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ABSTRACT

An experiment was carried out to evaluate genetically maternal
performance traits in Baladi Red and New Zealand White rabbits in terms of
number born alive (NBA), litter size at birth (LSB), 21 day (LS21) and weaning
(LSW), litter weight at birth (LWB), 21 day (LW21) and weaning (LWW),
mean bunny litter weight at birth (MBB). 21 day (MB21) and at weaning
(MBW), gain in litter from birth to 21 day (LG21) and from birth to weaning
(LGW). Records of 352 litters from 111 does fathered by 16 sires and mothered
by 47 dams in Baladi Red and 365 litters from 121 does fathered by 17 sires and
mothered by 42 dams in New Zealand White were used in such evaluation. Data
were analyzed for each breed scparatcly using single-trait animal model to
estimate heritabilities, repeatabilities, and permanent environmental effects.

Maternal performance traits tend (o be lowly or moderately heritable and
repeatable. Heritabilities for these traits in Baladi Red were slightly higher than
those in New Zealand White. Heritability (or repeatability) estimates in Baladi
Red rabbits for NBA, LSB, LS21, LSW, LWB, LW21, LWW, MBB, MB21,
MBW, LG21 and LGW were 0.09(0.12). 0.08(0.09), 0.16(0.18), 0.16(0.20),
0.13(0.17), 0.20(0.29), 0.22(0.30), 0.09(0.13), 0.10(0.18), 0.11(0.17). 0.10(0.18)
and 0.12(0.21), respectively. The respective estimates in New Zealand Whit
rabbits were 0.07(0.13), 0.06(0.10), 0.10(0.19), 0.16(0.24), 0.11(0.19), 0.17(0.31),
0.20(0.32), 0.07(0.15), 0.08(0.21), 0.09(0.21), 0.05(0.15) and 0.10(0.19). Ratios
of permanent environmental effects for maternal performance traits in Baladi Red
rabbits were slightly lower than in New Zealand White. These ratios were low
and ranging from 0.01 to 0.09 in Baladi Red rabbits and from 0.04 to 0.13 in New
Zealand White. Standard errors associated with ratios of heritability, permanent
environmental effect and error variances were mostly reasonable.

Keywords: (Rabbits, maternal performance traits, animal model, heritability.
repeatability, permanent environmental effects)
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INTRODUCTION

Earlier articles reviewed by Khalil ¢r al. (1986) and Rochambeau (1988)
verified that heritability and/or repeatability estimates for pre-weaning maternal
traits have shown broad ranges among different reports. Reasons may include real
genctic  differences among population. random variation, environmental
dissimilarities and methods of estimation. etc. However, litter size and Htter
weight traits are greatly affected by the additive genetic effect as well as by
maternal effects. Krogmeier ef al. (1994) reported that maternal effects (genetic
and environmental) for pre-weaning traits in rabbits may account for as much as
14% of the total phenotypic variance. Lukefahr and Hamilton (1997) reported that
variance of non additive genetic and permanent environment were important for
litter weaning weight. Thy added that the latter trait is an economically important
composed trait of the doe.

New Zealand White rabbit is well known in Egypt as a meat-purpose
breed that intensively spread allover the country. However, Baladi Red rabbits as
a local meat-type breed are endangered of extinction since the total number of
these rabbits are very limited now (Khalil, 1999 and Youssef, 2004).
Unfortunately and regarding to the situation of danger of extinction in particular,
genetic studies concerning Baladi Red rabbits are very limited. To establish
selection program for genetic improvement of Baladi Red rabbits, knowledge of
genetic parameter for these traits is required. For these recasons, an experiment
was carried out to estimate heritability, repeatability and permanent
environmental effect for some pre-weaning maternal traits in Baladi Red rabbits
and New Zealand White using an animal model methodology. Discussing the
effect of permanent environmental on these traits was taking into account with
particular attention.

MATERIALS AND METHODS

This experiment was carried out at El-Kanater El-Khaireya experimental
station, Animal Production Research Institute, Ministry of Agriculture, Egypt, for
a period of two years (starting from September 1989 till June 1990). Locally born
17 sires, 42 dams from New Zealand While rabbits, 16 sires, and 47 dams from
Baladi Red rabbits were used as the base population for this work. Distribution of
sires, dams, does, and litters in the two breeds are presented in Table 1.

Table (1):. Structure of the data analyzed

Item Baladi New Zealand
Red White

Number of sires 16 17
Number of dams 47 42
Number of does 111 121
Total number of animals in the pedigree file 161 166
Number of litters 352 365
Total number of bunnies born 2320 2597

Total number of bunnies weaned 1532 1659
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Rabbits of this study were raised in a semi-closed rabbitry. Breeding
does and bucks were housed separately in individual wired-cages with
dimensions of 60 x 35 x 35 cm, allocated in two rows along the rabbitry. Cage of
each doe was provided with a metal nest box for kindling. Each buck was mated
naturally 3-4 does of the same breed. Each doe was palpated 10 days thereafter to
detect pregnancy. Those, which failed to conceive, were returned to the same
mating buck at the day of test. Sire-daughter and full and half sib matings were
avoided. At weaning age (35 days), the young rabbits were scparated from their
mothers' cages, sexed, weighted, ear-tagged and lodged in collectives cages in
groups having automatic drinkers. All animals were fed ad libitum a pelleted
ration containing 16.3% crude protein, 13.2% crude fiber and 2.5% fat. Berssem
(Trifolium alexandrium) was supplied at midday during winter only. Cages of all
animals were cleaned and disinfected before each kindling regularly. Manure was
collected daily and removed outside the rabbitry.

Data and models of analysis:

Litters traits measured at birth were litter size, number born alive, litter
weight, mean bunny weight in grams. At 21* day and weaning, litter size, litter
weight and mean bunny weight per litter were also recorded. Weight gain in litter
from birth o 21" day and weight gain in litter from birth to weaning werc
computed.

Data of each breed were analyzed separately using single-trait animal
model (STAM). MTDFREML program of Boldman et al (1995) was used.
Variances obtained by REML method of VARCOMP procedure (SAS 1996)
were uscd as starting (guessed) values for the estimation of variance components.
Analyses were done according to this model (in matrix notation):

Y=Xb+2Z,U, +ZpUp+e

where:

Y = vector of observation;

X= incidence matrix of fixed cffect;

b = vector of fixed effect of season (Autumn, Winter and Spring);

Z, and Zp = incidence matrices respective (o random direct additive effects and
permanent cnvironmental effects (permanent environmental effects defined as the
combination of the doe of the litters and her parities, i.e. combination of doe x
parity).

U, and U,= vectors of animal random effects and random permanent
envnmnmemal effects, respectively;

e = vector of random errors.

The relationship coefficient matrix (A™') among animals was considered in
such single-trait animal model (Korhonen 1996). The STAM was used to
estimate proportions of direct additive genetic effects (representing heritability

h’,), permanent environmental effects (p’), and error (e”) relative to the total
phenotypic variance. Direct hentabxhus (h’,) were computed as:
b=’/ (¢hs + & +o’.)
where: 6, = direct additive genetic variance, 6%, = permanent environmental
effects variance, and 6%, = error variance.



1462 Annals Of Agric. Sc., Moshtohor, Vol. 41(4), 2003

Repeatability was expressed as the ratio of variances by summing of
additive genetic and permanent environmental effects (6% + 6%,) to total
phenotypic variance (6°s + 6%, + 6*,). Standard errors were computed for ratios of
&, 6’, and 6%, from DFREML analyses. but not for repeatability because the
latter was not dircctly computed.

RESULTS AND DISCUSSION

To characterization each breed phonotypically, means, standard deviations,
percentages of variation (V%) and range of variation in minimum and maximum
values for maternal performance traits of the two breeds are presented in Table 2.
The means in this study are within the ranges reviewed in the Egyptian studies
(Afifi et al, 1992, Afifi et al., 1998; Afifi ¢t al., 2001). Results in Table 2 reveal
that maternal performance traits in Baladi Red were slightly lower than New
Zealand White. Lower maternal performance in Baladi Red was expected since
this native breed was not improved by selection. On the other hand. selection was
practiced in New Zealand White. Blasco ¢r al., (1992) ascribed the superiority of
New Zealand White does in pre-weaning litter traits to their superiority in their
pre-natal maternal performance in terms of ovulation rate, fetal survival, uterine
capacity, intra-uterine environment associated with post natal maternal
performance in terms of milk production maternal behavior, caring ability efc..

Wide phenotypic variations in all matcrnal performance traits of both
breeds were observed (Table 2). Percentages of variation (V%) in both breeds
were nearly similar and moderate; ranging from 16 to 34 in Baladi Red and 14 to
35 % in New Zealand White. Estimates of V% rccorded by Farid et al., (2000)
showed a general trend indicating that variations in pre-weaning litter traits were
also moderate or high. In both breeds, V% values for traits measured at birth
were lower than traits measured at 21 days and weaning. These figures indicate
that variations in maternal performance traits in both breeds were found to be
increased with the advancement of age. Similar results were reported by Lukefahr
(1982), Khalil et al., (1987) and Afifi er al., (1998). This was attributed to
differences in litter losses during the suckling period. Blasco et al, (1992)
attributed the variation in maternal performance traits at birth to the variation in
ovulation rate, embryo and fetal survival and uterine capacity. But, the increase in
V% for maternal performance traits at. weaning may be due to differences in post-
natal growth of the litters, genetic differences and variation in milk production of
their does during the suckling period (Khalil 1994). However, the higher variation
in litter traits at 21 days and at weaning than at birth would lead to greater
phenotypic improvement in these traits by selection associated with good
management during the suckling period.

Heritability:

Estimates of heritability for maternal performance traits in Baldi Red
rabbits and New Zealand White are shown in Table 3. Heritability estimates for
most traits in Baladi Red rabbits were to some extent higher than in New Zealand
White. Khalil ef a/ (1987) attributed this trend to the reduction in variability
within exotic breeds through previous intensive selection, while local breeds were
not subjected to such selection.
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In both breeds, direct heritabilitics for most traits investigated were low
and/or relatively moderate (0.06<0.22; Table 3). For litter size traits at various
ages, heritability estimates were nearly similar in both breeds and varied from
0.08 to 0.16 in Baladi Red rabbits and 0.06 to 0.16 in New Zealand White. These
estimates arc in agreement with those reported by Afifi et al, (1992) in Egypt. In
the European and USA studies, heritability for litter size traits in rabbits is
generally around 0.1 (Blasco et al., 1992; Lukefahr et al., 1996; Lukefahr ef al.,
1997; Lukefahr and Hamilton, 1997; Rochambeau, 1997; Rostogi et al., 2000).
Low heritability of litter size is further reflected in low response to sclection
(Poujardieu ef al., 1994; Rochambeau 1994; Gomez ef al., 1996). Other studies
(Khalil ef al., 1987, Krogmeier ef al., 1994 Ayyat et al, 1995) reported moderate
to high heritability values, but these estimates were associated with rather high
standard errors.

Heritability values for litter weight traits tended to be low or moderate
and ranged between 0.13 and 0.22 in Baladi Red rabbits and between 0.11 and
0.20 in New Zealand White (Table 3). These estimates are in agreement with
those reported in studies carried out in Egypt (Afifi ef al., 1992; Ayyat et al,
1995; Afifi et al, 1998). On the other hand, lower heritability estimates for litter
weight traits (0.02 — 0.09) were recorded by Lukefahr et al., (1996) and Lukefahr
and Hamilton (1997) in USA and Rastogi ¢f al., (2000) in Trinidad.

Estimates of heritability for mean bunny weight and litter gain traits
were tightly close to each other since these estimates ranged from 0.09 to 0.12 in
Baladi Red rabbits and 0.07 to 0.10 in New Zealand White (Table 3). Rastogi et
al., (2000) attributed the low heritabilities in litter weight traits to the negative
covariance between direct and maternal effects.

The reasonable precision of the estimates of heritability for most pre-
weaning maternal performance traits, as judged by their standard errors, indicate
that these estimates will be useful in scheming the selection programs for Baladi
Red rabbits particularly for litter weight at weaning. On the other side, the low
heritability estimates obtained for the other maternal traits in this study indicate
that the relative importance of direct additive genetic effect is low and the
improvement in these traits could be realized by the improvement in environment
and management of the litter after kindling, because the period from birth to
weaning is most sensitive to environment and management changes (Farghaly,
1996).

Permanent environmental effect (p*):

The proportions of permanent environmental effect (p?) associated with
their standard errors (SE) for maternal performances traits are presented in Table
3. In both breeds, these proportions were low and ranged from 0.05 to 0.14. Very
small magnitudes in permanent environmental effect may be a result of the small
number of does used in both breeds. In general, the small values of p* may be
attributed partially to the large temporary environmental variation (including
climatic, sanitary, managerial conditions, etc.) which could not be considered in
the mathematical model of analysis (Moura et al, 1991).
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Table (3): Ratios of variance components for direct additive effects (direct
heritabilities, hz_). permanent environmental effects (p’), and
error (¢’) to the total phenotypic variance and repeatability
estimates (t) for maternal performance traits in Baladi Red and
New Zealand White rabbits

Litter trait hl,ASE p'=SE ¢™+SE t

Baladi Red:
LSB 0.08+0.06 0.01+0.03 0.91+0.45 0.09
NBA 0.09+0.06 0.03£0.03 0.88+0.43 0.12
LS21 0.13+0.06 0.05+0.05 0.82+0.49 0.18
LSW 0.16+0.08 0.04+0.04 0.80+0.45 0.20
LWB 0.13£0.09  0.04£0.04  0.83%0.49 0.17
LW21 0.20+0.10 0.09+0.05 0.71+0.45 0.29
LWW 0.22+0.10 0.08+0.05 0.70+0.44 0.30
MBB 0.09£0.06  0.04+0.04 0.87+.0.44 0.13
MB21 0.10£0.08 0.08+0.06 0.82+0.43 0.18
MBW 0.11£0.08  0.07£0.07  0.82+0.42 0.18
LG21 0.10£0.07 0.074+0.05 0.83+0.43 0.17
LGW 0.12+0.07  0.0940.05  0.79+0.28 0.21

New Zealand White:
LSB 0.06£0.05  0.04+0.04  0.90+0.40 0.10
NBA 0.07£0.05  0.06£0.04  0.87+0.40 0.13
LS21 0.10£0.06  0.09+0.06  0.81+0.49 0.19
LSW 0.16£0.07 0.0840.06 0.76+0.40 0.24
LWB 0.11£0.06  0.0840.07  0.81+0.39 0.19
Lw21 0.17+0.07 0.14£0.07 0.69+0.31 0.31
LWW 0.20£0.09  0.12+0.06  0.68+0.32 0.32
MBB 0.07+0.04 0.08+0.05 0.85+0.32 0.15
MB21 0.08£0.06  0.13%0.06  0.79+0.30 0.21
MBW 0.09+£0.06 0.1240.09 0.79+0.36 0.21
LG21 0.05£0.03  0.10£0.04  0.85+0.30 0.15
LBW 0.10£0.06  0.09+0.06  0.81+0.30 0.19

SE= Standard errors for each ratio.

The estimates of p* were slightly lower in Baladi Red rabbits than in
New Zealand White with the exception of mean bunny weight at birth and litter
weight gain from birth to weaning which were in favor of Baladi Red rabbits.
However, proportions of p* were within the ranges of 0.10 to 0.22 reported by
Rastogi ef al., (2000) and grater than the ranges of 0.0 to 0.10 reported by
Lukefahr and Hamilton (1997).

In both breeds, the proportions of p* were generally low at the early ages
and increased thereafter with advancing of age till 21 days. This may be to
variation in milk production since the pattern of change in pre-weaning litter traits
has also the same curvilinear pattern in milk production; reaching its peak at 21
days. Khalil (1994) and Afifi et al., (2000). observed the same conclusion.
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Repeatability (t):

Repeatability estimates for most litter traits were low or moderate in
magnitude and tended to be slightly higher in New Zealand White than in Baladi
Red (Table 3). This is because the estimates of permanent environmental effect
were slightly higher in New Zealand White than in Baladi Red (Table 3). In both
breeds, a general trend was observed for the repeatability estimates of litter traits
to be increased with the advancing of age of the litter.

Repeatability in both breeds for litter size at weaning (0.24 in New
Zealand White and 0.20 in Baladi Red) were moderate, favorable and slightly
higher than the estimates for litter size traits measured before weaning (ranging
from 0.10 to 0.19 in New Zealand White and 0.09 to 0.18 in Baladi Red).
Repeatability values for litter size in this study tended to be close to or within the
range of values reported in the literature (Lukefahr ef al., 1983; Moura ef al.,
1991; Afifi et al., 1992; Khalil, 1994; Ayyat ef al, 1995; Lukefahr and Hamilton,
1997 and Rastogi et al., 2000).

The estimates of repeatability for litter weight traits at various ages were
moderate and ranging from 0.19 to0 0.32 in New Zealand White and 0.17 to 0.30
in Baladi Red rabbits. However, all estimatcs for litter weight traits in both breeds
were relatively higher than estimates for litter size traits (Table 3). Afifi ef al.
(1992) reported that repeatability estimates for litter weight at various ages were
relatively higher than that for litter size at the corresponding ages. The estimates
of repeatability for litter weight traits in this study were in the ranges of values
reported by Moura e al (1991), Khalil (1994), Ayyat et al (1995) and Lukefahr
and Hamilton (1997). Based on the repeatability estimate of 0.32 in New Zealand
White and 0.30 in Baladi Red for litter weight at weaning. this trait could
potentially be uscd, as a culling criterion to improve doe herd productivity in
terms of litter mass production, i.e. litter weight at weaning is an economically
important composite trait for the doe. This is because litter weight at weaning is
affected by litter size, kit viability, mothering and milking ability, and growth
response of the litter (Lukefahr and Hamilion, 1997).

Although the maternal genetic variance was not partitioned in our model
of analysis, this source of variance could be included in the permancnt effects
variance, and thus be reflected in our estimates of repeatability. For all pre-
weaning maternal performance traits, the estimates of repeatability were higher
than the estimates of heritability and consequently other permanent contributions
to doe production besides direct additive genetic effects could be suggested (c.g.
maternal additive and non-additive genetic. direct non-additive genetic, epistatic
and environmental effects).

Error proportions (¢?):

The estimates of e* were nearly similar in both breeds and ranging from
0.68 to 0.90 in New Zealand White and 0.73 to 0.91 in Baladi Red rabbits (Table
3). These high estimates of e’ for pre-weaning maternal performance traits may
be due that some factors might be ncglected in the mathematical model of
analysis.
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CONCLUSIONS

e Since this 1s the first attempt to characterize Baladi Red rabbits genetically in
terms of pre-weaning maternal performance traits using updated animal model
methodology. the moderate and favorable estimates of heritability for litter
weight at 21 day and at weaning (0.20 for litter weight at 21 day and 0.22 for
litter weight at weaning) could be an encouraging factor to improve pre-
weaning maternal performance of docs in Baladi Red rabbits through
selection, i.e. direct selection for litter weight at weaning would be effective to
get reasonable genetic response.

e The low estimates of p* reflected that pre-weaning litter trait could not be
affected considerably by permanent environmental effect.

o  Further studies involving large data sets particularly in Baladi Red rabbits are
needed to yield more precise permanent environmental effects, heritability and
repeatability estimates.
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