considering all the factors involved –including

environmental and housing conditions and behavior– can help

ensure that timely care is provided when complications arise during

farrowing in primiparous sows.
2.6 Litter size

In pigs, the factor of litter size refers to the total number of

piglets at birth, including both liveborn neonates and stillborns

(Casellas et al., 2004; Rutherford et al., 2013). This parameter can be

categorized in four main groups: total piglets born (TB); liveborn

piglets (BA); mummified fetuses (MF); and stillbirths (SB)

(Roongs i t th icha i and Olanratmanee , 2021) . Genet ic

improvements in modern swine production have focused on

increasing litter size (Rutherford et al., 2013), so today some

hyperprolific sows can produce up to 22 piglets per litter (Kobek-

Kjeldager et al., 2023). Litter size is now a key indicator of

reproductive performance in sows (Roongsitthichai and

Olanratmanee, 2021), though larger litters can generate problems

such as longer farrowing duration, placental retention, greater

weight variation in piglets, low birthweights, and more stillbirths
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(Björkman et al., 2017). As mentioned previously, Hales et al.

(2015) evaluated the effect of confinement on sows from parity 1-

7 in relation to the progress of farrowing, finding an effect of parity

on piglet mortality, as the sows of parities 1-2 had lower indices

than older sows, irrespective of housing conditions (4.27 ± 0.77 vs.

10.9 ± 70.86, P < 0.001). These results agree with those of Garcıá-

González et al. (2011) in their assessment of the effects of parity on

piglet mortality. Their results were 9.22 TB and 8.3 BA for parity 1;

9.43 TB and 8.97 BA for parity 2; and 10.65 TB and 10.05 BA for

parity 4. Tummaruk and Sang-Gassanee (2013) also compared sows

of different parities. They determined that PS had fewer TB (9.6 ±

0.6) than MS (11.3 ± 0.7 TB for parities 2-4, 11.6 ± 0.6 TB for

parities 5-7). Their conclusion was that litter size increases with

parity. Some authors, however, do not agree. For example, Yang

et al. (2019), who evaluated the reproductive performance of sows

of different parities, observed numerically larger litters in 1st-parity

sows (16.8 ± 1.8) than in MS (15.5 ± 3.1 for parities 2-5, 12.4 ± 3.2

for parities 6-9), though the effect they calculated did not reach the

level of significance (P= 0.113). They further found that the BA

piglets tended to be smaller in 1st- and 2nd-parity sows (Quesnel

et al., 2008; Tummaruk and Sang-Gassanee, 2013). Regarding

stillborn piglets, Garcıá-González et al. (2011) found that there is

a greater tendency to present stillbirths in sows from parities 1 and 6

(0.92 and 0.94 SB, respectively) compared to mothers from the

parities 2-5 (0.47, 0.60, 0.64, 0.61, respectively, P<0.05).

Rincón-Gainza et al.’s (2014) work assessed the reproductive

performance of purebred Yorkshire sows and Landrace × Yorkshire

crossbreds in four parity groups: 1, 2, 3, and ≥4. Although they did

not find significant differences in BA, MF, or SB with respect to litter

size (P>0.05), regardless of breed, they did document an effect of

parity on the birthweight of the litters (P<0.05), which increased with

higher parity. In their study, the litters from 3rd-parity sows were

heavier than those of the PS (16.19 ± 0.56, 17.4 ± 0.65, 17.95 ± 0.65,

and 18.4 ± 0.64 kg for sows with parities 1-4, respectively). In their

research, Santos et al. (2015) evaluated the effects of parity and dietary

supplementation with coconut oil. Results showed that sows with

higher parity had larger litters (13.62 ± 2.09, 10.25 ± 4.74, 12.25 ±

5.51, 15.0 ± 3.75, 15.0 ± 6.8, 13.5 ± 6.96, and 14.70 ± 2.72 piglets per

litter for parities 1-7, respectively), but that the average birthweight of

the piglets decreased as their number per litter increased (1.29 ± 0.2,

1.63 ± 0.74, 1.53 ± 0.68, 1.38 ± 0.34, 1.26 ± 0.58, 1.30 ± 0.65, and 1.17

± 0.16 kg for the sows of parities 1-7, respectively). In addition, they

determined that this effect could be exacerbated in hyperprolific sows

due to intrauterine growth retardation, which has negative effects on

growth performance due to dysfunctions in intestinal morphology

(Tang and Xiong, 2022). In this regard, they suggested that the

increase in litter size between primiparous and 1st-parity sows could

be associated with higher ovulation rates, greater uterine capacity,

and the age of the sows (Suriyasomboon et al., 2006; Foxcroft, 2007).

Roongsitthichai and Olanratmanee (2021), who studied the

backfat thickness of nulliparous sows during service and

farrowing, related fetal mortality to this factor in both nulliparous

and primiparous sows. In light of their findings, they recommended

that special attention be paid to backfat thickness in these females at

the time of mating or service, since sows with thickness ≤12.0 mm
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produced more MF of non-infectious origin (13.8 ± 4.5 MF). Their

experiment generated values of 10.5 ± 2.6 for TB, 9.5 ± 2.7 for BA,

4.0 ± 0.7% for SB, and 4.1 ± 0.9% for MF.

As this research suggests, sows’ productivity is strongly

influenced by parity, with PS having lower reproductive

performance, including shorter farrowing times and fewer

liveborn piglets than sows from parities 2-5 (Koketsu et al., 2017).

A second conclusion is that reproductive performance improves

with higher parity, reaching its peak between parities 2 and 5, when

it begins to decline (Klimas et al., 2020). Reproductive failures,

health disorders, and physical defects are among the main reasons

for culling sows (Bondoc and Isubol, 2022). According to the data

reported to date, the litters of PS are typically smaller than those of

MS, so it is essential to manage their feeding carefully before,

during, and after gestation to prevent problems such as SB and

MF neonates and ensure their productive longevity for

subsequent parturitions.
2.7 Colostrum production

Colostrum is the first lacteal secretion from the sow’s udder

after farrowing, but it begins to be produced once its components

are synthesized and immunoglobulins are transferred into the

lacteal secretion. Constituent elements like lactose begin to form

approximately 4 days before farrowing (Hartmann et al., 1984).

Colostrum secretion is constant during the first 2-4 h after the onset

of farrowing, but decreases in frequency until 12-36 h postpartum

(Fraser and Rushen, 1992; Quesnel et al., 2012) as production

transits toward normal milk (Theil et al., 2014). Ferrari et al.

(2014) explored the factors that influence colostrum production

by sows and intake by piglets and evaluated colostrum quality in PS

and MS (parities 2-6) and the effect of colostrum ingestion on the

performance of their piglets. They found that 1st-parity sows

produced less colostrum than MS (3.0 ± 0.13 vs. 3.5 ± 0.12 kg,

P=0.0058). Devillers et al. (2007) studied the differences in

colostrum production of sows in three parity groups: 1, 2-3, and

4-6. They also observed that PS had lower production (3,435 ± 184

g). They suggest that sows from parities 4 to 6 produce greater

quantities of colostrum (3616 ± 288 g) than PS, while those from

parities 2 and 3 produce more (4,278 ± 288 g) than those from

parities 4 to 6 (P= 0.059). Nuntapaitoon et al. (2019) studied

colostrum production at 1 and 6 h postpartum in sows of parities

1, 2, 3, and 4-7. They concurred that PS produce less than sows of

parities 2 and 3 (4,532 ± 225, 5,372 ± 331, and 5,505 ± 331 g,

respectively, P < 0.05), but that no differences appeared in the

comparison of the sows of parities 4-7 (4936 ± 214 g, P = 0.198).

Their results concur with those in Tospitakkul et al. (2019), who

compared PS to MS (parity 1 vs. parities 2-7) by estimating

colostrum production per ingestion by individual piglets. Their

comparison showed that PS had lower production than MS (2,772 ±

199.1 vs. 3,667 ± 180.8 g, respectively; P<0.001).

Beyer et al. (2007) observed the same effect in their work with

sows of parities 1, 2, and 4, where they measured milk production by

weighing the litter before and after suckling, and evaluated colostrum
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quality during three intervals: 1-6, 7-12, and 13-24 h. These authors

reported that the PS produced 15% less energy and milk than the 2nd-

parity mothers, whereas those of parity 4 produced 6% more milk

and 7-10% more protein and lactose (P < 0.005). While colostrum

yield can be influenced by certain characteristics of the litter –like

vitality at birth– it is not highly-determined by litter size or the

intensity of suckling but, rather, predominantly by factors related to

the sow (Quesnel and Farmer, 2019), such as endocrine status;

specifically, the relative levels of prolactin and progesterone during

the prepartum period (Foisnet et al., 2010), as Miller et al. (2004) and

Quesnel et al. (2013) have stated. Parity per se does not appear to

affect progesterone levels but does affect prolactin concentrations

in the peripartum phase (Quesnel et al., 2013; Yun et al., 2014).

This is significant because of this hormone’s role in colostrum

production (Quesnel et al., 2013).

The main components of colostrum are proteins, including the

immunoglobulins IgG, IgM, and IgA. IgG is the bioactive component

with the highest concentration in the first hours postpartum (Rooke

and Bland, 2002; Wu et al., 2010), but decreases abruptly after 24 h

(Herpin et al., 2005; Vallet et al., 2013). In PS, IgG values at the onset

of farrowing are lower than in MS (Cabrera et al., 2012). Piglets from

large litters born to PS are at a disadvantage in this regard, since their

mothers produce less colostrum (Nuntapaitoon et al., 2019). In

relation to this, Cabrera et al. (2012) explored the association

among birthweight, birth order, and IgG levels by measuring IgG

concentrations in sows of parities 1-8 at the onset of farrowing. They

found that parity had a significant effect (P <0.001) on IgG

concentrations in the colostrum, as PS produced up to 5% less

than MS from farrowings 2-8. They also observed that this amount

decreased more rapidly in the first 24 h. On the quality of colostrum,

other authors have reported that there are no significant differences

due to the effect of parity (Craig et al., 2019).

With respect to the management of the litters of PS, it is

important to take into account that they produce less colostrum

with lower IgG content thanMS, especially as litter size increases. In

these cases, using nurse sows may be a good option to ensure that

the neonates receive sufficient food. Multiparous sows from parities

2 to 4 could be the best candidates for this service since they have

higher colostrum production than dams of other parities. This so-

called “cross-fostering” strategy may prove advantageous once the

piglets have consumed the colostrum from their own mothers

(Piñeiro et al., 2019). Farmer (2022) recommends employing this

practice after day 3 postpartum to ensure adequate mammary

development in PS.
3 Performance of neonate piglets

3.1 Birthweight

The birthweight of piglets is another important parameter

because it is associated with neonate survival and growth rates

(Vázquez-Gómez et al., 2020). We cannot, however, ignore the

genetic advancements in swine production that have fomented

greater litter size, nor the variation in birthweight within litters,
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especially the higher number of low-weight piglets (Beaulieu et al.,

2010). Low birthweight neonates have less muscle mass, lower

energy reserves, and a higher risk of death. Moreover, they take

longer to reach the udder and suckle, a condition that affects their

subsequent performance and survival (Le Dividich, 1999;

Vodolazska et al., 2023).

Weight also influences the efficiency of thermoregulation in

piglets, so it is considered a key indicator of potential survival

(Muns et al., 2013). Milligan et al. (2002a) evaluated weight

variation in neonates and its relation to mortality in sows of

parities 1, 2, 3-5, and ≥6 by grouping them as “low-” and “high-

weight” offspring. The average low weights were 1.31, 1.24, 1.14, and

1.12 kg, respectively, while the corresponding mean high weights

were 1.77, 1.75, 1.64, and 1.64 kg. Results showed that the low-

weight piglets had higher mortality rates, ranging from 6.9 to 18.6%

above those of the heavier neonates. Meanwhile, Bierhals et al.’s

(2012) study of the adaptation and performance of piglets from PS,

classified piglets weighing 1-1.2 kg as “low-weight”, and those in the

range of 1.4-1.6 kg as “medium weight”, while van Rens and van der

Lende (2004) found average weights of 1.236 kg for the neonates of

PS. There is no doubt that parity affects the birthweight of piglets

(Table 2) but other factors must be considered, such as the sow’s

prolificacy, since individual piglets born from high-prolificacy dams

can weigh up to 43% less than those in litters from low-prolificacy

mothers (Moreira et al., 2020).

Extensive research has demonstrated that parity impacts

productive performance, particularly in terms of litter size,

birthweight, and BA (Ordaz-Ochoa et al., 2013), and that

combining parity with large litters affects birthweight (Kitkha

et al., 2017). Carney-Hinkle et al. (2013) analyzed the effect of

sow parity on breeding performance by comparing dams of parities

1 and 4. They found differences in piglet weight at birth (1.32 vs.

1.56 kg) and litter weight gain (25.7 vs. 30.0 kg on day 7; P < 0.03;

44.4 vs. 51.5 kg on day 14; P < 0.06) due to parity. According to

Santos et al. (2015), piglets from large litters typically have lower

individual weights, motor performance capacity, body mass, and

feed intake capacity. They attributed this to overcrowding in the

uterus and competition for space and resources among fetuses due

to their large number (Vanden Hole et al., 2018).

Rincón-Gainza et al. (2014) evaluated the reproductive

performance of purebred Yorkshire sows and Landrace ×

Yorkshire crossbreeds, classifying them into parities 1, 2, 3,

and ≥4. They observed that the birthweight of the litters of the

1st-parity sows was 16.19 kg, lower than in for the 3rd- and 4th-

parity mothers (17.95 and 18.4 kg, respectively), but similar to that

of the litters born to the 2nd-parity dams (17.4 kg) (P <0.05). They

added that the weight of the piglets born to PS on day 10 was lower

(3.19 kg, P <0.01) than that of the 2nd- and >4th-parity sows (3.40

and 3.56 kg, respectively), possibly due to the influence of the

mothers’ milk production. Although sow parity effects birthweight,

it does not explain all the weight variation among piglets in the

same litter, an important parameter that may reflect the influence of

the sow’s body condition at the end of gestation on birthweights

within the litter (Quesnel et al., 2008). Conversely, González-

Hernández et al. (2002) evaluated the effects of two parameters –
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parity and seasonality– on breeding performance in a cross-

sectional study with data from 339 farrowings of sows with

parities 1-6. Their findings included that litter size is influenced

by parity, as the smallest litters were produced by PS (9.52, 9.59,

10.22, 10.69, 10.96, and 10.17 for parities 1-6 respectively, P<0.05).

They added that very large litters resulted in markedly low

individual piglet weights due to the number of fetuses that

occupied space in the uterus. It is important to mention that

birthweight is also affected by the sow’s body condition at the end

of gestation and her degree of prolificacy (Moreira et al., 2020).

In the work by Muns et al. (2015), who compared the individual

weights of piglets from PS to those of neonates from MS (parities 2-

7), we see significant differences due to the effect of parity, as the

piglets from the former had the lowest weights (1.28 vs. 1.35 kg, P=

0.002). The lower weight of those piglets constitutes a disadvantage

for their survival that must be mitigated by providing an adequate

environment with ideal temperature conditions to minimize energy

expenditures by the piglets in thermoregulation. Likewise, breeders

must ensure that the piglets consume sufficient feed to attain their

optimal DWG. This may entail using nurse sows if the PS do not

produce enough milk.
3.2 Piglet vitality

The parameter of vitality is based on the piglet’s vigor, strength,

and ability to reach the teat and suckle; that is, their capacity to adapt

to extrauterine life. High vitality, then, increases the likelihood of

survival (Muns et al., 2013; Tucker et al., 2021). Neonate vitality is

influenced, in part, by the dam’s parity since, as we have seen, this

affects litter size (Santos et al., 2015) and weight (Rincón-Gainza et al.,

2014), farrowing duration (Ju et al., 2022), and the birthweights of

individual piglets (Roldán-Santiago et al., 2019a). Farrowing

duration, litter size, birth interval, and position in the birth order

are other factors that strongly influence vitality, a condition that is

known to be associated with the risk of suffering neonatal asphyxia

(Herpin et al., 1996). Studies have demonstrated a relation between

low neonate vitality and intrapartum hypoxia, which can damage the

central nervous system of piglets (Trujillo-Ortega et al., 2007). In this

regard, the lack of previous maternal experience in PS must be given

special consideration since it may affect nursing behavior and the

nourishment their offspring receive, thus placing their survival at risk

(Li et al., 2023). Several studies have analyzed physiological,

behavioral, and metabolic variables to assess piglet vitality after

birth (Herpin et al., 1996; Casellas et al., 2004; Muns et al., 2013;

Roldán-Santiago et al., 2019a; Schodl et al., 2019).

Roldán-Santiago et al. (2019b) assessed the effect of parity on

the vitality and physiological parameters of piglets born to sows of

parities 1-7, reporting that this factor definitely impacts the vitality

of neonates from sows that have eutocic farrowings. They

discovered that piglets from PS showed greater alterations in

vitality (P < 0.05) because they required more time to reach the

teat (54.5 min), 9.9% showed severe meconium staining, and 11.8%

had broken cords. The piglets from the 4th-parity sows had the

highest vitality (23.9 min to take the teat; 0.9% severe meconium
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staining; 1.8% broken cords, P < 0.05). These notable differences in

vitality may well be related to the age of the dam since young sows

that are still growing have narrower cervixes (Llamas-López et al.,

2019), so the weight of the piglets could be an additional factor that

affects the birth interval. In later work, Roldán-Santiago et al.

(2019a) examined the relation among birthweight, vitality, and

temperature in piglets born to sows of parities 1, 2-5, and 6-7.

Findings showed that the newborns from PS and MS had distinct

weights. They concluded that a relation between birthweight and

vitality exists since they found that low-vitality piglets from PS

weighed less (1393.9 ± 11.86 g, P < 0.05) than those with medium

(1472.4 ± 16.78 g) and high vitality (1590.9 ± 12.13 g). The average

difference between the low- and high-vitality piglets was almost 200

g, indicative of an influence of birthweight on neonate vitality that

has to do with the sow’s parity. This suggests that the factor of

prolificacy must also be taken into account due to its impact on

within-litter weight variation (Foisnet et al., 2010) and,

therefore, vitality.

In light of the findings reviewed to this point, it is clear that the

farrowing process requires close supervision and care, especially

when it involves primiparous sows. It is important to emphasize

that piglets born to PS tend to have lower vitality and may take

longer to reach the teat, which delays their first feeding. Therefore, it

is crucial to ensure that they receive colostrum quickly to prevent

depletion of their energy reserves.
3.3 Thermoregulation in neonates

Thermoregulation is the physiological mechanism that allows

animals to maintain their body temperature. The efficiency of

thermoregulation in piglets has been related to birthweight,

vitality, and colostrum intake (Herpin et al., 2002; Nuntapaitoon

et al., 2019; Roldán-Santiago et al., 2019a), three factors that, as we

have seen, are influenced by parity (Muns et al., 2015; Nuntapaitoon

et al., 2019). It is well known that newborn piglets have no reserves

of brown fat, an energy resource used in thermoregulation (Berthon

et al., 1994; Hou et al., 2017). Moreover, after expulsion, the skin of

neonates is moist with residues of their mother’s placental fluids, so

if the farrowing environment is cold their body temperature may

drop. This is especially dangerous for small neonates because they

have a greater surface:volume ratio than larger ones that leaves

them more susceptible to cold (Kammersgaard et al., 2011;

Pedersen et al., 2016). We must recall, as well, that piglets born to

1st-parity sows tend to weigh less than those from MS (Roldán-

Santiago et al., 2019a) and that in the first hours of life their

temperature may be compromised by such factors as their lack of

hair and humidity levels, which can exacerbate heat loss and

accentuate the consequences of their limited thermoregulatory

ability at birth. This means that maintaining the body

temperature of neonates depends almost exclusively on shivering

thermogenesis, but this action has low efficiency and entails high

energy costs (Berthon et al., 1994; Herpin et al., 2002; Farmer and

Edwards, 2022). For this reason, piglets tend to adopt behaviors

such as huddling and taking certain postures to maintain their
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temperature. Colostrum ingestion is especially important in the

thermoregulation of neonate piglets (Rooke and Bland, 2002; Inoue

and Tsukahara, 2021). Here, once again, the sow’s parity plays a role

since it influences prolactin levels, and as noted above, the

prolactin-to-progesterone ratio is closely related to colostrum

production (Quesnel et al., 2013; Yun et al., 2014). Finally,

ensuring effective thermoregulation in piglets is vital during the

first 2 days postpartum, for only then do they begin to develop a

reasonably effective thermoregulation capacity (Berthon

et al., 1994).

Low-we ight p ig l e t s –with low v i ta l i t y and poor

thermoregulation capacity that increases heat loss– are at a

significant disadvantage in competition for the udder (Kirkden

et al., 2013; Vodolazska et al., 2023). Roldán-Santiago et al.

(2019a) measured the surface temperature of piglets based on

readings from the lacrimal caruncle using infrared thermography

to evaluate the relation of birthweight and vitality in piglets born to

sows of parities 1, 2-5, and 6-7. Results showed that the piglets of

higher-parity sows had a better thermoregulation capacity than

those born to young ones (up to 1.6°C higher temperatures), while

better vitality at birth also meant higher temperatures in the

neonates of sows of the same parity (P < 0.05). They further

reported that the temperature of piglets from PS varied according

to their vitality at the moment they took the mother’s teat. Thus,

low-vitality piglets from PS had temperatures up to 2.8°C lower at

the time of first contact with the teat, and surface temperatures 0.7°

C lower than high-vitality piglets at 24 h postpartum. Finally, they

found that a piglets’ thermoregulatory capacity was linked to the

sows’ parity, as neonates from higher-parity mother showed better

thermoregulation, regardless of vitality. This highlights the

significance of parity on the temperature of neonate piglets.

Schild et al. (2020) studied sows from their 1st to 2nd parities to

evaluate the characteristics of hyperprolific dams. Among other

parameters, they measured differences in the rectal temperatures of

their neonates. The piglets from the PS had lower readings than

those from the 2nd-parity sows (38.0 ± 0.08 vs. 38.9 ± 0.09°C,

P<0.001), thus, it is important to account for (i) the variability in

weight within litters, which increases in high-prolificacy sows

(Moreira et al., 2020) and (ii) temperature variation. Studies have

shown that rectal temperature at 24 h is associated with the amount

of colostrum consumed (200 g at 37.5°C, 400 g at 38°C)

(Tuchscherer et al., 2000; Devillers et al., 2011). Colostrum

ingestion by neonates of PS has been reported in a range of 25-60

g less than that consumed by the offspring of MS (Ferrari et al.,

2014; Nuntapaitoon et al., 2019). In a study designed to analyze the

effects of distinct management routines during farrowing on

suckling latency, DWG, piglet mortality, and heat loss, Vasdal

et al. (2011) gathered data on the weight and rectal temperatures

of piglets from sows of parities 1-2, 3-4, and 4-7. They found that

piglets from the sows of parities 1-2 presented the largest drops in

rectal temperature at 2 h, a result they attributed to the poor

development of the sows’ udders, which produced less colostrum

than those of the dams of higher parity. This finding is also related

to birthweight, as the heavier piglets had higher surface

temperatures in the first 30 and 45 min postpartum, and,
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therefore, suffered less heat loss due to postnatal hypothermia

(Caldara et al., 2014; Vodolazska et al., 2023).

As the studies summarized above show, newborn piglets have

poor thermoregulation, regardless of the mother’s parity. However,

neonates born to PS show some significant differences compared to

those fromMS. Here, lower birthweight and reduced feed intake are

associated with potential disadvantages for survival, which means

that those piglets require greater supervision and special handling

during and after farrowing, especially post-expulsion drying and

monitoring of feed intake. Providing an environment with a

comfortable temperature that is suitable for neonates is also

essential, especially for all piglets born to PS and low-weight

neonates from MS.
3.4 Growth rate

Growth rate is another key indicator of piglet performance. It is

largely driven by feed intake (Magowan et al., 2007), while

colostrum ingestion is strongly influenced by vitality (Uddin

et al., 2022). Piglet vitality at birth is a factor that correlates

positively with growth rates and indices of neonate survival to

weaning (Muns et al., 2013). Roldán-Santiago et al. (2019b)

evaluated the effect of parity on the vitality and physiological

parameters of piglets born to sows of parities 1-7. Their results

describe that parity influences the time piglets require to reach the

teat and begin to ingest colostrum. They also found that the piglets

born to sows in their 1st- and 7th-parity groups took longer to take

the teat than those from the sows in the other groups (54.5, 36.6,

28.0, 23.9, 29.5, 34.8, and 48.8 min for parities 1-7 respectively, P <

0.05). It appeared that their low vitality prevented those piglets from

feeding efficiently and impacted their initial growth rate. The

probability of surviving to weaning is also greater in piglets with

higher average birthweights. On this topic, Milligan et al. (2002b)

and Carney-Hinkle et al. (2013) suggest that the capacity for growth

of piglets born to PS is affected by poor health due to the low level of

immunoprotection they acquire through their dams’ colostrum

(Cabrera et al., 2012).

Ruediger and Schulze (2012) evaluated administering

azaperone at the end of farrowing on piglet performance.

Comparing sows of parities 1-6, they determined that birthweight

affected the neonates’ DWG during lactation. Considering only the

effect of parity on the control group, they reported the following

figures for the DWG of the piglets born to the sows in parities 1-6:

mean 179 g (range: 151-249); 209 g (164-249 g); 206 g (169-242);

215 g (175-250); 218 g (181-259); and 205 g (154-246) (P < 0.001).

Zotti et al. (2017) observed a similar effect in their work with piglets

from sows of parities 1-5 where they sought to determine the effect

of parity on birthweight and postnatal development during 3

periods: days 0-21, 21-59, and 59-168. They found that piglets

from PS presented up to 10% less DWG than those from the other

parities during lactation, so they concluded that birthweight and

parity affect postnatal development mainly during early

extrauterine life. It is important to recall that high prolificacy

increases within-litter body weight variation, which may result in
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low-birthweight piglets exhibiting lower growth rates (López-Vergé

et al., 2018). This is explained, in part, by the reduced size of the

intestines, shorter villus height, and the villus:crypt ratio (Che et al.,

2016), though weaning-induced stress must also be considered. In

addition, separation from the mother affects growth rates, and

additional factors, such as the mixing of litters, may also have an

influence by causing distress and behavioral disorders (Jensen,

2002) that have consequences for piglets’ endocrine and immune

systems (Merlot et al., 2004).

Ferrari et al.’s (2014) comparative analysis of the effect of

colostrum consumption in piglets born to PS vs. MS (parities 4-6)

revealed that the neonates of the former consumed less colostrum

than those in the MS group (271.9 ± 7.7 vs. 297.6 ± 7.7 mg/ml; P <

0.003). Their results agree with those of Nuntapaitoon et al. (2019),

who compared the intake of piglets born to sows of parities 1, 2, 3,

and 4-7 (362 ± 11, 413 ± 13, 425 ± 13, and 422 ± 9 g, respectively,

P<0.001). They recommended a consumption level of at least 400 g

of colostrum in the first 24 h of life to improve survival potential

and prevent effects on growth rates, since piglets that consume more

than this amount show higher growth rates during lactation. To

prevent the development of large weight differences between piglets

from PS andMS, it is necessary to ensure that those from the former

consume sufficient colostrum after birth. This is a crucial

management issue because those piglets are disadvantaged in two

ways: first, they take at least 21 more min to reach the mother’s teat;

second, their DWG is 30 g lower. To reduce the differences in

productive performance between these two groups of piglets,

greater attention must be paid to the care and management

of neonates.
4 Conclusions

Having reviewed and analyzed extensive information on multiple

factors associated with the sows’ parity and its impact during the

farrowing process and on neonate performance, we can conclude that

certain hormonal differences –especially prolactin levels– are related

to parity during labor since values in primiparous sows may be as

much as 50% below those found in multiparous sows. One

consequence of this is lower colostrum and milk production that

may oblige breeders to consider the use of nurse sows when

primiparous sows have large litters to ensure adequate feed intake,

promote normal growth, and correct thermoregulation. In line with

the findings reported in various studies, we can also affirm that

primiparous sows do not necessarily experience difficult births but do

take a little longer to return to estrus, due primarily to energy

depletion during lactation and/or dietary deficiencies that have a

more pronounced effect on young sows who are still developing.

Primiparous sows are also more susceptible to the physical

environment due to the novel and unfamiliar experience of

farrowing, which may maintain them in a constant state of alert.

This is another aspect that must be considered when moving

primiparous sows prior to farrowing in order to avoid adding

stressors that could affect their performance. To prevent negative

effects on the productivity of these sows –which is naturally
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lower because they are still growing– it is essential to consider

that both their own performance and that of their offspring will be

lower than those of multiparous sows and their litters. In addition,

primiparous sows may have longer weaning-to-estrus intervals,

smaller and lighter litters, lower DWG by their piglets, and

higher FI.

The parity of sows, therefore, directly impacts neonates and this

is particularly evident in primiparous sows whose piglets tend to

have lower birthweights than those of multiparous mothers. This

difference subsequently influences their overall vitality, feeding

ability, thermoregulation capacity, and ultimately, mortality rates.

Only by understanding these significant differences due to parity

will breeders be able to intervene effectively in the areas where

primiparous sows present disadvantages.
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Efecto del número de parto de la cerda, la caseta de parición, el tamaño de la camada y
el peso al nacer en las principales causas de mortalidad en lechones. Rev. mexicana
Cienc. pecuarias 2, 403–414.

Gerjets, I., Traulsen, I., Reiners, K., and Kemper, N. (2011). Assessing individual sow
risk factors for coliform mastitis: A case–control study. Prev. Vet. Med. 100, 248–251.
doi: 10.1016/j.prevetmed.2011.04.012

Girardie, O., Bonneau, M., Billon, Y., Bailly, J., David, I., and Canario, L. (2023).
Analysis of image-based sow activity patterns reveals several associations with piglet
survival and early growth. Front. Vet. Sci. 9. doi: 10.3389/fvets.2022.1051284
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