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Litter size in pigs has been defined in a number of ways, depending on the goals of the 
specific experiment. Number of total piglets, including mummies and stillborns, number of fully 
formed piglets, excluding mummies but including stillborns, and the number of piglets born alive 
have all been used as endpoints of litter size research. The end measures are chosen with the idea 
that the causes of late stage fetal death (resulting in mummies) or factors involved in stillbirth are 
separate from other pregnancy related factors regulating the total number of piglets born, and 
should therefore be studied separately. While this strategy is useful, clearly the results generated 
may not be completely relevant to the endpoint desired by the swine producer, which is more 
marketable pigs per sow. From the producer’s perspective, preweaning loss is also relevant. 
Because the goal of our research is to improve the efficiency of swine production and therefore 
increase marketable pigs per sow, we have shifted our research focus to include research to 
define factors influencing preweaning survival. 

The paragraph above alludes to the complexity of the interacting factors influencing the 
number of piglets weaned. We divided piglets weaned into prenatal factors influencing the 
number of fully formed fetuses at the end of pregnancy, perinatal factors influencing stillbirth 
and postnatal factors influencing preweaning survival. Because these divisions occur 
sequentially, pregnancy factors also affect subsequent stillbirth and preweaning survival, and 
perinatal factors also affect preweaning survival.  

The number of fully formed piglets present at farrowing is influenced by the number of ova 
shed, the fertilization failure rate, the embryonic mortality rate, and the number of fetuses 
maintained by the uterus during gestation (uterine capacity; Bennett and Leymaster, 1989). Note 
that two of these factors are rates of occurrence. The number resulting from these processes 
depends on the number before the processes took place, and therefore these rates do not actually 
represent real limitations to the number of fully formed piglets. For example, if one wishes to 
increase the number of fertilized ova, and fertilization failure rate is relatively fixed (most studies 
indicate a failure rate of 10% or less, Polge 1978), one only needs to increase the number of ova. 
In contrast, the number of ova shed and uterine capacity are not rates, and the number of fully 
formed piglets at farrowing is related to the most limiting of these two factors (the number of ova 



   

 

shed must be discounted by the fertilization failure rate and embryonic mortality rate, but the 
number surviving these two rates of occurrence can easily be increased by increasing the number 
of ova shed). In today’s production setting, the number of ova shed, even after discounting for 
fertilization failure rate and embryonic mortality rate, usually exceeds uterine capacity, and the 
number of fully formed fetuses is thus primarily limited by uterine capacity (Town et al., 2005).  

The term “uterine capacity” suggests that the limitation to the number of fully formed 
fetuses that it represents is entirely due to uterine factors, but this is not the case. Uterine 
capacity, or the number of fully formed fetuses that can be maintained by the uterus until 
farrowing, is actually the result of the interaction between uterine, placental and fetal factors 
influencing the survival of the fetus during pregnancy. Two primary uterine factors affecting 
uterine capacity are uterine blood flow and uterine protein secretion. Two primary placental 
factors affecting uterine capacity are the size of the placenta and the efficiency of nutrient 
transport. Fetal factors influencing uterine capacity include fetal erythropoiesis and fetal nutrient 
usage. Each factor displays more or less compensatory behavior as the number of fetuses within 
the uterus increases.  

Studies indicate that uterine blood flow increases throughout gestation (Pere and Estienne, 
2000). However, uterine blood flow appears to be maximal at around 5 fetuses per uterine horn, 
and flow does not increase with further increases in the number of fetuses present. Because 
maternal blood is the ultimate source of all nutrients for the developing fetus during pregnancy, 
the failure of blood flow to compensate for increased fetal numbers would seem to be a serious 
limiting factor. Although it has been suggested that placental estrogens regulate uterine blood 
flow (Geisert et al., 1990), regulation of uterine blood flow during gestation in the pig is not 
completely understood. 

Uterine protein secretion during early pregnancy and placental size during later pregnancy 
would seem to be interrelated. Pig blastocysts transform from a spherical to a filamentous form 
around day 11 of pregnancy, and this transformation has been termed elongation (Geisert et al., 
1982). It is likely that the size of the placenta is ultimately determined by the extent of blastocyst 
elongation during this period. Furthermore, blastocysts do not elongate past each other, and it is 
likely that substantial elongation of neighboring conceptuses can interfere with the elongation 
process. The Chinese Meishan breed of pig is reported to have greater uterine capacity (Haley 
and Lee, 1993), and this is likely due to the fact that both the placenta and the fetus of the 
Meishan are smaller (Christenson, 1993). The small placenta of the Meishan can be traced to 
slower growth of the Meishan blastocysts during early pregnancy, resulting in more limited 
elongation of the Meishan blastocyst on day 11 of pregnancy (Anderson et al., 1993). 
Subsequent research demonstrated that this phenomenon was primarily uterine in origin (Youngs 
et al., 1994), and Vallet et al., (1998) reported that this was likely due to decreased uterine 
protein secretion by the Meishan uterus, limiting Meishan conceptus growth and elongation. 
Thus it appears that one component of the improved uterine capacity of the Meishan is limitation 
of blastocyst elongation by the Meishan uterus, mediated in some way by reduced protein 
secretion, which then results in reduced negative interactions between neighboring blastocysts 
allowing more uniform placental sizes. We attempted to mimic the reduction of uterine protein 
secretion and conceptus development in European breed pigs using the progesterone inhibitor 
RU486, and were successful in reducing both uterine protein secretion and conceptus 
development on day 11 of pregnancy. However, this did not result in subsequent increased 



   

 

uterine capacity (Vallet and Christenson, 2004). Nevertheless, these experiments point to the 
importance of uterine protein secretion in controlling conceptus elongation, placental size and 
uterine capacity. We subsequently used proteomic technology to identify proteins secreted by the 
uterus during this period (Kayser et al., 2006). Two glycolipid metabolizing proteins were 
identified, suggesting that glycolipid metabolism may play a role in the elongation process. 
Glycolipids play roles in numerous biological processes (Perry and Hannun, 1998; Roviezzo et 
al., 2004) and we have recently begun exploring changes in the endothelial differentiation gene 
(EDG) receptors, which respond to byproducts of glycolipid metabolism (Ishii et al., 2004). We 
have found interesting temporal changes in the expression of some of them, suggesting that 
glycolipids may play a role in the elongation process.  

Placental function also influences the health of the developing fetus, and thus contributes to 
uterine capacity. The most important placental function that is relevant to uterine capacity is the 
efficiency with which the placenta transfers nutrients. Placental efficiency has received a great 
deal of attention in the last decade or so, largely through the work of Steve Ford and coworkers. 
They introduced the concept of the fetal weight to placental weight ratio as a measure of 
placental efficiency (Biensen et al., 1998), and went on to report that selection for this trait led to 
increased litter size (Wilson et al., 1999). However, their selection experiment employed only 12 
animals, which were selected for only a single generation. A more recent selection experiment 
using divergent selection for the fetal weight to placental weight ratio, which employed more 
sows and 4 generations of selection, did not result in improvements in litter size (Mesa et al., 
2005). One of the primary reasons for this might be that other factors affect the weight of the 
fetus besides placental function, and in fact, above a moderately sized placenta, the size (and 
therefore the function) of the placenta has no effect on the size of the fetus (Vallet, 2000). Thus, 
other measures of placental efficiency are needed to begin to effectively select for this trait.  

We hypothesized that beyond the actual size of the placenta, the structure of the placenta 
with relation to the flow of maternal and fetal blood also likely affects efficiency. Exchange by 
simple diffusion is governed by several factors, including whether blood flows are concurrent, 
crosscurrent or countercurrent, the length of time the two blood systems are closely apposed to 
each other, and the actual distance between the two blood systems. The maternal and fetal blood 
supplies of the pig occur in a cross-countercurrent arrangement (Leiser and Dantzer, 1988) that is 
at right angles to the plane of the placenta and the exchange of nutrients takes place within 
microscopic folds of the placenta. These folds become deeper and more complex with advancing 
gestation, and the distance between the maternal and fetal blood supplies also decreases. Both the 
changes in the placental folds and the decreased distance between blood supplies play a role in 
the improvement of placental efficiency with advancing gestation. We have also recently shown 
that the depth of the folds is greater in placenta of small fetuses, suggesting that deepening of the 
folds may be one placental mechanism that compensates for inadequate placental size and 
therefore uterine space. How the microscopic folds develop is completely unknown, but they are 
embedded in a placental stroma that we have recently shown is partially composed of 
hyaluronan. Hyaluronan, hyaluronan synthesizing and degrading enzymes, and hyaluronan 
binding proteins play significant roles in tissue morphogenesis and angiogenesis (Laurent and 
Fraser, 1992; Knudson and Knudson, 1993; Spicer and Tien, 2004). Thus, hyaluronan 
synthesizing and degrading enzymes likely play a role in formation and vascularization of the 
placental folds, and we have recently demonstrated changes in the expression of two forms of 



   

 

hyaluronidase, 1 and 2, during gestation. We are continuing to explore their role in placental 
development and efficiency.  

Turning to fetal function, we have performed several experiments that suggest a role for the 
development of the blood supply in uterine capacity and litter size. Our experiments have 
demonstrated (1) that fetal hematocrits are impaired in small fetuses (Pearson et al., 1998; Vallet 
et al., 2002), (2) that the development of the blood supply takes place more quickly in Meishan 
fetuses (Pearson et al., 1998; Vallet et al., 2003), (3) that selection for increased uterine capacity 
is associated with increased fetal hematocrit (Vallet et al., 2001), (4) that a genetic marker based 
on the erythropoietin receptor (EPOR) is associated with improved uterine capacity and litter 
size (Vallet et al., 2005), and (5) that the EPOR marker is associated with increased fetal liver 
EPOR expression during the development of the fetal blood supply. We have also explored the 
ability of the fetus to modify the growth of various organs in response to nutrient deficiencies 
and selection for uterine capacity (Vallet and Freking, 2006). Our results indicate that both the 
brain and heart possess mechanisms that preserve their growth within the fetus, while the liver 
and spleen do not. Furthermore, subtle alterations in the growth of the fetal liver were associated 
with selection for uterine capacity. Taken together, these results confirm that mechanisms within 
the fetus also contribute to overall uterine capacity and litter size. 

Several perinatal factors influence stillbirth, but one of the most important factors would 
appear to be the process of farrowing itself (Van Dijk et al., 2005). To get a better idea of 
interrelationships between the farrowing process and the incidence of stillbirth, we began 
monitoring farrowing and stillbirth in first parity gilts through the use of video surveillance. 
Cameras were mounted at the rear of farrowing crates and images were obtained at 1 to 5 second 
intervals until farrowing was completed. Videos were assessed for the birth of each piglet, and 
whether the piglet was born alive. Individual piglet farrowing intervals were calculated during 
the farrowing process. Farrowing intervals were longer at the beginning of the process and 
became shorter in the middle. Curiously, birth of the last piglet in the litter was significantly 
delayed, and the average farrowing interval for this piglet was 2.5 times that of the piglet before. 
Turning to stillbirth rate, in contrast to farrowing intervals, stillbirth rate became progressively 
greater as the farrowing process continued, increasing from about 2% at the beginning of 
farrowing to about 5% toward the end. Although changes in stillbirth rate did not mirror changes 
in farrowing interval, the stillbirth rate for the last pig in the litter was estimated to be 15%, 2.5 
times that of the piglet before and similar to the difference in farrowing interval. Average 
farrowing intervals were longer for small litters, especially during July when temperatures were 
high, and decreased with increasing litter size. The decrease in farrowing interval with increasing 
litter size, combined with the unusually long farrowing interval of the last piglet, suggests a 
piglet or placental contribution to the speed of the process. Although cortisol (First and Bosc, 
1979), prostaglandin and oxytocin (Gall and Day, 1987) can all initiate farrowing, very little is 
known of factors that facilitate farrowing in pigs, with the exception of oxytocin and relaxin 
(Guthrie, 1985; Wathes et al., 1989; Gilbert et al., 1994; Cho et al., 1998;). We collected blood 
samples on days 110 and 113 of gestation from the same gilts, to measure progesterone, estrogen 
and relaxin, and will attempt to relate the results to farrowing intervals. Thus far, progesterone 
does not appear to influence farrowing intervals.  

Finally, we turn to preweaning survival. Numerous studies indicate that one of the primary 
factors influencing preweaning survival is low birth weight (Tuchscherer et al., 2000; Milligan et 



   

 

al., 2002), which brings us back to uterine capacity, because birth weights are established during 
gestation. Beyond birth weights, piglets from different breeds or lines of pigs differ widely in 
preweaning survival. Using data from our USMARC swine database, we could show that for 
piglets below a birth weight of 1 kg, our lean and obese selected lines differed dramatically in 
piglet survival. Losses for these low birth weight piglets were 4 times greater in the lean line than 
the obese line. Similar results were obtained comparing Meishan with our BX population 
(Occidental, Duroc and primarily white breed, crossbred pigs). For piglets born below 1 kg birth 
weight, piglet losses in the BX population were twice that in the Meishan. The Meishan and 
obese line piglets appear to have greater piglet fat stores at birth in common (Stone et al., 1985), 
and other literature supports this as a factor in preweaning survival (Mersmann, 1974). Using 
reciprocal transfer techniques, we are currently exploring whether the effect in Meishans 
originates from the maternal environment generated by the Meishan uterus, or is a characteristic 
of the piglets themselves. These results suggest that one of the best ways to select for preweaning 
survival might be to develop noninvasive ways to measure piglet energy stores at birth. Some 
possibilities we are considering are bioelectric impedance (related to body fat) and piglet body 
temperature shortly after birth (related to energy stores). In support of this contention, piglet 
body temperature 1 h after birth has been reported to be a significant risk factor for preweaning 
loss in a Meishan F2 population of pigs (Casellas et al., 2004).  

In conclusion, the number of piglets weaned is influenced by the number of fully formed 
piglets, the stillbirth rate and preweaning survival. All of these factors appear to be significantly 
influenced by the size of the fetus/piglet, which is likely controlled by uterine space/placental 
size, placental efficiency and fetal nutrient usage. Over and above this, the stillbirth rate is 
strongly influenced by the farrowing process, and preweaning survival is likely modulated by 
piglet energy stores at birth. Genetic markers associated with these traits, or simple phenotypes 
that are well correlated with these traits, are needed to identify superior animals.   
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