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1. INTRODUCTION.

The attention paid to litter size by the applied research, in spite 
of great complexity and the difficulty of its analysis, is justified by the eco
nomic interest of this trait.

It is plain (MATHERON and MAULEON, 1979) that both biological func
tions of the dam and of her products intervene simultaneously in litter size. 
This means that part of the expressed variability will be due to the individual 
genotype and part to maternal and grand-maternal effects.

This work was conducted to obtain estimates of the direct and mater
nal effects that influence on numeric traits and indications about the possible 
grand-maternal effects.

MATERIAL AND METHODS.
This experiment has been made in an experimental farm belonging to 

the Animal Physio-Genetics Department. Two lines, called NZ and CA, were crea
ted and maintained according to a hierarchal plan of intra-line mating (BASELGA, 
1978; GARCIA et al., 1980).

The following traits were considered: live born, dead born, total
born, number of weaned and number of slaughtered.

Analyzed data were obtained from mating 1434 dams with 165 sires. A 
total number, including both lines, of 2945 litters were studied.

Data will be corrected taking into account environmental systematic 
effects (litter number and season) according to HARVEY'S method (1975). Genetic 
parameters will be estimated for the two lines separately, from this corrected 
data. Analysis were made attributing data to dams and to their products (BEC
KER, 1968) so as to deepen better in the knowledge of the different components 
of the phenotypic variance.

In order to determine the consitency of estimates data were grouped 
into four periods:

PI: data from July-1977 to June-1978
P2: data from July-1978 to June-1979
P3: data from July-1979 to June-1980
1G: first generation: data from July-1980 to February-1981.

* Escuela Tecnica Superior de Ingenieros Agronomos. Universidad Politecnica. 
Camino de Vera, 14. Valencia-22. Espana.
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Table n9 1 : Estimates, obtained by ANOVA considering the systematic en
vironmental effects, of repeatabilities (RE), sire(tg) and dam (tp) intra 
class correlations. Traits: live born (NV), dead born (NM) ana total
born (NT), attributed to dam (M) and to her products (P). Periods 1, 2, 
and first generation (PI, P2, P3, 1G). Lines NZ and CA.

NV

NZ

CA

NZ

NM

CA

NZ

NT

CA

PI P2 P3 1C

RE 0.06 to.115 0.18 to.US 0.16 to.105 0.50 to.16
M 's 0.00 -0.0225 0.025 to.025 0.025 t0.03 0.055 to.065

<0 0.105 to.0625 0.082sto.047S 0.17 t0.055 0.047st0.0775

*S o.oos fo.ous 0.0625to.0325 0.085 to.035 -0.0275to.047S
P

*D 0.0725“0.06 0.095 to.0575 0.08 t0.0S5 O.S225to.l32S

RE 0.02 fO.16 0.25 to.14 0.05 to.16 0.10 to.255

M ‘s -0.015 -0.0175 -0.022st0.0375 0.0125£0.03 -0.03 t0.o57S

‘d 0.0375*0.0775 0.3175t0.0975 -0.005 to.0675 0.00 t0.1425

ls -0.0125-0.0175 0.025 to.04 0.07 to.04 -0.0625to.04
P 'o 0.0275*0.085 0.23 t0.0875 -0.012S£0.0825 0.16 -0.155

RE -0.04 to.115 -0.05 to. US -0.01 to.105 -0.16 t0.225
-0.0125̂ 0.0175 0.015 “0.02 -0.0175-0.0125 0.0175-0.05M S ♦

lD 0.0475-0.0575 0.01 “0.0425 -0.0175-0.0475 0.03 ”0.075

tg -0.010 ”0.0075 -0.0075”0.0125 -0.0075”0.0125 0.005 "0.03
P 'D -0.035 -0.06 -0.04 -0.06 0.00 ”0.06 -0.16 ”0.1225

RE 0.02 to.16 0.04 to.145 0.31 to.145 -0.26 to.22
M 's 0.0125-0.03 -0.025 -0.02 0.0425”0.04 0.04 ”0.03

CD 0.035 “0.075 0.0875-0.07 0.04 ”0.07 -0.27 ”0.0975

-0.0075-0.0175 -0.04 ”0.015 -0.0175”0.0275 -0.02 ”0.0275
P ‘o 0.025 -0.005 0.08 ”0.0875 0.33 ”0.095 -0.24 ”0.135

RE o.io io.ii 0.12 to.11 0.20 to.105 0.49 0̂.16
M 0.005 to.025 0.0575to.03 0.042 5 to .'0325 0.095 to.0675

'd 0.0775̂ 0.0575 0.035 to.0425 0.175 to.055 -0.0075t0.06

's 0.0175̂ 0.0175 0.09 to.0375 0.0925-0.0375 -0.025 i0.0475
P 'd 0.0825̂ 0.06 0.032St0.0SS 0.11 to.055 0.51S to.13

RE 0.09 to.155 0.23 to.145 0.06 to.16 0.05 tp.25
M 's 0.0075̂ 0.0325 0.0425t0.055 0.015 to.04 0.03 to.06

CD 0.1175̂ 0.085 0.242sto.085 0.10 to.0775 -0.0775t0.1225

tc 0.015 to.025 0.0525to.045 0.1025t0.05 -0.08 to.035
P 'o 0.0725to.085 0.18 to.0825 -0.035 to.08 0.1275to.lS7S
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RESULTS AND DISCUSSION.
Statistical models and their genetic interpretation are explained 

in BLASCO et al. (1982). The results obtained are shown in Tables 1 and 2.
Direct genetic effects (effects due to the genes of the products);
The following table presents the means of the estimates of hl. along 

the four periods for both lines. The traits considered were total born (NT), 
live born (NV), number of weaned (D) and number of slaughtered (S).

h‘  % * NT NV D S

NZ 17,5 12,5 0 0
CA 9 3 4 6,5

* h* : heritability of direct effects.
A remarkable difference between numeric traits at birth and at wea-^ 

ning and slaughter for direct genetic effects was appreciated. In thfe first 
group of traits (live born and total born) the estimates of direct genetic 
effects in NZ are much more important, than in CA. In the second group (number 
of weaned and slaughtered), on the contrary, the estimates of both traits are 
nil in NZ while in CA show small values.

Maternal and grand-maternal effects:
In this work the expression maternal effects means dam effects on 

the size of her own litter. The traditional estimates of h a for this trait we
re usually obtained multiplying intraclass correlation on sire, considering the 
traits atributed to dams, by four. The results obtained by LAMPO et al. (1975), 
KALINOWSKI (1979) and RANDI and SCOSSIROLI (1980) must be interpreted in this 
way. The values of hi in these works were small and fluctuated about 10%, va
lue proposed by ROUVIER (1980) for this kind of trait. The results in this work 
are similar to such estimates and are shown in the, following table. They are 
expressed as mean values of estimates obtained in the four studied periods.

h j  ♦  h.% *  * . 1 NT NV 0 s
NZ 16 7 12,5 13
CA 7 0 0 0

* h* = heritability of maternal effects; h*^ = covariance between 
direct and maternal genetic effects expressed as percentage of the phenotypic 
variance.

It must be taken into account that such estimates include not only 
the heritability of maternal effects (h* ) but the covariance between direct 
and maternal genetic effects (hj^). It is possible to affirm according to the 
results obtained that, in CA, maternal genetic effects must be very small or ne
gligible, never exceeding 5%,; except in total born whose value hast not beert po
ssible to quantify.

As for the covariance between direct and maternal genetic effects it 
must be nil or counterbalance the value of h* for the last three traits in CA. 
In NZ the estimates of h A + *1* are very important for all the studied traits 
Besides, as h* is nil for the number of weaned and slaughtered it can be consi
dered, only for these traits, that the estimate of hj is about 12-13% and that 
the estimate of h*,, is nil.

Maternal enviromental effects, common to all the litters, from a dam 
(ej ) have been estimated substracting the dam intraclass correlation, the trait
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Table n9 2 :
vironmental effects 
class correlations, 
attributed to dam 
generation (PI, P2

Estimates, obtained by ANOVA considering the systematic en 
, of repeatabilities (RE),

Traits: number of weaned 
(M) and to her products '(P). 
, P3, 1G). Lines NZ and CA.

sire (tg) and dam (t^) intra- 
CD) and slaughtered (S), 
Periods 1, 2, 3 and first

PI P2 P3 1C

RE o . i 4  t o . u s 0 .12  t o . 115 0 .05  *0.11 0 .47  *0 .17

M ‘s -0.002510.0175 -0.012510.0175 0.057510.0275 0 .0825 t0 .08

o'.00 t o . 055 0.097510.0525 0.005 10.045 0.072510.0825NZ
's 0.02  tO .02 -0 .0 1  t o . 015 0 .0 3  tO .02 -0 .0 8  tO .035

D
P

0.122510.0625 0.135  10.0675 0.02  t o . 0575 0 .55  t O .14

RE 0 .13  t o . 165 0 .03  to .IS S 0 .03  t o . 165 0 .16  to .2S 5

M cs 0.05 “ 0.0525 -0 .0 6  “ 0.015 0 .0225*0.0375 -0 .1 0  *0.0625

tD 0.08 “ 0.0825 0 .117sto .0775 0.0575 to .0725 0 .1075*0 .1725CA
cs -0 .005  -0.0225 0 .0 2 25 to .03 0 .0475*0 .035 -0 .0225 *0 .055

P CD 0.1325*0.0925 0.0125-0.0825 -0 .0 2  *0 .0875 0.1775*0 .1525

RE 0.01 -0 .135 0 .13  t o . 135 0 .03  *0 .12 0.30 to.21
M ‘s -0 .0125-0 .0175 -0 .025  -0 .0175 0.04  t 0 . 0275 0.13  *0 .0975

NZ ‘d -0 .03  -0 .0625 0.11 t 0 . 06 0 .05  t o . 0525 0.07 *0 .0825

tg 0.015 -0 .0175 -0 .0275 t0 .015 0 .02 5 to .0 2 -0 .0575*0 .035P
CD -O.OOS *0 .07 0 .152sto .075 0 .005*0.0625 0 .3525*0 .135

s

RE 0.06  -0.225 0 .17  t o . 16 0 .15  t o . 185 0 .03  *0 .26

M 's 0.035 b j.0475 -0 .035  t o .0275 0.0175 t o .045 -0 .035  *0.0625

CA 'D 0.012510.0975 0.135' tO .0925 0.1025*0.0875 0.015 *0.1475

t g -0 .0025-0 .03 0 .0375*0.045 0.065  “ 0.045 -0.035 “0.0425
P «. ♦ ♦

0.0625-0 .12 0 .1325“0 .10 0.085  “0.0975 0.0575 0.15

being attributed to dams, from the repeatability and eliminating 
rence 3/4 of the estimate of hj + h*^ and 1/2 of the estimate 
result is expressed in the following table:

from the 
of h^

di f fe- 
. The

ej % * NT NV D S

NZ 0 0 5,6 0
CA 0 0,8 0 0,35

* ej = variation of maternal environmental effects common to all 
her litters and expressed as percentage of the phenotypic variance.
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Maternal environmental effects e* for these traits are nil or very 
small, except for number of weaned in NZ (about 67.).

Grand-maternal phenotypic effects have been estimated substracting 
sire intra-class correlation, the trait being attributed to dams, from dam in
tra-class correlation, the trait being attributed to dams. This estimate inclu
des not only grand-maternal phenotypic effects (fJ ) but the covariance between 
maternal and grand-maternal genetic effects and one half of the covariance bet
ween direct and grand-maternal genetic effects. Evidently, when the estimates 
of direct and maternal genetic effects are nil this expression allows to quanti
fy the value of fj .

c 1 u*- 1 k1 
' * * "ai, * 2

* NT NV D S

NZ 2 7,5 1 1,7

CA 7,2 10 11 7,1

* f^ = variation of grand-maternal phenotypic effects, as percenta
ge of the phenotypic variance; h*^ (ho* ) = covariance between maternal (di
rect) and grand-maternal genetics effects,as percentage of the phenotypic varian
ce.

Estimated values, for these traits, of grand-maternal phenotypic 
effects (f£ ) are always lower in NZ than in CA.

As it is logical to assume that the covariance between direct and 
grand-maternal genetic effects is the least important term, the covariance bet
ween maternal and grand-maternal genetic effects must be the most disturbing 
component of the estimates of f i . In NZ, in which the estimate of hj + h ^  
is quite important hj* could have a certain value and effectively the estima
tes of f* + h ^  +£hti present very small values, except for the number of li
ve born the trait with a lower value of h^ + h*, . in CA the estimates of h t
+ hê  for the last three traits are nil indicating a nil or very small value of 
h ; confirming it much higher estimates of f | were obtained. These results 
can be explained in a coherent way by assuming that the covariance between ma
ternal and grand-maternal genetic effects ( h ^  ) is negative.

SUMMARY

Data from 2945 litters obtained [Bating 1434 dams with 165 sires be- 
langing to NZ and CA lines were used in this study. The following numeric re
productive traits were genetically analized: total number of born,number of
live and dead at birth,weaning and slaughter.

Direct genetic and maternal and grand-maternal effects both genetic 
and enviromental were stated. Number of dead born was not gentically determi
ned in the studied lines. Important differences between lines were apprecia
ted in the genetic effects in the other traits.Direct genetic effects on total 
and liveborn were relatively important in NZ but not in CA. On the contrary, 
maternal genetic effects on number of weaned and slaughtered were relatively 
important in NZ but not in CA. For this reason the number of weaned can be 
assigned to dams, allowing to use an intra-line selection process. A posible 
negative value of covariance between direct and maternal genetic effects and 
between maternal and grandmaternal genetic effects was also observed.
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RESUMEN

Se analizan geneticamente los caracteres reproductivos de tipo nu- 
mericos Nacidos totales, nacidos vivos, nacidos muertos, destetados y sacri- 
ficados. Los datos se obtienen de 1434 conejas cruzadas con 165 machos que 
dieron 2945 camadas, pertenecientes a nuesCras lineas NZ y CA.

Se analizaron los efectos geneticos directos y efectos maternos y 
de abuela, tanto geneticos como ambientaless El caracter nacidos muertos no 
esta determinado geneticamente, en nuestras lineas. Existen importantes dife- 
rencias entre nuestras lineas en cuanto a los efectos geneticos que actuan so- 
bre el resto de los caracteres numericos. Asi, los nacidos vivos y nacidos 
totales presentan un efecto genetico directo relativamente importante en la NZ 
pero no en la CA. Por contra, en el numero de destetados y sacrificados son 
relativamente importantes los efectos geneticos maternos en la NZ pero no en 
la CA, por lo que la linea NZ cabe asignar el caracter destetados a la madre, 
posibilitando un proceso de seleccion intralinea para dicho caracter detectan- 
dose la posible negatividad de las covarianzas entre efectos geneticos direc
tos y maternos y de efectos geneticos maternos y de abuela.
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