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Abstract

The aim of this study was to investigate the effects of birth weight and rearing litter size on growth and
reproductive performance of boars. One hundred and forty male piglets were allotted to two groups, based
on litter size: a smaller litter (SL) (8 piglets/litter, 70 boars) and a larger litter (LL) (12 piglets/litter, 70 boars).
The boars in these litters were separated into two birth weight subgroups: lower birth weight (LBW) (mean:
1.15 kg, 70 boars) and greater birth weight (GBW) (mean: 1.59 kg, 70 boars). Testes volume, sexual activity
and semen quality of boars at 180 days old were evaluated. The males in the GBW group, when compared
with the LBW group, had greater bodyweight at 21, 28, and 63 days old (P <0.01) and 180 days old (P
<0.05), greater testes volume and semen volume (P <0.05), greater sperm concentration and total number of
sperm in the semen (P <0.01) and a longer ejaculation time (P <0.05). The boars in the SL group had
greater (P <0.01) bodyweight at 21 and 28 days old, greater (P <0.05) sperm concentration and total number
of sperm in the semen than boars in the LL group. These results indicate that birth weight is a good predictor
of sperm production in adult boars and suggest the possibility of increasing sperm production in adult boars
by reducing the litter size in which they are reared.
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Introduction

The genetics of selection for pig prolificacy has led to an increase in litter size. However, there have
also been increases in the proportion of low birth weight piglets and bodyweight variability in litters (Morise et
al., 2008; Foxcroft, 2010). In addition, piglets reared in large litters have lower growth rates during lactation
than those reared in small litters (Flowers, 2001). Rearing piglets in larger litters has also been shown to
have negative effects on their reproductive performance as adult pigs (Ashworth, 2013).

Few studies have assessed the effects of birth weight and litter size of male piglets during lactation on
shaping the reproductive potential of adult boars. However, Almeida et al. (2013) and Smit et al. (2013)
observed that one-week-old male piglets with low birth weight had lower testes weight and number of Sertoli
cells per testis than their heavier counterparts at birth. This suggests that low birth weight may reduce
potential for sperm production in adult boars, because the number of Sertoli cells established before puberty
determines sperm production as an adult (McCoard et al., 2003). The positive relationship between sperm
production in adult boars and their birth weight was confirmed by Estienne & Harper (2010) and Dysart
(2014). Lin et al. (2015), observed the beneficial effects of birth weight on sperm production, testes volume
and the numbers of Leydig and Sertoli cells in the distal portion of the testes in adult boars.

In studies that examined the relationship between litter size during lactation and subsequent
reproductive performance in boars, it was found that boars reared in smaller litters have greater bodyweights
and testes at weaning and greater sperm production at 180 days old than their counterparts that are reared
in larger litters (Flowers, 2001; Flowers, 2011; Kawecka et al., 2013).

Although few in number, previous studies suggest that the negative effects of low birth weight could be
reduced by decreasing litter size during the suckling period. Therefore, the objective was to examine the
effects of birth weight of male piglets and size of litter in which they were reared on reproductive (testes
volume, sexual activity and semen quality) and growth performance during lactation and after weaning until
puberty.
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Materials and methods

This study was conducted on boars of Polish Synthetic Line 990 in the Experimental Station of the
National Institute of Animal Production, Krakow, Poland. Line 990 is the result of crossing pig breeds, namely
Hampshire, Duroc, Polish Large White and various lines of Landrace. The experiment was conducted in
accordance with the standards approved by the Animal Ethics Committee.

The evaluated boars were born from Polish Synthetic Line 990 sows of 2—4 parity and litters with 11—
13 piglets. On the first day after birth, litters of 80 sows were standardized to 8 (40 litters) or 12 (40 litters)
piglets per sow. Before the standardization of litters, all piglets were individually weighed. Each litter
contained equal numbers of males and females of similar birth weight.

In the present study, only 33 smaller and 32 larger litters in which there was no piglet mortality in
suckling period were included. From each litter, 1 or 2 boars with birth weight above the average of the litter
and 1 or 2 boars with a birth weight below the average were evaluated. A total of 140 boars were divided into
two groups, depending on the litter size in which they were reared, namely SL and LL. Within litters boars
were separated in two groups according to their birth weights, namely LBW and GBW. The experimental
design is as shown in Table 1.

Table 1 Experimental research design

SL (8 piglets) LL (12 piglets)
LBW GBW LBW GBW
(0.95-1.29 kg) (1.35-1.92 kg) (0.95-1.30 kg) (1.35-1.98 kg)
No. of boars 35 35 35 35
No. of litters 33 33 32 32

SL: smaller litter; LL: larger litter; LBW: lower birth weight; GBW: greater birth weight

The boars were weighed at 21 and 28 days old (at weaning). From 28 to 63 days old, all boars
remained in farrowing pens, and were fed a standard diet of nutritive value according to recommendations of
the Polish Standards of Pig Feeding (2014). At 63 days old, the boars were weighed and transferred to
individual pens without straw, measuring 1 x 2 m, with a partly slatted floor (approximately 40%), where they
remained to the end of the performance test (180 days old). During this period, the males were fed a diet of
13 MJ metabolizable energy, 187 g crude protein, 10.5 g lysine, 6.7 g methionine with cystine, 6.7 ¢
threonine, and 2 g tryptophan per 1 kg. Water was provided by nipple drinkers. Feed intake was measured
daily.

At 180 days old, the boars were weighed and the testes volume was measured. The males were then
trained to mount a dummy sow and semen collection began. During semen collection, the sexual activity of
boars was evaluated, based on the number of mounts on the dummy sow before ejaculation began, the time
from which the boar mounted the dummy sow and remained on the dummy sow until ejaculation began, and
the duration of ejaculation.

The dimensions (length and width) of each testis were determined with Vernier callipers. The skinfold
thickness (two layers of scrotal skin) were subtracted from initial measurements of length and width of each
testis. Testis volume was calculated according to a formula described by Young et al. (1986):

T= 4/3 rab®

where: T = testis volume (cm3)
= 3.14, a = length testis (cm)
b = width testis (cm)

Semen was collected using the gloved hand technique from a boar trained to mount a dummy sow.
The evaluation of semen from each boar was performed on three ejaculates, collected at 7 + 1 day intervals.
During the collection, semen was filtered through gauze and only the sperm-rich fraction was collected. The
mean values were obtained from the average of three ejaculates for each boar.

Shortly after collection these evaluations were performed: semen volume, sperm concentration in 1 ml
(haemocytometric method in Burker's chamber), percentage of sperm progressive motility (subjectively by
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light microscopy Nikon, Eclipse E200, Tokyo, Japan, at 200 x magnification) and total number of sperm in
semen (sperm concentration x semen volume).

Sperm defects were classified as major or minor, by evaluating the frequency of the appearance of
particular forms of morphologically changed sperm (Bloom, 1981). The percentage of sperm with normal
apical ridge (NAR) acrosome (according to Pursel et al., 1972) was determined microscopically (at 400 x
magnification) in preparations stained with eosin and nigrosin. An osmotic resistance test (ORT) of
acrosomal membranes was performed according to Schilling & Vengust (1987).

The results are presented as arithmetic means (x) and polled standard error of mean (polled SEM).
The data were subjected to analysis of variance (ANOVA) using the MIXED procedure. The model for all
evaluated traits included litter size, birth weight and litter size x birth weight interaction as a fixed effects and
order parity of sows in which the litters were standardized as random effect. The significance of difference
(P) between means was determined using Duncan’s multiple range test. Statistical data analysis was carried
out using Statistica computational software (Statistica PL, Krakow, Poland; version 12).

Results

By design, the average birth weight in the LBW group was lower (38%; P <0.01) than in the GBW
group, whereas the average birth weight of boars reared in smaller (SL) and larger litters (LL) was similar
(Table 2). The males in the GBW group when compared with the LBW group had greater (P <0.01) average
daily weight gain in the suckling period and greater bodyweight at age 21, 28, 63 days (P <0.01) and 180
days (P <0.05). In lactation, the average daily gain and bodyweight of the boars reared in smaller litters were
greater (P <0.01) than in larger litters (Table 2). However, at 63 and 180 days old, the bodyweights of boars
in the SL and LL groups were similar.

Table 2 Effects of birth weight and litter size on growth performance of boars

BW groups LS groups
Specification P P value P value
LBW GBW SL LL SEM value LS interaction

BW BW x LS

No. of boars 70 70 70 70

Average birth weight (kg) 1.15 1.59 1.37 1.36 0.02 <0.01 NS NS

Average bodyweight (kg):

- at 21 days old 5.24 6.52 6.06 5.70 0.11 <0.01 <0.01 NS

- at 28 days old 6.96 8.73 8.12 7.62 0.13 <0.01 <0.01 NS

- at 63 days old 19.67 22.38 21.40 20.64 0.25 <0.01 NS NS

- at 180 days old 107.5 113.9 1111 109.5 0.71 <0.05 NS NS

Average daily gain (9)

- from 1 to 28 days old 216.4 266.5 250.3 232.5 4.03 <0.01 <0.01 NS

- from 63 to 180 days old 751.7 780.0 769.8 761.8 4.68 NS NS NS

Feed/gan from 63 to180 days 301 289 300 292 003 NS NS NS

old (kg/kg)

BW: birthweight; LS: litter size; LBW: lesser birth weight (0.95 < 1.30 kg); GBW: greater birth weight (1.35 < 1.98 kg)
LS groups: SL: smaller litter (8 piglets/litter); LL: larger litter (12 piglets/litter)

SEM = polled standard error of means

NS = not significant

At 180 days old, the volumes of left and right testis and of both testes of males in the GBW group were
greater (P <0.05) than in the LBW group, while the testes volume of males reared in SL and LL groups were
similar (Table 3).
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Table 3 Effects of birth weight and litter size on testes volume and sexual activity of boars

BW groups LS groups
Specification P P P value
LBW GBW SL LL SEM  value value interaction
BW LS BW x LS
No. of boars 70 70 70 70
Volume of left testis (cm3) 280.3 297.9 292.3 285.7 8.21 <0.05 NS NS
Volume of right testis (cm3) 245.1 267.9 261.2 252.0 7.89 <0.05 NS NS
Volume of both testes (cmS) 5245 566.0 553.7 537.5 15.68 <0.05 NS NS
Time from mounting on a dummy
sow until the start of ejaculation 91.53 82.07 87.89 85.71 3.69 NS NS NS
(s)
Number of mounts before 1.40 125  1.30 1.38 0.04 NS NS NS
ejaculation started
Duration of ejaculation (s) 160.4 1769 173.1 164.3 2.68 <0.05 NS <0.05

BW: birthweight; LS: litter size; LBW: lesser birth weight (0.95 < 1.30 kg); GBW: greater birth weight (1.35 < 1.98 kg)
LS groups: SL: smaller litter (8 piglets/litter); LL: larger litter (12 piglets/litter)

SEM = polled standard error of means

NS = not significant

The boars of greater birth weight had longer ejaculation time (P <0.05) than the boars of lower birth
weight. There was a significant interaction (P <0.05) between birth weight (BW) and litter size (LS) for
ejaculation time. The boars of greater birth weight in the SL group had a longer ejaculation time (P <0.05)
than the boars of greater birth weight in the LL group. In contrast, ejaculation duration was similar for lower
birth weight pigs raised in larger or smaller litters (Table 4). The birth weight of males and litter size in which
they were reared had no effect on other boar sexual activity parameters (Table 3).

Table 4 Interaction between birth weight and litter size for the duration of ejaculation

LBW HBW
SL LL SL LL
No. of boars 35 35 35 35
Duration of ejaculation (s) 161.1% 160.1% 185.1° 168.2°

2P Means with different superscripts are significantly different at P <0.05

The boars of greater birth weight had greater semen volume (6.8%; P <0.05), sperm concentration
(21%; P <0.01) and total number of sperm in semen (29.5%; P <0.01) than the boars of lower birth weight
(Table 5). The concentration of sperm and total number of sperm in the semen of boars reared in smaller
litters were greater (9.6% and 13%, respectively; P <0.05) than boars reared in larger litters. The birth weight
of boars and litter size in which they were reared had no significant effect on the values of the other boar
semen traits.

Discussion

The relationship between birth weight and weaning weight, as observed in the present study, is
consistent with the findings of previous studies (Gondret et al., 2006; Beaulieu et al., 2010; Fix et al., 2010;
Krolewska et al.,, 2014), that reported that piglets with greater birth weights are heavier at weaning.
According to Fix et al. (2010), greater bodyweight and faster weight gain of heavier piglets results from their
greater number of muscle fibres and their dominance when competing for the most productive teats.
Additionally, other authors have reported that the piglets of lower birth weight have fewer muscle fibres and
less developed livers and small intestines, and as a result, they have a lower growth rate in the suckling
period and post weaning compared with their counterparts with greater birth weight (Gondret et al., 2005;
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Rehfeldt & Kuhn, 2006). In the current study, the boars of greater birth weight, compared with those of lower
birth weight, have greater bodyweight at weaning and the later growth phase (to 180 days old). Similar
results were observed in commercial market pigs (Beaulieu et al., 2010; Fix et al., 2010).

Table 5 Effects of birth weight and litter size on semen traits of boars

BW groups LS groups
Semen traits P value P P value
LBW  GBW SL LL SEM BW value interaction
LS BW x LS
No. of boars 70 70 70 70
Semen volume (mL) 1079 1152 1132 109.6 1.00 <0.05 NS NS
Sperm concentration (n x 106/mL) 175.2 2126 202.6 1849 6.51 <0.01 <0.05 NS
Total sperm in semen (n x 109) 18.90 24.47 2293 20.27 0.73 <0.01 <0.05 NS
Sperm with progressive motility (%) 7227 7492 7391 7328 0.45 NS NS NS
Sperm with major defects (%) 1390 12.61 1293 1358 0.52 NS NS NS
Sperm with minor defects (%) 13.41 13,97 1390 1349 0.54 NS NS NS
Sperm with normal acrosome (%) 86.85 87.59 8745 87.00 0.78 NS NS NS
Osmotic resistance test (ORT) (%) 70.04 69.05 69.49 69.59 0.68 NS NS NS

BW: birthweight; LS: litter size; LBW: lesser birth weight (0.95 < 1.30 kg); GBW: greater birth weight (1.35 < 1.98 kg)
LS groups: SL: smaller litter (8 piglets/litter); LL: larger litter (12 piglets/litter)

SEM = polled standard error of means

NS = not significant

Piglets in smaller litters are not exposed to high competition, and can consume greater quantities of
milk, which increases their weight gain. In the current study, boars reared in litters of eight piglets compared
with their counterparts in litters of 12 piglets were significantly heavier only at weaning. Similar results were
found for boars reared in litters of 7-10 and 11-16 piglets (Kawecka et al., 2013). In contrast, boars reared in
smaller litters (6 piglets/litter) had greater bodyweight up to 120 days old than those reared in litters of 12
piglets (Flowers, 2001).

The boars of average birth weight of 1.59 kg had significantly greater testes volume at 180 days old
than boars weighing 1.15 kg at birth, while the litter size in which they were reared had no significant effect
on testes volume at that time. Other studies have observed a similar relationship between testes size and
birth weight in adult boars (Dysart, 2014; Almeida et al., 2015; Lin et al., 2015) or between testes size and
litter size (Flowers, 2001; Kawecka et al., 2013). Boar testes size may be an indicator of the number of
Sertoli cells, as well as sperm production (Ford & Wise, 2009; Ytournel et al., 2014; Jacyno et al., 2015). In
the current study, there was a positive correlation between testes size and sperm production only in boars
with different birth weights (GBW and LBW groups).

An important fact that was observed in the current study was the beneficial effects of greater birth
weight or a reduction in the number of littermates on sperm production in boars. Sperm production is one of
the most important factors that determine the reproductive performance of males. The main determinants of
sperm production are Sertoli cells (Sharpe et al., 2003). The most active proliferation of Sertoli cell in pigs
begins during the prenatal period and continues for about 30 days postnatal, which ultimately determines the
potential for sperm production as an adult (Franga et al., 2000; McCoard et al., 2002; McCoard et al., 2003).
Consequently, it is possible that a boar’s potential for sperm production as an adult could be established by
the time that it is weaned. Some studies have shown that the number of Sertoli cell in male testes during
lactation (Almeida et al., 2013; Smit et al., 2013) and the total number of sperm per ejaculate in adult boars
(Estienne & Harper, 2010; Dysart, 2014, Lin et al., 2015) were positively correlated with birth weight in these
individuals.

A significantly greater sperm concentration and total number of sperm in semen of boars reared in
smaller litters versus larger litters, as observed in the current study, is consistent with previous reports
(Flowers, 2001; Flowers, 2011; Kawecka et al., 2013). This is probably as a result of an increase in the
production of Sertoli cells during lactation in males of smaller litters. The boars in smaller litters can consume
greater quantities of milk, which increases their weight gain and could intensify the proliferation of Sertoli
cells in testicular tubules. Consequently, after reaching puberty, these boars may produce more sperm than
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boars reared in larger litters. In this study it was found that the impact of the birth weight on sperm production
was on the level of P <0.01, whereas the litter size on the level of P <0.05.

There were no significant effects of birth weight and litter size on other semen traits (percentage of
progressive motile sperm, sperm with major and minor defects, sperm with normal acrosome, osmotic
resistance test). Similarly, Almeida et al. (2015) found that birth weight does not affect the semen quality of
adult boars.

Conclusion

The results of this study confirm that birth weight is a good predictor of sperm production in adult
boars and could be used as a selection criterion for replacement boars. The results also suggest the
possibility of increasing sperm production in adult boars by reducing the litter size in which they were reared.
Low birth weight in boars restricts their growth rate up to puberty (until 180 days old), while in larger litters it
restricts growth rate only during lactation.
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