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Introduction

The underlying cause of seasonal infertility of sows is
largely unknown but presumably must involve an adverse
effect on corpora luteal function. The net effect is that the
corpora lutea of a sub-population of sows become more
sensitive to adverse environmental conditions. The trig-
ger for seasonal infertility in these susceptible sows is
controversial, with strong arguments made for both el-
evated temperatures and long/decreasing photoperiods.
This paper will discuss seasonal infertility in general and
then focus on possible physiological mechanisms. Finally,
mention will be made of possible methods to combat sea-
sonal depressions of sow fertility.

The modern domesticated pig is descended from the Eu-
ropean wild pig, which is seasonally anestrus from July
to September (Mauget 1982). Given the ancestral season-
ality of wild pig reproduction, it is to be expected that
modern domesticated pigs may express some degree of
seasonality. However, in the wild the sow lactates for up
to three months and the litter is weaned gradually. Also,
sows are subject to variable availability of a relatively
poor nutritional quality diet and the social structure en-
sures limited boar contact outside of the normal breeding
season. By subjecting wild pigs to modern management
practices such as abrupt earlier weaning, improved nutri-
ent availability, and appropriate boar contact, they can
produce litters year round (Love et al. 1993). Conversely,
increased evidence of seasonality can be elicited in mod-
ern domestic pigs by removing the influence of boars
(Paterson et al. 1991; Philip et al. 1997; Bassett et al. 1996)

or ablation of their olfactory bulbs (Booth and Baldwin
1983). It seems, therefore, that pigs are not true seasonal
breeders but, under appropriate conditions, may express
a weak seasonal tendency.

The most common manifestations of seasonal infertility
are delayed puberty, prolonged wean-to-estrus intervals,
and a reduction in farrowing rates, with the post-weaning
effects especially evident in primiparous sows. Each of
these seasonal effects can be explained by a reduced stimu-
lation of the ovaries (follicular or luteal). For bred sows
not maintaining their pregnancy, the reported patterns of
returns to estrus are variable. While an increase in the
number of regular returns is likely, results from Australia
indicate a proportionally higher incidence of irregular
returns, which implies successful conception and a fail-
ure to maintain pregnancy (Love 1981; Reilly and Rob-
erts 1992; see Table 1). A similar pattern is observed in
Spain (Pena, personal communication). The increased
incidences of both regular and irregular returns to estrus
were more evident under conditions of group and out-
door housing. Although an increase in late returns (> 48
d) was not reported, individual farms may see an increase
in the number of pseudopregnancies.

Physiology of seasonality

The physiological mechanisms permitting the expression
of seasonality remain unclear. However, it must be em-
phasized that even when seasonal infertility is evident,
usually only a small minority of sows are affected. There-
fore, although of potential economic significance, sea-

Period of
seasonal
infertility

Remainder of
year

Farrowing rate (%) 78.1 96.1
Returns to estrus (%) 15.2 7.3
Days to return (%)
< 25 days 27 63
25-48 days 61 27
> 48 days 12 10

Table 1: Seasonal pattern of failure to farrow.A

ALove et al. 1993.
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sonal infertility is not usually biologically significant in
pigs. The reason a minority of sows expresses seasonal
infertility remains unknown. Seasonal reductions in ova-
rian stimulation are most likely the result of reduced lac-
tation feed intakes consequent to levels of environmental
heat (temperature and humidity) that the sows are not
accustomed to. Inadequate nutrient intake during lacta-
tion, especially of lysine, has been shown to result in ex-
cessive loss in body condition and subsequent infertility.
It has been estimated that about 30% of a sow’s protein is
mobilizable and that if she mobilizes near 50% of this
store (i.e., about 12 to 15% of her total protein), infertil-
ity results. Seasonal effects are especially evident in primi-
parous sows presumably because of their lower appetite
compared to that of older sows (Whittemore 1996).

The endocrine consequences of inadequate nutrient in-
take include elevations of circulating growth hormone and
cortisol and a reduction in insulin (Baidoo et al. 1992a, b;
see Table 2). With reduced insulin, hepatic binding of
growth hormone is reduced with a consequent reduction
in insulin-like growth factor-1. The elevated cortisol po-
tentiates the hepatic activity of glucagon and, possibly,
inhibits gonadotropin release. The sow “reads” her meta-
bolic status as negative and thus not conducive to suc-
cessful pregnancy and so subsequent fertility is adversely
affected. Specifically, circulating concentrations of LH
and FSH are reduced (see Table 2) which will limit ova-
rian recovery from lactational inhibition. Further, at wean-
ing there are reductions of hypothalamic GnRH and of
pituitary LH and FSH content (Armstrong et al. 1986),
which perpetuates the reduced ovarian stimulation and
so further delays onset of estrus. At the level of the fol-
licle, elevated growth hormone has also been associated
with reduced aromatase activity and so reduced estrogen
production. In those sows that do show estrus, both inad-
equate nutrient intake and high serum growth hormone

concentrations have been associated with a smaller preo-
vulatory LH surge. The significance for swine is unknown,
but an adverse effect on luteinization of the ovulated fol-
licle was postulated (Aherne and Kirkwood 1985). In sup-
port of this suggestion, limited data indicate that exog-
enous GnRH administered at breeding of primiparous
sows, and presumably an augmented LH surge, increased
early luteal phase progesterone production (Kirkwood et
al. 1987). Also, in vitro exposure of bovine granulosa cells
to a simulated large or small LH surge demonstrated re-
duced progesterone production from cells exposed to the
small surge. Although not strictly relevant, GnRH injec-
tion at breeding has been shown to improve fertility of
both cows and ewes. Also, in sows, short lactations are
associated with both a smaller LH surge and reduced
fertility.

Nutritional effects on sow fertility are not limited to lac-
tation. It has been shown that a “normal” feed allowance
(i.e., 2 kg/d) provided to gestating sows magnified the
adverse effects of poor lactation nutrient intake on basal
LH concentrations and fertility (Kirkwood et al. 1990).
Indeed, limited data from Australia indicated that increas-
ing the feed allowance to group-housed sows during sum-
mer alleviated the seasonal effect on farrowing rate (Love
et al. 1995; see Table 3). The effect of nutrient intake
during gestation may help explain why seasonal depres-
sions in farrowing rate extend into the fall, when envi-
ronmental temperatures are not usually excessive. See
Figure 1. From August to September or October, the dif-
ference between maximum daytime and minimum night-
time temperatures can be quite marked and the low night
time temperatures will increase the energy requirements
of the sows. If the increased energy requirement is not
met, sows will be effectively underfed and so may be-
come relatively less fertile, especially the younger sows.

Full-fed Restrict-fed

Growth hormone (ng/mL) 3.5 5.8
Insulin (ng/mL) 8.3 6.0
Cortisol (ng/mL) 22.6 27.6
Basal LH (ng/mL) 0.65 0.48
Basal FSH (ng/mL) 1.61 1.25
Preovulatory LH peak (ng/mL) 9.5 7.6

ABaidoo et al. 1992.

Table 2: Endocrine consequences of low lactation nutrient intake.A

Group housed Crates
1.6 kg/d 2.5 kg/d ≥≥≥≥ 3.6 kg/d 2.5 kg/d

Summer-fall 50 69 74 84
Winter-spring 87 88 88

ALove et al. 1995.

Table 3: Effect of gestation housing and feed intake on farrowing rate.A



P
ro

d
u

ctio
n

166 2003 Allen D. Leman Swine Conference

Roy Kirkwood

A high incidence of irregular returns indicates failures of
pregnancy, which may involve either an adverse effect
on the embryonic signal for maternal recognition of preg-
nancy, or on the maternal response to that signal. Recog-
nition of pregnancy involves maternal/embryo “talking”
and production of embryonic estrogen. In addition to re-
directing luteolytic PGF2α into the uterine lumen, this
estrogen also inhibits the enzyme that converts lu-
teotrophic PGE2 to luteolytic PGF2α. Therefore, an im-
portant effect of the embryonic signal for maternal rec-
ognition of pregnancy is an increase in the PGE:PGF ratio,
which favors luteal support (Christenson et al. 1994).
Although the mechanisms remain unclear, an involvement
of LH in this luteotrophic support is also likely. Passive
or active immunizing sows against GnRH results in a rapid
decline in blood progesterone and the termination of preg-
nancy (Tast et al. 2000). Therefore, if serum LH concen-
trations are reduced due to poor lactation and/or gesta-
tion nutrient intake, the ability of the sow to maintain fully
functional corpora lutea (and thus pregnancy) may be
adversely affected.

Interestingly, feed restriction to 60% of ad libitum caused
a marked increase in circulating melatonin concentrations
in pigs subjected to a long photoperiod (i.e., summer),
but not in those subjected to a short photoperiod (Love et
al. 1993). This suggests a possible role for photoperiod in
seasonality, although an involvement of melatonin in the
expression of seasonal infertility has not been demon-
strated. Although speculative, it is possible that the effect
of photoperiod per se is inadequate for inducing a sea-

sonal effect but that it is a component of an overall sea-
sonal effect on corpora luteal susceptibility.

Treatment of seasonality

One aspect of seasonal infertility is longer wean-to-es-
trus intervals and it is pertinent that longer wean-to-es-
trus intervals are associated with reduced fertility (e.g.,
Wilson and Dewey 1993). Seasonal depressions in far-
rowing rate may be seen following both short and long
wean-to-estrus intervals (see Figure 2) but an increase in
the proportion of sows returning at > 5 days will depress
overall herd performance. Seasonal increases in anestrus
and/or delayed estrus should initially be addressed by in-
creasing lactation nutrient intakes. Other management
options include cross-fostering to reduce the litter size of
the most susceptible sows, i.e., primiparous sows. If an
increased nutrient input (i.e., feed intake) is not achiev-
able, then a reduction of nutrient output (i.e., milk) will
assist the protection of the sow’s metabolic state. Split-
weaning may also prove beneficial since, in addition to a
short-term reduction in nutrient output, this practice will
cause an acute increase in LH release which may enhance
ovarian recovery.

Where management changes fail to reduce the incidence
of seasonality, an injection of gonadotrophins is appro-
priate. However, be aware that such injections result in
short wean-to-estrus intervals and longer estrous periods.
This leads to longer intervals between estrus onset and
ovulation (Knox et al. 2001) and so breeding manage-
ment may need adjustment. In this regard, breeding to a
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Figure 1: Effect of month of breeding and parity on farrowing rate.
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controlled ovulation will improve the timing of sperm
deposition relative to ovulation, which may permit im-
proved sow performance (De Rensis et al. 2003).

The injection of prostaglandin at the time of insemina-
tion, or its inclusion in the seminal dose, has been shown
to reduce the seasonal effect on farrowing rate (Pena et
al. 1998, 2000). The mechanism of this effect was not
addressed but presumably involves uterine stimulation and
sperm transport. If this is the mechanism, it implies that a
component of seasonal infertility may be reduced uterine
activity. However, to my knowledge this has not been in-
vestigated. A note of caution—if this approach is em-
ployed, especially if oxytocin is substituted for prostag-
landin, be aware that it can also cause increased semen
backflow which may adversely affect fertility. A differ-
ent approach involves injection of GnRH or hCG at the
onset of estrus or at 12 days after insemination (Peters et
al. 1997). Injection at estrus onset may improve the syn-
chrony between sperm deposition and ovulation and/or,
possibly, improve the quality of post-ovulatory follicular
luteinization. The former effect would enhance fertiliza-
tion rate and the latter effect may enhance early luteal
progesterone production. In reality, an effect on sow fer-
tility would be evident only if either of the measures were
limiting. Injection 12 days after insemination may pro-
vide additional luteal support by inducing secretion of
ovarian estrogen, which would increase the PGE:PGF
ratio.

A final, and as yet speculative, treatment is the feeding of
Regumate. If the underlying problem is a low nutrient
intake during lactation resulting in a poor metabolic con-

dition at weaning, then an increased recovery period would
likely benefit sow fertility. The estrus suppression caused
by Regumate would effectively allow the capture of the
“skip-a-heat” effect but with fewer NPD with the addi-
tional benefit of improved predictability of estrus onset.
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