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ABSTRACT  
The effects of parity on the reproductive performance of Nigerian indigenous sow breed, progeny survivability and mortality 

in a commercial breeding farm in Enugu State Nigeria were investigated in this study. One hundred apparently healthy third 

trimester pregnant sows were randomly assigned to four treatment groups of twenty five sows per group in a completely 

randomized design (CRD) according to their reproductive parities as groups I, II, III and IV representing the first (P1), second 

(P2), third (P3) and fourth (P4) parities respectively. This study lasted for two years. The mean number of piglets born alive 

(NBA) of P1 (6.00±0.71 Head) and P2 (6.00±0.71 Head) were significantly decreased when compared to P4 (8.50±0.65 Head) 

but showed no significant difference when compared to P3 (7.50±0.50 Head). Second parity sows recorded the highest number 

of piglets’ deaths after birth while P1 and P3 litters recorded the lowest deaths after birth. Mean pre-weaning survival of 

progenies was highest in P3 (91.43±5.09 %) and lowest in P2 (84.38±11.83 %) while mean piglet mortality was highest in P2 

(15.63±11.83 %) but lowest in P3 (8.57±5.09 %). It can be concluded from this research work that PIII sows provided 

adequate requirements necessary for their litter nourishment, growth and survival more than the other parities. Therefore 

progeny growth performance was best at third parity of reproduction. 

Keywords: Nigeria, performance, pigs, reproduction, survivability. 

INTRODUCTION 

The continual rise in global food demand coupled with the 

push for higher quality protein worldwide presents 

challenges as well as opportunities for livestock producers 

and food industries (Henchion et al., 2014; Keating et al., 

2014). Representing 37% of total meat consumption 

worldwide, pork serves as one of the primary sources of 

animal protein (FAO, 2014) although there are religious 

barriers to the consumption of pork in Nigeria when 

compared to other livestock species. Considering the 34% 

growth in population expected to occur by the year 2050, our 

food supply is pressured to increase to meet the predicted 

demand (United Nations, 2013). With this call for greater 

food production, swine producers must continually strive for 

improved productivity. Maximizing sow lifetime 

productivity is critical for the sustainability and profitability 

of a sow herd (Stalder et al., 2004); with the objective of 

having females produce multiple parities while providing  

adequate nourishment to wean a maximum number of full 

value pigs with as few non-productive days as possible.  

 

When insufficient litters or an inadequate number of full 

value pigs are weaned per litter, the opportunity for a sow to 

offset the initial investment and contribute profit to an 

enterprise is reduced. Based on a variety of reasons, different 

culling strategies may be utilized on a sow farm to ensure the 

most productive and genetically current females remain in 

production. With young females, producers experience 

increased costs associated with initial purchasing, 

development, and acclimation of new replacement gilt 

(Stalder et al., 2003), as well as increased opportunity cost 

due to decreased productivity through the first parity (Lucia 

et al., 1999). In today’s industry, reproductive failure 

accounts for approximately 35% of females culled from 

breeding herd and are the primary reason for female removal 

(Koketsu et al., 1997; Mote et al., 2009). Selecting for 

reproductive performance, however, is difficult due to the 
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complexity of traits associated with reproductive success and 

the large influence environmental factors may have (Serenius 

& Stalder, 2006). 

Pig appears to be superior in its reproductive ability when 

compared to other domestic animal species. This ability is 

based on the extremely high rate of fertility. Over the past 

three decades, efficient breeding and management has almost 

doubled the litter size of the domestic sow breeds (Oliviero, 

2019). During the same period, the duration of farrowing 

(from the first to the last expelled foetus) has extended 

remarkably and is now four to five times longer than in the 

early 1990s (Oliviero et al., 2019). This may have resulted in 

an increase in farrowing complications such as postpartum 

dysgalactia syndrome (PDS) (Kaiser et al., 2018a, 2018b) 

and retention of placenta and a decrease in subsequent 

fertility (Bjorkman et al., 2017; Bjorkman et al., 2018). 

Along with this development, there have been a constant 

downward trend in the birth weight of piglets and a similar 

trend in colostrum intake, which are connected and are the 

most important risk factors for piglet mortality (Oliviero et 

al., 2019). On the other hand, we have seen a tremendous 

increase in efficiency of production, which has considerably 

improved farming economy and related industry in a highly 

positive way. However, this may have come, at least to some 

extent, at the expense of animal health and welfare. A large 

litter may be challenging for the metabolism of the sow such 

that there may be difficulties in resumption of ovarian 

cyclicity after weaning, especially in young sows in certain 

breeds (Oliviero et al., 2013; Peltoniemi et al., 2016; 

Bjorkman et al., 2018; Oliviero et al., 2019). Therefore, 

there appear to be major challenges associated with 

increasing litter sizes that are evident at farrowing, lactation 

and after weaning, which are periods when the foundations 

of the subsequent pregnancy are laid (Algers & Uvnas-

Moberg, 2007; Martineau et al., 2012). The highest 

percentage of mortality in commercial pig production occurs 

prior to weaning and decreasing pre-weaning mortality is of 

high economic value to swine producers (Roehe & Kalm, 

2000). Numerous factors impact pre-weaning mortality and 

piglets with low individual birth weight have an increased 

risk of stillbirths and mortality throughout all phases of 

production (Fix et al., 2010). Selection of a larger litter size 

has led to higher variation of birth weight within litter weight 

and more low birth weight piglets, which is associated with 

an increase in deaths (Milligan et al., 2002a). Lighter birth 

weight piglets have been shown to consume less milk and 

colostrum due to being at a competitive disadvantage and 

often have reduced pre-weaning growth (Hartsock & Graves, 

1976). Because newborns partially acquire antibodies from 

colostrums, the first 0-7 days of life is crucially important 

with respect to survival (Ozcan & Yalcin, 1985). Low birth 

weight piglets are also more likely to be of poorer quality at 

weaning, finisher placement and 16 weeks into finishing and 

were less likely to be at full value at harvest (Fix et al., 

2010). Poorer quality piglets require a higher level of 

management and slow down production throughout the 

nursing and finishing phases, while reducing value and 

profitability for producers (Fix et al., 2010). Milligan et al. 

(2002a) reported increased litter variation and pre-weaning 

mortality with older sows. Milligan (2002c) reported a 

significant effect of parity on survival rate and indicated high 

variations in survival rates of piglets in the first and later 

parities. The reproductive traits of pigs have low heritability 

of approximately 0.10 (Holm et al., 2004; Crovetti et al., 

2010; Lee et al., 2015), which is influenced by various 

factors, including breed, parity, and environment (Leite et 

al., 2011; Knecht et al., 2015). Study of birth weight 

variation between litters with similar mean birth weight 

found that pre-weaning survival was higher in litters of 11 

piglets with reduced birth weight variation (English et al., 

1977), however, another study found that in healthy litters of 

average birth weight, the amount of variation in birth weight 

had little effect on piglet survival or weight gain (Milligan et 

al., 2001a). Litters with high levels of birth weight variation 

are claimed to have lower survivability because of direct 

competitive exclusion of light litter-mates from access to 

functional and productive teats (English et al., 1977; English 

& Morrison, 1984). Larger piglets may also compete 

indirectly with their litter-mates by stimulating and/or 

draining their teats more effectively and may thus direct a 

larger fraction of hormones and nutrients involved in milk 

production to their respective teats (Fraser et al., 1979; 

Fraser & Thompson, 1986; Algers et al., 1991). Such 

indirect competition between or among litter-mates may 

explain why the differences in body weight at birth are often 

maintained or increased throughout lactation. Pig producers 

are commonly encouraged to intervene so that less 

competitive piglets will survive by achieving adequate milk 

intake. Therefore the objective of this study was to estimate 

the effect of parity of litter on the sow’s reproductive 

performance and piglet’s survivability rates. 

 

MATERIALS AND METHODS 

This experiment was carried out on sows obtained from 

controlled breeding of Nigerian Indigenous sows in a 

commercial pig production farm in Enugu, Nigeria. One 

hundred  apparently healthy third trimester pregnant sows 

were randomly assigned to four groups of twenty five sows 

per group in a completely randomized design (CRD) 

according to their reproductive parities as groups; I, II, III 

and IV representing the first (P1), second (P2), third (P3) and 

fourth (P4) parities respectively. This study lasted for two 

years. Individual sows were kept in separate pens from third 

trimester of gestation until farrowing and were maintained in 
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these separate pens throughout lactation with their newborn 

piglets until weaning at 28 days postpartum. Sows were fed  

 

 

 

 

 

twice daily while the piglets received breast milk only from 

their mothers until weaning. Sows and piglets were provided 

with clean fresh water ad libitum. All the piglets were  

delivered during the rainy season. Piglets were identified 

with tag letters and weighed not later than 12 hours after 

birth. Two hundred milligrams dose of iron dextran was 

given to the piglets via intramuscular injection 1-7 days 

postpartum to prevent piglet anaemia (Svoboda & Drabek, 

2005). The total number of piglets born alive and the number 

of piglets’ dead after birth were counted manually (heads) 

while their percentage survivability (%) and mortality (%) 

rates were obtained by calculation. 

STATISTICAL ANALYSIS: 

The data collected were subjected to One Way Analysis of 

Variance (ANOVA) using SPSS statistical package (version 

20.0). Variant means were separated using Duncan’s New 

Multiple Range Test (Steel & Torrie, 1980). Probability 

values < 0.05 were considered significant 

RESULTS 

The mean number of piglets born alive (NBA) for P1 and P2 

were significantly (P<0.05) reduced when compared to that  

 

 

of P4 but showed no significant (P>0.05) difference when 

compared to that of P3. Second parity sows recorded the 

highest number of dead piglets after birth while P1 and P3  

litters recorded the lowest deaths after birth. Mean pre-

weaning survival of progenies was highest in P3 and lowest 

in P2 while mean piglet mortality was highest in P2 and 

lowest in P3 (Tables I and II). 

DISCUSSION 

Tables I and II show the effect of parity on the reproductive 

performance of sows, progeny mortality and survival. The 

number of piglets born alive from first parity sows (P1) was 

significantly reduced when compared to fourth parity. 

Findings from first parity dams in this study corroborates the 

findings of other authors in fewer live pigs per litter (Mahan, 

Table 1: Mean sow performance and piglets survivability rates at different parities of reproduction 

Parameters P1 P2 P3 P4 

Total pigs born alive 

(PBA) 
6.00±0.71

a
 6.00±0.71

a
 7.50±0.50

ab
 8.50±0.65

b
 

Male pigs born alive 

(MBA) 
2.75±0.85 3.00±1.23 3.75±0.85 3.00±0.41 

Female pigs born alive 

(FBA) 
3.25±1.03 3.25±1.32 3.75±0.95 5.50±0.87 

Total survivability (TS) 

(%) 
88.69±6.97 84.38±11.83 91.43±5.09 86.32±5.01 

Male survivability (MS) 

(%)   
100.00±0.00 65.00±23.63 87.50±12.50 75.00±25.00 

Female survivability (FS) 

(%) 
70.00±23.81 83.33±16.67 91.92±8.08 86.61±7.77 

ab
Mean values in the same row with different superscripts are significantly different (P<0.05) 

 

Table 1I: Mean mortality of piglets at different parities of reproduction 

Parameters P1 P2 P3 P4 

Total pigs dead after birth (PDB) 0.75±0.48 1.25±0.95 0.75±0.48 1.25±0.48 

Male pigs dead after birth (MDB) 0.00±0.00 0.75±0.48 0.25±0.25 0.50±0.50 

Female pigs dead after birth (FDB) 0.75±0.48 0.50±0.50 0.50±0.50 0.75±0.48 

Total pig mortality (TM) (%) 11.31±6.97 15.63±11.83 8.57±5.09 13.68±5.01 

Male pig mortality (MM) (%) 0.00±0.00 35.00±23.63 12.50±12.50 25.00±25.00 

Female pig mortality (FM) (%) 30.00±23.81 16.67±16.67 8.33±8.33 13.39±7.77 
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1991, 1994, 1998; Averette et al., 1999; Peters et al., 2010; 

Smits et al., 2011), smaller litter weights (Hendrix et al., 

1978; Wilson and Johnson, 1980; Mahan, 1994; Mahan et 

al., 2000; Peters et al., 2010) and decreased pig gain 

(Hendrix et al., 1978; Mahan, 1991; Kemme et al., 1997; 

Mahan, 1998; Averette et al., 1999; Smits et al., 2011), as 

well as fewer stillbirths, mummies, and mortality (Mahan, 

1994; Averette et al., 1999). Research reports by Mahan 

(1994, 1998) and Mahan et al. (2000) indicate that the 

number of pigs born alive and pig weights may peak at P3, 

then decline at subsequent parities. Similar trend was seen in 

this study with regards to birth weight but in contrast with 

respect to total number born alive. More deaths (P>0.05) 

were recorded in the 2
nd

 parity litters compared to other 

parities. Pre- weaning survivability of piglets is attributable 

to the sow and hence if lactating sows are not able to suckle 

the young ones adequately, mortalities during that stage will 

be high. Survival rates of piglets are due to the suckling 

ability (mothering ability) of the sow, hence higher litter 

numbers at birth might sometimes pose challenges if the sow 

does not get enough feed to produce enough milk during the 

first 14 days postpartum. It was observed that the 2
nd

 parity 

sows probably were unable to suckle their young ones well 

hence, more pre-weaning deaths were recorded. The lower 

survivability observed with increased litter size can be 

attributed to reduced birth weight of offspring (Snyman, 

2010), as increasing litter size reduces their chances of 

survival. Awemu et al. (1999) observed maximum kid 

survivability at the sixth parity and in the study by Hagan et 

al. (2014), maximum pre-weaning survivability was 

observed in the second parity. 

These findings are in contrast to the findings of this study as 

the highest pre-weaning survivability and least mortality 

were observed in P3 progenies. The overall mean pre-

weaning survivability of 87.70% in this study was higher 

than 79.10% reported by Baiden (2007) in goat. The 

difference in survivability seen in this study compared to the 

work of other researchers may be because of the difference 

in the breeds used, as pigs were used in this study while they 

did theirs with goats. Although pre-weaning mortality was 

not significantly influenced by parity, there is however no 

special trend. The highest pre-weaning mortality was 

recorded in 2
nd

 parity piglets with the least mortality 

recorded in the 3rd paritysows progeny. The finding of this 

study was in total disagreement with the work by (Hagan and 

Etim, 2019) who reported that the highest pre-weaning 

mortality was recorded in fourth parity with the least 

mortality recorded in the second parity sows. This is 

probably because young sows are continuously growing and 

therefore need to channel some of their energies for their 

own physiological activities with little left for milk 

production. As a result, they were not able to produce 

enough milk to suckle the piglets, or sometimes there was 

complete lack of milk or poor maternal responsiveness 

resulting in deaths brought about by starvation. Pre-weaning 

piglet mortality from early parity sows might be due to the 

immaturity or inexperience of primiparous sows vis-a-vis 

poor mothering ability. Birth weight could also affect 

mortality in that highly overweight piglets might also tend to 

be delivered with difficulty (dystocia) or with prolonged 

labour and are likely to die at birth. 

CONCLUSION 

It was observed from this study that the dam’s parity 

influenced their performance and that of their progeny 

growth performance. These observed differences between 

dams parity could possibly affect the pig’s health 

performance. Furthermore, the result of this work showed 

that the reproductive performance of sows and their progeny 

growth performance were best at third parity of reproduction. 

The variations in progeny performance suggest that third 

parity sows (older parity sows) provided their progeny with 

the necessary requirements for greater performance than the 

younger first and second parity gilts/sows. Therefore the 

highest return on investment by swine breeders should be 

expected at the third parity of reproduction.  

REFERENCES 

Algers, B. & Uvnas-Moberg, K. (2007). Maternal behavior 

in pigs. Horms Behaviour, 52, 78-85. 

Algers, B., Madej, A., Rojanasthien, S. & Uvnas-Moberg, K. 

(1991). Quantitative relationships between 

Suckling-induced teat stimulation and the release of 

prolactin, gastrin, somatostatin, insulin, glucagon 

and vasoactive intestinal polypeptide in sows. 

Veterinary Research Communications, 15, 395–

407. 

Averette, L.A., Odle, J., Monaco, M.H. & Donovan, S.M. 

(1999). Dietary fat during Pregnancy and Lactation 

increases milk fat and insulin-like growth factor I 

concentrations and improves neonatal growth rates 

in swine. Journal of Nutrition, 129, 2123- 2129. 

Awemu, E.M., Nwakalor, L.N. & Abubakar, B.Y. (1999). 

Environmental influence on per-weaning mortality 

and reproductive performance of Red Sokoto does. 

Small Ruminant Research, 34: 155-160. 

Baiden, R.Y. (2007). Birth weight, birth type and pre-

weaning survivability of West African Dwarf goats 

raised in the Dangme West District of the Greater 

Accra Region of Ghana. Tropical Animal Health 

and Production, 39, 141-147. 

Bjorkman, S., Oliviero, C., Kauffold, J., Soede, N.M. & 

Peltoniemi, O.A.T. (2018). Prolonged parturition 

and impaired placenta expulsion increase the risk of 

postpartum metritis and delay uterine involution in 

sows. Theriogenology, 106, 87-92. 

Bjorkman, S., Oliviero, C., Rajala-Schultz, P.J., Soede, N.M. 

& Peltoniemi, O.A.T. (2017). The effect of litter 

size, parity, farrowing duration on placenta 



Nweze 2021                                                                      Journal of Sustainable Veterinary & Allied Sciences Vol 1 Issue 1 

5 
 

expulsion and retention in sows. Theriogenology, 

92, 36-44 

Crovetti, A., Bozzi, R., Pugliese, C. & Acciaioli, A. (2010). 

Genetic parameters of productive and reproductive 

traits in Cinta Senese pig. Italian Journal of Animal 

Science, 4, 82-84. 

English, P.R. & Morrison, V. (1984). Causes and prevention 

of piglet mortality. Pig News Information, 5, 369–

376.  

English, P.R., Smith, W.J. & Maclean, A. (1977). The Sow: 

Improving her Efficiency. Farming Press Ltd, 

Ipswich, UK. 

FAO. (2014). Food security Indicators. FAO Statistics 

website (available at 

http://www.fao.org/economic/ess/ess-fs/ess-

fadata/it/#.U4cSb3J_s1I) 

Fix, J.S., Cassady, J.P., Holl, J.W., Herring, W.O., 

Culbertson, M.S. & See, M.T. (2010). Effect of 

piglet birth weight on survival and quality of 

commercial market swine. Livestock Science, 132, 

98-106.  

Fraser, D. & Thompson, B.K. (1986). Variation in piglet 

weights: relationship to suckling behaviour, parity 

number and farrowing crate design. Canadian 

Journal of Animal Science, 66, 31–46. 

Fraser, D., Thompson, B.K., Ferguson, D.K. & Darroch, 

R.L. (1979). The ‘teat order’ of suckling pigs. III. 

Relation to competition within litters. Journal of 

Agricultural Science, 92, 257–261.  

Hagan, B.A., Nyameasem, J.K., Asafu-Adjaye, A. & 

Duncan, J.L. (2014).Effects of non-genetic factors 

on the birth weight, litter size and pre-weaning 

survivability of West African Dwarf goats in the 

Accra Plains. Livestock Research for Rural 

Development. Volume 26, Article #13. 

http://www.lrrd.org/lrrd26/1/haga26013.htm  

Hagan, J. K. & Etim, N. N. (2019). The effects of breed, 

season and parity on the reproductive performance 

of pigs reared under hot and humid environments. 

Tropical Animal Health and Production, 51, 411-

418. 

Hartsock, T.G. & Graves, H.B. (1976). Neonatal behaviour 

and nutrition-related mortality in domestic swine. 

Journal of Animal Science, 42, 235-241. 

Henchion, M., McCarthy, M., Resconi, V.C. & Troy, D. 

(2014). Meat consumption: Trends and quality 

matters. Meat Science, 98(3), 561-568.  

Hendrix, W.F., Kelley, K.W., Gaskins, C.T. & Hinrichs, D.J. 

(1978). Porcine neonatal survival and serum gamma 

globulins. Journal of Animal Science, 47, 1281-

1286. 

Holm, B., Bakken, M., Klemetsdal, G. & Vangen, O. (2004). 

Genetic correlations between reproduction and 

production traits in swine. Journal of Animal 

Science, 82, 3458-3464. 

Kaiser, M., Jacobsen, S., Haubro-Andersen, P., Baekbo, P., 

Cerón, J., Dahl, J., Escribano, D. & Jacobson, M. 

(2018a). Inflammatory markers before and after 

farrowing in healthy sows and in sows affected with 

postpartum dysgalactia syndrome. BMC Veterinary 

Research, 14, 83.  

Kaiser, M., Jacobsen, S., Haubro-Andersen, P., Baekbo, P., 

Cerón, J., Dahl, J., Escribano, D., Theil, P. & 

Jacobson, M. (2018b). Hormonal and metabolic 

indicators before and after farrowing in sows 

affected with postpartum dysgalactia syndrome. 

BMC Veterinary Research, 14, 334. 

Keating, B.A., Herrero, M., Carberry, P.S., Gardner, J. & 

Cole, M.B. (2014). Food wedges: Framing the 

global food demand and supply towards 2050. 

Global Food Security-Agriculture Policy 

Economics and Environment, 3(3-4), 125-132.  

Kemme, P.A., Radcliffe, J.S., Jongbloed, A.W. & Mroz, Z. 

(1997). The effects of sow parity on digestibility of 

proximate components and minerals during 

lactation as influenced by diet and microbial 

phytase supplementation.  Journal of Animal 

Science, 75, 2147- 2153.  

Knecht, D., Srodon, S. & Duzinski, K. (2015). The impact of 

season, parity and breed on selected reproductive 

performance parameters of sows. Archives of 

Animal Breeding, 58, 49-56. 

Koketsu, Y., Dial, G.D., & King, V.L. (1997). Returns To 

Service After Mating And Removal Of Sows For 

Reproductive Reasons From Commercial Swine 

Farms. Theriogenology, 47(7), 1347-1363.  

Lee, J.H., Song, K.D., Lee, H.K., Cho, K.H., Park, H.C & 

Park, K.D. (2015). Genetic parameters of 

reproductive and meat quality traits in Korean 

Berkshire pigs. Asian-Australas. Journal of Animal 

Science, 28, 1388-1393. 

Leite, C.D., Lui, J.F., Albuquerque, L.G. & Alves, D.N. 

(2011). Environmental and genetic factors affecting 

the weaning-estrus interval in sows. Genetics and 

Molecular Research, 10, 2692-2701. 

Lucia, T., Dial, G.D. & Marsh, W.E. (1999). Estimation of 

Lifetime Productivity of Female Swine. Journal of 

American Veterinary Medical Association, 214(7), 

1056-1059. 

Mahan, D. C. (1991). Assessment of the influence of dietary 

vitamin E on sows and offspring in three parities: 

reproductive performance, tissue tocopherol, and 

effects on progeny. Journal of Animal Science, 69, 

2904-2917.   

Mahan, D. C. (1994). Effects of dietary vitamin E on sow 

reproductive performance over a five-parity period. 

Journal of Animal Science, 72, 2870-2879.  

Mahan, D. C. (1998). Relationship of gestation protein and 

feed intake level over a five- parity period using a 

high-producing sow genotype. Journal of Animal 

Science, 76, 533-541. 

Mahan, D.C., Kim, Y.Y. & Stuart, R.L. (2000). Effect of 

vitamin E sources (RRR- or all-rac-alpha-

tocopheryl acetate) and levels on sow reproductive 

performance, serum, tissue, and milk alpha-

tocopherol contents over a five-parity period, and 

the effects on the progeny. Journal of Animal 

Science, 78, 110-119.  



Nweze 2021                                                                      Journal of Sustainable Veterinary & Allied Sciences Vol 1 Issue 1 

6 
 

Article history:  
Received: May 9, 2021,  

Revised: June 14, 2021 

 Accepted: July 6, 2021  

 

Martineau, G.P., Farmer, C. & Peltoniemi, O.A.T. (2012). 

Mammary system. In: Diseases of swine (10th 

edition). Zimmerman J.J., Locke A, Karriker, A.R., 

Ramirez, A., Schwartz, K.J., Stevenson, G.W. (Ed). 

John Wiley & Sons, Inc. Wiley-Blackwell, Ames, 

Iowa, USA, pp. 270-293. 

Milligan, B.N., Fraser, D. & Kramer, D.L. (2001a). Birth 

weight variation in the domestic pig: effects on 

offspring survival, weight gain and suckling 

behaviour. Applied Animal Behaviour Science, 73,, 

171–191. 

Milligan, B.N., Fraser, D. & Kramer, D.L. (2002a). Within-

litter birth weight variation in the domestic pig and 

its relation to pre-weaning survival, weight gain and 

variation in weaning weights. Livestock Production 

Science, 78, 181-191. 

Milligan, B.N., Fraser, D. & Kramer, D.L. (2002c). Within 

litter birth weight variation in the domestic pig and 

its relation to pre-weaning survival, weight gain and 

variation in weaning weights. Livestock Production 

Science, 76, 181-191. 

Mote, B.E., Mabry, J.W., Stalder, K.J. & Rothschild, M.F. 

(2009). Evaluation of current reasons for removal of 

sows from commercial farms. Professional Animal 

Scientist, 25(1), 1-7. 

Oliviero, C. (2019). Factors affecting sow colostrum yield 

and composition, and their impact on piglet growth 

and health. Livestock Science, 227, 60-67. 

Oliviero, C., Junnikkala, S. & Peltoniemi, O.A.T. (2019). 

The challenge of large litters on the immune system 

of the sow and the piglets. Reproduction in 

Domestic Animals, 54, Suppl 3, 12-21. 

Oliviero, C., Kothe, S., Heinonen, M., Valros, A. & 

Peltoniemi, O. (2013). Prolonged duration of 

farrowing is associated with subsequent decreased 

fertility in sows. Theriogenology, 79(7), 1095-1099. 

Ozcan, H. & Yalcin, C. (1985). Specific animal science. 

Instanbul Universitesi Veteriner Fakultesi Zootekni 

Anabilim Dah Yayinlari, Instanbul (In Turkish). 

Peltoniemi, O.A.T., Bjorkman, S. & Oliviero, C. (2016). 

Parturition effects on reproductive health in the gilt 

and sow. Reproduction in Domestic Animals, 51, 

36-47 

Peters, J.C., Mahan, D.C., Wiseman, T.G. & Fastinger, N.D. 

(2010). Effects of dietary organic and inorganic 

trace mineral levels on sow reproductive 

performances and daily mineral intakes over six 

parities. Journal of Animal Science, 88, 626-637. 

Roehe, R. & Kalm, E. (2000). Estimation of genetic and 

environmental risk factors associated with pre-

weaning mortality in piglets using generalized liner 

mixed models. Animal Science, 70, 227-240. 

Serenius, T. & Stalder, K.J. (2006). Selection for sow 

longevity. Journal of Animal Science, 84, 166-171.   

Smits, R. J., Luxford, B. G., Mitchell, M. & Nottle, M.B. 

(2011). Sow litter size is increased in the 

subsequent parity when lactating sows are fed diets 

containing n- 3 fatty acids from fish oil.  Journal of 

Animal Science, 89, 2731-2738.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Snyman, M.A. (2010). Factors affecting pre-weaning kid 

mortality in South African Angora goats. South 

African Journal of Animal Science, 40, 54-64. 

Stalder, K.J., Knauer, M., Baas, T.J., Rothschild, M.F. & 

Mabry, J.W. (2004). Sow Longevity. Pig News and 

Information, 25(2), 53-74.  

Stalder, K.J., Lacy, R.C., Cross, T.L. & Conatser, G.E. 

(2003). Financial Impact Of Average Parity of 

Culled Females in a Breed-to-Wean Swine 

Operation Using Replacement Gilt net Present 

Value Analysis. Journal of Swine Health and 

Production, 11(2), 69-74. 

Steel, R. G. D. & Torrie, J. H. (1980). Principles and 

procedures of statistics, Second Edition, New York: 

McGraw-Hill Book Co. 

Svoboda, M. & Drabek, J. (2005). Iron deficiency in 

suckling piglets: Parenteral and oral iron 

administration to piglets. Folia Veterinaria, 49(3), 

165-174. 

United Nations. (2013). National Transfer Accounts Manual: 

Measuring and Analysing the Generational 

Economy. Sales No. E.13.XIII.6. Available from 

http://www.un.org/ 

en/development/desa/publications/measuring-and-

analysing-the-generational-economy.html. 

Wilson, E. R. & Johnson, R. K. (1980). Adjustment of 21-

day litter weight for number of pigs nursed for 

purebred and and crossbred dams. Journal of 

Animal Science, 51, 37-42. 

 

 

 

 

 

 

 
 

 

 


