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For a c e r ta in  number o f  t r a i t s  o f  b io lo g ic a l  in t e r e s t  e . g  l i t t e r  s i z e  in mam
mals, the p h y s io lo g ic a l  c o n s t i tu t io n  o f  both the mother and th a t  o f  her o f f sp r in g  
intervene s im u lta n eo u s ly .  Under these condit ions  i t  i s  convenient to  p a r t i t io n  
t h e i r  r e l a t i v e  co n tr ib u t io n s  not only a t  the in d iv id u a l  l e v e l  but a ls o  a t  the l e 
v e l  o f  the t r a i t  i t s e l f .  In th i s  regard, from a g en et ic  s ta n d p o in t ,  Table 1 shows 
the in f lu en ce  o f  both male and female parent in  the determ ination  o f  l i t t e r  s i z e  
at weaning in  the ra b b it .

I  -  GENETIC EFFECTS ON LITTER SIZE 

1 .1 -  D e f in i t io n

The d ir e c t  g e n e t ic  e f f e c t  i s  that e f f e c t  on a t r a i t ,  measured on an in d i v i 
dual which i s  d i r e c t l y  a t t r ib u ta b le  to the gen et ic  composition o f  th at  in d iv id u a l .

The in d ir e c t  g e n e t ic  e f f e c t  (maternal or grand-maternal) i s  that e f f e c t  mea
sured on an o f f sp r in g  (son or grandson) which i s  a t t r ib u ta b le  to  the in f lu en ce  of  
the g en e t ic  composition o f  a maternal parent or maternal grand-parent, the measu
red character having been influenced by a non-hereditary pathway.A fem ale's  milk  
production in f lu e n c e s  the  weaning weights o f  her o f f sp r in g ;  t h i s  i s  a maternal in 
f luence which shows up as a maternal e f f e c t  in  terms o f  Kilograms o f  weaned o f f s 
pring. The grand maternal e f f e c t  r e s u l t s  from a maternal e f f e c t  o f  a grand mother 
which in  turn a f f e c t s  the maternal in f lu en ce  o f  her daughter.

1 . 2 . -  L i t t e r  s i z e  as a character o f  the o ffsp r in g

At any g iven  moment the number o f  in d iv id u a ls  observed in  a l i t t e r  depends on 
the number o f  eggs r e le a sed  by a female and the v i a b i l i t y  o f  the f e r t i l i z e d  eggs up 
to  the time a t  which the observation o f  the l i t t e r  i s  made ( t a b le  1 ) .  Ovulation rate  
i s  g en era lly  considered as a female t r a i t .  Even in ra b b its  (a sp e c ie  in  which ovu
la t io n  i s  induced by mating) no evidence has ever been put foward to  show the i n f l u 
ence o f  the male on o v u la t io n  ra te .  Few authors report on the in f lu en ce  o f  the 
breed o f  the male on h i s  in f lu en ce  on v i a b i l i t y .  DUFOUR and FAHMY (1975) have 
shown the adverse in f lu en ce  o f  Landrace s i r e s  on embryos compared with Yorkshire 
s i r e s  in  p ig s .  In sheep the in f luence  o f  breed of s i r e  on l i t t e r  s i z e  o f  mated 
ewes has only  been seldom shown : DONALD, READ and RUSSEL (1 9 7 0 ) ,  compared the 
l i t t e r  s i z e s  s ir ed  by Soay rams (1 .80)  Oxford rams (1 .6 2 )  and Southdown (1 .58)  
rams. DUN and HAMILTON (1965) observed two s tra in s  o f  Merino rams with a twinning  
percentage o f  57 Z and 34Z r e s p e c t iv e ly .  WIENER (1967) ,  BARKER and LAND (1970),  
BRADFORD e t  a l  (1963) ,  RICORDEAU (1976),  LAND et  a l  (1974) ,  NITTER (1975) obser
ved no s i r e  e f f e c t .  In r a b b it s ,  MATHERON and POUJARDIEU (1976) and MATHERON and 
ROUVIER (1978) have demonstrated th is  s i r e  e f f e c t  on l i t t e r  s i z e  a t  weaning in  
r a b b i t s .

With resp ec t  to  in d iv id u a l  e f f e c t s ,  BISHOP (1964) noted th at  there are l e t h a l  
genes transm itted  by the male. For JOHANSSON and HANSSON (1 9 4 3 ) ,  RAGAB and ASKER 
(1954),  TIMON and CROWLEY (1966),  NEWTON and BETTS (1968) ,  PARKER (1968) t h i s  e f f e c t
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TABLE 1 : Genetic contribution

of male and female respectively on the 
value of litter size at weaning.

TABLE 2 ; Direct and indirect genetical effect on the litter size 
or on its components.

QRAN
PARENTS

PARENTS ►

PRODUCT ►

Case where the trait 
it only measured on 
the product.

Case where one causal 
component is measured on 
the. mother of the product.
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exists and accounts for 10 to 20 Z of the variance of litter size among mated fe
males. EISEN (1978) and FALCONER (1960) showed that the male contributes between 
6 to 13 % of the variance observed in the litter size in mice. Their results were 
later confirmed by those of FINN (1964), SCHILLING, NORTH and BOGART (1968).

The influence of the male on litter size has been shown in other species.
It is logical, therefore to consider litter size as a trait of the embryo even if 
the mother tends at times to mask the effects of the genes transmitted by the male.

1.3. Composition of genetic effects on litter size

Table 2 shows the genetic effects for 3 generations contributing to the lit
ter size or the components of litter size (dependent on whether the number of eggs 
ovulated is measured). This breakdown as well as the nomenclature are applicable 
to all traits of an offspring in which there is a measurable maternal influence 
component (calf weight at weaning and milk production of the dam for example).

In the case where only the litter as a global trait is measured, this mea
sures influence of the genes of the individuals comprising the litter (the direct 
effect) and that of the dam's (the maternal effect) which is itself influenced by 
the genes of the grand-dam the grand-maternal effect) of the litter. Conventionally 
only three generations are considered although by iteration, it is evident that the 
influence of all the maternal ancestors of the litter should be considered.

In the case where there -is a quantifiable component of the maternal effect 
like the number of eggs ovulated, we define :

the direct effect on ovulation rate as that resulting from the influence of the 
female's genes for ovulation and the maternal component as that which results 
from the influence of the mother on her daughter's ovulation rate, this influen
ce being exerted in non-hereditary pathway. •.

In so far as the viability of the fertilised egg is concerned, a trait attributa
ble to the embryo, by applying the above definition.
-. the direct effect on viability is that resulting from the influence of the

offspring's (the embryos) genes on its own viability and the maternal component 
(apart from that linked to the number of eggs recleased) is that which results 
from the indirect influence of the female's genes (uterine environment, milk 
production, mothering ability) on the viability (including development and sub
sequent growth) of the offspring. These indirect effects are themselves subject 
to the indirect influence of the mother of the female and show up at the level 
of the offspring as a grand-maternal effect on the milk production of the 
female.

1.4. - The rabbit - a comparison of three breeds

Estimates of the different genetic components affecting litter size in rab
bits were obtained from data on the nine (9) possible genotypes produced in a fac
torial crossbreeding experiment using the New Zealand White, Californian and Petit 
Russe breeds. (HULOT and MATHERON, 1979).

1 . 4 . 1 .  U u m b e A  eqq-6 o v u Z t t f& d

The mean number of cosipuA h it z u i per female ovulating was 10.23 + 0.20 with 
a range between 4 and 16. Genotype means differed significantly (P>.01) and varied 
between 8.5 and 11.0.
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Fig.l illustrates the ranking of genotypes for this trait : females of Ca
lifornian or N.Z.W. origin rank highest overall direct heterosis is highly signi
ficant (9.23 Z) resulting, no doubt, from the superiority of the cross-bred Cali
fornian-New Zealand White females (+ 12.81 Z).

The genetic origin of the parents has a significant effect on the number of 
eggs ovulated by their daughters. The Californian strain transmits a good ovulation 
capacity to its offspring as a consequence of both its paternal and maternal paren
tage (+ 0.60 and + 0.91 C0A.pu& luteuA respectively). The Petit Russe strain re
sults in poor ovulation (-0.51 and -0.87 c0A.piU ia te u i) . In all cases maternal ef
fects are weak.

1.4.2. - Embsii/onie. moxtaLLty

In the population of ovulating famales, the mean number of implantation si
tes was 8.61 + 0.34, for embryos the mean was 7.85 + 0.37 with the range for both 
traits being 5 to 15. The means by genotypes were 7.00 to 10.32 for implantation 
sites and 5.92 to 9.32 for embryos, the latter differing at the highly (P<0.1) 
significant level.

Similarly the ranking by genotypes for cosipui Euteui reveals the superiori
ty of the crossbred Californian -New-Zealand White female and the low prolificity 
of the Petit Russe female. On the otherhand the ranking of the Californian based 
on the number of implants and of foetuses is very low when compared with its ran
king based on ovulations. The total maternal heterosis is very significant (19.8 Z 
and 23.12 Z) and is due, essentially to the Californian strain when crossed with 
the other two strains.

The number of implant sites and embryos observed are largely dependent on 
that component which is the basis for their presence i.e the number of eggs ovula
ted. To better appreciate the real differences between genotypes which are linked 
only to viability, it seemed desirable to absorb some of these observations from 
the beginning by introducing them as co-variables in the model. Significant dif
ferences between genotypes then only show up in the case of implantation sites.

The crossbred females benefit from a heterosis effect of about 10 Z due to 
the cross between Califonian sires x N.Z.W. females.Petit Russe male x N.Z.W.females 
have the best viability.

The sire effects (breed of sire) are not significant : however, the P.R.strain 
seems to transmit an excellent aptitude to implant a given number of eggs (+ 0.23 
sites) but the grand maternal effect is unfavourable. The N.Z.W. strain appears to 
be the best maternal breed with respect to pre-implantation viability, an aptitude 
linked to a grand maternal effect which is itself positive.

The genetic effects have only a limited influence on the number of embryos, 
at a constant number of sites.

1.4.3. -  Synthetic, value of, ittcuni

Table 3 summarises the genetic effects on the different components of litter 
size for the three strains considered and allows us to establish for the different 
crossbred genotypes, the "total value" of a "hybrid" female which is no longer the 
product of random combinations of unknown effects but rather are now the result of 
"planned hybridisation".(table 4). •
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TABLE 3 s GENETICAL EFFECTS 
FOR THREE BREEDS ON COMPONENTS 
OF LITTER SIZE

TABLE » : GENETIC SYNTHETIC
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The Californian has a high direct genetic effect for the number of eggs 
ovulated. Moreover, it seems to combine a genetic maternal effect, favorising 
this trait, but as a consequence of the influence of breed of sire (combining 
direct effects and maternal effects) and the unfavourable grand maternal effects, 
it loses a significant portion of the number of eggs ovulated during the course 
of embyonic development. The combination of these influences results in this 
strain having litter sizes of a similar number as those of the N.Z.W. A heterosis 
maternal effect of 18 X for pre-implantation viability tends to compensate for the
se unfavourable influences; this breed can be considered as the best breed for sire 
of the female.

The N.Z.W. is average for the genetic influence on number of eggs ovulated. 
The direct genetic and maternal effects on viability of fertilised eggs also pla
ces it in an intermediate position. The grand maternal effect is the most favou
rable. This places this breed in an equilibrum between antagonistic effects and 
allows it to be classed as the best breed with respect to the synthesised crite
rion represented by litter size. Taking into account the effects of female ances- 
tory (breed of dam effect) this puts it in a favourable position and allows us to 
consider this breed as the best breed for mother of the female.

Penalised by its weak genetic influence on ovulation (direct and maternal 
effect) the P.R. is characterised by a very favourable total genetic effect on pre 
implantation viability. The infavourable grand maternal effects do not allow it to 
maintain its ranking. There again, it seems that one can attain a natural equili
brium where a strong genetic viability compensates for the small number of eggs 
ovulated. This breed appears to be useful in crossbreeding to introduce in the ma
le line genes for viability and for ovulation aptitude.

1.5. Conclusion

Litter size is the result of quantitative traits which are simultaneously 
under the influence of the mother's genes as well as those of the offspring. The 
overall trait Ought to be considered as a measure of the offspring, for example 
from a consideration of the influence of the sire of the litter on the viability 
of this offspring. Convention imposes a specific nomenclature of genetic effects 
of the different generations contributing to the expression of this trait. We are 
proposing a system which appears applicable to other types of measures (weaning 
weight, for example).

The components of litter size (ovulation, embryonic viability) result from 
additive genetic effects as well as heterosis effects, direct and maternal. Ovula
tion, which constitutes the starting point seems to depend on the direct effects. 
The maternal effects, when they do exist, do not appear to be systematically anta
gonistic to the former. The heterosis effects are sometimes negative. This seems 
to account for the complex role of certain physiological interactions or hormonal 
mechanisms which regulate ovulation. Embryonic viability is a trait for which the 
inter dependence of mother-offspring is strong. Both direct and maternal effects 
are important. Among the species studies which provide a sufficient number of ovu
les, there appears to be a threshold for uterine capacity (maternal effect) fix
ing the number of eggs which can be carried to term; the most viable (direct ef
fect) can then implant. This example of interaction between mother and offspring 
results from physiological events being further implicated in the kinetics of the 
development of the egg. The direct and maternal heterosis effects on viability 
appear to be of equal importance and are of the order of 10 to 20 % dependant on 
the specie .

Litter size, measured globally, between breeds, suggests an antagonism 
between the direct and maternal genetic effects.
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The direct and maternal effects evolve in the course of time. As the age 
of the animal increases, the influence of the mother's genes on that individual 
declines. But the study of litter sizes of females raised in small or large lit
ters shows that the maternal environment when she is young can influence her own 
maternal effect when she becomes an adult. This indirect grand maternal effect is 
in opposition with the maternal effect. One can see therefore, that inspite of 
the masking effect on one another, the influence of all the maternal ancestors on 
a litter ought to be taken into account.

II - THE EVOLUTION OF GENETIC POTENTIAL DURING AN ANIMAL'S LIFE TIME

A number of factors influence the numeric productivity of a Soe. Among them 
genotypes, age and season of reproduction have been studied with varying interests. 
It may be that the focus is on iitter size per se or the interest may be focussed 
on the biological components of litter size; ovulation and embryonic mortality.
Our recent studies with 3 breeds have shown the importance of genetic effects as 
well as the ways in which these effects are expressed. The purpose of this chapter 
is to present , from a consideration of the two genotypes used in the synthesis 
of breeding stock distributed in the National Rabbit Breeding Improvement Program, 
a study on the effect of age of female and the effect of season on the components 
of numeric productivity (HULOT and MATHERON, 1881).

II.-1 - The number of eggs ovulated
The mean number of cosipu^ lu te u i for the two genotypes (Californian and

N.Z.W.) is 12.06.Table 5 shows that a difference of two cosipui lu te.04 between 
both genotypes is highly significant (P<0.1).

The influence of parity is itself also very highly significant with the 
multiparous females having 2.44 more COAJXM lu te u i than do the nulliparous fema
les indicating an increase in the number of eggs ovulated as a function of parity.

Not with standing this, ADAMS (1970) having studied the evolution of this 
parameter by observations of does which had between one and 11 litters, noted its 
very small variability except, apparently, a very significant increase between the 
1st and 2nd litter (1960 experiments).

In other polytoccous species, an increase in the number of eggs ovulated 
during life time of the animal seems to be a general phenomenon : MAC DOWELL and 
LORD (1925) in rats; HAMMOND (1914) and PERRY (1954) in the sow.

The effect of season is merely bordering on significance. It appears that 
in the months of april, may and june there is an increase of 1.12 ovules, compa
red with the mean.The months of October, november and december are the worst.

The results cited in the bibliography are very variable. From the minor 
variations described by HAFEZ, (1964) to marked differences cited by PRUD'HON (1973) 
PILAWSKI (1969). The variations are probably linked to the managment conditions 
which more or less act as a buffer to the effects of seasonal elements.

II.- 2 - Embryonic viability

We have previously observed that about 15 X of the females -ovulating pre
sent no implantation site with no indication as to whether this is due to defecti
ve sperm, lack of fertilisation or total early mortality. The differences observed 
for the number of ovules between genotypes is masked when interest is focussed in 
the number of implantation sites and this leads to the assumption of compensatory 
pre-implantation mortality (21 X for the Californian and 15 X for the N.Z.W).The
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FIGURE 1 : Classification of the genotypes

according to the numbers of 
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covariance analysis (table 6) which gives a better estimate of this mortality at 
constant number of ova, confirms this difference between genotypes (-0,45 im
plantation sites for the Californian compared with ♦ 0.39 for the N.Z.W. with res
pect to the mean).

After implantation both genotypes behave in a similar way (mortality in the 
order of 10 Z) but the estimate of the number of embryos at the 12tlf day of gesta
tion only partially representative of the post-implantation mortality does not per
mit any formal conclusions.

The significant effect of parity at the 5 Z level indicates a better pre
implantation viability among nulliparous females (+ 0,76) compared with that among 
the multiparous females (-1,31). A similar trend, though not significant seems to 
be indicated for post implantation mortality.

These results tend to suggest a decline in the "uterine capacity" of a fe
male during her life time as early as from her second litter.

The effect of season is not significant but the trend observed indicates 
that pre-implantation viability tends to be good in february (+ 0,33) while poo
rer results are obtained in november (-0,42).

II.-3 - Conclusions and prospects

From the results that we have had so far, it seems useful to put, in pers
pective certain points caracterising the rabbit in general and equally for other 
species and to draw from them a certain amount of imformation as to how we can 
better utilise the physiological mechanisms of parturition. Next, we look more 
closely at genetic differences and reflect sider on some of their implications.

The body of our results shows an antagonism between the evolution of ovula
tion and the capacity for implantation in a female as a function of her age (fig.2) 
This rule seems very generalised among the polytoccous species. In fact, it ap
pears that the ovulatory potential is not the main reason for the decline in pro- 
lificity. Several authors have noted the long persistence of follicules in the ova
ry after the cessation of reproductive life (MANDL and SHELTON, 1959). On the other 
hand, embryonic mortality increases unabated. Secause of this evolution, the number 
at birth, a synthetic trait which does not always account for the same phenomenon 
(dependent to the litter sequence examined). In the 1st litter, the number born 
will more likely be limited by the number of eggs ovulated, later, it is embryonic 
mortality which would finally determine prolificity. This hypothesis considered 
along with results from selection experiments done notably with mice (FALCONER,1971 
BATEMAN, 1966; BRADFORD, 1976; JOAKIMSEN and BAKER, 1977; BARKER et al, 1978;EISEN, 
1978) seems plausible. These authors who have practised selection based on repro
ductive performance measured in litter 1 observed in fact, that this led to an in
crease in the number of eggs ovulated (MATHERON and MAULEON, 1979).

Although this results is not surprising because this trait is more herita
ble than viability, the fact that litter 1 reflects essentially the ovulation ra
te this ought to contribute to a reinforcement of the impact of selection on this 
trait. One can then ask what would have been the results if these experiments were 
undertaken for example on females at the peak of their career (4-5th litter) or a 
fortiori on the ensemble of a females career, while the ovulatory performance was 
being masked by problems of embryonic development. The evolution of the expres
sivity of traits during the life of an animal poses the problem of the optimisa
tion of selection methods to assure better progress on the "best criterion" of 
selection, which without doubt will have to be faced as experimentation becomes 
more sophisticated.
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If our results, taken as a whole, give a clear description of the kinetics 
of the components of reproduction, at the level of each one of the strains, some 
evolutionary differences become apparent (genotype-parity interaction). From the 
adjusted values, by analysis of variance for both genotypes. Fig.3 shows the evo
lution observed at the number of eggs ovulated, of the pre and post implantation 
viability. The N.Z.H. seems to attain its maximal ovulation performances sooner 
than do the Californian, on the other hand, the degradation of the uterine envi
ronment is more tardy. If our samples really reflect the average performances of 
strains, we are led to think that differences in sexual maturity can exist between 
the two genotypes and that, further, the precocity of each component can be inde
pendent : a strain may be early with respect to ovulation and at the same time la
te, with respect to mortality. ..We have certain reservations however having already 
noted that on prolificity at birth, the Californian was curiouily slightly better 
than the N.Z.W. Is it a question of defective ovulation or of excessive mortality 
(or both) which nullities the multiparous stage and consequently the ultimate evo
lution of the graph ? This needs to be confirmed.

Finally, the problem is the choice of the optimal stage which characterises 
the genotype. Fig.4 showing actual litter sizes at birth or potential (12th day of 
gestation) litter sizes suggest that the primiparous stage is most difficult to 
interpret especially for the Californian where the levels are inferior than those 
at the nulliparous stage. It appears that there is a "critical stage" caused by a 
different evolution of both components in each one of the strains which results 
in a lack of significant differences between them at the level of total numbers 
born and eggs ovulated. The nulliparous stage seems to be clearly the stage which 
reflects genetic differences, oyulation rate and embryonic mortality already re
flecting the general traits of the strain : excellent ovarian quality of the Cali
fornian and a better uterine environment in the N.Z.W. The first criterion is re
confirmed in each trial and the study of follicular counts undertaken in the same 
experimental series will certainly give indications as to the origin of these dif
ferences. At the level of embryonic mortality there are some trends though some 
what more confusing, the observed variability being of a more complex and less ge
netic in origin (the models used account for only 16 Z of the variance for implan
tation sites as opposed to 30 7. for ovulation). In other words, it is still neces
sary to find a better definition of pre-implantation embryonic mortality - a case 
of females showing no trace of implantation inspite of the fact that they all ovu
lated.

Ill - ARTIFICIAL SELECTION ON LITTER SIZE

Althought there are several publications on litter size selection in mice 
(DALTON, 1963; FALCONER, 1971; BRADFORD, 1976), in swine (URBAN et al, 1966; LE- 
GAULT, 1970; OLLIVIER,1973), in sheep (TURNER, 1978 -bibliographic review) and in 
goats (PITTET 1978) there isn't a single publication on this topic in rab
bits. This omission was soon filled by the Toulouse group who since 1975 started 
such an experiment. The preliminary results (for the first 6 generations) are 
reported in this paper and more detailed analyses will be done after the 10th ge
neration has been obtained.
3.1.- Materials and method

Two strains of rabbits of limited numbers were raised in a closed herd 
while maintaining generations seperately."Hybrids" for high numeric productivity 
are produced by cross-breeding such strains.
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- strain A 1066 started in 1970 is used for the male line and is of origin Cali
fornian and Grand Russe

- strain A 1077 existing since 1973 is used for the female line and is of N.Z.W. 
origin.

The management of both lines is identical and differ only in terms of numbers 
maintained. The results presented in this paper are based on data from strain 
A 1077, the female line.

The selection programme for prolificacy is a combined selection based on in
dividual performance as well as that of collaterals. This method of selection ap
pears to be satisfactory for maternal traits of low heritability (POUJARDIEU and 
ROUVIER, 1972).

Strain A 1077 was organised into separate breeding groups (a breeding group 
= a generation) of a fixed number of individuals (196 does, 42 bucks in 14 subgroups) 
Thus each subgroup comprises 14 does (full sisters and paternal half-sisters) 1 buck 
(with 2 replacements) as well as 2 to 3 control does. For each generation selection 
is based on daughter-dam pathway using'a selection index which combines the doe's 
performance (n° of rabbits weaned per litter), those of her full sisters and those 
of her maternal and paternal half-sisters with that of her mother.

The estimate of expected annual genetic progress was between 0.3 and 0.4 rab
bits per litter per year (MATHER0N and ROUVIER, 1977) on a selection pressure of 
25 Z on females and 10 Z on males and using data from three successive kindlings 
for the entire group of does. Replacements were made from the 2nd litter giving 
a theoretical generation interval of 9 months. The expected genetic progress per 
generation is therefore 0.25 to 0.30 rabbits per litter.

For each generation the does are compared by family with a sample of test 
does taken from among the group of control does which were originally included at 
the beginning of the experiment (i.e. the 2 to 3 control females for each of the 
14 sub-groups). Matings were done such that increasing rate of inbreeding during 
generations was reduced (MATHER0N et CHEVALET, 1977) in this control flock.
3.2.- Results and discussion

Table 7 shows the results for the first six generations of selection. The 
uncorrected data show that the progress realised per generation is of the order 
of 0.13 + 0.08 rabbits (at the 10Z level). Dealing still with the uncorrected data, 
the heritability obtained was 0.22 + 0.16 (at the 10Z level). Figures 6 and 5 il
lustrate the evolution of the mean number of rabbits weaned per litter per genera
tion and the evolution by accumulated selection differential respectively. Looking 
at the same date expressed as deviations from the control, the realised genetic 
progress per generation is now 0.15 + 0.12 (at the 10Z level) and the heritability
0.25 + 0.22 (at the 10Z level). These two values are illustrated in Figs.8 and 7 
respectively.

It is interesting to note that the realised genetic progress is almost equi
valent to 2/3 of the expected theoretical value. When one considers that the selec
tion pressures actually realised differ only slightly from the calculated theoreti
cal value (30 Z compared with 25 Z estimated) these values are exceptionally close 
to those predicted for a trait whose heritability is about 5 Z. The estimates of 
realised heritabilities are close to those calculated by FALCONER (1971); BRADFORD 
(1966); JOAKIMSEN and BAKER , (1977); BAKER et al (1978); in selection for litter 
size experiments in mice. Similarly in swine DAMON and WINTERS (1955); in a selec
tion experiment done between 1ST44 and 1950 realised a gain of 0.14 to 0.19 piglets 
born live per litter per generation.
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Fig.5 - Mean values 
observed in conrol 
and selected popula
tion according gene
ration for litter size

ty when considering 
observed values

Fig-9 - Average litter size measured since 1976 by Farm control of females 
produced by the breed selected (INRA A1077) in Station.
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Faced with the concordance of all these results, this preliminary analysis 
of a rabbit selection experiment, should be confirmed. It does however give some 
indication as to how practical the implementation of artificial selection is today 
for testing the effectiveness of a theoretical selection plan for such a complex 
trait as litter size.

3.3.- Performance control on farm

Artificial selection carried out in Toulouse since 1975 has resulted in the 
distribution in the field of progeny from the nucleus herd of which the prelimina
ry results have been presented above. Every year between 2500 and 3000 does (A1077 
strain) are distributed to multipliers who make the crosses between these females 
and the A1066 males to produce the terminal crossbreed raised by the producers. 
Since 1976 sampling of A1077 females have allowed us to monitor the impact of 
upstream work, in the field. Fig.9 shows the mean values for total number born, 
number born alive and the number weaned per litter, calculated each year in the 
different farms from about 10000 litters each year. There is a progression in 
the same direction as that observed in the nucleus herd with an annual mean improv- 
ment in the mean number of rabbits weaned per litter of 0.24 rabbits. This gain is 
almost identical to that estimated in the nucleus herd (♦ 0.20). This progress 
cannot be attributed exclusively to the influence of selection especially since 
there has been much technical progress during the past 5 years. However, we can 
only ask whether the decline : in sanitation observed on some of the multiplier 
units (new buildings and supplies in the beginning)does not outweigh the techno
logical progress made during this same period.

IV - CONCLUSIONS

For at least a dozen years specific genetic experiments have been undertaken 
on litter size in the rabbit. A certain number sought to characterise the specie 
with respect to trait and its components and very few attempted to select for this 
trait. Today there are a number of results being published, providing no doubt, 
a number of elements which go well beyond the rabbit. It is this certitude which 
places the rabbit well into the highest rank as an experimental animal for the 
years ahead. It is an opportunity which the specialist in this specie must capita
lise on if rabbit production, which more than ever has become an important econo
mic element in Europe, is to maintain its place.
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SUMMARY

Recent studies have been conducted by INRA on the genetic effects which 
determine litter size and its components (ovulation and embryonic via
bility) to provide an optimal characterisation of available strains for 
the better utilisation of their genetic potential In a national bree
ding progranme. The results obtained from the INRA strains are presen
ted. During a?-doe's lifetime the expression of her genetic potential 
varies : her ovulation rate increases while embryonic viability decrea
ses. Dependent on the litter sequence and the season in which it is 
measured, the gains from selection will not be the same. The method 
chosen by INRA-Toulouse is presented and preliminary results (first 7 
generations) of this first selection experiment are discussed. Globally, 
the realised heritability for this trait * 0.22+ 0.16 or hj 8 0.25+ 0.22 
(dependent on the method of calculation and the progress realised)

= 0.13 + 0.08 (or O.L$ + 0.12) rabbits weaned per litter. The values 
measured on a sample of multipliers of animals distributed by INRA- 
Toulouse confirm these gains estimated in the nucleua unit.

RESUME

Des travaux recent sur la connaissance des effets genetiques qui condi- 
tionnent la taille de portde et ses composantes (ovulation et viabili
ty embryonnaire) ont dtd effectuds de faqon A donner une caractdrisa- 
tion optimale des souches disponibles pour une meilleure utilisation 
des potentialitds de chacune dans un plan national d'amdlioration gd- 
ndtique. Les rdsultats concemant les souches INRA sont prdsentds. Au 
cours de la vie d'une femelle le potentiel gdndtique qui s'exprime 
varie : le nombre d'ovules pondus augmente et la viabilitd embryonnaire 
diminue. Selon la paritd et la saison A laquelle est faite la mesure 
de la taille de portde, la sdlection ne conduit pas au mdme rdsultat.
La mdthode choisies par.,1'INRA-Toulouse est prdsentde et les lers rdsul
tats sur 7 premidres gndrations de cette premidre expdrience de sdlec
tion sur la taille de portdechez le lapin sont discutdes. De faqon gd- 
ndrale 1'hdritabilitd rdalisde est de 0.22 + 0.16 ou de 0.25 + 0.22 
(selon la mdthode de calcul, utilisde et les progrds rdalisds de 0.13 
+ 0.08 (ou 0.15 + 0.12) lapereaux sevrds par portde. Les valeurs mesu- 
rdes sur un dchantillon d'dlevages multipliant les animaux diffusds par 
1'INRA-Toulouse confirment les gains estimds dans le troupeau de base.
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N° Generation 0 1 2 3 4 5* 6 *

Date of 1st litter 04/76 04/77 11/77 09/78 05/79 03/80 12/80
Date of last litter 08/77 08/78 01/79 07/80 01/81 04/81 04/81

s

E N° females 207 185 170 175 115 117 110
E N° litters 1091 1237 1087 1482 1046 744 250
C

T
E
D

Av. litter (weaning) 6.06 6.41 6.48 6.64 6.53 7.29 6.64

C0 N° females 36 27 28 27 31 33 31
N N° litters 206 203 176 212 248 202 65

0
L

Ave litter size. 6.20 6.34 7.08 6. 75 6.44 6.38 6.18

Standard Error 2.12 2.53 2.64 2. 72 2.83 2.84 — 5.o2
Nbre of females selec
ted by generation

62 62 58 34 33 29 /

Ave litter size of 
selected females

6.74 6.86 7.19 7.27 6.69 8.05 /

Ave index value for se
lected females 0.16 0.17 0.19 0.31 0.22 0.26 /
Selection Differencial 0.68 0.45 0. 71 0.63 0.16 0. 76 /

(*) - We have not today the total production of generations 5 and 6. 
- The selection is not realised today in the 6th generation.

TABLE 7 : Preliminary results of the selection experiment on the litter
size in rabbit.



REFERENCES BIBLIOGRAPHIQUES
ADAMS C.E., 1960. Studies on prenatal mortality in the rabbit, - ORYCTOLAGUS

CUNICULUS : the amount and distribution of loss before and after implan
tation. J. Endocrin 19, 325-344.

ADAMS C.E., 1970. Ageing and reproduction in the female mammal with particular re
ference to the rabbit. J. Reprod. Fert. Suppl. 12, 1-16.

BARKER H., WALLINGA J.H., POLITIEK R.D., 1976. Reproduction and body weight of mice 
after long term selection for litter size. 27th Annual Meeting of the EAAP, 
Zurich, Suisse. 19 pp.

BARKER J.D., LAND R.B., 1970. A note on the fertility of hill ewes mated to Fin
nish Landrace and Border Leicester rams. Anira. Prod. 12, 673.

BATEMAN N., 1966. Ovulation and post-ovulational losses in strains of mice selec
ted from large and small litters. Genet. Res. 8, 229-241.

BISHOP M.W.H., 1964. Paternal contribution to embryonic death. J. Reprod. Fert.
2, 385.

BRADFORD G.E., 1966. Effects of selecting for reproductive characteristics in mice. 
Genetics 54, 324.

BRADFORD G.E., TORREL D.T., SPURLOCK G.M., WEIR W.C., 1963. Performance and varia
bility of offspring of crossbred and purebred rams. J. Anim. Sci. 22, 617.

DALTON D.C., et BYWATER T.L., 1963. The effect of selection for litter size and 
litter weight at weaning in mice maintained on two diets. Anim. Prod. _5> 
317-326.

DAMON R.A., WINTERS L.M., 1955. Selection for factors of performance in the swine 
herds of the Hormel Foundation. J. Anim. Sci. 14, 94-104.

DONALD H.P., READ J.L., RUSSEL W.S., 1970. Influence of litter size and breed of 
sire on carcass weight and quality lambs. Anim. Prod. 12, 281.

Me DOWELL E.C. et LORD E.M., 1925. The number of corpora lutea in successive mouse 
pregnancy. Anat. Rec. 31.> 131.

DUFOUR J.J., FAHMY M.H., 1975. Embryonic mortality and development during early 
pregnancy in three breeds of swine with purebred and crossbred litters.
Can. J. Anim. Sci. 55, 9-15.

DUN R.B., HAMILTON B.A., 1965. Skin folds and merino breeding. The relative influ
ence of the ram and the ewe on fertility and perinatal lamb mortality in 
flocks selected for and against skin fold. Aust. J. exp. Agric. Anim.
Husb. 5, 236.

EISEN E.J., 1978. Single-Trait and antagonistic index selection for litter size 
and body weight in mice. (En cours de publication).

FALCONER D.S., 1960. The genetics of litter size in mice. J. Cellular Comp. Phy
siol. 56, (suppl.1), 153-167. —

FALCONER D.S., 1971. Improvement of litter size in a strain of mice at a selection 
limit. Genet. Res. 2Z» 215-235.

FINN C.A., 1964. Influence of the male on litter size in mice. J. Reprod. Fert.,
7, 107-111.

HAFEZ E.S.E., 1964. Effects of over-crowding in utero implantation and foetal de
velopment in the rabbit. J. exp. Zool. 156, 269.

496



HAMMOND J. 1914. On some factors controlling fertility in domestic animals J. 
agric. Sci. 6̂ , 263-277.

HULOT F., MATHERON G., 1979. Analyse des variations gdndtiques entre trois races 
de lapins de la taille de portde et de ses composantes biologiques en 
saillie post-partum. Ann. gdndt. Sdl. Anim., 11, 53-77.

HULOT F., MATHERON G., 1981. Effet du gdnotype, de l'Sge et de la saison sur les 
composantes de la reproduction chez la lapine. Ann. Gdndt. Sel. Anim.,
13, 131-150.

JOEKIMSEN 0., BAKER R.L., 1977. Selection for litter size in mice. Act. Agric. 
Scand. 27, 301-318.

JOHANSSON I., HANSSON A., 1943. The sex ratio and multiple births in sheep. Lantbr- 
HOgsk. Annlr. IT, 145.

LEGAULT C., 1970b. Recherche d'un taux optimum de selection des jeunes truies sur 
la prolificitd de leur mfere. Journ. Rech. Pore. Fr. 1970, 241-249.

LAND R.B., DE REVIERS M.M., THOMPSON R., MAULEON P., 1974. Quantitative physiolo
gical studies of genetic variation in the ovarian activity of the rat.
J. Reprod. Fert. 38, 29-39.

MANDL A.M., SHELTON M., 1959. A quantitative study of oocytes in young and old 
nulliparous laboratory rats. J. Endocrinol., L§., 444-450.

MATHERON G., POUJARDIEU B., 1976. Hdtdrosis pour quelques caractdres de reproduc
tion chez le lapin. Analyse de plans de croisement. Bull. Tech, du ddpar- 
tement de Gdndtique animale. 24, 69-77.

MATHERON G., CHEVALET C., 1977. Conduite d'une population tdmoin de lapins. Evolu
tion k court terme du coefficient de consanguinity individuel selon le 
schdma d'accouplement. Ann. Gdndt. Sdl. Anim., £, 1-13.

MATHERON G., ROUVIER R., 1977. Optimisation du progrds gdndtique sur la prolificitd 
chez le lapin. Anim. Gdndt. Sdl. aninr. %  393-405.

MATHERON G., ROUVIER R., 1978. Etude de la variation gdndtique dans le croisement 
simple entre 6 races de lapins pour les caractdres de prolificitd, taille 
et poids de portde au sevrage. 2dme Journdes de la Recherche Cunicole. 
Toulouse. Communication N° 22.

MATHERON G., MAULEON P., 1979. Mise en dvidence de l'action conjointe des effets 
directs maternels et grand-maternels des genes sur les caracteres de pro
duction. Bull. Tech, du ddpartement de Gdndtique Animale.

NEWTON J.E., BETTS J.E., 1968. Factors affecting litter size in the Scotch Half-
bred ewe. II. Superovulation and the synchronization of oestrus. J. Reprod. 
Fert. 1_7, 485.

NITTER G., 1975. Results of a crossbreeding experiment with sheep for different
systems of fat lamb production. I. Reproduction traits. Livest. Prod. Sci. 
2, 167-177.

OLLIVIER L., 1973. Five generations of selection for increasing litter size in 
swine. Genetics 74, Suppl. 2, part. 2, 202-203,

PARKER C.F., 1968. Ram influence on lambing rate, lamb crop percentage and quanti
ty of lamb weaned from Columbia and Targhee ewes. 2nd Wld. Conf. Anim.
Prod. College parle, Maryland p. 437.

497



PERRY J .S . ,  1954. Fecundity and embryonic m o r ta lity  in  p ig s . J . Embryol. exp.
Morph. 2 , 308-322.

PILAWSKI Z ., 1969. Seasonal v a r ia tio n s  o f ovu la tion  response time a fte r  copu lation  
in  r a b b its . F o lia . B io l. KRAKON, 17, 503-522.

PITTET A ., 1978. P r o l i f i c i t e  des ch ev rettes  en s ta t io n  de te s ta g e  : facteu rs gdnd- 
tiq u es  e t  non-gdndtlques. Mdmoire f in  d 'd tu d es. E .N .S .F .A . RENNES.

POUJARDIEU B ., ROUVIER R ., 1972. O ptim isation du plan d 1 accouplement dans la  s e le c 
t io n  combinde. Anim. Gdndt. Sd l. anim. 509-519.

PRUD'HONM., 1973. P h ysio log ie  de la  reproduction . Cours Superieur de l'A v ic u ltu -  
re INAPG. ,  18 p .p .

RAGAB M .T., ASKER A .A ., 1954. Twinning in  Ossimi sheep. Emp. J. exp. Agr. 2J2, 224.

RICORDEAU G ., DESVIGNES A ., TCHAMITCHIAN L ., RASTOGI R ., LEFEVRE C ., 1976. Amelio
r a tio n  de la  productivete  des breb is Berrichonnes du Cher par croisem ent.
I .  Ann. Genet. Sdl. anim. i3, 367-389.

SCHILLING P .,  NORTH W., BOGART R ., 1968. The e f f e c t  o f  s i r e  on l i t t e r  s i z e  in  mice.
J . H eredity  59, 351-357.

TIMON V.M., CROWLEY J .P . ,  1966. Semen q u a lity  in  Galway rams. An Foras Tal u n ta is  
Research Report. 1966, 60.

TURNER H .N ., 1978. S e lec tio n  for reproduction ra te  in  A u stra lian  Merino sheep : 
d ir e c t  resp on ses. Aust. J . A gric. Res. 29, 327-350.

URBAN W.E., SHELBY C .E ., CHAPMAN A .B ., WHATLEY J .A ., GARWOOD V .A ., 1966. G enetic 
and environm ental a sp ects o f  l i t t e r  s iz e  in  sw ine. J . Anim. S c i. 25, 1148- 
1153.

WIENER G ., 1967. A comparison o f  body s ir e ,  f le e c e  w eight and maternal performan
ce o f  f iv e  breeds o f sheep kept in  one environm ent. Anim. Prod. 9 , 177- 
195.

498


	I03-GENETICS AND SELECTION OF LITTER SIZE IN RABBIT
	G. MATHERON




