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INTRODUCTION 
The use of frozen semen stored over a long period is a simple and efficient method to measure 
realised genetic trends in farm livestock species for recorded and unrecorded traits (Smith, 
1976). A stock of frozen semen from Large White (LW) and French Landrace (FL) boars born 
in 1977 was constituted in France for this purpose, and two experiments have already been 
conducted for production traits in 1983 (Molénat et al, 1986) and 1988 (Ollivier et al, 1991). 
In the last two decades, major changes have occurred in the French LW selection program with 
the inclusion of meat quality in the national breeding goal in the 80’s, the massive development 
of hyperprolific schemes (Legault and Gruand, 1976), the emergence of litter size as the major 
trait of interest in the 90’s, and finally the implementation of a national genetic evaluation 
based on BLUP-animal model in 1994 (Tribout et al, 1998). These changes have had likely 
consequences on many selected and unselected traits. Consequently, INRA and the French 
Ministry of Agriculture decided in 1999 to implement a new experiment based on the use of 
frozen semen, for the first time adapted to reproductive traits. This paper presents the 
experimental design and first results for some reproduction traits. 
 
MATERIAL AND METHODS 
This experiment was implemented in INRA’s experimental herds of Le Magneraud, Bourges 
and Rouillé. LW females were inseminated with  semen of  LW boars born in 1977 (S77 sires) 
or in 1998 (S98 sires). S98 boars were randomly chosen among the pool of artificial 
insemination boars, respecting the representativity of the different breeding organisations in the 
global LW population. Thirty litters from 17 S77 sires (L77) and 33 litters from 23 S98 sires 
(L98) were produced. Male piglets were not castrated. All animals were then raised in 
discontinuous batches and fed ad libitum from 10 to 22 weeks of age. 
 
Performances recorded on males. Male sexual development was appreciated on live animals 
through total width of testes measurements at 14, 18, 22 and 26 weeks of age (TWdT14 – 
TWdT26) and ultrasonic measurements of the length of bulbo-urethral gland (USBULg) at 22 
and 26 weeks of age. Fifteen L77 and 15 L98 unrelated males were randomly chosen and kept 
to produce a second generation of animals. All remaining males were slaughtered at 26 weeks 
of age, and characteristics of their genital tract were recorded: testes weight, length and width 
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(TWg, TLg, TWd), bulbo-urethral glands weight and length (BUWg, BULg), epididymis 
weight (EPWg). 
 
Performances recorded on females. Oestrus detection was performed twice a day from 150 to 
260 days of age by introducing a sexually mature boar into every pen. Blood samples to be 
used for progesterone determination in peripheral plasma were taken every 10 days during the 
same period until progesterone concentration indicated the presence of active luteal tissue in 
the ovary. Age at puberty (PUB) was then determined by combining oestrus and progesterone 
records, and only gilts that had reached puberty before 260 days of age were considered for this 
trait. Ovulation rate at puberty (ORPUB) was determined by counting corpora lutea through 
laparoscopy. 
Mature gilts were synchronised using a progestagen treatment, and 3 females per litter were 
randomly chosen and tested for reproduction traits (74 L77 and 89 L98 sows). Each sow is 
supposed to produce 4 litters, but only 1st and 2nd parity data were available for this paper. 
Matings were performed within each experimental group, and corpora lutea were numbered by 
laparoscopy two weeks after mating (OR). The total number of piglets born, the number of 
piglets born alive and born dead (TPB, BAP and DBP, respectively) were recorded, and 
embryonic survival rate (ESR) was calculated as the ratio of TPB to OR. Newborn piglets were 
individually weighed at birth (PigWg), and total teat number (NTEAT) was counted at 
weaning. Finally, samples of colostrum (at birth of first (COL1) and last piglet (COL2), 24 
hours after the beginning of farrowing (COL3)) and one sample of milk (2 weeks after 
farrowing, MIL) were taken on a subset of 53 sows and analysed for dry matter, protein and fat 
content (DRY, PRO and FAT, respectively).  
 
Data analysis. The data were analysed using the MIXED procedure of SAS software (SAS 
Institute, 1996), considering the experimental group (77 or 98) as a fixed effect for all traits. 
The model used for all male sexual development traits included fattening batch within herd as a 
fixed effect, body weight and age at measurement day as covariates, and common environment 
of birth litter as a random effect. 
Models for PUB and ORPUB included the random effect of gilt birth litter, as well as the fixed 
effect of fattening batch within herd (for PUB) or the regression on age at puberty (for 
ORPUB). OR, ESR and numbers of piglets born were analysed considering the fixed effect of 
sow mating group and the permanent environmental effect of the sow as a random effect. The 
fixed effects of parity and parity by experimental group interaction were also considered for 
ESR, TPB and BAP, as well as the linear effect of age of the sow within parity for ESR. DBP 
was analysed as a continuous trait, considering 5 classes of performances: 0, 1, 2, 3 and [4 and 
more] dead born piglets. The model for NTEAT included sex of the piglet, parity and dam 
mating group as fixed effects, and birth litter as a random effect. PigWg was analysed with the 
same model as NTEAT, with and without adjustment for the total litter size at birth. Finally, 
the models used for colostrum and milk contents data included the fixed effects of herd and 
parity of the sow, as well as the linear effect of litter size at birth for COL1 and COL2 samples 
or the linear effect of suckling piglets number for MIL samples. 
Realised genetic trend from 1977 to 1998 can be estimated as the double of the difference 
between the two experimental groups least square means (D98-77). Annual genetic trend (∆Ga) 
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and its standard error (se∆Ga) were consequently calculated as ∆Ga=(2*D98-77)/21 and 
se∆Ga=(2*seD98-77)/21, where seD77-98 is the standard error of D98-77. 
 
Table 1. Least squares means (LSM ± standard error) for birth year of sire and annual 
realised genetic trend (∆Ga ± standard error) for reproduction traits 
 
Trait A Observations LSM for birth year of sire ∆Ga ± se∆Ga Pr > |t| for H0: 
 L77 L98 1977 1998  ∆Ga=0 
TWdT14 (mm) 93 110 69.0 ± 0.7 70.9 ± 0.7 0.18 ± 0.10 0.0744 
TWdT18 (mm) 93 110 91.9 ± 1.0 94.3 ± 1.0 0.23 ± 0.13 0.0882 
TWdT22 (mm) 93 110 118.7 ± 1.1 123.9 ± 1.1 0.49 ± 0.14 0.0008 
TWdT26 (mm) 93 110 133.5 ± 1.1 133.5 ± 1.1 0.00 ± 0.14 0.9947 
USBULg22 (mm) 93 110 24.0 ± 0.6 24.0 ± 0.6 0.00 ± 0.07 0.9676 
USBULg26 (mm) 93 110 29.0 ± 0.8 29.5 ± 0.8 0.05 ± 0.10 0.6295 
TWg (g) B 57 65 313.9 ± 8.4 332.1 ± 7.7 1.74 ± 1.05 0.1078 
TLg (mm) B 36 41 122.2 ± 1.7 127.7 ± 1.5 0.53 ± 0.22 0.0224 
TWd (mm) B 36 41 78.3 ± 1.05 79.81 ± 0.93 0.15 ± 0.14 0.2943 
BUWg (g) B 55 64 92.7 ± 4.6 86.21 ± 4.3 -0.62 ± 0.58 0.2967 
BULg (mm) B 55 64 132.5 ± 2.7 130.4 ± 2.4 -0.20 ± 0.33 0.5504 
EPWg (g) B 55 64 75.4 ± 2.3 82.9 ± 2.1 0.71 ± 0.28 0.0173 
PUB (d) 72 84 216.3 ± 3.3 211.7 ± 3.2 -0.44 ± 0.45 0.3244 
ORPUB (corp. lut.) 43 51 15.34 ± 0.46 17.14 ± 0.45 0.17 ± 0.06 0.0079 
OR (corp. lut.) 147 171 18.14 ± 0.46 20.10 ± 0.43 0.19 ± 0.06 0.0020 
ESR (%) 88 109 61.4 ± 4.1 67.2 ± 3.9 0.55 ± 0.34 0.1158 
TPB (piglets) 118 146 10.74 ± 0.39 12.33 ± 0.33 0.15 ± 0.05 0.0020 
BAP (piglets) 118 146 9.88 ± 0.40 11.26 ± 0.33 0.13 ± 0.05 0.0079 
DBP (piglets) 118 146 0.77 ± 0.12 0.97 ± 0.11 0.02 ± 0.02 0.2175 
PigWg (g) 1117 1732 1358 ± 47 1406 ± 38 5 ± 3 0.1457 
PigWg adjust C (g) 1117 1732 1331 ± 39 1430 ± 32 9 ± 3 0.0005 
LIP of MIL (%) 25 27 7.25 ± 0.30 8.08 ± 0.28 0.08 ± 0.04 0.0393 
NTEAT (teats) 1117 1732 14.0 ± 0.1 14.0 ± 0.1 0.01 ± 0.01 0.3410 
A see text for meaning of abbreviations  B mean of right and left measurements  
C adjusted for litter size at birth 
 
RESULTS AND DISCUSSION 
Female traits. Results showed a significant increase in litter size at birth. Estimated annual 
genetic trends for TPB and BAP (+0.15 ± 0.05 and +0.13 ± 0.05 piglet, respectively) were 
higher than the estimates obtained from the national genetic evaluation (+0.11 and +0.08 
piglets, respectively). This trend for litter size at birth appears as the consequence of a joint 
increase in ovulation rate and embryonic survival rate. Besides, litter size and embryonic 
survival decreased from the first to the second parity for L77 sows, whereas prolificacy tended 
to increase with parity for L98 females (results not presented here). 

Session 03. Pig breeding Communication N° 03-18 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

L98 females tended to show an earlier puberty than L77 females, although this trend was not 
significant (Pr=0.32). This result is consistent with the favourable genetic correlations between 
age at puberty and litter size and postweaning growth rate reported in the LW population. 
The genetic trend for DBP was lowly positive (+0.02 ± 0.02 piglets per year). In spite of the 
negative relation between litter size and piglet birth weight reported in literature, PigWg did 
not decrease from 1977 to 1998, and even increased significantly (+9g/year ± 3g) when an 
adjustment for litter size was made. This trend probably results from the selection realised on 
postweaning growth rate, favourably correlated with birth weight. No change appeared for dry 
matter, protein and fat content of colostrum samples or for dry matter and protein content of 
MIL, but a significant increase of milk fat content was found. These results tend to show that 
the intensive selection for litter size at birth realised in Large White population did not degrade 
maternal abilities, against usual expectations. Finally and surprisingly, NTEAT did not 
significantly increase with time, in spite of the empirical selection performed by breeders on 
this trait. 
 
Male traits. Results showed a positive trend for testes width at 14, 18 and 22 weeks of age. 
This width difference between the two groups disappeared at 26 weeks of age (live and 
slaughtered animals), despite L98 males tended to have heavier and longer testes (Pr = 0.11 
and 0.02, respectively). EPWg also increased from 1977 to 1998, but no clear trend appeared 
for bulbo-urethral gland measurements. The data for all male traits were recorded at a constant 
age and adjusted for body weight at measurement day. Consequently, the observed increase of 
testicular and epididymic development did not simply result from allometric relations with 
body weight caused by an improvement of growth rate, but rather suggests an earlier puberty 
for L98 males. 
 
CONCLUSION 
The first results of this experiment show that the selection performed in LW population during 
the last 20 years have resulted in changes in both male and female reproduction traits. 
Additional results will soon be available for maternal abilities, semen production, growth and 
carcass traits, meat and fat quality, and immune resistance. 
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