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AB§'l'RACT 

An elliptic selection experiment on ovulation rate and prenatal survival was 
performed. 119 does (group Gl) were laparoscopized at day 12 of gestation, and 
ovulation rate waa recordad. 44 G1 does were selected on ovulation rata and 
prenatal survival by a quadratic index. An a'VI&rage of 2. 73 daughters per doe 
were taken to constitute group 2 (G2) • 54 contemporary relatad females of the 
same line, laparoscopizad for other experimenta, were included in the 
analyeis. The eetimates of the genetic·parameters were obtained by residual 
maximum likelihood (REML). Heritabilities of ovulation rata (TOR), prenatal 
aurvival (PS) and total live embryos at 12 days of geatation (TLE) were 
0.21±0.11 and 0.23±0.10 and 0.26±0.10 reapectively. Genetic correlations were 
-0.14+.35 between TOR and PS, 0.36+0.31 between TOR and litter size at birth 
(LS),-and 0.87±0.08 between PS and LS. Left and right sides were analysed 
separately. 

INTBQPtJ9TION 

Direct selection for litter size in rabbits has had little sucess 
(Rocharabeau, 1988). In piga, in which the situation is the same (Haley, 
Avalos and smith, 1988), it has been auggested to increase litter size by 
selection on ita two main ccmponents, ovulation rate and prenatal survival 
(Johnson, Zimmerman and Kittock, 1984). Se1ection only on ovulation rate 
has been effective but no correlated response in litter size at birth has 
been found due to a corre1ated increment in embryo and/or fetal mortality. 
(Johnson et al., 1984). 

The aim of this paper is to estimate the phenotypic and genetic parameters 
of ovulation rate and prenatal survival necessary for atselection index. 

MATERIAL AND METJIOPS 

Experimental desiqn 

An elliptic selection experiment on ovulation rate and prenatal survival was 
performed. This technique optimizas the use of the information to eatimate 
genetic correlations (CBmeron and Thompson, 1986). 119 does (group G1) were 
laparoecopized at day 12 of gestation, and ovulation rate was recordad. 44 G1 
doea were selected on ovulation rate and prenatal survival by a quadratic 
index , X• X • r-1 x, in which X is the vector of data and P the phenotypic 
variance-covartfmce matrix of these traits. An average of 2. 73 daughters per 
doe were taken to constitute group 2 (G2) • The selection pressure usad was 
calculated to optimize the design (Blasco et al., 1990). 
As there were 54 contemporary females of the sama line, laparoscopized for 
other experimenta, and the relationship matrix was available, their data were 
included in the analysis. Therefore, a total of 293 does were laparoscopized, 
and a total of 399 animal& were included in the relationahip matrix. 

Animal e 

All the animal& came frcm a synthetic line (line V) formad by mating crossbred 
males and crossbred females of different origina. Line V has been selected 8 
generations on litter size at weaning. 
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2. When cZ=O, the canonical transformation was applied and several 
univariate analyses were performed on a model without common litter effects 
to est:l.mate the qenetic correlations and the heritabilities. 'l'he BM algorithm 
(»empster et al. 1977), which gives better est:imates of the standard errors, 
was used. The REML-Pit package (Meyer 1987) was used. 

When many traits are simultaneously analysed, and the ·data base is not very 
large, there is a high probability of finding a genetic variance-covariance 
non-positiva definite matrix. '.rherefore, seve.rtal analyses with few variables 
were performed. 

REML has been proved to be a useful technique to eatimate genetic parameters 
free of the aelection bias (Gianola et al. 198t). OVUlation rate and prenatal 
survival were included in all the analyses to avoid the bias of selection. 

RESULTS 

1'he means, standard deviations, coefficienta of variation, and group and 
lactation effects are shown in table 1. '.rhe mean of ovulation rate found in 
this experiment is higher than the means reportad before (Adama, 19607 Bulot 
and Matheron, 1979; Bolet et al.1990). Embryo and fetal survival are not very 
different from those found by Adama (1960), ':arrea (1982) and Melina (1987) -
although PU. (1984} obtained a lower value of embryo survival-. Right and 
left sides present the sama valuea, as it would be expected, but Adama (1960} 
gives a higher ovulation rate for the right ovary. 

'.rABLB 1. Keans (m), .standard error of the 11ean (se), deviations (a), 
coefficient of variation (CV) and qroup (Gl-G2) and lactation 
(Ll-L2} effects. 

m se a C'l Gl-G2 Ll-L2 

'.rOR 15.16 0.13 2.21 0.15 -0.32 0.12 
'.rLE 12.78 0.15 2.59 0.20 -0.61-~" 0.25 
LS 10.26 0.15 2.59 0.25 +0.19 0.50 
PS 0.68 0.01 0.17 0.25 0.02 0.03 
ES o.85 0.01 0.15 0.18 -0.02 0.01 
FS 0.81 0.01 0.15 0.19 0.04* 0.02 
ROR 7.71 0.13 2.30 0.30 -0.52* 0.14 
LOR 7.45 0.14 2.35 0.32 0.20 -0.02 
RLE 6.40 0.13 2.15 0.34 -0.61* 0.27 
LLE 6.37 0.13 2.25 0.35 -0.003 -0.03 

'l'OR: total ovulation rate. '.rLE: total number of embryos. LS: litter 
aize at birth. PS 1 prenatal survival. ES: total embryo survival. 
!'S: foetjll survival. ROR: right ovu1ation rate. LOR: left ovu1ation 
rate. ~: number of live embryos in the right uterine horn. LLB: 
number of live embryoa in the left uterina horn. 

1'he group effect found in aome traite can be explained by the seasonal period 
in which the doea were mated -Garcia et al. (1983) found seasonal differences 
in pre- and postimplantation mortalities-. :rt has been sugqested that a 
lactation effect could be expected on ovulation rate and prenatal survival 
(Garcí.a and P6rez, 1989), however this effect has not been found in our 
experiment. 

The h2 and c2 of the univariate analyses are shown in table 2. Comparing the 
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resulte of table 2 and tablea 3 and 4 it aeems that the bias due to selection 
is rather irrelevant. The common litter effects were small in all the cases, 
therefore multivariate analysea were performed on a model without common 
litter effects. There is a surprising difference between the right and left 
ovaries which we have not been able to explain. Both ovaries have a similar 
heritability but the right ovary presenta some common litter effects. There 
are some resulta in pigs showing a different genetic determination of left and 
right ovaries (Baley and Lee 1992; Kelly et al., 1985) and in mice (Clutter 
et al., 1990), but it is difficult to believe that there are differences in 
cz. When c2 is ignorad in the modal, h2 of the right ovary ia higher than h2 
of the left ovary. 

We have not found estimates of genetic parameters for componentes of litter 
size in rabbits in the literatura, t~us we are obligad to compare our resulta 
with other speciea estimates. OUr h of ovulation rate (tablea 3 and 4) ia 
lower than the average value of several experimenta reviewed by Bidflel 
(1989), 0.32, although these eatimates variad from 0.10 to 0.59. The h of 
prenatal survival ia moderately high, and differ~nt from the null value 
obtained by Haley and Lee (1992). The h2 of litter aize at birth is higher 
than the h2 of number of rabbita born alive -highly related to total born
eatimated analyzing a large set of data of the same line (O. 07, Baselga et al. 
1991), probably dueto the concentration of all the data in two periods and 
one parity and/or to the high standard error of thia aample. 

The heritability of total live embryos has been estimated in piga near the 
middle of the gestation -so days- by Neal et al.(1989), giving a value of 
0.08±0.10, lower than the value we have found. 

TABLE 2. Heritabilities (h2) and common litter effects(c2). 

h2 c2 h2 c2 

!I!OR 0.23 -0.01 ROR 0.12 0.14 
TLE 0.18 0.11 LOR 0.11 o.oo 
LS 0.27 0.03 RLE O.l:4 o.o5< 
PS 0.21 0.01 LLE 0.13 0.06 
ES o.o8 0.10 
P'S 0.18 -0.01 

TOR: total ovulation rate. TLE: total number of embryos. LS: litter 
size at birth. PS : prenatal survival. ES: total embryo survival. 
P'S: foetal survival. ROR: right ovulation rate. LOR: left ovulation 
rate. RLE: number of live embryos in the right uterine horn. LLE: 
number of live embryos in the left uterina horn. 

The main cor~lations are shown in table 3. Genetic and phenotypic 
correlations do not seem to be very different in our case. The most remarkable 
resulte are the low correlations between ovulation rate and either litter size 
and prenatal survival, and the high correlations between prenatal survival and 
litter size. In pigs, the estimates of the genetic correlation between 
ovulation rate and litter size give values near zero (Young et al., 1978; 
Cunningham et al., 1979; Neal and Johnson, 1986) with the exception of Haley 
and Lee (1992), 0.98±0.01. We have not found estimates of genetic 
correlations between prenatal survival and either ovulation rate and litter 
size in pigs. In mice Clutter et al (1990) give estimates of 0.06 and 0.60 
between prenatal survival and ovulation rate, and between prenatal survival 
and 1itter size respectively (standard errare within a range from 0.06 to 
0.66). We have not found eatimates of correlations between number of live 
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embryos and litter size. An estimate of 0.18!0.13 is given by Johnson et al. 
(1984) in piqs, but due to the high mortality produced by the surgical 
techni.que, thi.s result has to be taken with caution. 

Genetic and phenotypic correlations of ovulati.on rate with total live embryos 
are moderatly high. The only publiahed data in pigs are 0.21±0.42 by Neal et 
al. (1986) and -0.56±().24 by the same team uaing a largar number of data (Neal 
et al. 1989), and 0.65±0.38 (Bolet et al. 1989). 

TABLE 3. Beritabilities (diagonal), qenetic correlations (below the 
diagonal) and phenotypic correlati.ons ( above the diagonal) 
of the main traits. Standard erz:ors ·between brackets. 

!I.'OR. PS LS TLE 

ma 0.21 -0.30 0.25 0.49 
(0.11) (0.05) (0.06) (0.04) 

PS -0.14 0.23 0.84 0.39 
(0.35) (0.10) (0.02) (0.05) 

LS 0.36 0.87 0.29 0.68 
(0.31) (0.08) (0.12) (0.03) 

TLE 0.66 0.56 0.87 0.26 
(0.22) (0.26) (0.11) (0.10) 

TOR: total ovulation rata. PS : prenatal survi.val. LS: U.ttar 
size at birth. TLE: total live embryos. 

Table 4 shows the relationships between the r.ight and left ovaries and between 
ovulation rate and embryo survival of both si.des separately. As c 2 was not 
considerad in the analysis the resulta of --both sideá are not the same. 
COrrelations between ovulation rates are botb qenetic and phenotypic negativa, 
bowever, Clutter at al. (1990) found positive correlations in mice (0.72 and 
O. 70 reapectively), and Haley and Lee ( 1992) gave a positive qenetic 
correlation (0.94, without standard· error) and a negativa phenotypic 
correlation (-0.52). 
It is possible to fineS a negativa phenotypic correlation between tbe ovulation 
rate of both ovaries, but it is more di.ffic:ult to explain a negative qenetic 
correlation. 

Tabla 4 also shows the relationships betwean embryo and fetal survi.val. Tbe 
phenotypic correlation is close to zero, and the estimate of tbe qenetic 
correlation _!:~.tpositive, but the standard error is very high and this result 
should be t~ with caution. 

QISCUSSION 

Correlations near -0.8 were usad for the •xpertmental design, but the low 
correlations found between ovulation rata IU1d prenatal aurvival affected the 
expected stan4ard errors -which should have been lower. 

Deapite having_a hi.qh coefficient of varia~ion anda heritability different 
from zero, li.tter size has not been signifiaantly improved (Rochambeau 1988). 
Also, no improvement in litter size has been found when ovulation rate was 
selected in piqs (Johnson et al., 1984) and mica (Bradford, 1969). 
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The small correlations between ovulation rate and either litter size and 
prenatal survival, the high correlations between prenatal survival and litter 
size and the moderatly high heritability of prenatal survival suggest that 
prenatal survival could be used as a trait for indirect selection on litter 
size, and gives relevance to the experimenta about uterine capacity that are 
being currently performed (Argente et al. 1992; Bolet 1992, personal 
communication). 

TABLE 4. Heritabilities (diagonal), genetic correlations (below the 
diagonal) and phenotypic correlations (above the diagonal) 
Standard errors between brackets. 

!I.'OR PS ES FS !I.'OR PS LOR ROR 

!I.'OR 0.21 -0.29 -0.22 -0.19 !I.'OR 0.20 -0.30 0.50 0.44 
(0.10) (0.05) (0.05) (0.06) (0.11) (0.06) (0.05) (0.05) 

PS -0.07 0.17 0.68 0.70 PS -0.17 0.22 -0.11 -0.17 
(0.36) (0.09) (0.03) (0.03) (0.37) (0.11) (0.06) (0.06) 

ES 0.21 0.81 0.09 -0.03 LOR 0.32 -0.16 0.11 -0.55 
(0.52) (0.25) (0.08) (0.06) (0.43) (0.48) (0.09) (0.04) 

FS -0.29 0.91 0.49 0.17 ROR 0.71 -0.04 -0.44 0.21 
(0.38) (0.13) (0.58) (0.10) (0.25) (0.38) (0.38) (0.11) 

!I.'OR PS LOR LLE !I.'OR PS ROR RLE 

!I.'OR 0.19 -0.30 0.50 0.32 TOR 0.19 -0.30 0.44 0.25 
(0.11) (0.06) (0.05) (0.05) (0.10) (0.05) (0.04) (0.04) 

PS -0.17 0.22 -0.11 0.22 PS -0.14 0.22 -0.17 0.25 
(0.37) (0.11) (0.06) (0.06) (0.37} (0.11} (0.05) (0.04) 

-- t 

LOR 0.31 -0.17 0.12 0.82 ROR 0.70 -0.01 0.18 0.73 
(0.42) (0.46) (0.09} (0.02) (0.26) (0.38) (0.09) (0.02} 

LLE 0.39 0.19 0.90 0.17 :RLE 0.45 0.68 0.73 0.11 
(0.37) (0.39) (0.13) (0.10) (0.33) (0.20) (0.18) (0.05) 

'lOR: total ovulation rate. PS : prenatal survival. ES: total embryo 
survival. FS: foetal survival. LOR: left ovulation rate. ROR: right 
ovulation rate. RLE: number of live embryos in the right uterina 
horn. LLE: number of live embryos in the left uterina horn. 

REFERINCES 
ADAMS C.E. 1960. Studies on prenatal mortality in the rabbit, oricto~agus 

cunicu~us : the amount and distribution of loss before and after 
tmplantation. J. Endocrin. 19:325. 

ARGENTE M.J., SANTACREU M.A., BLASCO, A. 1992. Uterine capacity in rabbits. 
Firts resulta. V Congress of the World Rabbit Science Association. 
corvallis, Oregon. July 25-30. 

BIDAREL J.P. 1989. Taux d'ovulation et survie prénatale chez la truie: aspects 
génétiques. INRA Prod. Anim., 2 (3):159. 

252 

Proceedings 5th World Rabbit Congress, 25-30 July 1992, Corvallis – USA, 247-254.



BASBLGA K., CAMACHO, J.; CIFRE, P.; GOKEZ E. 1991. Asociaci6n entre efectos 
fijos y generaciones en la estimaoi6n de la h2 de caracteres 
reproductivos en conejo. ITEA Vol. extra, 11, II, 607-609. 

BLASCO A., SANTACREU K.A., GOO P. 1990. Disefto de experimentos para estimar 
parlmetros genéticos mediante eltptica. IV Reunión Nacional de Mejora 
Genética. Córdoba. Ponencia (in presa). 

BOLET G., OLLIVIER L., DARDO P. 1989. Sél~ion sur la prolificité chez le 
porc. I. Résul tata d • une expérience de sélection sur onze générations. 
Génét. Sél. Evol. 21:93-106. 

BOLB'r G. , BRUN' J. K. , BtJLO'r F. , POUJARDIEtJ B • 1 ROCHAKBEAO B. de, ROUVID R. 
1990. Strateqies pour · ameliorer la taille de portée chez le lapin: 
resultats et perspectivas. 41tlme Reuaion Annuelle de la J'ederation 
Buropeenne de Zootechnie. 

BRADJ!'ORD G.B. 1969. Genetic control of ovulat:ion rate and embryo survival in 
mice. I. Response to selection. Genetics, 61:905. 

CAMERON N.D., TBOMPSON R. 1986. Design of multivariate selection experimenta 
to estimate genetic parameters. Theor. Appl. Genet., 72, 466. 

CONRINGHAK P.J., ENGLARD H.B., YOUNG L.D., ZIIIHBRMAH D.R. 1979. Selection for 
ovulation rate in awine: correlated response in litter size and weight. 
J. An~. Sci. 48:509. 

CLUT'rBR A.C., N'IBLSEN' K. K., JOBNSON R. K. 1990. Alternativa methods of 
selection for litter size in mice: I. Characterization of base 
population and development of methods. J. ~. Sci., 68:3536. 

DEHPSTBR A. P., LAIRD N.M., ROBIN D. B. 1977. Maximwn likelihood for incompleta 
data via the EH algoritbm. J. of the Boyal Stat. Soc. B, 39:1-37. 

GARCIA F., BASELGA M., PLA H. 1983. Hortali4ades embrionaria y fetal en las 
distintas etapas de la gestaci6n en oonejo de carne. An. INIA (Serie 
ganadera), 18:11. 

GARCIA F. , PBREZ A. 1989. Efectos de la lactación y número de lactantes sobre 
la monta, ovulaci6n y supervivencia fetal hasta el parto, evaluados por 
laparoacopia, en conejas multíparas. torEA, 80, 3. 

GIABOLA D.; FBRN'ANDO R.L.; IM S.; FOOLLEY J .L. 1989. Likelihood estimation of 
quantitative genetic parallleters whec selection occura: modela and 
problema. Genome, 31: 768-777. 

BALBY c.s., AVALOS B., SHI'rH c. 1988. Selection for litter si&e in the pig. 
Animal Breeding Abstracta. 56:317. 

BALBY c.s., LEE.t~.J. 1992. Genetic factors contributing to varia.tion in litter 
size in ~itish Larga White gilts. Livest. Prod. Sci.(in presa) 

BDLO'r :r., KAT.BERON G. 1979. Analyse des variations génétiques entre trois 
racea de lapins de la taille de portée et de ses composants biologiques 
en sailli.e post-partum. Ann. Génét. Sél. anim. 11:53. 

JOBNSON R. K., ZIMKBRMAN D.R., KIT'lOK R.J. 1984. Selection for componente of 
reproduction in swine. Livest. Prod. sci. 11:541. 

KELLY C.R. 1 ltOPJ' J .D, ZIMKBlUCAN D.R. 1985. Evaluation of differences in 
follicle populations between high ovulating aelect and control line 
gilts during diffrent stages of the estrous cycle. J. An~. Sci., 
61.Suppl.1:118. 

253 

Proceedings 5th World Rabbit Congress, 25-30 July 1992, Corvallis – USA, 247-254.



MEYBR K. 1987. Restricted maximum likelihood (REML) • Programa for the analysis 
of animal breeding elata. Institute of Animal Genetics, Oniv. of 
Belinburgh, UK. 

MBYBR K. 1988. DFREML. Proqrams to esti.Jnate variance componente for inelivielual 
animal modela by Restricteel maximum likelihood. Oser notes. Oniv. of 
Belinburgh, OK 

MOLINA I. 1987. Dete~ci6n ele los efectos genéticos directos y maternos 
sobre la tasa ele ovulaci6n y la viabilielael embrionaria y fetal en el 
conejo, med.iante aplicaci6n ele las técnicas ele transferencia ele 
embriones y laparoscopta. Phd. _Universid.ael Politécnica de Valencia 
(Spain). 

NBAL S.H., JOBNSON R. K. 1986. selection for componente of · litter size in 
swine:genetic parameters and expected response. 3~ World congress on 
Genetics applied to Livestock Production, 11:228. 

NBAL s.H., JOBHSON R. K., lU'l"l::K R.J. 1989. Index selection for componente of 
litter size in awine: response to five generations of selection. J. 
Anim. Sci., 67:1933. 

PLA H. 1984. Modelos bil6gicos ele caracteres reproductivos en el conejo de 
carne. Phel. Universidad Politécnica de Valencia. España. 

'mOKPSON R. 1976. Bstimation of quantitative genetic parameters. Proceedings 
of the International COnference on Quantitative Genetics. 639. 

ROCBAHBBAU B. 1988. Genetics of the rabbit for wool and meat prod.uction. 4th 
Co.ngreee of the World Rabbit Science Association. Buelapest, 2:1. 

SANTACRBU H.A., VIUDBS M. P., BLASCO A. 1990. Bvaluation par coelioscopie des 
corpe jaunee et des embryone. Influence sur la taille ele port6e c~z la 
lapine. Reprod. Nutr. Dev., 30:583. 

SMI'!l'B S.P., GRASBR, B. U. 1986. Betimating variance componente in a clase of 
mixed mod.els by rsstricted maximum likalihooel. J. Dairy Sci. 69a 1156-
1165. .. t 

YOlJNG L.D., POMFRBY R.A., CONNINGBAM D.R. 1978. Beritabilitiee and genetic anel 
phenotypic correlatione for prebreecling traits, reproductiva traite anel 
principal componente~ J. Anim. Sci. 46:937. 

254 

Proceedings 5th World Rabbit Congress, 25-30 July 1992, Corvallis – USA, 247-254.


