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ABSTRACT: Routine selection for litter size has 
resulted in an increase in the proportion of light-
weight piglets. There is a need to balance prolif-
icacy with litter uniformity to maximize profit. 
A  total of 3,465 piglets from 310 litter records 
obtained from 2016 until 2019 at the Pig Industry 
Board research unit, Arcturus, Zimbabwe were 
used to determine the relationships between litter 
size, sex ratio, and within-litter birth weight vari-
ation in the sow herd and consequences on per-
formance at weaning. The regression procedure 
of SAS was used to determine the relationships 
between litter size, sex ratio, and within-litter birth 
weight variation. The regression procedure was 
also used to determine the relationships between 
number born alive, within-litter birth weight vari-
ation, and sex ratio, and litter performance traits 
at weaning. Parity of sow, year, and month of 
farrowing did not affect sex ratio (P > 0.05). The 
number born alive and number of piglets born 

had no relationship with sex ratio (P > 0.05). As 
the sex ratio increased, percent survival of pig-
lets at weaning also increased linearly (P < 0.05). 
As the proportion of males in litters increased, 
within-litter birth weight variation and within-lit-
ter weaning weight variation increased reaching 
maximum as the proportion of males in litters 
approached 0.5 and then decreased onwards. As 
the proportion of males in litters approached 1, 
within-litter birth weight variation and within-lit-
ter weaning weight variation reached their least 
values. In conclusion, within-litter sex ratio does 
not vary with parity, year, and month of farrow-
ing. Within-litter weight variation is highest in lit-
ters with equal number of male and female piglets 
and lowest in unisex litters. This implies that the 
production of unisex litters can help to reduce the 
variation in the weight of pigs at birth, weaning, 
and marketing which is one of the biggest eco-
nomic challenges faced by pork producers.
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INTRODUCTION

One of the most important determinants of 
productivity of pig enterprises is pigs weaned 

per sow per year (Wolf et  al., 2007). The total 
number of pigs weaned per sow per year is largely 
determined by litter size at weaning. For years, 
pig-breeding programs have focused mainly on 
improving number born alive (NBA) and, thus, 
litter size (Foxcroft et al., 2006). Maximizing NBA 
can be achieved through increasing ovulation 
rates coupled with minimizing embryo and fetal 
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mortality. Profitability of a pig enterprise, however, 
primarily depends on the reproductive efficiency of 
sows. Reproductive efficiency of a sow is a product 
of traits such as NBA, litter weight at birth and 
within-litter birth weight variation. Large litters are 
associated with high within-litter birth weight vari-
ation (Milligan et al., 2002). The increased number 
of lightweight piglets in larger litter sizes increases 
the amount of weight variation among littermates 
at birth (Zindove et al., 2013). Schinckel et al. (2007) 
reported quadratic, and cubic effects of birth weight 
of piglets on body weight after 168 days. Light pig-
lets are less likely to survive to weaning and have 
lower weights at slaughter than their heavier litter 
mates (Schinckel et al., 2007; Wolf et al., 2007).

There are suggestions that female fetuses are 
more vulnerable to the sow’s nutritional stresses and 
tend to grow slower than their male counterparts 
when there is intense competition in the uterus as a 
result of increased litter size (Milligan et al., 2002). 
In their study on a commercial pig herd, Baxter 
et al. (2012) reported that, with an average weight 
of 1.5 kg, male piglets were heavier than their fe-
male counterparts which averaged 1.4 kg at birth. 
Lightweight male piglets in large litters have detri-
mental consequences on within-litter birth weight 
variation hence average litter weight and surviv-
ability. Low average birth weights result in slow 
growth rates and low survivability during pre-wean-
ing, growing and finishing phases (Zindove et al., 
2013). The current trend towards only looking at 
the number of piglets weaned and not accounting 
for the piglets’ birth and weaning weights is coun-
terproductive due to low feed conversion efficiency 
and high mortality rates associated with lightweight 
pigs (Schinckel et al., 2007; Widmar et al., 2011). 
The feed and medication costs associated with the 
lightweight pigs in large litters are uneconomical 
(Widmar et  al., 2011). Schinckel et  al. (2007) re-
ported that greater number of lightweight piglets at 
weaning result in increased percentage of pigs not 
achieving target market weight within the expected 
period. The pigs which take more time to achieve 
specific target weights distort batching of pigs. In 
order to achieve optimal barn turnover, pig produ-
cers should empty the barn and refill. Considering 
that there are no practical methods to reduce vari-
ance in body weights of pigs in later stages, the 
presence of the lightweight pigs in the batches re-
sults in discount for pigs with low carcass weights at 
marketing and, thus, reduced profits (Alexopoulos 
et al., 2018).

If  optimal number of piglets per year per sow 
is to be achieved, research in selection programs 

should attempt to optimize all three; litter size, 
mean litter birth weight and within-litter birth 
weight variation (Milligan et  al., 2002; Zindove 
et al., 2013). Considering that sex of the foetuses is 
likely to contribute to differences in weight at birth 
(Baxter et  al., 2012), sex-ratio adjustment in pig 
litters could help produce large uniform litters at 
birth. Schinckel et al. (2007) reported interactions 
between sex and birth weight of piglets on body 
weight after 20 days. Production of uniform litters at 
birth through sex-ratio adjustment is likely to result 
in the production of uniform pigs at weaning and 
at marketing (Milligan et al., 2002; Zindove et al., 
2013). This eases pig flow strategies in the modern 
all-in all-out systems. In addition, the production 
of uniform piglets at birth is also likely to reduce 
pre-weaning losses (Zindove et al., 2013). There is, 
thus, need to ascertain the relationship between sex 
ratio and within-litter birth weight variation, sur-
vivability and mean litter birth weight in pigs.

Once the phenotypic relationship between sex 
ratio, litter size and within-litter birth weight vari-
ation and their impact on subsequent performance 
is ascertained, sex ratio in sows producing large 
litters can be adjusted through techniques such as 
sperm sexing. It is also possible to modify sex ratio 
through genetic selection since genetic variance for 
sex ratio of litters in pigs has been reported (Toro 
et al., 2006). Reduction of weight variation of pigs 
through adjustment of sex ratio in large litters will 
reduce losses at marketing by pig producers since 
there will be less variation in carcass weight. In 
addition to reducing variation in weight of pigs, for 
maternal lines and pig multiplication systems, pro-
duction of litters comprised of more female piglets 
would be of advantage since less multiplier herds 
would be needed. In genetic analysis of traits, es-
timates for fixed factors are required for adjusting 
the random genetic influences that are inherited 
across generations. To improve the understating of 
sex ratio and within-litter birth weight variation in 
pig litters, the relative importance of these factors, 
thus, also needs to be explored. The objective of 
this study was, therefore, to determine the relation-
ships between litter size, sex ratio, and within-litter 
weight variation at birth and their impact on subse-
quent litter traits of sows.

MATERIALS AND METHODS

Study Site

Data were collected from a pig herd at the 
Pig Industry Board research unit located in 
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Arcturus, approximately 30  km Northeast of 
Harare, Zimbabwe. The research unit is located 
at 17°46′60″ S and 31°19′0 ″ E and lies 1,500 m 
above sea level. An approximate mean annual 
rainfall of  800 mm is received with mean annual 
temperature of  18.5°C.

Herd Management

The study was conducted on a mixed pig herd 
consisting of a Landrace dam line and Large White 
sire line. The herd was kept on an all-in all-out 
system in the farrowing, weaner and grower houses. 
Sows and gilts were given 2 kg a day of commer-
cial sow meal (12MJ digestible energy and 160 g/
kg crude protein/kg as fed). In preparation for far-
rowing, sows were moved to illuminated farrowing 
houses on day 109 of gestation. Potable tap water 
was provided ad libitum. Piglets were kept in a creep 
area heated using an infra-red lamp from day 110.

Data Handling

Data used in the study included records on 
3,465 piglets from 310 litters obtained from 2016 
until 2019. The records consisted of identity of pig-
lets, identity of sows, breed of sows, breed of boars, 
parity, farrowing date, number of piglets born 
(NPB), NBA, number born dead (NBD), indi-
vidual piglet birth weight, litter size at weaning (five 
weeks) and individual piglet weight at weaning. 
From these records, mean birth weight (MBWT), 
Total litter weight at farrowing (BWT), within-litter 
birth weight coefficient of variation (CVBWT) and 
within-litter sex ratio were calculated. Within-litter 
sex ratio was calculated as the proportion of males 
in a litter including stillbirths. The minimum birth 
weight (MinBWT) and maximum birth weight 
(MaxBWT) for each litter were also determined. 
At 5 weeks of age (weaning), litter weight (WWT), 
mean litter weight (MWWT) and within-litter 
weight coefficient of variation (CVWWT) were 
computed. Percent survival of piglets at weaning 
(SVW) was calculated as the proportion of litter 
size at weaning to NBA. The minimum weaning 
weight (MinWWT) and maximum weaning weight 
(MaxWWT) for each litter were also determined. 
Records of litters with piglets fostered in or out 
were excluded in the analyses. Litters less than 
three piglets were assumed to have piglets fostered 
out and were excluded from the analyses. Parities 
greater than six were categorized as more than or 
equal to seven. Data from 73 litters were deleted, 
leaving a total of 310 litters available for analysis.

Statistical Analyses

The effects of parity of sow, season of farrow-
ing, year of farrowing and the relevant covariates 
on sex ratio, NPB, NBA, MBWT, BWT, MinBWT, 
MaxBWT, CVBWT, CVWWT, MWWT, WWT, 
MinWWT, MaxWWT, and SVW were analyzed 
using the PROC MIXED procedure of SAS v. 9.4 
(SAS, 2013). The effects of parity were tested after 
removing the effect of individual sows as a blocking 
term. Initial analyses assumed fixed models with all 
possible first-order interactions. All tested inter-
actions were not statistically significant (P > 0.05) 
and, thus, were eliminated from models for final 
analyses. Before analyses, the variables NPB, NBA, 
MBWT, BWT, WWT, and MWWT were trans-
formed using the square root transformation to 
normalize them. The least square means and their 
respective standard errors were back transformed 
in the presentation of results.

The PROC REG procedure of SAS v. 9.4 (SAS, 
2013). was used to determine the relationship be-
tween sex ratio and NPB. The PROC REG pro-
cedure of SAS v.  9.4 (SAS, 2013). was also used 
to determine whether the relationships between 
NBA and litter performance parameters (CVBWT, 
MBWT, BWT, MinBWT, MaxBWT, CVWWT, 
MWWT, WWT, SVW, MinWWT, and MaxWWT) 
and the relationship between sex ratio and the litter 
performance parameters (MBWT, BWT, MinBWT, 
MaxBWT, MWWT, WWT, MinWWT, MaxWWT, 
and SVW) were linear or quadratic. The NPB, 
NBA, and sex ratio were fitted as independent vari-
ables in the regression models. Pearson’s correlation 
coefficients among sow performance traits at far-
rowing and at weaning were determined using cor-
relation analysis (SAS, 2013).

Binomial logistic regression was used to esti-
mate the probability of a piglet having MinBWT, 
MaxBWT, MinWWT, or MaxWWT (SAS, 2013). 
The logit model fitted gender (male; female) as the 
predictor. The logit model used was:

In [P/1 − P] = β0 + β1X1 + ε

Where:
P  =  probability of a piglet having (MinBWT, 

MaxBWT, MinWWT, MaxWWT);
[P/1−P] = odds ratio (the odds of a piglet having 

MinBWT, MaxBWT, MinWWT, MaxWWT);
β0 = intercept;
β1X1 = regression coefficients for gender;
ε = random residual error.
When computed for each predictor (β1... βt), 

the odds ratio was interpreted as the proportion of 
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piglets with the least birth weight in a litter versus 
those that did not weigh the least, the proportion 
of piglets with the highest birth weight in a litter 
versus those that did not weigh the most, the pro-
portion of piglets with the least weaning weight in 
a litter versus those that did not weigh the least, 
the proportion of piglets with the highest weaning 
weight in a litter versus those that did not weigh the 
most.

RESULTS

Summary Statistics and Levels of  Significance

Summary statistics for the traits analyzed are 
shown in Table 1. The NBA ranged from 3 to 18, 
averaging 10 piglets. The CVBWT and CVWWT 
had wide ranges of 2.66–54.16 % and 0.87–70.71 %, 
respectively. The MinBWT ranged from 0.2 to 2 kg 
whilst MaxBWT ranged from 0.9 to 2.8 kg. The mean 
sex ratio was 0.44. Significant levels for all effects in-
cluded in the final general linear models and relevant 
covariates are shown in Table 2. The parity of sow 
had significant effects on NPB, NBA, BWT, CVBWT, 
and MinBWT (P < 0.05). The year of farrowing had 

Table 1. Summary statistics for sex ratio, Number 
of piglets born (NPB), number born alive (NBA), 
within-litter birth weight coefficient of variation 
(CVBWT), mean birth weight (MBWT), total 
litter weight at birth (BWT), total litter weight at 
weaning (WWT), within-litter weaning weight co-
efficient of variation (CVWWT), Mean weaning 
weight (MWWT), Percent survival of piglets at 
weaning (SVW), within-litter minimum birth 
weight (MinBWT), within-litter maximum birth 
weight (MaxBWT), within-litter minimum weaning 
weight (MinWWT) and within-litter maximum 
weaning weight (MaxWWT) (N = 310)

Trait Mean Standard deviation Minimum Maximum

Sex ratio 0.44 0.29 0.09 0.94

NPB 10.80 2.31 5.00 18.00

NBA 10.13 3.02 3.00 18.00

MBWT, kg 1.43 0.29 0.54 2.21

BWT, kg 15.40 4.87 2.70 33.20

CVBWT 17.92 6.78 2.66 54.16

MinBWT, kg 1.00 0.36 0.20 2.00

MaxBWT, kg 1.77 0.34 0.90 2.80

WWT, kg 74.60 26.88 15.50 178.50

MWWT, kg 8.04 1.93 3.26 15.16

CVWWT 20.81 10.19 0.87 70.71

MinWWT, kg 5.68 2.12 2.40 12.30

MaxWWT, kg 9.97 2.41 3.80 20.50

SVW, % 83.11 16.88 22.22 100.00 T
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significant effects on NPB, NBA, BWT, CVBWT, 
WWT, and CVWWT (P < 0.05). Month of farrowing 
affected MBWT (P < 0.05). Parity of sows, year and 
month of farrowing did not affect sex ratio (P > 0.05).

Effects of Parity of Sow on Litter Performance 
at Birth

Least square means for the effects of parity of 
sows on NPB, NBA, BWT, CVBWT, and MinBWT 
are shown in Table 3. The NPB and NBA increased 
with parity with the maximum values being observed 
in Parity 6. The NPB and NBA then decreased sig-
nificantly for litters from sows beyond parity 6. The 
NBA for gilts was significantly lower than multip-
arous sows, except those in parity 2 and greater than 
Parity 6. The BWT also increased with parity up to 
Parity 4 and decreased beyond the fifth parity. The 
heaviest litters were born to sows in mid-parities 
(parity 3, 4, 5, and 6) (P < 0.05). Litters born to sows 
in mid-parities (parity 3, 4, 5, and 6) had the high-
est CVBWT (P < 0.05). The MinBWT was the same 
(P > 0.05) for litters from sows in all parities except 
for those in parity 6 where it was the lower (P < 0.05).

Effects of Season of Farrowing and Year of 
Farrowing on Litter Performance at Birth 
and Weaning

Least square means for the effects of year of 
farrowing on NPB, NBA, BWT, CVBWT, WWT, 

and CVWWT are shown in Table 4. The NPB and 
NBA were highest in 2016 and 2018 (P < 0.05). 
The BWT and CVBWT were highest in 2018 
(P < 0.05). The MBWT was high during the hot-
wet season (November to March) and the dry-hot 
season (August to October) (P < 0.05; Figure 1). 
Low MBWTs were observed during the cold-dry 
season (May to July) reaching the lowest value in 
July (P < 0.05). The MWWT and CVWWT were 
highest in 2016 (P < 0.05).

Relationships Between Litter Size and Litter 
Performance at Birth and Weaning

The NPB had no relationship with sex ratio 
(P > 0.05). Relationships of  NBA to sex ratio 
and litter performance at farrowing and weaning 
are shown in Table 5. The NBA had no relation-
ship with sex ratio, MaxBWT and MaxWWT 
(P > 0.05). The CVBWT increased quadratically 
as NBA increased (P < 0.01). As NBA increased, 
MBWT and SVW decreased linearly (P < 0.01). 
The NBA had negative linear and quadratic rela-
tionships with MinBWT, MWWT and MinWWT 
(P < 0.01). The NBA had positive linear and 
quadratic relationships with WWT and CVWWT 
(P < 0.01). The CVBWT had positive and negative 
correlations with CVWWT and SVW, respectively 
(P < 0.01; Table 6). The MBWT was positively cor-
related to WWT, MWWT, and SVW (P < 0.01; 
Table 6).

Table 3. Least square means (±SE) for the effects of sow parity on number of piglets born (NPB), number 
born alive (NBA), litter weight at birth (BWT) and minimum birth weight within a litter (MinBWT).

Parity n NPB NBA BWT, kg CVBWT MinBWT, kg

1 89 9.1 ± 0.77a 8.9 ± 0.29a 14.0 ± 0.46a 15.4 ± 0.65a 1.1 ± 0.04a

2 66 9.9 ± 0.36a 9.3 ± 0.35a 14.3 ± 0.57a 16.2 ± 0.79ab 1.0 ± 0.04a

3 50 12.0 ± 0.20c 10.6 ± 0.40b 16.9 ± 0.65b 18.6 ± 0.89bc 1.0 ± 0.05a

4 44 11.7 ± 0.59bc 11.4 ± 0.43b 17.5 ± 0.70b 20.3 ± 0.99c 0.9 ± 0.05a

5 27 11.0 ± 0.14b 11.0 ± 0.55b 17.5 ± 0.89b 20.6 ± 1.22c 0.9 ± 0.07a

6 17 13.6 ± 0.66d 12.1 ± 0.79b 15.9 ± 1.28ab 19.5 ± 1.64bc 0.7 ± 0.10b

7≤ 17 8.3  ± 0.29a 7.6 ± 1.28a 12.28 ± 2.06a 16.8 ± 2.94abc 1.1 ± 0.16a

Values in the same column with different superscripts differ (P < 0.05).

Table 4. Least square means (± SE) for the effects of year of farrowing on number of piglets born (NPB), 
number born alive (NBA), litter weight at birth (BWT), within-litter birth weight coefficient of variation 
(CVBWT), mean weaning weight and within-litter weaning weight coefficient of variation (CVWWT).

Year n NPB NBA BWT, kg CVBWT MWWT, kg CVWWT

2016 76 11.9 ± 0.11b 11.7 ± 0.31c 17.4 ± 0.52c 16.9 ± 1.18b 8.9 ± 0.21c 27.3 ± 2.29b

2017 70 10.2 ± 0.64a 9.4 ± 0.34a 12.7 ± 0.54a 16.3 ± 1.23ab 6.9 ± 0.21a 17.6 ± 2.38a

2018 97 12.2 ± 0.33b 11.8 ± 0.29c 16.6 ± 0.46c 23.12 ± 1.04c 8.6 ± 0.18bc 20.4 ± 2.02a

2019 67 11.8 ± 0.81b 10.4 ± 0.35b 14.3 ± 0.55b 13.0 ± 1.25a 7.5 ± 0.22b 17.4 ± 2.44a

Values in the same column with different superscripts differ (P < 0.05).
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Relationships Between Sex Ratio and Litter 
Performance at Birth and Weaning

The odds ratios of the gender of piglets with 
MinBWT, MaxBWT, MaxWWT, MinWWT 

within a litter are shown in Table 7. As indicated 
by the significant odds ratios, male piglets were six 
times more likely to be the heaviest in a litter whilst 
female piglets were four times more likely to be 
the lightest at birth. Female piglets were 33 times 
(multiplicative inverse of 0.03) more likely to be the 
heaviest and lightest within their litters at weaning 
(P < 0.05).

Sex ratio had no relationship with MBWT, 
BWT, MWWT MaxBWT, MinWWT, and 
MaxWWT (P > 0.05). Figures 2–4 illustrate the re-
lationship of sex ratio with CVBWT, CVWWT, and 
SVW, respectively. The CVBWT and CVWWT had 
quadratic relationships with sex ratio (P < 0.05). 
As the proportion of males in litters increased, 
CVBWT and CVWWT generally increased reach-
ing maximum as the proportion of males in litters 
approached 0.5 and then increased from there on-
wards. As the proportion of males in litters ap-
proached 1, CVBWT and CVWWT reached their 
least values. As the proportion of males in litters 
increased, SVW increased linearly (P < 0.05).

DISCUSSION

The observed NBA mean and range tallies 
with Umesiobi (2009) and Zindove et  al. (2013) 
who reported that, to date, sows from most breeds 
exhibit NBA of  over 10. Mungate et  al. (1999) 
and Marandu et  al. (2015) also reported similar 
NBA values for pig litters. This shows that there 
has been a remarkable progress in improving 

Figure 1. Mean birth weight (MBWT) for litters farrowed in different months.

Table 5. Relationship coefficients (± s.e.) of number 
born alive (NBA) on sex ratio, within-litter birth 
weight coefficient of variation (CVBWT), mean 
birth weight (MBWT), total litter weight at birth 
(BWT), total litter weight at weaning (WWT), 
within-litter weaning weight coefficient of variation 
(CVWWT), Mean weaning weight (MWWT), 
within-litter minimum birth weight (MinBWT), 
within-litter maximum birth weight (MaxBWT), 
within-litter minimum weaning weight (MinWWT), 
within-litter maximum weaning weight (MaxWWT) 
and percent survival at weaning (N = 310).

Parameter Regression coefficient Significance
 Linear Quadratic  

Sex ratio 0.002 ± 0.0086 0.001 ± 0.0004 NS

CVBWT – 0.042 ± 0.0051 **

MBWT −0.023 ± 0.0048 – **

BWT 1.213 ± 0.0588 0.055 ± 0.0029 **

MinBWT −0.034 ± 0.0064 −0.002 ± 0.0003 **

MaxBWT 0.001 ± 0.0062 −0.003 ± 0.0003 NS

CVW 0.892 ± 0.1427 0.041 ± 0.0068 **

MWWT −0.131 ± 0.0325 −0.006 ± 0.0016 **

WWT 4.612 ± 0.4095 0.206 ± 0.0200 **

SVW −0.884 ± 0.2582 – **

MinWWT −0.288 ± 0.0337 −0.013 ± 0.0016 **

MaxWWT 0.006 ± 0.0424 0.001 ± 0.0020 NS
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NBA over the past decade. Progress in improving 
NBA over time is also evident herein, with NBA 
increasing from 2017 to 2019. There are, how-
ever, some studies which have recorded NBA ran-
ging from 14 to 18 piglets for hybrid sows (Schild 
et al., 2020). The differences in NBA could be due 
to differences in breeds and structure of  the pig 
herds under study. Although suggestive, our pre-
sent analysis can, therefore, not be used to make 
conclusions on other breeds commonly found in 
commercial herds such as Landrace-Yorkshire 
crossbred sows. Differences in litter sizes might 
result in conflicting results. The observed MBWT 
and its standard deviation were similar to Zindove 
et  al. (2013) and Marandu et  al. (2015) who re-
ported a MWBT of  1.55 kg and an SD of  0.33 and 
1.5  kg and SD of  0.26, respectively. Wide range 
and high standard deviation values for sex ratio, 
CVBWT, and CVWWT indicate that these are 
highly variable traits. The mean sex ratio observed 

in this study is lower than that reported by Baxter 
et al. (2012).

In agreement with the current study, Soede et al. 
(2000), Gorecki (2003) and Alfonso (2002) reported 
that sex ratio is not influenced by parity of sow, 
month of farrowing, year of farrowing and litter 
size. These findings suggest that variation in sex 
ratio is not caused by environmental factors. Toro 
et al. (2006) suggested that genetic variance for sex 
ratio in litters does exist in pigs and some genotypes 
have a genetic tendency to produce more progeny of 
the one sex than the other. Genetic selection for sex 
ratio is, therefore, a possibility. The pig herd used 
for the study was comprised of the same genotype 
from 2016 to 2019 and this could explain the finding 
that sex ratio did not vary over the years.

Litters from primiparous sows and sows in their 
late parities had smaller litters, this being attribut-
able to reports that gilts and young sows have low 
ovulation rates compared to mature sows (Mungate 
et al., 1999). Reduction in NBA in sows in parities 
greater than six can be attributed to high incidences 
of farrowing problems which lead to higher piglet 
mortalities that reduce NBA. The effect of parity 
on CVBWT, BWT and MinBWT can be attrib-
uted to parity effects on NBA. The same can also 
be said about the effect of year on BWT, CVBWT, 
MWWT, and CVWWT. During the years when 
NPB and NBA were high, BWT, CVBWT, MWWT, 
and CVWWT were also high.

The observation that an increase in NBA re-
sulted in adverse changes in litter performance 
traits such as CVBWT, MBWT and SVW is in 
agreement with previous findings (Milligan et al., 
2002), Wolf  et  al., 2007; Zindove et  al., 2013). 
Although, NBA is an important contributor 

Table 6. Pearson’s correlation coefficients among sow performance traits at farrowing and at weaning.

Variable BWT CVBWT MinBWT MaxBWT WWT MWWT CVWWT MinWWT MaxWWT SVW

MBWT 0.05ns 0.04ns 0.04ns 0.09ns 0.41** 0.17** −0.004ns 0.10ns 0.02ns 0.22**

BWT  0.05ns 0.07ns 0.07ns 0.60** 0.19ns 0.02ns 0.02ns 0.03ns 0.02ns

CVBWT   0.09ns 0.06ns 0.02ns 0.01ns 0.23** −0.02ns −0.09ns −0.46*

MinBWT    0.38** 0.01ns 0.13* 0.04ns 0.12* 0.12** 0.07ns

MaxBWT     0.09ns 0.19** −0.03ns 0.12* 0.23** 0.02ns

WWT      0.53** −0.03ns 0.01ns 0.04ns 0.32**

MWWT       −0.07ns 0.75** 0.89** 0.10ns

CVWWT        −0.05ns −0.06ns −0.04ns

MinWWT         0.47** 0.08ns

MaxWWT          0.04ns

NS, not significant (P > 0.05); MBWT, mean birth weight; BWT, Total litter weight at farrowing, CVBWT, within-litter birth weight coefficient 
of variation; MinBWT, minimum birth weight for each litter; MaxBWT, maximum birth weight for each litter; WWT, litter weight at weaning; 
MWWT, mean litter weight at weaning; CVWWT, within-litter weight coefficient of variation; SVW, percent survival of piglets at weaning; Min-
WWT, minimum weaning weight for each litter; MaxWWT, maximum weaning weight for each litter; *P < 0.05; **P < 0.01.

Table 7. Odds ratio estimates, lower (LCI) and 
upper confidence (UCI) interval of  a piglet 
with minimum birth weight for each litter 
(MinBWT), maximum birth weight for each 
litter (MaxBWT), maximum weaning weight 
for each litter (MaxWWT), (minimum weaning 
weight for each litter) MinWWT to be male 
(N = 310).

Parameter Odds ratio Lower CI Upper CI

MinBWT 0.26* 2.90 5.03

MaxBWT 6.12* 4.59 8.15

MinWWT 0.03* 0.02 0.05

MaxWWT 0.03* 0.02 0.04

*P .00.05.
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to maximizing number of  piglets weaned per 
sow per year, large litters comprised of  light 
weighing piglets can have negative effects on 
the profitability of  the enterprise. Light litters 
at birth have been found to be associated with 
slow growth (Zindove et  al., 2013). Large lit-
ters at farrowing also do not guarantee large lit-
ters at weaning since they are associated with a 
high level of  losses due to pre-weaning mortality 
(Zindove et al., 2013).

The finding that CVBWT increased as NBA 
increased could be the reason why large lit-
ters are associated with low mean litter weights 

and increased pre-weaning losses. It is pointless 
having large numbers of  piglets born if  they re-
sult in unacceptable levels of  pre-weaning mor-
tality, slow growths and undesirable carcass traits. 
Reducing CVBWT could help reduce losses and 
increase litter weight at birth and weaning and, 
thus, maximizing profit. The negative relation-
ship between CVBWT and MinBWT confirms 
suggestions by Zindove et al. (2013) that, in large 
litters, high CVBWT results in fetal growth retard-
ation. Retarded piglets at birth usually suffer from 
stunted growth and are more likely to die before 
weaning (Foxcroft, 2008). This could explain the 

Figure 2. Relationship between sex ratio and within-litter birth weight variation (CVBWT). Y = −71.88x2 + 78.71x + 3.13 (P < 0.05). M: 
T = Male piglets in a litter: Total number of piglets in the litter.

Figure 3. Relationship between sex ratio and within-litter weaning weight variation (CVWWT). Y = -133.39x2 + 139.12x − 3.56(P < 0.05). M: 
T = Male piglets in a litter: Total number of piglets in the litter.
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finding herein that as CVBWT increased; MWWT, 
MinWWT, and SVW decreased. Similar observa-
tions were reported previously (Milligan et  al., 
2002; Zindove et al., 2013).

Confirming reports by Milligan et  al. (2001) 
and Canario et  al. (2010), CVWWT increased as 
NBA increased. The observed relationship between 
NBA and CVWWT can be attributed to effects 
of NBA on CVBWT. Variation in litters at birth 
is maintained up to weaning through to marketing 
(Zindove et al., 2013). Increased NBA, thus, results 
in large weight variation at birth which is main-
tained up to weaning (Marandu et  al. 2015) and 
marketing. Pigs can, thus, can be placed in the barn 
at once, but selected for marketing over an extended 
period of time because they reach market weight at 
different times. This makes revenue prediction diffi-
cult and results in “tail-end pigs,” thus unfavorable 
throughput and increased extra feed costs.

The observation that male piglets were more 
likely to be the heaviest at birth in a litter whilst 
female piglets were more likely to be the lightest 
is in agreement with Alfonso (2002) and Baxter 
et al. (2012) who reported that males are born on 
average heavier than their female littermates. This 
suggests that litter heterogeneity is influenced by 
gender proportion of  the piglets in a litter. The 
sex of  the piglet plays an important role in the 
growth rate of  the developing fetus. The difference 
can be attributed to hormonal differences between 
the two sexes and their resultant effects on fetal 
growth. At weaning, females were more likely to 
be the lightest, indicating that piglets with pre-
natal stunting fail to catch up with their heavier 

littermates. Heavy weighing by male piglets at 
birth is not sustained up to weaning as evidenced 
by females being more likely to be the heaviest at 
weaning. This might be attributed to greater sus-
ceptibility of  the male piglets to causal environ-
mental stressors such as heat. Male piglets have 
poorer thermoregulatory capacity compared to 
females (Baxter et al., 2012).

The decrease in CVBWT and CVWWT as 
the proportion of males in litters increased can 
imply that manipulating sex ratio can be used as 
a strategy to reduce CVBWT in litters. Reducing 
CVBWT and CVWWT through manipulating sex 
ratio of litters can help to optimize both NBA and 
within-litter weight variation. As evident in our 
findings, CVBWT and CVWWT can be optimized 
by sex standardization to produce single sex litters. 
Production of single sex litters will result in small 
variation in weight between littermates at birth and 
weaning. The weight of the litters will not be com-
promised by production of unisex litters since sex 
ratio does not have a significant relationship with 
MBWT, BWT and MWWT. Large litters with small 
CVBWT and CVWWT can, thus, be produced. 
This could help produce large litters with low lev-
els pre-weaning mortality and variation at weaning 
and marketing and, therefore, optimal numbers of 
piglets weaned per year per sow will be achieved. It 
will be more beneficial to produce unisex female lit-
ters due to the finding that female piglets are more 
likely to be the heaviest at weaning. Production of 
unisex litters can be achieved through genetic se-
lection for sex ratio (Toro et al., 2006) and use of 
sexed semen.

Figure 4. Relationship between sex ratio and percent survival of piglets at weaning (SVW). Y = 19.81x + 74.44 (P < 0.05). M: T = Male piglets 
in a litter: Total number of piglets in the litter.
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The finding that SVW increases as the propor-
tion of males in litters increased concurs with find-
ings herein that as the proportion of males increase, 
the CVBWT decreased. A decrease in CVBWT due 
to an increase in proportion of male piglets is ex-
pected to result in an increase in SVW since CVBW 
has a negative relationship with SVW. An increase 
in SVW as the proportion of males in a litter in-
creased also agrees with the finding that MinBWT 
increases as the sex ratio increases. As MinBWT in-
creases, SVW is expected to increase since heavy pig-
lets are more likely to survive to weaning than light 
piglets (Quiniou et  al., 2002; English and Bilkei, 
2004). Litters with low CVBWT, as a result of a high 
proportion of male piglets, have more heavy piglets 
(Milligan et al., 2002). Heavy piglets are thought to 
be at a lesser possibility of death because they con-
sume large amounts colostrum due to their vigor and 
are less susceptible to crushing by the sow (Cutler 
et al., 2006). Consumption of large amounts of col-
ostrum is associated with good acquisition of pas-
sive immunity hence increases the piglets’ chances 
for surviving to weaning (Quiniou et al., 2002).

CONCLUSIONS

Within-litter sex ratio does not vary with parity 
of sows, year and month of farrowing. Within-
litter weight variation is largest in litters with equal 
numbers of male and female piglets and lowest in 
unisex litters. Manipulating sex ratio in litters could 
help reduce within-litter weight variation in large 
litters, hence reduce pre-weaning mortality, and im-
prove uniformity at marketing and weaning. There 
is a need for further studies on the relationships be-
tween litter size, sex ratio, and within-litter weight 
variation at birth and their impact on subsequent 
litter traits of hybrid sows with larger litter sizes.
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