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Abstract 
Data recorded at Fasola Stock Farm for 451 litters and involving 66 

boars and 4 breeds of pigs were analysed t o  investigate the environ- 
mental and genetic factors causing variation in preweaning weight 
gains of pigs. Two specific traits - average pig weight gain from birth 
to weaning (PPWG), and litter weight gain from birth t o  weaning 
(LPWG) were studied. The two traits did not show significant effects 
of breed, parity of dam, season or interaction (P>.  05). Only PPWG 
showed highly significant effects of year (P < .05). However, litter size 
at birth and at  eight weeks, and average pig weight at birth had signi- 
ficant influence on both traits. Estimates of heritability based on 
paternal half-sib correlation were 0.19 t o  0.15 and 0.49 to  0.20 for 
PPWG and LPWG respectively. Both the phenotypic and genetic 
correlations between the two traits were high and positive (rP = .75 and 
rG = .98). It is suggested that weight gain from birth t o  weaning at 8 
weeks instead of weaning weight per se should be used as criterion 
for making initial &lections.of future breeders. 

Introduction 
The study reported in this paper is one in a series of analyses of 

t h e  genetic and environmental effects on pig production at the 
Fasola Stock Farm, Oyo State. Specificially, it deals with some 
identifiable genetic and environmental factors which influence the 
preweaning weight gain of the individual piglet and litter groups in 
this tropical environment. There is some evidence from similar 
studies in the temperate regions that the heavier a piglet is at birth, 
the better its preweaning (Edwards and Omtvedt, 197 1 ), and post- 
weaning performance (Hazel, Baker and Reinmiller, 1943). On the 
other hand, rate of gain is related t o  general health, efficiency 
of feed utilisation and carcass composition; and pre-weaning per- 
formance has been shown to  be a reliable estimate of maternal 
ability (Baker, Hazel and Reinmiller, 1943; Nordskog, Cornstack 
and Winters, 1 944). The factors responsible for observed variations 



in pre-weaning weight gains have not been sufficiently documented 
in Nigeria. Some of these factors have been identified and their 
effects examined in the present study. 

Materials and Methods 

The location, management and breeding policy of the farm, as 
well as the performance characteristics of the resident pigs, have 
been described elsewhere (Leigh, 1977, 1980). Data collected on 
piglet birth and weaning weights during the period 1965-75, were 
used in the present study. The data were collected from a total 
of 451 litters including 66 boars, all of which came from 4 breeds. 
The breeds were Large White, Duroc, Hampshire and Crossbreds 
which were grouped as a fourth 'breed', irrespective of their specific 
breed combinations. 

Piglet pre-weaning weight gains (PPWG) and litter pre-weaning 
weight gains (LPWG) were calculated, and the effect of genetic 
(breed, parity of dam, litter size at birth and weaning at 8 weeks) 
and environmental (season and year of birth) factors on these traits 
were determined by subjecting the data t o  a least squares analysis 
of variance with unequal subclasses (Harvey, 1960) using the follow- 
ing fixed model: 

Tjklmno = P + Bi + Pj + Lk + S1 + Ym + Zn 

+ cWijklmno + Eijklmno 

where 'Xijklmno is the average p ~ g  (or litter) pre-weaning weight gain, 
p is the common mean of  the average pig (or litter) pre-weaning 
weight gain, Bi is the additive effect of the ith breed, P, is the addi- 
tive effect of jth parity of  dam, Lk is the additive effect of the kth 
litter size at birth, Sl is the effect of lth season of birth, Ym is the 
effect associated with the mth year of birth, Zn is the effect of nth 
litter size at weaning, (BSil) is the effect of the interaction between 
the i th breed and l th  season of birth, c is the regression coefficient of 
the pig (or litter) pre-weaning weight gain on the average pig (or 
litter) birth weight and Eijklmno is the random error specific t o  the 
particular observation. 

The main genetic analysis was based on a nested model which 
consisted of the effects of breeds, sires within breeds, dams within 
sires and among progeny within dams. All effects were assumed to  he 
random. The analysis of covariance between PPWG and LPWG was 



b x c d  o n  the procedure octlined by Kempthorne (1957). Because 
of the relatively fewer sires. dams and litters in the Duroc and H a m p  
shire sub--:lasses. the analyses of va r i a~ce  and covariance were carried 
out  using the L a r y  '.Vhitc. Crossbre:l and pooled data only. Compo- 
nents of  variance and covariance for  sires. darns within sires and 
among progeny within dams were derived from these analyses. 
Phenotypic correlations, tieritabilities and genetic correlations were 
tlien komputed from the appropriate components of  variance a d  
covariance (Becker. 1975). Heritability in the narrow sense is usuallv 
estimated fro111 the .genetic relationship among paternal half-sibs. 
I-lowcrver, since the present data also included substantial number o f  
full-sib groups. estimates of this parameter were computed from 
both the sire and the sire plus dam conponents. Approxiqate 
standard errors of heritablities were obtained by the formula sug- 
gested by Dickerson ( 1960). 

Results 

Creed least squares means with their standard deviations and 
cmfficients of variation are presented in Table 1 .  The  coefficients 
of variation for PPWG were about twice the values for  LPWG, indica- 
ting considerably more variability in the average pig pre-weaning gain 
than in the litter preweaning gain. Least-squares means and standard 
errors of  the two traits for each significant classification are pre- 
sented in Table 2. Analyses of variance for  PPWG and LPWG are 
:iven in Table 3. The assumed least squares model account for  
87.9% and 92.7% of the variation in PPWG and LPWG  respective!^. 

Fffects of breed, parity of dam, season of  farrowing and bieed 
x season interaction were riot statistically significant for  both traits. 
Year effects were highly significant (P' < .005) for  PPWG only. On 
t'le other hand, litter size at  birth, litter size a t  8 weeks and average 
;liq weight a t  birth had very highly marked effects (Y < -005)on the 
two measures of preweaning weight gain. 

The nested analyses of variance showing the various variance com- 
17onents for PPVJG and LPWG are presented in Table 4. These 
analyses were based on  the Large White, Crossbred and pooled data. 
Although the sire component was positive and much larger than the 
l a m  component for the two traits in all data groups except one, the 
sire component itself accounted for only between 3.25% and 7.71% 
of the variation in PPWG and only between 10.61 and 14.33% o f  the 
observed variation in LPWG. The intra-breed and pooled estimates 



af heritability with their standard errors which were computedfrom 
these sire components and the sire plus dam components are shown 
in Table 5. 

TABLE 1 : LEAST SQUARES MEANS WITH STANDARD 
ERRORS AND COEFFICIENTS OF VARIATION 

BY BREED 

Breed ~ r a i t ~  Sample Standard C. V 
meav De&wn (%) 
(Kg! (2 

Large Whitc PPWG 1402' 0.72' 5 
LPWG 144.85 3.56 2 

Duroc PPWG 11.10 1.09 10 
LPWG 136.83 5.38 4 

Hampshire PPWG 14.47 1.08 7 
LPWG 154.67 5.32 3 

hssbreds PPWG 13.70 0.92 7 
LPWG 147.73 4.52 3 

Pooled Data PPWG 13.32 2.02 15 
LPWG 146.92 9.09 7 

a~~~~ = Average pig weight gain from birth to  8 weeks 
(weaning). 

LPWG = Litter welght gain from birth to 8 weeks (weaning) 



TABLE 2 : LEAST SQUARES MEANS AND STANDARD 
ERRORS FOR PPWG AND LPWG ACROSS THE SIGNIFI- 

CANT ENVIRONMENTAL FACJTORS 

Classification 

General Mean ( 4 5 1 ) ~  

P P W G ~  LPWG" 
Mean S.c. Mean s.E' 

(i, 1*1 
13.32 2.02 146.02 9.99 

Litter size a t  Birth: 

3 (33) 12.92 1.72 151.20 8.48 
4 (33) 10.86 1.63 145.17 8.06 
5 (27) 12.94 1.66 154.56 8.18 
6 (62) 15.29 1.16 160.40 5.74 
7 (44) 13.97 1.32 156.12 6.54 
8 (57) 13.55 1.19 151.23 5.88 
9 (57) 12.61 1.22 142.45 6.04 

10 (58) 14.79 1.11 146.06 5.48 
11 (30) 12.69 1.50 140.82 7.39 
12 (18) 14.07 1.94 131.56 9.59 
13 (15) 12.43 2.13 122.93 10.50 
14 (17) 13.70 1.99 139.79 9.85 

Year: 

1965 (4) 12.31 3.70 122.22 18.27 
1966 (12) 17.93 2.22 181.30 10.98 
1967 (14) 17.59 2.13 166.44 10.52 
1968 (22) 14.84 1.78 156.89 8.77 
1969 (38 14.04 1.47 155.56 7.24 
1970 (51) 13.73 1.31 145.82 6.47 
1971 (78) 13.82 1.11 172.07 5.50 
1972 (83) 13.68 1.04 154.33 5.15 
1973 (70) 13.94 1.12 149.26 5.54 
1974 (72) 15.61 1.15 155.75 5.67 
1975 (.7) 6.02 3.04 46.60 15.34 

Litter size a t  8 weeks 

2 (83) 0.45 1.48 129.85 7.32 
3 (35) 13.50 1.89 135.30 9.33 
4 (46) 15.27 1.60 137.72 7.89 
5 (63) 16.50 1.47 140.44 7.27 
6 (56) 14.18 1.46 142.95 7.19 
7 (43) 15.25 1.62 141.29 7.97 
8 (48) 14.52 1.51 148.61 7.47 
9 (39) 14.74 1.67 150.63 8.26 

10 (29) 12.70 1.77 151.83 8.75 
11 ( 6 )  14.40 3.30 155.28 16.27 
12 ( 2 )  16.49 5.31 159.10 26.23 
13 ( 1 )  11.82 5.93 131.88 28.09 

a See Table 1 

Nurnbn of lirtcn in the sub-ckss. 



TABLE. ?: LEAST SQIJARES ANALYSIS OF VARIAYCE 

F O R  PREWEANING WElGlIT GAIN I h '  PIGS 

a 
Source of Variation d.f.  PPWG LPIYG'' 

Breed 3 87.65".'. 38.6bn.'. 

Parity of dam 11 93.19".'. 10.35".'. 

Litter size at birth 1 1 148.8 1 * * * 50.26*** 

Season 1 24.34".'. 2.27".'. 

Year 1 0  292.96*** 21.32".'. 

Litter size at 8 wks. 11 798.79** * 860.70*** 
Breed x Season 3 28.61 ".'. 16.15"". 

Regression b 1 667.72*** 1178.49*** 

Residual 399 60.74 18.78 

'see Table 1 .  

b ~ e g r e n i o n  of preweaning gain on-average pig weighr ar birth. 

* = P < . 0 5 ;  * * * P < . 0 0 5 ;  n.s. = riotsignificant ( P  > .05)  

The phenotypic corrcl:~tions (Table 6. above t he cliaqonal) were 
all positiva moderate t o  high and significantly different t'rom Lero 
( P  < 0-OI),  indicating a very strony ant1 positive association hctwecn 
t he  two  measures of preweaning gain in pigs ant1 between each 
measure and avcragc pig weight at hirtll. Tlic estimates of senetic 
correlations computed from tlic sire cornponcnt 01' variance ancl 
covariance based on  the nestccl rnotlcl arc eivcn in Tahlc 6 (below 
the  diagonal). I t  can be seen that genc,tic correlation bctwccn the two 
nicasurcs of pewcaning pitin ancl that hctwccn litter preweaning 
gain (LPWG) and average pig weight at I i r th  (AP\.tlB) were positivc. 
t u ~ h  and  significa*itly different from zero ( P  < 3.0 1 ). 

Discussion 

The  present data sl~owecf no breed effects ~ ~ n l i k c  the report of 
Yillcr. Cain and Chapman ( I  970 )  which indicatecl liiglily significant 
hrcetl infli~cnce o n  preweaning gain. The evidence on the cffects of 
year and season providccl by this s t i~t lv  ancl the data of Steinbacli 
(1971) and Miller c.t al. ( 1979 )  are conflicting. While M~llcr c t  al. 
(1979) rcportcd non-significant year effects ancl highly marker1 



effects of season, 2nd Steinback (1971) in an almost identical tropi 
cal environment as in this study found significant seasonal diffe- 
rences, the present data indicated very highly significant year effects 
(P < 0.005) on PPWG and no discernible influence of season on both 
PPWG and LPWG. In a similar study involvine catt!e, however, 
Eastogi, iiennecart and Fontinelle (1 979) found a pronounced year 

C. effect on preweaning gain. As regards the effect of litter size at 
weaning on  preweaning weight gain the results of this study are 

- consistent with the findings of Miller et al. (1979). The present 
data suggest that preweaning weight gains of either the individual pig 
or litter groups is highly susceptible to  enviro'lmental conditions. 
The. main components of those conditions are not yet known, and 
need t o  be identified. It could be safelv concludedfrom the present 
results that pig weight at birth, litter size at birth and litter size at 
wearling combine in some manner to  influence the pattern of pre- 
weaning weight gain in pigs. 

The genetic analysis of the two traits summarised in Tables 4, 5 
and 6 show that the sire component of variance observed for pig 
weight gain is between 3.25 and 7.71% of the total variance. Based 
on the pooled data it amounted to  only 4.6 1% for PPWG. This find- 
ing is fairly similar to that of Baker et al. (1943) and Hazel et al. 
( 1943) who reported, respectively, that percent of the total variance 
in preweaning gain attributed to  sire effects were 5.8 and 6%. For 
many quantitative characters in pigs such as birth weight, w d n g  
weight d particularly growth rate, the dam component of variance 
has been found t o  be larger than the sire component (Baker et al., 
(1 943: Hazel et aL, 1943). It is therefore surprising to  find the dam 
component actually smaller (in some cases with negative values) than 
the sire component in the present data on piglet and litter pre- 
weaning weight gain. This suggests, contrary to  the conclusion of 
those workers, that non-additive gene effects and environmental 
effects common to  litter-mates do not exist, or at least are relatively 
unimportant for swine preweaning weight gain in this enuironment. 
The present results are, however, similar to  those of Willham, Cox 
and Karas ( 1  963) on avoidance learning in pigs. 

The variance between litter-mates which is represented by litters/ 
sows and estimated by the error component of variance (Table 4) 
is larger than the sire component in all cases. It is also possible to 
estimate the magnitude of environmental effects peculiar to  the 
individual pig by the difference between the error component and 



the sire component (Baker et al., 1943). Apparently, the contribu- 
tion of the environmental effects peculiar t o  the individual pig is far 
greater than the sire component for either trait. In other words, it is 
reasonable t o  conclude like Baker et al., (1 943) and Hazel et al., 
(1 943) that genetic variance (additive gene effects variance) consti- 
tuted only a relatively small proportion of the observed variance in 
preweaning weight gain of pigs. 

Estimate of heritability in the narrow sense computed from the 
pooled data and based on paternal half-sib correlation was 0.19 for - 
PPWG and 0.49 for LPWG. Hazel et al., (1943) reported a similar 
estimate of 0.1 5 for pig preweaning gain. They did not estimate the 
heritablity of litter preweaing weigllt gain. From the present analysis, 
the heritabi!ity of ?p?'JG is likely to be in the order of 10 - 30%. 
The 'leritability of LPWG is less precise, but.probably ranges from 
extremes of a b o ~ t  15 to  50% based on the point estimates calcu- 
lated. Pending further studies, it may be concluded that slow t o  
moderate rates of improvement would be expected in preweaning 
weight gain if direct selection pressure is applied. 

Both the phenotypic and genetic correlations bewteen PPWG and 
LPWG found in this study are high and positive (rp = 0.75 and r~ = 
0.98) indicating that a fairly large proportion of genes commonly 
control the two traits. 

It is t6erefol-e most likely tnat a direct selection for either trzit 
will result in a corresponding correlated response in the other. 

Hazel et al., (1943) have shown that although gain from birth to  
8 weeks is not as efficient a measure of hereditary growth rate over 
the entire growth curve of a pig (particularly the boar) as gain fronl 
8 weeks to 16 weeks of age, the genetic correlation between growt4 
rAtes in the two periods is considerably high (rG = 0.708). In other 
words, preweaning rate of gain is highly correlated genetically with 
post-weaning growth rate. In practical terms, the following general 
conclusion and suggestion can be made based on the foregoing. 
Moderate improvement could be expected in pre-weaning weight gain 
if it is subjected t o  selection. More irportantly since there is advant- 
age in being able to  carry out selection early t o  be followed, per!.aps. 
by a second stage selection when more data are a\ailable, it is sug- 
gested that weight gain from birth to weaning a t  8 weeks misht be 
used as a n  irlitial selection criterion for crowth rate of future bree- 
ders. 
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