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INTRODUCTION

Commercial piglet production relies heavily on the reproductive performance of sows
within herds. Farm profitability is often tied to maintaining production levels for cost-effi-
ciency or aligning them with the owner's objectives. To achieve these goals, pig producers
must gain insights into their sow's potential and reproductive patterns across different
parities. This knowledge empowers them to make informed decisions on culling and replace-
ment, ultimately optimizing their breeding herds' management. While traditional indicators
like litter size have been used to gauge sow reproduction, piglet loss at birth can serve as a
compelling indicator of both sow welfare and productivity [1].

Sow reproductive performance can exhibit significant variation depending on parity
[2,3]. Several studies have underscored the impact of parity on various reproductive indi-
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cators, including total born and born-alive piglets, mummified
and stillborn piglets, and others [3-6]. For example, 1st parity
sows often yield smaller litter sizes, which increase in subse-
quent parities [7,8]. This inferior 1st parity performance
may stem from the sow's reproductive tract's immaturity
and incomplete development [9]. Conversely, higher parity
sows may experience declining litter size, accompanied by an
increase in born-dead piglets, possibly due to poor uterine
muscle contraction during delivery, a common occurrence
in older sows with multiple parturitions [10].

Litter size and piglet loss at birth patterns across parities
are recognized as non-linear, influenced by physiological
factors. Low repeatability has been observed for key indica-
tors such as total born piglets, born-alive piglets [11-13], and
piglet loss at birth [11,14], implying that using initial perfor-
mance as a selection criterion may lack accuracy. Thus, finding
a suitable mathematical model to describe these patterns is
promising for predicting sow piglet productivity. Models like
the Legendre polynomial, particularly the 3rd degree poly-
nomial, have proven effective in predicting total born piglets
[9]. The longitudinal model, which combines a straight line
with a Gaussian curve [15], is another approach that mirrors
the lactation curve observed in dairy cattle. It has been sug-
gested as a suitable model for fitting the curve of litter size at
different parities. Additionally, the incomplete gamma func-
tion, commonly used to describe the lactation curve in dairy
cattle, could offer an alternative for modeling litter size pat-
terns across parities in sow populations.

Despite these model options, research on mathematical
models describing litter size and piglet loss patterns across
parities, particularly in sows raised in tropical conditions,
remains limited. Therefore, this study pursues two primary
objectives: first, to comprehensively investigate litter size and
piglet loss patterns across parities in individual sows; and
second, to rigorously identify the optimal mathematical
model that best elucidates these patterns in a Landrace sow
population—a representative case study in a tropical envi-
ronment. This research contributes to our understanding of
sow reproductive performance in specific environmental
contexts and offers valuable insights for improving sow man-
agement strategies in similar settings.

MATERIALS AND METHODS

Population and data

The study dataset comprising sow identification and repro-
ductive records, totaling 2,322 observations, was gathered
from 258 Landrace sows reared on a commercial pig farm
located in Northern Thailand (18°28'42.3” N; 98°47'50.3" E;
elevation 310 m above sea level). To ensure the data's quality
and reliability, this study selected only sows that consecutively
performed parities 1 to 9 for data analysis, which underwent
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farrowing between March 2010 and January 2019. Obser-
vations from the 10th parity onwards were excluded from
analysis due to the limited sample size.

Additionally, replacement gilts displaying successful mating
at an age exceeding 15 months were indicative of potential
reproductive issues. Consequently, sows initiating their first
litter at an age exceeding 550 days were omitted from the
dataset to eliminate potential confounding effects linked to
underperforming sows.

The reproductive records encompassed vital traits, includ-
ing the number of total born piglets (NTB), number of born
alive piglets (NBA), number of mummified piglets (NMM),
and number of stillborn piglets (NSB). Specifically, piglets
that did not survive beyond birth were classified as stillborn
piglets. The cumulative count of mummified and stillborn
piglets was employed as the number of piglet losses at birth
(NPL). Furthermore, the proportion of piglet losses at birth
(PPL) was calculated using the formula: (NPL/NTB)x100.
Notably, NBA was adopted as a surrogate indicator for litter
size, while NPL and PPL were employed to elucidate pat-
terns of piglet loss at birth within the Landrace population
under investigation.

Ethics approval

The sows included in this study were integral members of
the production herd located on a commercial pig farm that
rigorously adhered to the established good agricultural
practices outlined by the National Bureau of Agricultural
Commodity and Food Standards. The performance data
pertaining to these sows were obtained from the farm's
systematically collected and meticulously maintained data-
base. Consequently, ethical clearance for the utilization of
these sow records in this research was deemed unnecessary,
as the study exclusively involved the analysis of pre-existing
and non-invasive observational data.

Feeding and management

Up to October 2015, the sows were accommodated within
an open-house system, after which they were transitioned to
an evaporative cooling system. In both housing systems, a
consistent regimen of feeding, management protocols, and
healthcare practices was meticulously followed.

Gilts and non-lactating sows adhered to a daily feeding
schedule comprising two feedings at 07:00 and 13:00. Their
daily ration consisted of 2.5 kg/d, characterized by 16% crude
protein content and metabolizable energy (ME) levels rang-
ing from 3,200 to 3,500 kcal/kg. Conversely, lactating sows
received four daily feedings at 07:00, 10:00, 13:00, and 15:00,
with a ration ranging from 5 to 6 kg/d. This specialized ration
contained 17% to 18% crude protein and an ME content of
4,060 kcal/kg. These standardized feeding practices were
meticulously maintained throughout the study period to
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ensure uniformity in sow management, thereby bolstering
the reliability and validity of the research outcomes.

Observations of estrus signs were conducted diligently in
replacement gilts and sows, twice daily during morning and
afternoon sessions. This comprehensive assessment involved
visual appraisal and boar exposure. Replacement gilts were
transitioned to mating stalls individually five days before
their third estrus cycle. The initial mating for replacement
gilts occurred upon reaching 8 to 9 months of age or achiev-
ing a body weight of 140 kg. Artificial insemination was
meticulously conducted twice within a 12-hour interval fol-
lowing estrus detection by farm personnel, employing semen
from the same boar for both insemination events.

After mating, gilts and sows were housed in individual
pens, with relocation to farrowing pens occurring approxi-
mately one week before the anticipated parturition date. The
lactation period was extended for approximately 28 days.
Upon weaning, piglets were transitioned to the nursery unit,
while sows were relocated to individual pens, preparing them
for subsequent production cycles. Comprehensive feeding
and management practices were enacted to ensure the optimal
health and performance of the sows throughout the research
duration.

Statistical analysis

The reproductive performances of sows, including NBA,
NPL, and PPL across parities 1 to 9, were subjected to de-
tailed statistical analysis. The PROC UNIVARIATE function
within SAS 9.3 System Options [16] was utilized to statisti-
cally describe the data. This included assessing normality of
distribution and calculating key descriptive statistics such as
mean, standard deviation (SD), and range.

To address the skewed distributions of NPL and PPL,
natural logarithm transformations [In(trait+1)] were applied
to enhance normality before testing the significance of the
parity effect. These transformed traits were denoted as tNPL
and tPPL.

The study period encompassed various seasons catego-
rized as winter (November to February), summer (March to
June), and rainy (July to October). These were combined
with the year of farrowing to create contemporary groups,
resulting in a total of 27 contemporary groups. Sows that
farrowed within the same year-season subclass (contempo-
rary group) were assumed to have experienced similar feed
regimens, routine management, sanitary programs, and en-
vironmental conditions, ensuring consistent grouping for
analysis.

To test for significant differences in NBA, tNPL, and tPPL
among parities, a mixed model was employed using SAS 9.3
System Options [16]. In this model, farrowing year-season
(contemporary group), parity, and age at first farrowing
(covariate) were considered fixed effects, while animal and
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residual factors were treated as random effects. The detailed
structure of the mixed model is presented in equation (1):

Viju = W+FYS+PAR+b(AFF)+Anim;+e;, (1)

where, y;;; represents the observations for NBA, tNPL, and
tPPL, u denotes the population mean, FYS; corresponds to
the ith farrowing year-season (i = 1 to 27), PAR,; pertains to
the jth parity of sow (j = 1 to 9), AFF signifies age at first far-
rowing (in days), b represents the linear regression coefficient
of AFF on NBA, tNPL, and tPPL, Anim, represents the ran-
dom animal effect (Anim ~ NID[0, V,,,,]), and e;;; accounts
for the random residual (e ~ NIDI0, V).

The least square means (LSMs) for NBA, tNPL, and tPPL
within each fixed-effect subclass were estimated and sub-
jected to comparison using t-tests adjusted with a Bonferroni
correction at a significance level of a = 0.05.

For the analysis of actual values of NBA, NPL, and PPL
from individual sows across parities 1 to 9, four models were
considered: the 2nd degree polynomial, the 3rd degree poly-
nomial, Wood gamma function [17], and the longitudinal
model proposed by Toft and Jorgensen [15], represented in
equations (2) to (5), respectively.

Model 1: 2nd degree polynomial:
y,=bytbt+b,t'+e, )

Model 2: 3rd degree polynomial:
9, = bytbt+b,f'+b t +e, 3)

Model 3: Wood gamma function [17]:
y,=at’exp™ (4)

Model 4: Longitudinal model [15]:
= _bzexp[_(tz—l)b2]+b3_b4(t)+er (5)

where, y, signifies the reproductive performance (NBA,
NPL, and PPL) at the tth parity, ¢ denotes the parity of the
sow; b, is the intercept, b, b,, b;, and b, are regression coeffi-
cients, e, represents the residual, a signifies the intercept in
Model 3, b relates to the parameter associated with the in-
creasing rate of the trait until peak time, ¢ is the parameter
linked to the decreasing rate of the trait up to the end of life-
time production (9th parity), and exp denotes the base of
the natural logarithm.

For the Wood gamma function analysis, all trait observa-
tions were transformed by taking the natural logarithm
[In(trait+1)]. The parameters (a, b, and ¢) were estimated by
fitting the Wood gamma function in log-linear form: In(y,)
= In(a)+b In(t)-ct+e; where e, represents the residual. Sub-
sequently, the predicted NBA, NPL, and PPL at the 1st to
9th parities for individual sows were computed using an ex-
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ponential function, y, = (exp[ln y,])-1.

The estimations of parameters for the 2nd degree poly-
nomial, the 3rd degree polynomial, and the Wood gamma
function were conducted using PROC REG, while the longi-
tudinal model was performed using PROC NLMIXED in
SAS [16]. Parameter estimates obtained from these four
models were utilized to predict NBA, NPL, and PPL for
sows across the st to 9th parities. Means for predicted NBA,
NPL, and PPL at each parity were calculated and illustrated
to demonstrate patterns of litter size and piglet loss at birth
among Landrace sows in the population, as compared to
the mean for actual observations. Differences between pre-
dicted and actual values of NBA, NPL, and PPL, calculated
as predicted value minus actual value, were computed for
each parity to represent prediction errors. Descriptive sta-
tistics including mean, SD, and range of these differences
for all traits from each model were computed both overall
and by parity. To determine the model with the lowest
mean and SD for the differences between predicted and
actual values, a general linear model was employed as de-
scribed in equation (6):

Yju = +FYS+PAR+MODEL,+b(AFF)+ey, (6)

where, y;;; represents the difference between predicted and
actual values of NBA, NPL, and PPL, 4 denotes the popula-
tion mean, FYS§,; signifies the ith farrowing year-season (i = 1
to 27), PAR, pertains to the jth parity of sow (j =1 to 9),
MODEL, corresponds to the model used for prediction (k =
1 to 4), AFF represents age at first farrowing (in days), b sig-
nifies the linear regression coefficient of AFF on the difference
between predicted and actual values of NBA, NPL, and PPL,
and e;;; accounts for the random residual (e ~ NIDI[0, V,]).

20
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The model with the lowest mean and SD for the difference
between predicted and actual values signified high accuracy
for predicting the trait across parities.

The model that achieved the lowest mean for the difference
between predicted and actual values in predicting NBA, NPL,
and PPL across parities at individual level was chosen to assess
goodness-of-fit at population level. This assessment was
conducted using the Akaike information criterion (AIC)
[18] and Schwarz Bayesian information criterion (BIC) [19],
calculated as follows: AIC = -2logL+2k, where logL is the
natural logarithm of the likelihood function and k is the
number of parameters; BIC = -2logL+klog(n), where n is
the number of observations. The model with the smallest
AIC and BIC values was selected as the best-fitting model
for describing the pattern of the trait across parities.

RESULTS

Patterns of litter size and piglet loss at birth

Figure 1 illustrates the dynamic pattern of NBA from the 1st
to the 9th parities. Statistical analysis revealed that NBA was
significantly influenced by both sow parity (p<0.0001) and
the year-season at farrowing (p<0.0001). The 1st parity ex-
hibited the lowest NBA, with an average of 9.29 piglets and a
notable degree of variation (SD 3.49 piglets). Subsequently,
NBA exhibited a significant increase as parity progressed,
reaching its zenith at the 4th parity with an NBA of 11.38
piglets (Table 1). Thereafter, NBA displayed a gradual decline
with increasing parity, although it remained relatively high
until the 6th parity (10.78 piglets), with no significant differ-
ences observed between the 2nd and 4th parities (p>0.05).
Starting from the 7th parity, NBA dipped below the overall
mean (10.51 piglets) and exhibited a significant decrease

18 - ™NBAmNPL-e-PPL

16

14 -
12 -
10 -

Number of piglets (piglet)

S NV b~ N
1
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(%) ssof 19131d Jo uonrodoig
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Figure 1. Means for number of born alive piglets (NBA), number of piglet losses at birth (NPL), and proportion of piglet losses at birth (PPL) of

SOWS across parities.
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Table 1. The descriptive statistics for the number of born alive piglets (NBA), number of piglet losses at birth (NPL), and proportion of piglet losses

at birth (PPL) of Landrace sows analyzed by parity

Parit NBA (piglet) NPL (piglet) PPL (%)
arl n

y Mean SD Range Mean SD Range Mean SD Range
1 258 9.29% 3.49 0-15 1.37°%° 1.95 0-10 13.25%° 20.30 0-100
2 258 10.72%®° 3.04 1-20 0.86° 1.29 0-9 7.56° 11.90 0-90
3 258 11.32° 2.70 2-20 1.25% 1.67 0-10 0.46® 11.65 0-77
4 258 11.38° 2.88 2-18 1.34%® 1.90 0-13 9.90* 13.58 0-80
5 258 11.05% 2.89 1-18 1.43" 172 0-13 10.96 12.45 0-87
6 258 10.78%® 278 0-16 1.72%¢ 1.89 0-10 13.11%™ 14.38 0-100
7 258 10.47" 292 0-18 1.92¢¢ 2.26 0-14 14.92" 16.89 0-100
8 258 9.93% 313 0-17 2.05° 2.32 0-14 16.59° 18.54 0-100
9 258 9.67° 3.11 0-21 1.72° 212 0-11 14.69 18.24 0-100
Total 2,322 10.51 3.08 0-21 1.52 1.95 0-14 12.27 15.85 0-100

SD, standard deviation.

=4 Different superscripts within the column denote statistically significant differences based on a t-test with Bonferroni adjustment at a significance level of

p<0.05.

from 10.47 piglets in the 7th parity to 9.67 piglets in the 9th
parity (p<0.05).

In contrast, the pattern of piglet loss at birth (NPL and
PPL) revealed an inverse trend compared to NBA across
parities. NPL and PPL exhibited similar patterns from the
Ist to the 9th parities in Landrace sows (Figure 1). Both NPL
and PPL were significantly influenced by sow parity (p<
0.0001) and the year-season at farrowing (p<0.0001). Mean
values for both NPL and PPL were high at the 1st parity
(1.37 piglets for NPL and 13.25% for PPL), decreasing to their
lowest at the 2nd parity (0.86 piglets for NPL and 7.56% for
PPL). Starting from the 3rd parity, NPL and PPL exhibited
an increasing trend with the progression of parity, reaching
their pinnacle at the 8th parity (with an increase of 0.80 pig-
lets for NPL and a rise of 7.13% for PPL). These values were
significantly higher than those observed in sows at the 2nd to
4th parities (p<0.05). However, both NPL and PPL exhibited
a slight decrease at the 9th parity.

Model for describing litter size and piglet loss at birth

The mean values for actual NBA (Figure 2A), NPL (Figure
2B), and PPL (Figure 2C) across parities were plotted along-
side mean values for predicted outcomes generated by four
distinct models. These predicted lines illustrated the varia-
tions in prediction accuracy across different parities. After
assessing the mean and SD of the differences between pre-
dicted and actual values across all parities (Table 2), the 3rd
degree polynomial model was identified as the optimal model
for describing the evolving patterns of NBA, NPL, and PPL
from the 1st to the 9th parity due to its ability to achieve the
lowest mean and SD in those differences. It's worth noting
that there were no significant differences in the use of the
2nd and 3rd degree polynomial models and the longitudinal
model for predicting NBA, NPL, and PPL (p>0.05). However,
the 3rd degree polynomial model exhibited the lowest SD

(1.96 piglets for NBA, 1.33 piglets for NPL, and 10.22% for
PPL) for the differences between predicted and actual values
across all parities, signifying a higher level of prediction accu-
racy for all traits. Conversely, utilizing the Wood gamma
function for prediction resulted in underestimations for all
traits (-0.24+2.26 piglets for NBA, -0.34+1.52 piglets for
NPL, and -4.81%+12.58% for PPL).

To verify the goodness-of-fit at population level among
the three models exhibiting the lowest mean of the differ-
ences between predicted and actual values, AIC and BIC
values were employed as criteria for model selection. The
goodness-of-fit statistics presented in Table 3 reveal that
the 3rd degree polynomial model had the smallest AIC and
BIC values for all traits, suggesting it as the most suitable
model for describing the patterns of the trait across parities
in this Landrace population. Based on the estimated average
parameters (b, b, b,, and b;) derived from the 3rd degree
polynomial model, predictive equations for NBA, NPL, and
PPL based on sow’s parity (f) were established as follows:

Predicted NBA = 7.35+2.44t-0.45t*+0.02¢°
Predicted NPL = 1.84-0.73t+0.20t-0.01t°
Predicted PPL = 19.18-8.40t+1.96t’-0.12t’

However, it is important to note that the prediction accu-
racy of the 3rd degree polynomial model displayed variations
across different parities, as summarized in Table 4. The means
of the differences between the predicted and actual values
ranged from —0.14 (7th parity) to 0.16 (5th parity) piglets for
NBA, -0.16 (3rd parity) to 0.22 (2nd parity) piglets for NPL,
and -1.05 (3rd parity) to 1.72% (2nd parity) for PPL.
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Figure 2. Curves of mean for the actual and the predicted values of individual sows from the Tst to the 9th parities: (A) number of born alive pig-
lets, (B) number of piglet losses at birth, and (C) proportion of piglet losses at birth.
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Table 2. Difference between predicted and actual values for number of born alive piglets (NBA), number of piglet losses at birth (NPL), and pro-

portion of piglet losses at birth (PPL) of individual sows across all parities

Model” NBA (piglet) NPL (piglet) PPL (%)
ode

Mean SD Range Mean SD Range Mean SD Range
1 0.00° 2.19 -7.22t010.25 0.00° 1.48 -10.20t0 5.00 0.00° 11.56  -75.421t046.79
2 0.00° 1.96 -6.08t0 8.47 0.00° 1.33 -8.8410 5.67 0.00° 1022 -62.90t041.80
3 -0.24° 2.26 -9.96108.24 -0.34° 1.52 -12.62 10 4.31 -481° 12.58  -97.07t0 45.31
4 0.00° 2.02 -6.661t0 11.65 0.00° 1.38 -8.91105.76 0.00° 10.82  -81.131043.31

SD, standard deviation.

Y Model 1, 2nd degree polynomial model; Model 2, 3rd degree polynomial model; Model 3, Wood gamma function; Model 4, longitudinal model.
°" Different superscripts within the column denote statistically significant differences based on a t-test with Bonferroni adjustment at a significance level of

p<0.05.

Table 3. Goodness-of-fit comparison with Akaike information criterion (AIC) and Schwarz Bayesian information criterion (BIC) at the population
level for number of born alive piglets (NBA), number of piglet losses at birth (NPL), and proportion of piglet losses at birth (PPL)

NBA NPL PPL
Model
AIC BIC AIC BIC AIC BIC
2nd degree polynomial 5127 5129 3,049 3,051 12,791 12,793
3rd degree polynomial 5107 5110 3,034 3,036 12,771 12,773
Longitudinal 11,698 11,727 9,633 9,661 19,364 19,392

AIC, Akaike information criterion; BIC, Bayesian information criterion.

Table 4. Difference between predicted and actual values for number of born alive piglets (NBA), number of piglet losses at birth (NPL), and proportion
of piglet losses at birth (PPL) in each parity using the 3rd degree polynomial model for prediction

Parit NBA (piglet) NPL (piglet) PPL (%)
any Mean SD Range Mean SD Range Mean SD Range

1 0.07 1.08 -3.18102.76 -0.07 0.60 -2.60t02.26 -0.62 537 -21.13t022.91
2 -0.10 2.42 -5.84108.11 0.22 1.21 -524104.96 1.72 1.7 -52.70t0 41.80
3 -0.06 2.09 -6.08t06.15 -0.16 117 -6.04104.48 -1.05 8.67 -30.27 10 26.60
4 0.03 2.19 -545t07.83 -0.08 1.40 -8.84102.96 -0.61 10.00 -49.57 10 25.41
5 0.16 2.05 -4.49106.20 0.08 1.41 -6.66 10 3.82 0.26 10.01 -31.231t024.55
6 0.02 212 -59810847 0.04 1.60 -5.88105.67 0.35 1213 -62.90 t0 41.33
7 -0.14 1.90 -5921t06.19 0.02 1.68 -7.63t04.76 0.37 12.47 -52.88 10 40.98
8 -0.01 222 -5.48107.83 -0.08 1.66 -8.44 10 4.53 -0.59 13.09 -56.62 10 38.12
9 0.04 1.02 -2.88102.90 0.03 0.72 -1.80t0 4.06 0.17 5.84 -20.60t024.13

SD, standard deviation.

DISCUSSION

The investigation revealed intriguing patterns in piglet loss
at birth (NPL and PPL) and litter size (NBA) across different
parities among Landrace sows in the study. While piglet loss
at birth was notably higher in 1st parity sows, it did not ex-
hibit significant differences compared to later parities, except
for NPL in the 8th parity (Table 1). This observation can be
attributed to the relatively high SD of NPL and PPL in 1st
parity sows, suggesting differences in maturity and readiness
for piglet production within this specific subgroup. However,
as sows progressed to later parities, the variations in both
NPL and PPL tended to decrease. Notably, between the 2nd
and 5th parities, the range of PPL was narrower, ranging
from 77% to 90%, compared to the 1st and high parities (be-

tween the 6th and 9th parities), where the range extended to
100%. This indicates that sows between the 2nd and 5th
parities exhibited more consistent sexual maturity and en-
hanced piglet productivity. Conversely, high parity sows
displayed elevated NPL and PPL with increased variation,
especially in the 8th parity. This suggests that fertility deteri-
oration in individual sows may manifest at varying levels
and times, resulting in greater variation in piglet loss at birth
among high parity sows.

A similar trend of high variation was also observed in
NBA for 1st and high parity sows, likely for similar reasons
as piglet loss at birth. The low piglet productivity and unpre-
dictable performance in 1st and high parity sows underscore
the importance of ensuring puberty and readiness in replace-
ment gilts, along with the implementation of culling plans
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for sows with subpar reproductive performance at high
parities. Ensuring uniform and predictable piglet produc-
tivity would significantly benefit farm management and
piglet production planning, including herd structure man-
agement, ultimately leading to enhanced piglet production
and overall profitability.

In terms of NBA, NPL, and PPL patterns, the period
spanning from the 2nd to the 6th parities showcased the
highest piglet production, primarily due to increased NBA.
From an efficiency perspective, sows at the 2nd to 4th pari-
ties exhibited optimal piglet productivity due to low piglet
loss at birth. Despite the noticeable increase in NPL and PPL
since the 5th parity, there was no significant difference in
NBA between the 2nd and 6th parities. These patterns sug-
gest that Landrace sows, especially under tropical conditions,
should ideally be retained in the breeding herd until they
have produced at least 6 litters. However, the litter size in later
parities did not decline to an extent that warranted culling.
As long as the sows remain healthy and reproductively sound
without experiencing reproductive failure, which is a com-
mon reason for sow removal in tropical areas [20,21], they
should be retained in the breeding herd.

Nevertheless, the poor reproductive performance ob-
served in lst parity sows in this study raises concerns
regarding herd structure management. Previous research by
Jirattikanpan et al [22] reported a negative correlation be-
tween NBA and the proportion of 1st parity sows (r = -0.64;
p<0.05), suggesting that a high proportion of 1st parity sows
could negatively impact overall piglet production. Effective
nutritional management aimed at improving puberty and
ensuring adequate body energy reserves for replacement
gilts could enhance their performance during the 1st parity
[23]. Similarly, the significant increase in PPL observed in
the 5th parity is noteworthy, as it indicates suboptimal effi-
ciency in piglet production. Therefore, increased attention
and care during gestation and farrowing should be provided
to the sows, especially after their 5th litter, to reduce piglet
loss at birth, particularly due to mummification and still-
birth.

The observed patterns of NBA, NPL, and PPL in this
study can be attributed to the physiological mechanisms of
the sows, including ovulation rate, oocyte fertilization rate,
and embryo survival and development, which are known to
vary with age and parity [24]. Notably, 1st parity sows tend
to have lower ovulation rates compared to multiparous sows
[25], potentially leading to limitations in litter size due to the
immaturity of the uterus. This results in inadequate space
for the embryos and affects fetal development and survival
[9]. Furthermore, the smaller birth canal size in 1st parity sows
could contribute to a higher incidence of stillborn piglets
[26]. Additionally, gestating gilts, producing their first litter,
may be more susceptible to environmental stressors than
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mature sows, which can lead to increased embryonic and fetal
mortality [27]. These physiological factors collectively con-
tribute to smaller litter size and higher piglet loss in 1st parity
SOWS.

In sows beyond their 1st parity, particularly those in their
6th parity or later, the decrease in NBA and increase in NPL
and PPL may be attributed to uterine aging, resulting in re-
duced muscular tone and efficiency during the farrowing
process [10]. Furthermore, high ovulation rates could result
in uterine crowding, which can adversely affect placental de-
velopment, embryo and fetal survival, and placental efficiency
[24]. Placental efficiency is closely related to placental-fetal
blood flow and nutrient supply from the mother to the fetuses.
Crowded uterine conditions may compromise placental de-
velopment, leading to incomplete fetal development and
gestational mortality [28,29]. Research by Borges et al [30]
demonstrated that embryos in sows with low placental effi-
ciency were at a higher risk of mummification compared to
those in sows with high placental efficiency.

In summary; the observed litter size patterns in this Landrace
population, with the highest NBA occurring at the 4th pari-
ty, align with findings from various studies conducted in
different geographic locations and with different sow breeds
[2,10,31]. While the specific parity at which the peak NBA is
observed may vary among populations [32,33], the consis-
tent trend of reduced litter size in 1st parity sows is a recurring
observation [10,31-34]. Similarly, patterns of NPL and PPL
exhibited variations among populations [1,10,32,33], partic-
ularly in the 1st parity, likely due to differences in genetic
backgrounds, management practices, and environmental
conditions, all of which can influence the puberty and fertility
of replacement gilts.

The significant variations in NBA, NPL, and PPL observed
among sow parities underscore a relatively weak association
between reproductive performance and parity. These varia-
tions are consistent with low repeatability estimates reported
in previous research conducted in the same population [14]
and in other commercial populations [11-13]. These low
repeatability estimates, along with the low positive genetic
correlation between NBA at 1st parity and subsequent litters
[35], highlight the limited predictability of reproductive per-
formance based solely on a sow’s initial performance. As a
result, it emphasizes the necessity of continuous recording of
reproductive traits throughout a sow’s lifetime production as
a more reliable criterion for selection.

The occurrence of high piglet loss at birth, both in terms
of number (NPL) and proportion (PPL), resulting in small
litter size in Ist parity and reduced piglet productivity in
high parities (7th parity and beyond), underscores the need
for special attention during these periods to enhance sow
performance. These observed patterns can be instrumental
in guiding farm management decisions aimed at optimizing
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sow performance and maintaining desired levels of piglet
production. Moreover, such management decisions can po-
tentially mitigate economic losses associated with maintaining
older sows exhibiting subpar reproductive performance in
the breeding herd. By considering the patterns of NBA, NPL,
and PPL, pig producers can effectively manage their herd
structure, including setting the proportion of sows in each
parity in the breeding herd. Given the low piglet production
in 1st parity and high parity sows, these sows should be
maintained in a lower proportion, while a higher proportion
should be allocated to sows in the 2nd to 6th parities, which
typically represent the most productive period in their re-
productive lifespan. However, it is important to note that
patterns of litter size and piglet loss at birth may evolve over
time due to various factors such as selection response, farm
management practices, and environmental conditions. There-
fore, continuous collection of sow records and frequent data
re-analysis are warranted to effectively monitor farm pro-
ductivity and develop suitable replacement plans based on
the most current situation.

Model for predicting litter size and piglet loss at birth
This study, conducted on a Landrace population, identified
the 3rd degree polynomial model as the most suitable model
for describing litter size and piglet loss at birth during the
sow's lifetime production period. However, it is crucial to
acknowledge that any model or mathematical function used
for predicting sow reproductive performance can yield both
over- and under-estimations. Minimizing prediction errors
is essential, and this can be achieved by selecting the model
with the smallest residual, determined by comparing the dif-
ference between predicted and actual values of the trait. In
this context, the 3rd degree polynomial model emerged as
the optimal choice (Table 2). These findings align with a
study by Sell-Kubiak et al [9], which also employed the 3rd
degree polynomial model (with Legendre polynomials tested
ranging from 1st to 7th order) to fit the parity curve of litter
size in Large White sows for genetic parameter estimation.
Additionally, the 3rd degree polynomial model was utilized
to describe the relationships between parity and the num-
bers of total born piglets, born alive piglets, and born dead
piglets in a study by Ju et al [10]. The simplicity and practi-
cality of the polynomial model make it a valuable tool for
pig producers to predict litter size and piglet loss at birth across
different parities.

The 3rd degree polynomial model demonstrated superior
predictive performance in high parities. Conversely, the lowest
predictive ability of the 3rd degree polynomial model was
observed in the 5th parity for NBA, and the 2nd parity for
NPL and PPL. Notably, the predictive ability appeared to de-
cline at the parity where the curve reached a turning point.
For instance, the highest mean difference between predicted
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and actual NBA values was observed in the 5th parity, coin-
ciding with a change in the curve's direction (dropout) after
reaching its peak. Similarly, for NPL and PPL, the highest
mean difference was observed in the 2nd parity, followed by
the 3rd parity, where the curve dropped to its lowest point in
the 2nd parity and then rose again in the 3rd parity. The re-
duced accuracy of prediction at the turning point of the
curve could potentially be attributed to the unique patterns
exhibited by each sow. The turning point of the curve may
vary depending on the sow's genetic makeup and response
to the environment. Genetic and environmental factors could
result in distinct physiological changes in sows during the
early (maturation) and late (deterioration) stages of their
herd life, making accurate predictions of these turning points
challenging.

Therefore, caution should be exercised when applying the
3rd degree polynomial model to predict litter size in the 5th
parity and piglet loss at birth in the 2nd parity. Overestima-
tion of NBA, NPL, and PPL in these parities could lead to
errors in expected piglet numbers, potentially impacting
production planning and herd management negatively. Addi-
tionally, the limited sample size in this study might have
contributed to the reduced predictive ability at the turning
point. Further investigation with a larger dataset may help to
minimize prediction errors. Consequently, a greater number
of reproductive records from sows are needed to construct
the most suitable model and enhance the accuracy of pre-
diction.

The longitudinal model emerges as a viable alternative for
predicting NBA, NPL, and PPL, given its high accuracy at
the 1st parity and the extreme points (peak and bottom) of
the curve. During the early period (1st to 4th parities), the
predicted values of NBA, NPL, and PPL obtained from the
longitudinal model closely aligned with the actual values,
surpassing the accuracy of the 3rd degree polynomial model.
However, in high parities, the 3rd degree polynomial model
outperformed the longitudinal model in terms of accuracy.
The remarkable predictive ability in the 1st parity of the
complex model was indicative of the efficacy of the first part
(-b, exp[-(t,-1)b,]) of the longitudinal model. Refining this
model through simple linear regression may enhance its
predictive performance in high parity. Nevertheless, practical
applicability is paramount, and the simplicity of the model is
a crucial consideration. Hence, the 3rd degree polynomial
model remains preferable for predicting litter size and piglet
loss at birth, as it is not only easy to implement but also does
not rely on assumptions about the shape of the parity curve.

The Wood gamma function exhibited a substantial un-
derestimate of predicted values, indicating limited predictive
power for capturing the patterns of litter size and piglet loss
at birth in the Landrace population. The back-transforma-
tion step, involving the use of an exponential function, may
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have interfered with the prediction ability of individual sows.
When the predicted and actual values were analyzed based
on log-transformed NPL (or PPL), the mean difference be-
tween predicted and actual values was close to zero (0.00+
0.25 piglets for tNBA, 0.00+0.52 piglets for tNPL, and 0.00%
+0.18% for tPPL), indicating the predictive power of the
Wood gamma function. However, the use of log-trans-
formed values may not be practical in real-world piglet
production planning, as decision-making requires realistic
values. Therefore, employing the Wood gamma function in
a log-linear form may not be an efficient solution for pre-
dicting data that contains numerous zero values, such as
piglet loss traits.

In summary, the 3rd degree polynomial model serves as a
simple and practical tool for users to determine the patterns
of NBA, NPL, and PPL at both individual and population
levels. This model holds significant potential for predicting
sow performance indicators such as NBA, NPL, and PPL,
even in sows that have not yet completed their reproductive
lifespan, thereby enabling early selection for replacement.
Notably, the utilization of random regression models for
genetic evaluation of repeated records on individuals over
time, as demonstrated in dairy cattle studies, has shown
superior accuracy in estimating breeding values compared
to other statistical approaches [36,37]. Therefore, considering
the application of a random regression model for genetic
evaluation of litter size and piglet loss at birth, the utiliza-
tion of a 3rd degree polynomial regression could be a viable
choice for achieving high accuracy in genetic prediction.
However, it is important to note that the choice of model
and parameters should be specific to the population under
consideration, necessitating fitting of models and estima-
tion of parameters tailored to the utilized population.
These findings could serve as a valuable case study for the
Landrace population raised under tropical conditions.
Nevertheless, further investigation in larger populations
and across various breeds is warranted to better under-
stand the patterns of piglet loss among different parities.

CONCLUSION

In summary, this study on Landrace sows in tropical condi-
tions reveals that the 3rd degree polynomial model is a
practical choice for predicting litter size and piglet loss at
birth across different parities. It emphasizes the need for
strategic herd management, with a focus on the proportion
of sows retained in the breeding herd. While early parities
exhibited suboptimal performance, mid-parity sows were
the most productive. These findings provide valuable insights
for farm management and call for ongoing data collection
and analysis. Future research with larger populations and di-
verse breeds will help expand our understanding of piglet

1342 www.animbiosci.org

Thiengpimol et al (2024) Anim Biosci 37:1333-1344

loss patterns. Ultimately, this study lays a foundation for im-
proving sow performance, enhancing piglet production, and
boosting profitability in swine production systems.
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