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EVOLUTION OF THE GENETIC PARAMETERS OF LITTER TRAITS 
IN CROSSES OF TVO SELECTED STRAINS OF RABBITS : A SYNTHESIS 

Brun J. M. , Rouvier R. 

Station d'Amélioration Génétique des Animaux 
BP 27 - 31326 Castanet Tolosan Cedex, France 

INTRODUCTION 

When crossbreeding two strains knowlegde of the genetic parameters 

al1ows to analyse the biological basis of the variation between crosses 

and particularly to understand the superíoríty of any one : complementari­

ty between additive genetic effects (direct, maternal or grand-maternal) 

orjand heterosis (director maternal). These parameters also allow to pre­

dict the va1ue of new crosses. When the strains are selected, these para­

meters may undergo changes, due to changes in the gene frequencies in the 

strains themselves. It is therefore useful, in the case of selected 

strains, to estímate periodically the genetíc parameters of their cross­

breeding. 

Means and genetic parameters of lítter traits in the crosses of two 

selected strains of rabbits were estimated in two experiments, 1970-1971 

and 1979-1980 (Brun et Rouvier, 1984, 1988). These two strains, INRA 

A1066 and A1077, originated respectively from Californian (CA) and New­

Zea1and White (NZ) breeds and had been selected for litter size since 

1976. They went through a multiplicatíon system, leading to the produc­

tion of a crossbred breeding doe (INRA 1067 - ~1066 x ~ 1077) with high 

reproductiva performances. In 1985, a demultip1ication tier was added and 

this provided the opportunity to study new crosses which appeared in the 

deve1opment of this new mu1tip1ication system. Besides, severa1 studies 

were carried out on the biological components of 1itter size :number of 

ova shed, number of implantation sites and of live embryos (Hu1ot et 

Matheron, 1979, 1981).Therefore, it appeared useful and possible to make 

a synthesis about the evolution of genotypic means and genetic parameters 

of some litter traits over a 15 years period. The fol1owing points wi11 

be discussed evolution of genotypic means and of genetic parameters for 

three litter traits : litter size at birth (born a1ive (BA)) and at wea-

ning (NW), average rabbit weight at weaning (WT) predictive va1ue of 
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such genetic parameters ; an attempt to explain the changes in litter 

size parameters on the base of what happened on the components of litter 

size. 

EVOilJTIOH OF GENOTYPIC MEANS 

Genotypic means in the two crossbreeding designs considerad (years 

1970-71 and 1979-80) are shown in table l. Two generations were present 

in each experiment. Both experimenta were performed in INRA experimental 

stations : at Toulouse-Auzeville in 1970 and at Le Ma"gneraud in 1979 

(Brun et Rouvier, 1984 ; 1988). The means reported of the 8 litter types 

are respectively, for experiment one and two : BA- 7.60. and 8.47 ; . NW 

6.76 and 7.07 and WT- 605 g and 595 g. In the second experiment, first 

generation croases were recorded for the first two parities only, the 

depressing effect of which is well known (Rouvier et al., 1973). Taking 

only the second generation into account, the means of the two experimenta 

were respectively BA- 7.78 and 8.89 NW- 6.81 and 7.60 and WT 614g 

and 614 g. Within a period of 9 years, the average increase of litter 

size at birth was greater than at weaning (1.11 vs. 0.79). Body weight at 

weaning did not vary. 
TAlLE 1 - Eatt.&ted genotypic .. ..w for croaaea be~ atralna 

CA and MZ in tvo experi .. nta 

Y ea¡: 1970-1971 1979-1980 

Trait 
crosses * I!A N1J liT I!A N1J liT 

CAxCA 7,31 6,57 5",62 .7 ,81 5,71 5,64 
NZ x NZ 7,13 6,17 6,09 8,03 6,87 5,78 
NZ x CA 7' 77 7,37 5,84" -8,26 6,92 5,67 
CA x NZ 7,44 6,73 6,33; 8,08 6,69 5,92 

T X (CA x CA) 7,70 6,72 5,87 8,79 7,54 6,15 
T x {NZ x NZ) 7,94 7,18 6,40 8,64 7,49 6,16-
T x (NZ x CA) 7,55 6,00 6,29 9,03 7,91 5,90 
~ X (CA x NZ) 7,95 7,33 6,00 9,09 7,47 6,35 

T x (All) 7,78 6,81 6,14 8,89 7,60 6,14 

M, IIW and .VT • ....,.r of reblolu ·bora ali-, _ _. _. 
.-raa• r~e --~t: ae -luc 

* : 11.ra u. .. u. &lftn nr". 

In the absence of control populatlon, it vas not possible to .. .tua­

te the genetic part of thia improvement. reaulting from the selection car­

ried out in the base strains since 1975 (Matheron et Rouvier,l~77). Ita 

magnitude concordad with that of the phenotypic progresa recordad on 

other offsprings from the same strains NZ dama recordad either at the 

selection level or at the multiplication level (table 2). 
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TAJILE 2 • Armual phenotypic progreaa for the llew-Zealand Whlte (NZ) dam 
lltter traita in three environ.enta, Mean ± standard deviation 
for number born alive (BA), number weaned (NW) per litter, 
individual weaning weight (VT) 

Tlr. IIZ croas * Selection experiment CA x NZ cross 
Trait in 1970·71 and 79-80 fr~ 1976 to 1982 ~n from 1976 to 1984 

in Station Station Mu1tiplier fan•s 

BA 0,08 ± 0,04 0,13 ± 0,06 0,17 ± 0,02 

llll 0,03 ± 0,03 0,08 ± 0,09 0,16 ± 0,03 

WT(g) not caleulated (*) 12 ± 3,4 u.n:racorded 

* : T la a ter.ina1 sira line, differina between the 2 crossbreeding 
e,;periaent. 

Tbe annual genetic gains realized in the NZ strain at generation 8 

were 0.14 and 0.08 rabbits at birth and at weaning respectively. This sug­

gested a genetic basis in the evolution of the means between crossbree­

ding experimenta and at the multiplication level. In the selection 

nucleus, the change in litter size was again greater at birth than at 

weaning, which suggested a maternal influence limiting the increase of 

litter size at weaning. It was not the case for the multiplication tier 

where BA and NW showed the same rate of increase. The relatively high 

increase on NW proceeded from a low initial value in 1976 (NW 5.79) 

followed by a swift increase due to technical improvements in breeding 

prodedures (Katheron et Poujardieu, 1984). 

EVOilJTION OF GENETIC PARAME'I'ER.S 

The evolution of genetic parameters can be assessed in two ways 

firstly by comparing two subsequent estimations and secondly by testing 

their predictive value for crosses performed at later stages. 

Parameter estfwetes : 1970-71 vs. 1979-80 

Table 3 (Brun et Rouvier, 1988) a11ows a comparison of genetíc para­

meters estimated in 1970-71 and in 1979-80. These .paraaeters representad 

additive genetic effets of the strains (direct, aaternal and grand-mater­

nal, respectively g1NZ• ~NZ and ~·NZ• with &cA--gNz) and heterotic ef­

fects (direct and maternal respectively called h1 and hK). The positiva 

maternal effect of the strain CA on litter size at birth remained unchan­

ged (~CA-+0.36 and + 0.37 respectively). This effect can be attributed 

to the superiority of strain CA for ovulation rate. In both experiments, 

the pattern of h1 was the same : not significantly positive for BA but 
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aignificant for NW (10.7 \ and 8.3 \), which confirmad an heterotic ef-

fect on survival rate between birth and weaning. In 1979, a 

rect effect was reported on NW, in favour 9f atrain NZ 

poaitive di­
t Cg Nz-+O. 70). 

Being not significant on BA, this NZ effect therefore aeemed to influen­

ce aurvival rate after birth. This could have resulted on one hand from 

different selection objectivea in the two atrains (aelection aimed at im­

proving litter size at weaning in strain NZ but at birth in atrain CA) 

and on the other hand, from inbreeding whoae level is probably1 higher in 
. ar411q.-

atrain CA, due to its smaller aize. The strain difference forxmaternal ad-

ditiv~ effect on NW changed in direction (in favour of atrain NZ in 1970 

but conversly in 1979) and also in magnitude (~1 Nz-ü.66 and -0.22 in the 

2 experimenta respectively). Another change concerned the occurence in 

1979 of maternal heterosia on litter size at birth (h~ \) and at wea­

ning (hM-2.4 \, not aignificant) while there was none in 1970. 

TABLE 3 · Estimated genetic effecta on 1itter traits in 2 croaabreedln& 
experimenta : 1970·72 and 1979-80 

g1Nz gHNz gH'Nz h1cAxNz<•J hHcAxNz<•> 

1970 79 70 79 70 79 70 79 

Litter size 
at birth 0,08 2...Z2 -0,36 .&..11. 0,20 0,03 5,3 u 

Litt:er size 
at we'anlng 0,12 ll...Zll* -0,98* .::.!!...l2. 0,66* ·0,22* 10, 7* u• 

Average rabbit 
~ weight at weaning -1 39* Ir. -14;5' ¡+ 3,9* u 

For any additive effect, &cA - ·&Nz : CA - Ca11fornien ; NZ - New-Zea~and White 

g1 , ¡K, ¡K' - additive genet:ic effect: reap. direct, maternal and grand•aaternal 

h1 , hK- direct and aaterna1 het:eroala 

70 79 

0,0 4,0* 

-4,2 2,4 

o o 

* : P < 0,05 : +:P < O, lOJilnoMrlined valu .. haa been eatiAated ,_r the 1at.2. parlt:iea -lyL 

Predi,cticrp, pf tbt yalua of later CrPIIOI 

Vith the development of a nev system of strain diaseaination, 

through the addition of a demultiplication tier, new croases occured, 

some of them being produced simultaneously in multiplication far.s. This 

was the case of a sample of multipliera in 1982 (Roustan et Poujardieu, 

1984) and of one demultiplier in 1985 (unpublished resulta). This offered 

the opportunity to test vbether intra-farm differences oetween croases 

could be accounted for by previously estimated genetic par-tera. These 

croases and their values for BA and NW are shovn in table 5. 
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Their predicted genotypic va1ue (table 5) were expressed as deviation 

to the mean~ of the two pure strains (which was unknown), using Dicker­

son's genetic decomposition (tab1e 4) and the 1979-80 parameters (tab1e 

3). Errors of prediction increased from 1982 to 1985 and differences of 

ranking of the genotypes between observed and predicted values appeared 

in 1985. The decrease in predictive va1ue with time indicated that the ge­

netic effects of the two strains continuad to evolve. 

TABLE 4 - Decomposltlon of crossbred .. ans lnto DICKERSON'a genetic 
effects for llttar traits 

Crosses (1) p(2) r;1Nz /'fiz 

CAx[(CAxNZ)x(NZxNZ)) 1 -1/4 +1/2 

CAxNZ 1 o l 

(CAxNZ)xNZ l l/2 1 

CAx(CAxNZ) l -l/2 o 

(1) Sire line is r;ivan flrst 
(2) 1' ia the ••~n of tha 2 pura stralna 

For the otber effecta, see tabla 3. 

r}i'Nz hl hM 

1 3/4 1/2 

1 l o 

1 1/2 o 

1 1/2 1 

TABLE S - Observed and predicted genotypic values for some crosses between some crosses 
between strains CA and NZ. 
Prediction is based on the 1979-1980 genetic parameters (tab1e 3) 

Year of Observed genotypic •ean(O) Predicted genotypic Relat:ive error 
production Crosses ± standard deviation 

BA 

CA[(CAxNZ)(NZxNZ)] 8,60 ± 0,07 
1982 CA x NZ 8,33 ± 0,08 

Mean 'O' 8,46 

CA[ (CAxNZ) (NZxHZ)] 9,06 ± 0,02 
(CAxNZ) NZ 8,40 :1: 0,05 

1985 CA (CAxNZ) 8,80 ± 0,10 
Haan O 8,7J 

BA - numbar born alive par llt .. r 
Nll - numbar vaaned per 11ttar 

Nll 

7,38 ± 0,06 
7,55 ± 0,07 
7,46 

8,40 ± 0,02 
7,50 ± 0,04 
7,40 ± 0,09 
7. 77 

value E of prediction R 
(1) (2) 

BA Nll RA Nll 

0,155 0,02 0,1 0,0 
-0,09 0,175 0,1 0,0 

0,155 0,018 3,2 6,0 
-0,115 0,267 1,1 5,0 
0,40 0,212 2,3 4,3 

(1) E ia ca1cu1ated in dev~ion to p wbich la the mean of the two pure strains CA and NZ, 
accordin& co cable 4. The absolute values of ~ and hM of the 1979·81 experiment were 
used. 

(2) a is calcu1ated •• (0 - b) (E - E) 
(¡ 

and axpreaaed in t 

BIOLOGICAL INTERPRETATIOR 

Can the evo1ution of genetic parameters of litter traits after birth 

be explained by what occured to their biological components recordad befo­

re birth : number of ova shed, nuaber of imp1antation sites and of live 

embryos at the 16th day of pregnancy ? 
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EV'olution of tbe ~~eans of biolodcAl. COIIDOJleDts of litttr liza 

The means for severa1 croases distributed in three.experiments cove­

ring a 13 years period are given in tab1e 6. Figure 1 shows the evo1ution 

of these traits between-experiments for each type of purebred dams CA and 

NZ.On the who1e, there was an 1ncrease on each component. Of course, this 

increase cou1d not be attributed to selection on1y.· It was however possi­

b1e to analyse strain differences : strain differences in ovulation rate 

tended to decrease : the generally accepted difference of 2 ova shed 

(Hu1ot et Matheron, 1981) fe11 to 1.10 in 1986-87. With regard to numbers 

of implantation sites and of live embryos, strain differences had entire­

ly disappeared by 1986. 

T~BLE 6 Keans of che bio1ogica1 co.ponants of litter size for aa.e 
croases involving the acraina CA and HZ ln three expert .. nta. 

Year 74 . 75 77 . -78 86 - ., (1) 

Trait NO NI NS NO NI NS NO NI NS 
Crosses 

FB x(CA x CA) 11,07 9,93 9,53 
Fl x.(NZ x. HZ) 9,50 8,35 7,40 
Fl x(NZ x. CA) 11,47 10,50 10,14 
Fll x.(CA x HZ) 11,50 10,32 9,66 

CAx.CA 13,20 10,29 9,36 15,27 10,99 9,13 
HZ x. HZ 11,10 9,43 8,66 13,78 11,79 10,40 

HZ x. CA 14,53 11,82 10,30 
CA x HZ 14,00 10,95 10,25 

Significanc.e of. 
daa's effect. ** ** ** ** NS NS * NS liS 

Reference Hu1ot e.t Katheron Hu1ot et Katheron unpubliahed 
(1979) (1981) 

• 110, NI, NS - nu.ber of ova abad, of leplantatlon aitea ancl of Uve e.bryoa 
• 1he .. ans are calcu1ated in the popu1at1on of fa .. 1ea having at 1ea•t. one 

ieplantation alta. 
(1) In thie exped-t, CA dMII avereged : 110- 14,94 • RI • 11 48 • NS- 9,12 

and RZ dMII averaged : 110- 13,83 ; NI • 11:so ; NS - 10,33 

Figure 1 • 

hlative poaiti- ef atnl .. CA - JI% 
for the ~loloaleal ~nta of 11ttar 
alza in three •..-r~ta. 
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Eyolution of tbe cenetic parameters of litter size components 

With regard to ovulation rate, considered as a dam 
I the three experiments allowed to estimate the sum g NZ + 

trait, 
M 

g NZ + 

each of 
M' 

g NZ• 

which was -0.87, -1.05 and -0.55 in the 3 experiments respectively. With 

regard to the numbers of implantation sites and of live embryos, cons,.._ 

red as embryo traits, the 3 experiments (El, E2 and E3) allowed for the 

following estimations 

M' 
El-> ~Z and -> 1 I M M' 2 g +g +g * 

E2 -> * 
I M M' 

g +g +g 

I M M' E3 -> g and g +g -> 1 I M M' I M M' 2 g +g +g and g +g +g 

With the hypothesis of linear variation of the parameters, the mis­

sing values (*) and therefore g1 and ~ + ~· could be estimated for each 

experiment by linear intra or extrapolation. After averaging over El and 

E2, standing at an interval of only 3 years one from the other, the pat­

tern of evolution over a 10 years period was obtained (table 7). 

TABLE 7 - Estiaated genetic effects on litter •iza •t two ..bryonic 
at:agea 

&1NZ ,!'Nz + ,!'' NZ 

1974-75 1974-75 
+ 1986-87 + 1986-87 

1977· 78 1977-71 

Nuaber of 
iaplantation sites 0.35 0.83 - 0.90 - 0.43 

NWIIber of live 
eJObryos at d.l6 o. 70 o. 76 - 1.23 0.00 

Average over tha 
2 emhryonic atA&•• 0.52 0.75 - 1.05 - 0.21 

al. ~. ~· - tlddlt1W ~le effect re~~p. 41rect, -tamal 
..... ar .... -u~mal. 

Over tbe 2 eabryonic stages, it was possible to note an average 

increase of g1Nz (from 0.52 to C.75 embryos) but a decrease of the 

absolute value of ,}4-Nz+f!l' NZ· Thus the evolution of g1Nz on 1itter size 

before birth para11e11e4 that observed on 1itter size at weaning betveen 

1970 .and 1979 (table 3). Resides, in the (E1+E2) pool 1 g1Nz was found 

suitable or. embryonic survival after imp1antatipn, which was also tbe 

case in 1979 for surviva1 between birth and weaning. This could be due to 

an iribreeding effect in strain CA. 
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The decrease of inter-strain differences in r!"+r!"'enllUIIber. of live 

embryos (from -1.23 to O) seemed to have re·aulted froa two -phenoaena ·: on 

one hand from a decrease in inter-strain differ.ences in ovulation rate 

on the other hand from a switch of strains ·for r!"+r!"'on embryonic &Urti­

v.¡ after imp1antation (with a negativa trend.of -strain NZ in 1974-78 

anda positiva one ten years 1ater). 

the sum r!"Nz+r!"'Nz representad the difference between CAxNZ and. 
in JI_. JI' NZxCA 1itter sizes. The decrease of inter-strain differences g~~~-

meant that CAxNZ litter sizes became more similar to NZXCA's at the 

embryonic stage. Breeding does of each types wuld thus undergo more 

similar conditioning in ear1y developaent which aight result in a 

decrease of grand-maternal differences between strains · on reproductiva 

performances, such ·as 1itter size at weaning. _Indeed, grand ~tamal 

·differences on that trait did decrease between 1970 and. 1979 ~ r!"' NZ 

varying from 0.66 to -0.22. The joint evolution of ¡gK'on 11tter size at 

. weaning] and [gM+gK' on number of embryos] thus corroborated the hypothe­

sis of an early determinism of the formers, which wou1d be based on the 

intra-utero deve1opmenta1 conditions of the 11tter' s dsm-. Resides, inso­

far as r!"'was neither significant on number of rabbits as sitas and as 

embryos in 1974-75 <r!"'Nz- -0.09 and -0.24 resp.) or at birth in 1970-71 

<r!"'~.20), it can be concluded that gM'effects were essentially deter­

aining viabi1ity between birth ~ weaning. 

CDfCLUSION 

Tbe aean values and the genetic parameters of litter __ traits in the 

crossing of the 2 strains of rabbits A1077 (NZ) and A1066 (CA) evo1ved 

since the constitution of the atrains in 1968 : aean values iacre-ed con­

tinuous1y. Concerning gene tic paraaeters, while a negativa direct. effect 

of strain CA on rabbit viability appeared, the grand--terual advantage 

of tbe strain RZ on litter size &t weaning disappeared. Consequently, the­

•• P-raaeters only had short-te~ predictive values. It would be trivial 

to t.pute such changas ~o.changes in the genetic structure of the strains 

1:hrou¡h -~lection and inbreeding, but their biological and ¡enetical -­dlaDl-~d broadly Ullknown. Hawe-r the stucly -of biolo¡ieal _cOISpO­

Dents of licter size brought SOIH understandln¡ :for . iutaace, Jra!Íd--­

ternal effects on lltter alza •.t weaning would orlgiuate ~roa tbe lntra­

utero developaental conditions of claas. Jnowled¡e ·· about ~ blolo¡ical 
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de-terminisa of litter size was still insufficient to predict the evolu­

tion of these parameters. lt remained a necessity to estiaate them perio­

dically to characterize the selected strains and determine the best way 

to make use of thea. 
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EVOLUTION OF THÉ GENETIC PARAMETERS OF LITTER TRAITS IN CROSSES 
OF TWO SELECTED STRAINS OF'RABBITS : A SYNTHETIS 

BRUN J .K., ROUVIER R. . 
INRA - Station d'AIIélioration Génétique des Ani~~aux 

BP 27 - 31326 CASTANET TOLOSAN CEDEX - Fr~~,nce 

The aean values and the genetic parsmeters of croases between the 2 
strains of rabbits CA (INRA A 1066) and NZ (A 1077), undergoing intra 
strain selection aince 1976, had been estimated in 1970 and 1980. Eight 
mating types from their .factorial crossing with a 3rd strain (T) as 
terminal aire Une (male CA x fe11ale CA, CA x NZ, NZ x CA, NZ x NZ, Tx 
(CA x CA), Tx (CA x NZ) and so on) have been controled for the nUIIber of 
rabbits born alive (BA), weaned (Nll) and the average rabbit weight at 
weaning (WT). The averages.of the 8 genotypes in the 2 experimenta are 
respectively : BA-7 .60 and 8.47 ; Nll-6. 7_6 and 7.07 and WT"-605g and 595g. 
These differencea have been discussed with reference to the pheriotypic 
evolution of the NZ x NZ type selected in station and }af the aale 
CA x f8118le NZ croas in fanas.In the 2 experimenta, the direct, aaternal 
and grand ~~aternal additive genetic effects of the NZ strain on Ntl, for 
instance are respectively : 
g1-o.l21 l and 0.10*, ~--0.98* and -0.1215 and ~·- 0.66* ~ -0.22*. 
The individual heterosis has reaained unchanged (h1-10.7 \ and 8.3*t) 
while the maternal heterosis qn Ntl hA. increased froa O to 2.4*t (and to 
4\ for BA). Additional croases (1982 and 1985) have been adjusted with 
the 1980 parameters. In the case of selected strains, these parsmeters 
have no other predictive value than in the short tera. The evolution of 
the litter traits parameters is ea.pared with tnose of ovulation rate and 
embryonnic survival. 

EVOUJTION DES PARAKETRES GENETIQUES DES CARACTERES DE PORTEES DANS 
LE CROISEKEN'l' DE DEUX SOUCHES DE LAPINS SELE,CTIONNEES : UNE SYNTHESE 

Les aoyennes et les paramétres génétiques du croiseaent des 2 souehes de 
lapins CA (INRA A 1066) et NZ (A 1077), sélectionnées intra-souche depuis 
1976, ont été estimés en 1970 et en 1080. Huit types d'accoupleaents du 
croiseaent factorial des ces souches,·utilisées avec une troisiéae (T) en 
croisement terminal (lilA le CA x feaelle CA, CAxNZ, NZXCA, NZXNZ, Tx{CAxCA), 
Tx(CAxNZ),etc .. ) sont contr6lés pour les nombre de lapereaux nés vivants 
par portée (Nv), sevrés par portée {NS) et le poids individual aoyen au 
sevrage {PIS). Les moyennes des 8 types génétiques sont r,apectiveaent 
pour les deux expériences : NV-7,60 et 8,47 ; NS-6,76 et 7,07 et PIS"-605g 
et 595g. Ces différences sont discutees e~ fonction des évolutions 
phénotypiques de la souche NZ sélectionnée en station et du croiseaent 
mlle CA x femelle NZ contr6lé en ferae. Pour NS, par exemple lea effets 
génétiques additifs directa, maternels et grand-~~aternels de la aouche NZ 
sont respectivement dans les ¡ expériences : 
g1-o.1215 and 0.10*, ~--0.98 and -0.1215 and ~·- 0.66* and -0.22*. 
L'hétérosis direct reste atable {h1-10*7*t et 8,3*t), alors que l'hétéro­
sis maternel, nul en 1970, passe A 2,4 t en 1980 {et • 4\ sur ·RV). Les 
diffárenees de moyennes de NV et NS pour de nouveaux croi_seaents de · ces 2 
souches ráalisés en 1982 et 1985 dans d'autres ailieux, sont ajustées aux 
paraa•tres de 1980. Il est conclu que dans le cas de souehes sélection­
nées ces param•tres ont une valeur prédictive pour le eourt terae seule­
ment. L'évolution des parametres des caracteres des portees est .comparáe 
A celle du taux d'ovtilation et de la viabilité embryo~ire. 
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