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ABSTRACT -  The objective of this study was to evaluate the effects of season, natural photoperiod, and room temperature at 
the housing facility on boar semen characteristics in Uruguay (34º66'S; 56º29'W). For this purpose, 117 ejaculates, obtained from 
eight adult males collected through 12 consecutive months, were assessed for sperm viability, DNA integrity, abnormalities (total, 
primary, and secondary), ejaculate volume, and sperm concentration. Viability, total and primary abnormalities, volume, and sperm 
concentration were affected by season. Sperm viability, volume, and sperm concentration were affected by natural photoperiod. In 
general, autumn and the decreasing photoperiod had a negative impact on most of the semen characteristics, except for volume. 
Housing temperature did not affect semen characteristics. In boars living in temperate climates, semen quality is negatively 
affected during autumn and is related to photoperiod changes; however, the effects of temperature changes in housingdo not 
affect these seminal characteristics. In this scenario, seasonal differences in semen quality may have a negative effect on sow 
fertilization. Consequently, semen quality control especially during autumn is imperative for the best boar selection to be used for 
insemination purposes. Seasonal differences in semen quality may have a negative effect on sow reproductive performance. This 
issue will be addressed in a future investigation.
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Introduction

The reproductive output of pigs depends on many 
factors affecting both females and males. It is generally 
accepted that there is a large variation in the fertility 
results, mainly caused by farm- and sow-related parameters 
(Hanenberg et al., 2001). In southern Uruguay, seasonal 
variations in reproductive performance of swine herds 
are observed, with farrowing rate below 57% between 
November and February (Motta, 1991).

Several factors can be minimized by management, 
breeding, and artificial insemination. But there are certain
variations in pig fertility explained by the boar and 
semen parameters. Many researchers have studied the 
relationship between semen parameters and fertility, with 
conflicting results (Tardif et al., 1999; Sellés et al., 2003;
Popwell and Flowers, 2004; Ruiz-Sánchez et al., 2006; 
Broekhuijse et al., 2012).

Sperm quality is extremely important because each 
boar participates in a large number of services throughout 
the year. Thus, a good evaluation of the quality of the semen 

of each male is imperative, and the examination should 
provide a reliable evaluation of the donor. Furthermore, the 
evaluation of seminal quality could help identify causes of 
low fertility. 

The wild hog (Sus scrofa L.) has seasonal reproductive 
behaviour (Mauget and Boissin, 1987; Harayama et al., 
1992; Kozdrowski and Dubiel, 2004). The domestication 
process of pigs has not completely eliminated this ancestral 
characteristic, which has been partially maintained in 
domestic boars (Claus et al., 1983; Auvigne et al., 2010), 
and it affects all of the semen characteristics (Kennedy and 
Wilkins, 1984).

Possible fluctuations in seminal quality are associated
with factors such as breed (Rijsselaere et al., 2007), age 
(Stone et al., 2013), seasonality (Chemineau et al., 2008; 
Zhang et al., 2013), temperature (Thonneau et al., 1998), 
photoperiod (Mazzarri et al., 1970; Kozdrowski and Dubiel, 
2004), and other factors of different etiology. All of these 
factors require careful control to attain the best semen 
quality for artificial insemination.

In temperate climates it seems important to take into 
account the complex environmental factors. Temperature 
and photoperiod show the most important effects on pigs 
(Kozdrowski and Dubiel, 2004; Rivera et al., 2005). It is 
suggested that photoperiod may play an important role, 
especially in temperate climates, due to the significant
differences in day length over the year (Kunavongkrit et al., 2005).
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Sperm volume and concentration are lowest in the 
spring; they gradually increase during the summer, and 
reach a peak in late autumn (Trudeau and Sanford, 1986; 
Borg et al., 1993; Kozdrowski and Dubiel, 2004). Changes 
in the photoperiod cause variations in semen production 
(Mazzarri et al., 1970) and volume, and spermatozoa 
abnormalities (Sancho et al., 2004).

The aim of this investigation was to assess the effect 
of season, natural photoperiod, and annual temperature 
variations on sperm characteristics (routine and integrity 
of sperm DNA) in a group of boars of two different genetic 
backgrounds.

Material and Methods

The experimental work was carried out on a pig farm 
located in Uruguay (34º66'S; 56º29' W). The annual average 
temperature is 17 °C, with seasonal variations. In the 
summer it varies between 17 °C and 28 °C, with an average 
of 23 °C; in the winter, between 6 °C and 14 °C, with an 
average of 12 °C. Autumn and spring show intermediate 
values. The annual rainfall is 1,100 mm. The experiment 
was conducted through 12 consecutive months.

The studied semen was produced by eight boars that 
were an average of 1.5 years-old at the beginning of the 
experiment. Five males were Pen Ar Lan hybrids of a 
terminal male line P76 (ML) and three of the female line 
Gallia (FL).

Within the experimental period (one year) seasons 
were defined as follows: summer: January to March;
autumn: April to June; winter: July to September; and 
spring: October to December. Each boar produced at least 
one ejaculate in every season. In the Southern Hemisphere, 
daylight decreases from December 22 to June 21 and 
increases from June 22 to December 21. Photoperiod 
(Figure 1) was defined as ‘increasing’ during winter and
spring, and as ‘decreasing’ during summer and autumn. No 
artificial light was used.

According to Hughes and Varley (1986), the total 
duration of spermatogenesis is 41 days, so we started 
recording temperatures 50 days before the beginning 
of semen collection. The boar housing temperature was 
recorded hourly during 407 days. A total of 9,768 temperature 
records were obtained by the Sphere of Vernon (12 cm 
diameter) with a thermal sensor (Thermochron iButton, 
Embedded Data Systems, Lawrenceburg, KY, USA) 
inside, utilised where the boars were housed. Average 
daily temperature (ADT) and average maximum daily 
temperature (MDT) were calculated from the above 
mentioned records.

One hundred and seventeen ejaculates obtained from 
the eight boars were included in the analysis. The semen 
was collected with the gloved-hand method. The ejaculate 
was collected and filtered with gauze during collection.
The sample was immediately placed in a 37 ºC bath. It was 
then diluted using a commercial semen extender (M III 
Androstar® Plus, MinitubeAbfüll-und LabortechnikGmbH 
& Co. KG, Germany). To determine the number of doses 
to be prepared per ejaculate, a primary evaluation of the 
volume and a subjective approximation of motility and 
a subjective estimation of the number of spermatozoa 
were performed at the farm; using these data, the number 
of doses to be prepared was calculated. Motility was 
scored 1 (worst) to 5 (best), and ejaculates scoring 3 or 
less were discarded. The samples for evaluation of semen 
characteristics were prepared and transferred from the 
farm to the laboratory using a remote container thermally 
adjusted to 16 ºC. Once in the laboratory, the following 
characteristics were evaluated: Sperm concentration (SC) 
(Neubauer chamber); Viability: sperm viability (eosin-
nigrosin); Sperm DNA fragmentation (DFI, %) (Halomax 
kit; Halotech, Madrid, Spain); and Sperm morphology, using 
primary abnormalities (PA, %; abnormalities of the head, 
intermediate pieces and insertion of the queue), secondary 
abnormalities (SA, %; other sperm abnormalities), and 
total abnormalities (TA, % = PA% + SA%). Sperm DNA 
fragmentation was evaluated using fluorescence microscopy
(Olympus fluorescence microscope BX41TF, Olympus
Corporation, Tokyo, Japan) according to the methodology, 
and Sperm Chromatin Dispersion test, described by Enciso 
et al. (2006). The sperm DNA fragmentation was calculated 
as the percentage of damaged spermatozoa and the sperm 
abnormalities as the percentage of abnormal cells, both in 
the sample estimated by examining 200 spermatozoa.

Figure 1 - Variation in natural photoperiod: mean monthly day 
length.

Data obtained from the Weather Station of the Faculty of Agriculture located near 
the farm.
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Boars that had at least one ejaculate at each season were 
evaluated (Table 1). Because ‘Season’ and ‘Photoperiod’ 
are not independent, they were separately dealt with in the 
analyses. The fitted model was:

Yijkl = µ + M(TG)ij + GTj + Sk + Eijkl,
in which µ = mean; M(GT)ij = value of the i-th male within 
the j-th genetic type; Sk = value of the k-th season (or k-th 
photoperiod); and Eijkl = experimental error.

Semen volume and SC were analysed using the MIXED 
procedure of SAS (Statistical Analysis System, version 9.0) 
software. Viability, DFI, and abnormalities (TA, PA and SA) 
were not distributed normally and were analysed using the 
GLIMMIX procedure of SAS (Statistical Analysis System, 
version 9.0), fitting a multinomial distribution. It should be
stressed, however, that the results from the latter analysis 
were very similar to those obtained treating these variables 
as if they were normally distributed.

The correlation (Pearson’s) between temperature 
records and seminal characteristics was calculated using 

the CORR procedure of SAS (Statistical Analysis System, 
version 9.0)

Results

Autumn had the worst values for most sperm 
characteristics, with the exception of volume (Table 2). 
Differences were detected between seasons in viability, 
total and primary abnormalities, volume, and sperm 
concentration. In autumn viability was low, significantly
differing from the other seasons. For TA and PA, low 
values were observed during the autumn and spring and 
differed from those observed during winter and summer.

Increasing photoperiod resulted in the best values   in 
all seminal characteristics. Viability, volume and sperm 
concentration showed differences between photoperiods. 
Volume was the only characteristic for which decreasing 
photoperiod was associated with a greater value. 

The recorded temperatures during the experimental 
period were an absolute maximum temperature of 32 ºC 
and an absolute minimum temperature of 5.5 °C. Only 
0.72% (71) of the temperature records were higher than 
28.9 °C, which occurred during December (20 days), 
January (30 days), and February (21 days) (Figure 2). If 
we define a heat wave as five consecutive hours or more at
29 °C or higher, only six episodes (two in December, three 
in January, and one in February) were recorded. However, 
in all of these episodes, the temperature always decreased 
at least during the night. Regarding the MDT, 13 days in 
which it exceeded 29 °C were recorded (two in January, 
five in February, four in March, and two in April).

The correlations between temperature (ADT or MDT) 
and seminal characteristics were low and non-significant,

Table 1 - Number of ejaculates studied from each male in each 
season

Males Total n
Season

Summer Autumn Winter Spring

M1 21 4 4 7 6
M2 23 6 4 7 6
M3 10 4 1 1 4
M4 11 2 1 1 7
M5 24 6 4 7 7
Male line 89 22 14 23 30
F6 10 2 2 3 3
F7 9 2 1 2 4
F8 9 3 1 2 3
Female line 28 7 4 7 10
Total 117 29 18 30 40

Table 2 - Mean values and standard deviation for semen characteristics by season, photoperiod and genetic type

n Vitality (%) DFI (%) TA (%) PA (%) SA (%) Volume 
(mL)

SC
(× 106.mL−1)

Season
Summer 29 85.2 (1.27)b 3.6 (0.83) 13.2 (1.72)a   3.6 (1.08)a   9.6 (1.46) 327.0 (12.93)ab 260.0 (18.95)b
Autumn 18 80.0 (1.39)c 9.9 (2.68) 21.0 (2.34)b 10.9 (1.00)b 10.1 (2.07) 344.7 (22.72)a 213.6 (12.30)bc
Winter 30 88.2 (1.44)a 3.7 (0.72) 10.2 (1.42)a   1.1 (0.54)a   9.1 (1.25) 310.0 (13.64)b 309.9 (18.57)a
Spring 40 86.1 (1.52)ab 6.1 (0.98) 18.8 (2.25)b 10.5 (1.56)b   8.3 (1.28) 293.8 (10.35)c 289.9 (17.13)ab

Photoperiod 
Increasing 70 86.9 (1.08)a 5.1 (0.66) 15.1 (1.50) 6.4 (1.08)    8.7 (0.89) 300.3 (8.26)a 298.0 (12.88)a
Decreasing 47 84.3 (1.02)b 6.1 (1.24) 16.0 (1.48) 6.2 (0.94)    9.8 (1.18) 333.4 (11.58)b 243.1 (13.40)b

Genetic type 
Male line 89 85.2 (0.90) 5.5 (0.70) 17.6 (1.21)a 6.9 (0.86) 10.7 (0.84)a 301.8 (7.82)a 293.6 (11.08)a
Female line 28 86.4 (1.43) 5.6 (0.90)   9.2 (1.22)b 4.6 (1.12)   4.6 (0.50)b 349.4 (11.76)b 222.2 (14.81)b

Total 117 85.5 (0.78) 5.5 (0.63) 15.5 (1.06) 6.3 (0.73)   9.2 (0.72) 313.4 (6.92) 276.2 (9.72)
Means with different letters within a column differ significantly (P<0.05). Comparisons can be made between seasons or photoperiod.
DFI - sperm DNA fragmentation; TA - total abnormalities; PA - primary abnormalities; SA - secondary abnormalities; SC - sperm concentration.
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except in the case of viability, in which it was low and 
negative (−0.1838 and −0.1891, respectively). Plots of 
temperature records against semen characteristics visually 
confirmed the lack of association.

Quantification of the genetic-type effects was not a
primary objective in the present study. They were fitted in
order to enable a more precise insight into the effects of 
season and photoperiod. There were significant differences
between genetic types in TA, SA, volume, and SC (Table 2). 

Before calculating correlations between seminal 
characteristics, they were plotted for each season or 
photoperiod. The only significant correlation found was
between volume and SC (r = –0.39630, P = 0.0023).

Discussion

The seasonal nature of reproduction in wild pigs has 
been well known (Mauget and Boissin, 1987; Kozdrowski 
and Dubiel, 2004). It is also present to some extent in 
domestic pigs, where it may constitute a problem in farming 
conditions. 

In our study seasonality affected several seminal 
characteristics. In autumn, boars had the worst semen 
quality, whereas the opposite was true for winter. The highest 
volume was observed in autumn and the lowest in spring, 
which is in agreement with reports by other researchers 
(Wolf and Smital, 2001; Kozdrowski and Dubiel, 2004; 
Frydrychová et al., 2007). Semen plasma is a product of 
accessory glands (Pérez-Pé et al., 2001).The increasing 
activity of the accessory sex glands in autumn observed 
by Ciereszko et al. (2000) could explain the higher volume 
ejaculated in this season. 

Viability was also affected by season. Autumn was 
significantly worse than the other seasons, whereas winter

was the best. This finding is in contrast with an earlier
experiment, where no differences in viability were found 
between seasons (Sancho et al., 2004; Rivera et al., 2005). 

The incidence of abnormalities was higher in autumn 
than in winter and summer. This is not in agreement with 
earlier studies performed in the Southern Hemisphere and 
at similar latitudes in outdoors systems (Ambrogi, 1999) 
or in housing systems (Elhordoy, 1999; Petrocelli et al., 
2003); the aforementioned authors observed a higher 
percentage of abnormalities in the summer. However, 
unlike in these experiments, in our work temperatures at 
the boar housing were not high enough to not impose any 
heat stress (Figure 2).

The DNA fragmentation was not significantly 
different between seasons. This aspect has been reported 
in other animals such as the goat (Delgadillo et al., 1991; 
Avdi et al., 1993; López-Fernández et al., 2001).

The wild hog is a short-day breeder. Testicular activity 
increases when the day length is shorter than 12 hours. We 
observed a high SC in winter and a low value in summer, 
which is in agreement with what has been reported for 
wild hogs (Mauget and Boissin, 1987; Kozdrowski and 
Dubiel, 2004). Kozdrowski and Dubiel (2004) suggested 
that the functioning of the reproductive organs of the 
boar is seasonal, controlled by photoperiod, as is the case 
with the wild pigs. However, this is not conclusive, since 
other observations have not revealed a clear effect of the 
photoperiod on domestic boars (Sancho et al., 2004).

The effect of season is frequently attributed to a 
combination of two factors: photoperiod and temperature 
(Ciereszko et al., 2000). In our study, no significant
correlations between seminal characteristics and temperature 
were found. According to Hoffman and Landeck (1999), 
temperature and photoperiod affect the hypothalamic-
hypophysis-gonadal axis regulating spermatozoa production 
and maturation in the epididymis. It has also been reported 
that a daily variation in temperature (difference between 
maximum and minimum temperature) greater than 10 °C has 
a marked effect on sperm production (Kunavongkrit et al., 
2005); in our study variations of such magnitude were only 
observed in three separate days. Because the temperature 
at the boar housing (Figure 2) did not reach values that 
could cause heat stress and affect spermatogenesis, we 
may assume that the main effect of the season was due to 
photoperiod.

At the latitude where the present experiment was 
conducted, the day length varies between 9.50 h and 
14.30 h. Days are shorter than 12 h from March 24th 
(autumn – decreasing photoperiod) to September 18th 
(winter – increasing photoperiod) (Figure 1). 

Figure 2 - Monthly variation in the boar housing temperature during 
the experiment period.

Average maximum (dashed line) and minimum (continuous line).
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Most research has been conducted in the Northern 
Hemisphere and at varying latitudes. Despite these 
differences, sperm quality was similar and correlated with 
the photoperiod in a manner similar to that in our study. 
The decreasing photoperiods during autumn, but not the 
increasing photoperiods of spring, impaired testicular 
function (Sancho et al., 2004). Some authors observed that 
decreasing day length was the main environmental factor 
affecting the testicular function of boars from temperate 
climates (Schopper et al., 1984). These results are consistent 
with ours. We observed that autumn was the worst season 
for sperm quality, a time at which photoperiod is decreasing. 
However, they disagree with other studies where the highest 
activity was observed in late autumn and winter in wild 
pigs (Kozdrowski and Dubiel, 2004) or late autumn in 
domestic pigs (Knecht et al., 2013). We observed an 
effect of photoperiod on several semen characteristics. 
The worst values were observed during the decreasing 
photoperiod. Volume was the only characteristic that was 
higher during the decreasing period, in agreement with 
the studies of Trudeau and Sanford (1986) and Knecht 
et al. (2013), who studied photoperiod. However, they 
contrast with Greenberg and Mahone (1981) and Sancho 
et al. (2004), who, working with an artificially induced
photoperiod, observed an increased volume with increasing 
day length. The greater ejaculate volume may be explained 
by the same reasons mentioned above for the autumn. 

The sperm concentration is affected by photoperiod 
(Ciereszko et al., 2000). In our study, the sperm 
concentration was significantly higher during increasing
photoperiod. This agrees with Sancho et al. (2004), who 
observed a 50% lower sperm production in boars under 
a decreasing photoperiod than boars under an increasing 
photoperiod. Our results can be partially explained by the 
negative correlation observed between SC and volume 
in both photoperiods. Earlier studies have also reported 
increased testosterone concentrations in boars exposed to 
long photoperiods and suggested that steroid genesis, and 
thus the sperm concentration, is also influenced by the
photoperiod (Minton et al., 1985).

Viability was also affected by photoperiod, showing the 
highest value when it was increasing. This is not consistent 
with what Sancho et al. (2006) observed working with 
artificial light regimes, namely, no differences in viability.

In earlier work, Sancho et al. (2004) observed 
differences due to photoperiod that were lower than 1% in 
semen abnormalities. This is consistent with our results. 
We found differences of 1% which were not significant
between photoperiods.

The effects of boar and genetic type on semen 
characteristics have been reported earlier (Smital, 2009; 
Wysokińska et al., 2009). Due to the low number of 
boars we only make considerations about genetic type. 
Heterosis may result in an increase in testicular mass, 
affecting the number of spermatozoa produced (Smital, 
2009). However, a negative relationship between testis 
mass and number of spermatozoa has also been reported 
(Borg et al., 1993).

The present study was conducted at a commercial 
farm where all the males with possible reproductive 
problems were eliminated, meaning that no animals could 
be evaluated for reproductive problems. Therefore, the 
observed differences between boars may be smaller than in 
an intact population.

We observed a large individual variation in DFI (80%); 
for abnormalities, the variation was between 56% and 
78%; for volume and SC, they were around 35%; and for 
viability, only 4%. Similar results have been reported in 
previous research in boars (Boe-Hansen et al., 2005; De 
Ambrogi et al., 2006; Enciso et al., 2006) and in horses 
(López-Fernández et al., 2007). 

Our data were collected under commercial conditions. 
The boars were assessed for general soundness, and those 
showing any sign that may suggest a reproductive problem 
were culled before our study was conducted.

Conclusions

All seminal characteristics evaluated exhibit a large 
seasonal component. The temperature in the boar housing 
facility reached values that do not pose a threat from a heat 
stress viewpoint. Therefore, we suggest that the season 
effect is mainly the consequence of differences in natural 
photoperiod. Semen quality is mostly affected during 
autumn (decreasing photoperiod). Such seasonal differences 
in semen quality could have a negative effect on sow 
reproductive performance. This issue is being addressed 
at present. Preliminary results from an experiment in 
progress suggest an effect of sperm quality on reproductive 
performance.
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