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ABSTRACT: An experiment on two exotic breeds of New Zealand White (NZW)
and Califormian (CAL) rabbits was carried out to evaluate genetically posi-
weaning growth performance of  these two breeds raised under the Egyptian
emvironment. Data on 2291 of NZW and 1628 of CAL rabbits were used. Post-
weaning growih mraits mvestigated were body weight (ar 3,6,8, 10 and 12 weeks)
and denly gams and livahiliies (ar the age iniervals of 5-6, 6-8, 8-10 and 10-12
weeks). Variance components and sire  heritabilities were estimated for these
traits using Restricted Maximum Likelihood (REML) PROCEDURE. Sire
transimitting abilines (STA) for these traits were estimated using a single-trait
Amimad Model (AM).

lor most growih traits of both breeds, estimates of the sire component
of varicmee  obtained using REML were low or somewhat moderate. The
percentages of variation dne 1o sire for growth traits estimated for NZW and
CAL rabbits ranged from 0.0 to 12.5% for body weight, 1.7 to 13.1% for daily
gain and 12:7 to 13.5% for livabilin.  Although all heritability estimates in
both breeds were generally low, heritability estimated for NZW rabbits were
higher than those corresponding estimates for CAIL rabbits. These estimates
ranged from 0.049 10 0.501 in NZW vs 0.0 10 0.256 in CAL for body weight,
0.142 1o 0.518 in NZW vs 0.070 to 0.184 in CAL for daily again and 0.106 to
0.502 in NZW vs 0.021 10 0.154 in CAL for livability. The differences between
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minimum and maximum values of STA jfor post-weaning growth ftraits and
livabilities were low or somiewhat moderate. For body weight at different ages,
there were about 81 to 85% of the sires in NZW (47 sires out of 59) and 77 to
80% in CAL (30 sires out of 39) representing an absolute difference of less
than 40 grams. For daily gains in both breeds, the largest number of sires was
Jound in the class with the smallest absolute difference in STA and the smallest
mumber of sires was found in the class with the largest absolute difference.
Among all growth traits, percentages of positive estimates of STA were nearly
similar in both breeds and they ranged from 50.6 10 61.0% for body weights,
46.2 10 55.9 % for daily gains and 51.3 to 66.1 % for livability.

INTRODUCTION

Sire evaluation using an animal model is being used extensively in dairy
and beef cattle. swine and sheep but little in rabbits. In practice, evaluation of
sires for post-weaning growth in rabbits is an important aspect for rabbit
breeders, particularly for meat rabbits raised in adverse environment. In the last
decade, genetic evaluation for data of post-weaning growth traits and livability
in rabbits was often performed using a sire model or an animal model (Ferraz et
al. 1901. Ferraz et al.1992; Hassan, 1995; Ferraz and Eler, 1996; Shebl et al,
1997) Henderson (1984) stated that genetic evaluation using an animal model
(where all relationships among all animals are considered) would be most
accurate than evaluation based on a sire model {which account only for
relationship among sires). In most cases, evaluation was often performed using
an Animal Model which requires good estimates of variance components (Ferraz
et al.. 1991, Ferraz et al, 1992; Hassan, 1995; Shebl et al, 1997). With balanced
data, Restricted Maximum Likelihood (REML) produces the same estimators as
ANOVA methods (Corbeil and Searle, 1976; Anderson et al., 1984). Therefore,
ANOVA estimators have well known optimal properties in these circumstances.
For unbalanced data and for very non-linear equations and records subjected to
selection, REML is preferred to solve these equations iteratively (Meyer, 1991).
For limited data in rabbits, particularly for NZW and CAL breeds raised in
adverse environment, the situation may be differed.

The objectives of the present study were: (1) to evaluate post-weaning
growth traits and livability of New.Zealand White (NZW) and Californian (CAL)
rabbits raised in adverSe environment, (2) to estimate and compare variance
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components and sire heritabilities estimated by REML procedure for these traits,
and (3) to estimate the sire transmitting abilities (STA) for these traits using an
Animal Model (AM).

MATERIALS AND METHODS

The experimental work of this study was carried out at the experimental
farm of the Faculty of Agriculture at Moshtohor, Zagazig University, Egypt.
That work lasted for three consecutive years started in September 1989.

Arnimals and Breeding Plan

Locally-born rabbits of two foreign breeds being New Zealand White
(NZW) and Californian (CAL) rabbits were used in this study. All animals
included in the study were pedigreed. Females within each breed were randomly
grouped at the beginning of the first breeding season of the experimental period,
into groups ranging from 3 to 6 does according to the available numbers. For
each group of does, a buck from the same breed was assigned at random with a
restriction of avoiding parent-offspring and sib matings. Each buck was given
the chance to produce all his litters from the same females all over the period of
the study

Rabbitry and Management

All animals were treated and midicated similarly throughout the
experimental period under the same managerial and climatic conditions.
Breeding stock (dees and bucks) were individually housed in wire cages with
standard dimension arranged in one-tire batteries allocated in raw along the
rabbitry with passages suitable for service. Cages of each doe were provided
with metal nest boxes. Cages of bucks, does and nest boxes were cleaned and
disinfected before each kindling regularly.

According to the breeding plan of the experiment, each doe was
transferred to the buck's hutch to be bred Each doe was weighted at each
mating and palpated 10 days thereafier to detect pregnancy. Within 24 hours of
kindling, litters were examined and recorded. Bunnies were weaned five weeks
post-kindling to allow the maximum time for milk feeding. At weaning, litters
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were recorded and the young rabbits were ear tagged, weighed, separated from
their dams and they housed in wire hutches in group individuals. Rabbits were
always fed ad libitum and food was offered two times daily. A commercial
pelted ration was provided in the momning and in the afternoon. The composition
of that ration was 16.3% crude protein, 13.2% crude fiber, 2.5% fat (digestible
energy = 2600 KCal/l Kg ration). The ingredients of this ration were 33%
barely, 21% Wheat bran, 10% Soya bean meal (44% C.P.), 22% hay, 6%
berseem straw, 3% corticated cotton seed meal, 3.3 % molasses, 1% lime stone,
0.34% table salt, 0.3% minerals and vitamins and 0.06% methionine. In winter
and early months of spring, berseem (Trifolium alexandrinum) was supplied at
midday. Fresh clean water was available to rabbits at all times.

Data and models of analysis

The distribution of data collected according to breed and year of kindling
are presented in Table 1. Data of growth traits utilized for analysis were 2291
offspring of 74 sires and 237 dams in NZW breed, while they were 1638
offspring of 48 sires and 145 dams in CAL. Body weights studied were weights
at 5 (W5), 6 (W6), 8 (W8), 10 (W10) and 12 (W12) weeks of age, while daily
gain involved gains at intervals of 5-6 (DG6), 6-8 (DG8), 8-10 (DG10) and 10-
12 (DG12) weeks of age. Post-weaning livability at 6 (L6), 8 (L8), 10 (L10) and
12 (L12) weeks of age were also considered. Records of each specific age were
taken on all alive offspring. Percentages of livability were treated subjected to
arc-sin transformation to approximate normal distribution before being analysed.

Data of NZW and CAL breeds were analyzed separately using Mixed
Model Least-Squares and Maximum Likelihood Mean Weighted Program of
Harvey (1990). Post-weaning growth traits (body weight, daily gain and
livability) were analyzed using the following model:
Yigw=p+ S; + Aj + Ysp + By + €jiim

Where:
Y jkim = the observation on the ijkIm rabbit,
n= ove[all mean,
S; = the random effect of the ith sire,
A, = the fixed effect of jth sex,

Y = the fixed effect of ktP year-season-parity (31 classes),
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B| = the fixed effect of ith Jitter size in which rabbit was born (10 classes), and

ium = the random deviation of mth rabbit and assumed to be independently
randomly distributed (0, 0%).

The absence of records in some subclasses did not permit the inclusion of
all possible interactions. Estimates of variance components (6°s & 6%) were
computed using REML (Meyer 1991). REML is an iterative method and the
variance component for random effects are estimated appropriately. Iterations
are continued using the estimators of sire and error variances from the preceding
round of iteration until the estimates are stabilized. In the first round of iteration
a guessed value of the ratio was used. Sire heritabilities (hs) were estimated as
[4 (o%) / (0°s+ o%e)]. The approximate standard error for h% were calculated by
the formula given by Becker (1984).

Sire transmitting ability

A 59 NZW and 39 CAL sires were used for estimating sire transmitting
abilities (STA) for post-weaning growth traits (body weight, daily gain and
livability), Each sire in each breed separately had at least 7 young, A Single-trait
Animal Model program written by Misztal (1990) was used to estimate STA of
different traits. Estimates of variance components estimated by REML were
used n calculations. In this animal model, transmitting abilities for all animals
with records and anmimals without records were considered. The linear mixed
animal model used (in matrix notation) was:

Y = XB+Za+e
where Y= is an observational vector of rabbit, X= incidence matrix for fixed
effects. = vector of overall mean and fixed effects (sex, year-season-parity and
litter size in which rabbit was born), Z= incidence matrix for random effects
(direct genetic effect), a= vector of unknown additive genetic value, i.e. animal
transmitting ability, e= vector of unknown random error (0, c%¢). The variance-
covariance structure of the model was as follows:

a B AO‘?\ 0

€ 0 Ig'f

Var

Where A= the numerator relationship coefficient matrix, and 1= anidentity
matrix with order equal to number of records for progeny.
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RESULTS AND DISCUSSION

heans and variations of uncorrected records
Means, standard deviations (SD) and percentages of phenotypic variation
(V%) for post-weaning growth traits (body weight, daily gains and livability) for
New Zealand White (NZW) and Californian (CAL) rabbits are presented in
Table 2. Means for growth traits in NZW and CAL rabbits increased with the
advancement of age. The performance of body weight and gains in NZW was
slightly higher than in CAL breed. Means of post-weaning body weights and
daily gains for both breeds are nearly similar with the other Egyptian studies for
the same two breeds (El-Maghawry et al., 1988, El-Maghawry, 1990; Khalil
et al., 1993). Better post-weaning performance in NZW rabbits than in CAL was
also declared by many studies in hot climate countries, particularly in Brazil
(Ferraz et al 1991, Ferraz et al 1992). This is due to superiority of NZW dams in
their postnatal maternal abilities (in terms of milk production, maternal behavior,
caring ability, ... etc) than CAL dams.

Livabilities in NZW and CAL at different age intervals are similar (Table
2) and they are nearly similar to those corresponding estimates reported for the
same two breeds raised in Egypt (Khalil et al., 1993). The estimates for NZW
and CAL rabbits were 96% and 96% for L6, 93 % and 93% for L8, 91% and
91% for L10 and 89% and 88% for L12, respectively.

Estimates of phenotypic variation (V%) for post-weaning growth traits
in both breeds are moderate or relatively high (Table 2). The estimates in NZW
ranged from 22.9 to 27.5%, 30.0 to 33.2% and 18.7 to 33.5% for body weight,
daily gain and livability, respectively while they ranged from 23.0 to 49.2%, 28.9
to 32.7% and 18.8 to 33.7% for the corresponding traits in CAL rabbits. The
estimates in both breeds tended generally to decrease as the rabbit advanced in
age. 1.e. variation percentages for body weight and daily gain at earlier ages were
higher than these estimates at older ages. A reverse trend of V% was observed
for livability traits in both breeds. The estimates for NZW and CAL, respectively
averaged 28.5 and 36.2 % for early ages of post-weaning growth (5 and 6
weeks) compared with 26.4 % and 26.9 % for later age (12 weeks). Such high
estimates of V% lead us to conclude that improvement of growth traits in NZW
and CAL rabbits through phenotypic selection is quiet possible. Estimates in V%
of - the Egyptian studies (Khalil et al, 1987, EL-Maghawry,1990; Khalil et
al,1993) showed a general trend indicating that variation in post-weaning body
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weights and gains of a certain breed of rabbits decreased with advancing of
rabbit's age This trend was expected since rabbits at young age (5 or 6 weeks)
are more sensitive to the non-genetic maternal effects (in terms of lactation,
mothering ability, litter size,.... etc) which decrease with advance of age. Also, it
could be due to the consequence of the expression of the combination of non-
genetic maternal environment (which decreases with advance of age) and the
genetic factors (Khalil et al, 1986).

Non-genetic aspects

For each breed separately, least squares means of growth traits in
different year-season-parity subclasses are numerous to be represented here.
However, post-weaning body weights, gains and livabilities were significantly
varied (P<0.001) in different year-season-parity subclasses (Tables 3&4).

Post-weaning growth traits of NZW and CAL rabbits born during
autumn were significantly higher than those born during winter and spring. High
values of F-ratios in ANOVA reveal also that litter size in which rabbit was born
contributed significantly to the variance of most body weights and gains of NZW
and CAL rabbits. Therefore, litter size at birth was one of the most important
non-genetic maternal factors influencing post-weaning growth performance of
such two breeds of rabbits. With NZW and CAL rabbits raised in Egypt, El-
Maghawry (1990) found that litter size at birth had significant effects (P<0.05
or p 001) on body weights and/or gains at different ages. For selection and
improvement policies in NZW and CAL rabbits raised in Egypt, deriving some
sets of litter-size-correction factors for post-weaning weights and gains is
recommended (Khalil et al., 1993).

Least squares means given in Table 5 indicate that the highest weights of
body were recorded by rabbits born in small-sized litters (<5 young). For daily
gains and hvability traits, no definite trend could be drawn in different litter-size
subclasses in both breeds (Tables 6&7).

Variance components

For both breeds, differences in all post-weaning growth traits due to sire
effect were high and significant except weight at 6 weeks in CAL (Tables 3&4).
In Egypt, some investigators reported non-significant sire effect on growth traits
in rabbits (Khalil & Khalil, 1991, El-Maghawry, 1990, Khalil et al., 1993), while
others reported significant effect (Khalil et al., 1987). Khalil et al. (1987) with
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Bouscat rabbits found that sire affected significantly most growth traits

(P<0.05), while it had no significant effect on weight at 12 weeks. Khalil et al
(1993) with NZW and CAL rabbits reported insignificant sire effect on post-
weaning body weights and daily gains from 5 up to 12 weeks at different age
stages (P<0.001), but El-Maghawry (1993) with NZW reported significant sire
effects for most post-weaning daily gains studied. For CAL rabbits, the later
author found that sire effects on post-weaning daily gains were non-significant .

The variance components estimated using REML along with percentages

of variation (V%) attributed to the sire and remainder for post-weaning growth

traits in NZW and CAL rabbits are shown in Table 8. For most post-weaning
growth traits of both breeds, percentages of sire component of variance obtained
by REML procedure were low or relatively moderate, reflecting the large
environmental components of variance associated with the sire (Khalil et al,,
1987). The estimates for NZW rabbits ranged from 1.2 to 12.5% for body

weights. 3.7 to 13.1% for daily gains and 3.2 to 13.5% for livability traits. The

respective estimates in CAL ranged from 1.7to0 6.3%, 1.7t0 4.4% and 0.0 to

2 1% However. reviewed percentages of variation estimated by REML show

that the contribution of sire was generally low or moderate (Lukefahr, 1992; El-

Raffa, 1994; Hassan, 1995). These reviewed estimates ranged from 3.77 to

13.01% for body weights and 13.44% for daily gains and 4.01% for livability in

NZW. This low variation of sire may be due to that system of feeding and

management practices might have masked the full expression of non-genetic
paternal differences of sire.

Sire heritabilities

Sire heritabilities estimated for post-weaning growth traits in NZW and
CAL rabbits are given in Table 8. In general, heritability values decreased from
weaning weight at 5 weeks up to 12 weeks. Earlier (5-6 weeks) and later (12
weeks) individual weights seem to be good traits for selection due to moderate
estimates of h2. This notation is in agreement with those reported by Khalil et al.
(1986) and Ferraz et al. (1991). However, sire heritabilities in the present study
were similar to those estimates obtained in some Egyptian studies (Khalil et al .
1987. Afifi et al, 1992; Khalil et al, 1993). Other studies on NZW and CAL
breeds raised in hot Brazilian climatic conditions showed low sire heritabilites

for post-weaning growth traits (Ferraz et al., 1991 & Ferraz et al,, 1992; Ferraz
and Eler, 1996).
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Sire heritabilities estimated by REML procedure for most growth traits in
NZW and CAL rabbits were low or relatively moderate (Table 8). Small
estimates of most sire heritabilities obtained here for post-weaning growth traits
could be attributed: (1) to the small sample size of progeny per generation
(Ferraz et al, 1992; Khalil et al,, 1993), (2) to the small number of progeny
per sire (El-Maghawry, 1990; Ferraz et al, 1991&1992; Khalil et al., 1993), (3)
to the non-randomness in the distribution of progeny within sire groups
(Khalil et al, 1993), and (4) to the sampling error (Khalil et al, 1986). The
systematic matings generated a homogenous number of progeny per sire and a
sufficient number of sires providing connections between cells. With balanced
data, Reverter et al (1994) noted that REML produces the same estimators as
ANOVA methods (Corbeil and Searle, 1976; Anderson et al , 1984)

Although all estimates of heritability are generally low, heritabilities
estimated for all growth traits and livabilities in NZW rabbits are higher than
the corresponding estimates in CAL rabbits (Table 8). The heritabilities ranged
from 0.087 to 0.299 in NZW vs 0.00 to 0.277 in CAL for body weights, 0.137
to 0304 in NZW vs 0 08710 0.177 in CAL for daily gains and 0. 154 to 0.281
in NZW vs 0.072 to 0.154 in CAL for livability rates.

Sire transmitting ability (STA)

Considering all sires of both breeds, the minimum and maximum
estimates of STA along with their ranges are presented in Table 9. For body
weights of NZW at 5, 6, 8, 10 and 12 weeks, there were differences of 143 3,
1653, 1062, 72 8 and 118.2 grams, respectively. The same trend of differences
was observed for daily gains (6.30, 4.41, 3.94 and 6.56 grams, respectively) and
livability (30.2, 26.7, 242 and 15.4 % respectivily). Using the Animal Model,
STA estimated by Hassan (1995) ranged from -78 to 90 grams for weaning
weight and from -8.9 to 10.7% for livability in NZW rabbits. When considering
the top ten percent of sires (Table 9), we can find that the differences between
maximum and minimum values in STA were smaller than that when considering
all the sires list. For most growth traits in both breeds, the differences in STA of
the top ten percent of sires were moderate.

Table 10 shows the distribution of the absolute differences among the
estimates of STA For body weight at different ages, there were about 81 to
85% of the NZW sires (47 sires out of 59) and 77 to 80% of the CAL sires (30
sires out of 39) representing an absolute difference of less than 40 grams. For
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daily gains of both breeds, the largest number of sires was found in the smallest
absolute difference and the smallest number of sires was found in the largest
absolute difference. Similar trends were observed for livability in NZW and CAL
rabbits., Hassan (1995) reported that there were 16.3, 23.3 and 7% of the sires
having absolute differences of <10, 10-30 and 30-50 grams for weaning weight,
respectively and 11.6, 27.9 and 9.3% of the sires having absolute differences of
<1, 2-5 and 6-10% for livability at weaning.
. Among all sires in both breeds, percentages of sires with positive
estimates of STA ranged from 46.2 to 61.0% for body weights, 46.2 to 55.9%
for daily gains and 51.3 to 66.1 % for livability (Table 11). The positive
estimates of STA in NZW rabbits were higher than the corresponding estimates
in CAL rabbits, i.e. genetic improvement of post-weaning growth traits through
sires selection in NZW rabbits could be more effecting than in CAL rabbits.
Among all growth traits, the largest percentages of positive STA were recorded
for livabilities followed by daily gains and body weights.

Conclusion

® Moderate means of post-weaning growth traits reported here and those
reviewed from literature for NZW and CAL rabbits raised in Egypt indicate
that the genetic potentiality of these two standard breeds raised in adverse
environment 1s not completely expressed in Egypt. This is due to NZW and
CAL rabbits were raised in Egypt under unsuitable climatic and managerial
conditions. Also, genotype-environment interaction could be a limiting factor.

e Although the performance of these two breeds is moderate, they could be
used as an effective meat-type breeds in adverse environment. Moreover,
these moderate rates of growth are one of the encouraging factors to use
these exotic breeds in Egypt on a large scale of commercial production.

e From the genetic point of view, there is a potentiality for a moderate
improvement in post-weaning growth traits in NZW and CAL rabbits raised
in adverse environment through sires selection. Short generation interval in
these two breeds of rabbits could accelerate this improvement.
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Table 1. Distribution of data of post-weaning growth traits collected
according to breed and year of kindling.

ftem New Zealand White _ . Californian

1%year * 2*yvear 3™ year 1st year 2nd year 3rd year
Mumber of sires 23 28 23 17 16 15
Number of dams 70 85 82 62 42 41
Number of litters born 242 192 182 205 91 91

Number of litters weaned 167 153 171 138 71 77
Number of bunnies born 1706 1274 1136 1366 572 570
Number of bunnies weaned 1201 578 512 970 328 340

+First year started in September 1989, while second and third years started
in September 1990 and September 1991, respectively.
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Table 2. Means, standard deviations (SD) and errors (SE) and
percentages of variation (V%) for Post-weaning growth traits
at different ages in New Zealand White and Californian
rabbits.

New Zealand White Californian

Trait”
No. Mean SD SE V% No. Mean SD SE V%

Body Weight (grams):

W35 2465 5608 1610 324 247 1380 5185 156.1 420 2638
W6 2465 6589 2098 423 275 1380 621.0 3151 848 492
W8 2373 9340 257.7 529 24.1 1328 8688 237.7 652 240
W10 2314 12420 355.7 7.39 254 1295 11562 301.1 837 230
W12 2251 16042 4192 883 229 1260 1491.1 4049 1141 23.0
Daily Gain (grams):

DG6 2465 158 59 012 332 1380 15.6 58 0.16 327
DG8 2373 187 7.0 0.14 328 1328 17:3 6.1 017 305
DGI0 2314 215 76 016 316 1295 204 66 018 289
DGI12 2251 254 86 0.18 300 1260 243 86 024 308
Livability (%):

L6 2465 096 0.19 0.004 187 1380 096 0.19 0005 188
LR 2465 093 024 0005 244 1380 0.93 024 0006 245
L10 2465 091 028 0006 294 1380 091 028 0007 297
L12 2465 089 031 0006 335 1380 088 032 0009 337

+W5= 5-week weight. W6= 6-week weight: W8= 8-week weight; W10= 10-week
weight: W12= 12-week weight: DG6= 5-6 week gain, DG8= 6-8 week gain; DG10=
8-10 week gain: DG12= 10-12 week gain; L6= livability at 6 weeks; L8= livability
at 8 wecks: L10= livability at 10 weeks; L12= livability at 12 weeks.
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Table 3. F-ratios of least-square ANOVA of factors affecting post-
weaning body weights in New Zealand White and Californian

-rabbits,
Source D.F ws W6 W8 Wwio0 Wi2
New Zealand white:
Sire 58 3. 5%%% 4 (%% D 3xE ) Qs 1 85%e
Sex | l.Ins 06ns 009ns 0.6ns 0.0ns
Year-season-parity 30 §.0%*% ] 0%F*x 3 0% ]33 |¥¥r |5 2%k
Litter size at birth 9 16.1%kk ]2.0%FF ] 2%%% 5§ g« 5.5%%
Remainder d f 2366 2366 2274 2215 2152
Remainder mean squares 19243 32893 50654 99841 135199
Californian:
Sire 38 2.7 ] 0ns 1.8%+ 1.4% LR
Sex 1 291s 3.0ns 0.9ns 0.1ns 1.1ns
Y car-season-parity 3 S0 3% Rt [ q2 L
Litter size at birth 9 16.7%¥* 3 (** Q 5%%% g Q¥x% 5.3%%%
Remainder d f 1301 1301 1249 1216 1181

Remainder mean squares 19244 93506 43305 70428 117187

Traits as defined in Tabic 2.
ns= non-significant. *= P<(.035. **=P<0.01; *¥*= P<0.001.
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Table 4. F-ratios of least-square ANOVA of factors affecting daily gains
and livabilities in New Zealand White and Californian

rabbits.

Daily gain in weight”

livability®

Source DF¥ DG6 DGE DG DGI2 Ls

L8 Li0 Li2

New Zealand white:

Sire S8 4.0%** 24%%% 22%%% 6% 3R
Sex I 33ns 26ns Od4ns 02ns  06ns
Year-season-parity 30 12.3%%% ]16.9%** [49%%% |74 4%
Litersizeatbirth 9 4.6*** 2.3* 2.1* 29**  0.6ns
Remainder d.f 2366 2274 2215 2152 2366
Remainder mean squares 2748 37.5  46.12 5773 32

Californian:
Sire 3B 210w 3%es 1 6% 23988 209"
Sex 1 1.lns Odns 0.4ns 3.9+ 0.7ns

Year-season-parity 30 8.4%** 10.7*** 86%** 10.1*** 36***
Litersizeatbirth 9 22* l.Ins I.5ns 1.5ns 0.8ns
Remainder d.f 1301 1249 . 1216 1181 1301
Remaimder mean squares 259 27.0 34,82 56.12 33

3‘0033 2'90.. 2.5...
02ns 04ns 0.0ns
3.8ttﬂ 4‘8¢.t 4‘551t
l.ins 1.2ns l.dns
2366 2366 2366
52 7.1 89

1.5* ) o B e

04ns 0dns 0.0ns
3_]'0- 3,9"‘ 39-..
0.9ns 1.5ns l4ns
1301 1301 1301
53 Pl 92

Traits as defined in Table 2.
ns= non-significant: *= P<0.05: **= P<0.01; ***= P<0.001.
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Table 5. Lest square means of post-weaning body weights in different
litter-size subgroups in New Zealand White and Californian

rabbits,
Litter size Wws Wwe w8 wio Wiz
at birth Ne. Mean + SE No. Mean + SE No. Mean + SE No. Mean + SE No. Mean + SE
New Zealand White :
2 29  494:397 29 799:395 28 1143:472 28 1436-652 28 1818-76.1
3 26 372:314 26 7842417 26 1004+493 25 1366+693 25 1621809
4 151 594275 151 688+239 146 960+254 140 1273+339 136 1619+40.1
5 208 610+265 208 700:228 204 9944236 201 1249:30.8 196 1640+36.5
6 439 569:14.5 439 666+203 425 922+198 412 1225+249 403 1585+29.5
7 513 555=144 513 646201 496 915:194 482 1206:244 465 1574+28.9
8 489 532+144 489 617+202 457 B896+195 446 1189+245 431 1569+29.1
9 314 596:254 314 576+214 302 826:21.6 294 1107-27.7 284 1440+329
10 177 5262274 177 608:239 172 883:254 17! 1180:334 169 1528+393
=11 119 508:29.0 119 601258 117 851+28.1 115 1179:37.7 114 1502+44.]
Californian :
2 13 780-430 13 848904 13 1143+63.] 13 14314799 13 160041074
3 25 582-327 25 666+663 25 924:473 23 1287:613 23 1649:+084.3
4 85 624-21.6 85 695:382 83 949:297 80 1267+367 78 1534-056.1
s 116 620-203 116 665-347 108 988-280 105 1255-344 103 162420534
6 207 509-16.6 267 561-231 256 832:21.1 245 1084-249 233 1431:0436
7 234 500+172 234 5894250 223 8282221 218 1102-26.1 211 1404-0448
8 337 495-06.3 337 5734220 324 827-205 317 1117+238 314 1420+0424
9 196 512+18.0 196 5754277 190 860:23.5 189 1005+281 182 1445+046.9
10 51 422:263 51 498:505 50 7474372 50 987+463 48 1248+067.0
>f1 30 535-26.2 56 576-32 56 836-383 33 1114-481 35 1441-0686

Traits as defined in Table 2

79



Rabbits, Transmitting ability, Post-weaning growth, Animal Model

Table 6. Lest square means of post-weaning daily gains in different
litter-size subgroups in New Zealand White and Californian
rabbits.

Litter size DG6 DGS8 DG10 nGi12

atbirth No. Mean+SE No. Mean+SE No. Mean +SE No. Mean+SE
New Zealand White:

2 29 196+10 28 21.2+13 28 224414 28 27.1+16
3 26 175+12 26 172413 25 219415 25 24.5+1.7
4 151 164+07 146 187407 140 214408 136 23.5+H09
8 208 148+07 204 191407 201 21.1+0.7 196 257+09
6 439 156106 425 183+0.5 412 21.0:06 403 249+07
7 513 156306 496 184405 482 212406 465 247H0.7
8 489 15.0406 457 185405 446 216+06 431 258+0.7
9 314 144406 302 170406 294 195407 284 232408
10 177 147407 172 1856407 171 207408 169 24.0+0.9
>11 119 155+08 117 182408 115 220+09 114 252+1.0
Californian -
2 13 780+430 13 19.741.6 13 188+18 13 28.6+2.3
3 25 5824327 25 . 17.2412 23 208+14 23 26.4+1.8
4 85 624+216 83 16.5+0.8 80 194+08 78 22.0+1.2
5 116 620+203 108 178408 105 196408 103 24.0+1.1
6 267 509+16.6 256 166+06 245 187406 233 232409
7 234 500+17.2 223 166406 218 197406 211 232409
8 337 495+06.3 324 164106 317 199406 314 235409
9 196 512+180 190 17.0407 189 19.1+06 182 239+10
10 51 4224263 50 15.7+1.0 50 174+10 48 206414
>11 56 5354262 56 15.4+1.0 55 17.7+1.1 55 21.6+1.5
Traits as defined in Table 2.
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Table 7. Lest square means of livability in different litter-size subgroups
in New Zealand White and Californian rabbits.
Litter size Lé LS L10 L12
at birth No. Mean+SE Mean+SE Mean+SE Mean + SE
New Zealand White :

2 20 094+003  093+0.04  092+005  091+0.06

3 26 095+0.04  0.88+0.05  087+0.05  0.79+0.06

4 151  0.94+0.02  0.89+0.02  0.85+003  0.82+0.03

5 208  096+002  096+002 0924002  0.90+0.03

6 439  096+0.01  092+002  090+0.02  0.86+0.02

7 513 095+0.01  091+002  086+0.02  0.83+0.02

8 489 0.94+0.01  091+0.02  087+0.02  0.84+0.02

9 314 0.93+0.02  090+0.02  086+0.02  0.82+0.02

10 177 0.94+0.02  091+0.02  089+003  087+0.03
>11 119 095+0.02 091+003  088+003  0.82+0.03

Californian

2 13 0.92+0.05 0.90+0.06 0.91+0 08 0.81+0.09

3 25 0.91+0.04 0.81+0.05 0.78+0.05 0.74+0.06

4 &5 0.92+0.02 0.87+0.03 0.86+0.03 0.82+0.04

5 116  0.87+0.02 0.84+0.02 0.80+0.03 0.79+0.04

6 267  0.90+0.01 0.86+0.02 0.81+0.02 0.78+0.03

7 234 0.90+0.01 0.86+0.02 0.82+0.02 0.7740.03

8 337 092+0.01 0.88+0.02 0.86+0.02 0.8340.03

9 196  0.90+0.02 0.88+0.02 0.82+0.02 0.80+0.03

10 51 0.94+0.03 0.92+0.03 0.91+0.04 0.86+0.05
211 56 0.95+0.03 0.91+0.04 0.91+0.04 0.92+0.05

Traits as defined in Table 2.
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Table 8. Estimates of variance components and sire heritabilities ( b’)
estimated using and REML for post-weaning growth traits in
New Zealand White rabbits.

Trait Sire Remainder
h’4S.E
o v% o v% oJo’,
Body Weight: _
W5 1849 8.7 19343 913 105 0.349+0.120
W6 4743 125 33118 875 7.0 0501+0.165
W8 1792 34 51059 966 285 0.136+0.049
W10 1242 1.2 100878 988 812 0.049+0.018
Wiz 2407 1.7 136078 983 56.5 0.070+0.026
Daily gain:
DG6 418 131 2768 869 66 0518+0.170
DG8 1.80 4.6 3771 954 209 0.182+0.065
DG10 1.72 37 4652 964 270 0.14240.053
DGI2 3.19 52 5806 948 182 0.208+0.074
Livability:
L6 05 135 3.2 86.5 6.4 0.502+0.018
L8 0.4 7.0 53 93.0 13.2 0.277+0.097
L10 04 5.2 7.3 948 182 0.212+0076
512 03 32 9.1 9.8 303 0.106+0.039

Traits as defined in Table 2.
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Table 9. Estimates of variance components and sire heritabilities ( h’)
estimated using REML for post-weaning growth traits in
Califernian rabbits.

Trait Sire Remainder

-

o, v% - v o'Jo’, h4SE

Body Weight™:

W5 1121 55 19206 945 17.1 0.221+0.097
W8 1002 23 . 43456 977 434 0.090+0.041
W10 1195 1.7 70368 9083 599 0.067+0.031
Wi2 8052 6.3 118028 937 146 0.256+0.112
Daily gain": ;
DG6 0.97 3.6 2587 964 267 0.144+0.065
DGS 0.53 1.8 28.51 98.2 3540 0.073+0.034
DGI0 0.62 1.7 34.98 983 564 0.070+0.032
DG12 2.64 44 56.60 956 214 0.178+0.079
Livability™:
L6 0.04 1.2 34 982 850 004140019
L8 0.03 22 54 978 180 0.021+0.010
Li0 0.1 13 72 987 720 0.035+0016
L12 0.2 21 93 979 46.5 0.088+0.040

" Negative estimate of sire component of variance was obtained for W6.
"Traits as defined in Table 2.
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Table 10 : Minimum and maximum estimates of sire transmitting abilities estimated
by an Animal Model for post-weaning growth traits in New Zealand
White and Californian rabbits.

New Zealand White Californian
All sires Top 10 % All sires Top 10 %
of sires of sires

Trait”

Minimum Maximum Range Range Minimum Maximum Range Range

Body Weight (grams):

BWS -91.7 51.6 1433 136 -48.2 48.9 97.1 287
BW6  -109.7 55.6 1653 145 a a a a
BW8  -39.9 46.3 106.2 21.1 -31.1 34.6 657 225
BWI10 -34.0 388 728 238 -37.9 34.7 72.5. « 25,1

BWI2 -61.0 57.2 118.2 30.6 -232.8 93.7 3265 56.0

Daily Gain (grams):

DGl -3.15 3.15 6.30 2.13 -1.21 1.31 2.52 0.94
DG2 -175 266 441 1.7 -1.08 1.00 208 067
DG3 -2.19 1.75 3.94 0.77 -1.01 0.75 1.76 047
DG4 -333 3.23 6.56 2.11 -2.09 2.75 484 2.05
Livability(%):
Lo -202 10.0 30.2 6.1 =27 14 41 09
L8 -184 83 26.7 44 -1.5 1.5 3.0 1.1
L10 -15.6 8.6 242 49 -34 25 59 1.7
L12 97 5.9 154 26 -7.2 42 114 23
“Traits as defined in Table 2.

Number of sires used for evaluation were 59 and 39 sires in New Zealand White and
Californian rabbits, respectively.
* Negative estimate of sire component of variance set to zero.
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Table 11. The distribution of the absolute difference among sire transmitting ability (STA)
estimated wusing an Animal Model for post-weaning growth traits in New
Zealand White and Californian rabbits.

Trait” NZW CAL NZW CAL
Trait
Absolute  No. of % No.of %  Absolute No.of % Noof %
difference sires sires difference sires sires

Body weight (grams): Daily gain in weight:

WS <0 15 254 9 231 DG1I <05 22 373 26 66.7
10-19 7 11.9 13 333 05-10 16 27.1 9 231
20-29 12 203 7 18.0 >10 21 356 4 103
30-39 10 17.0 4 10.3
40-49 6 10.2 6 154 DG2 <035 24 40.7 33 846
50-59 5 85 0 00.0 S5-10 17 288 4 103

>60 68 0 00.0 >10 18 305 2 51

W6 <10 254 a DG3 <05 25 424 30 76.9
10-19 119 5-10 14 237 8 205
20-29 11.9 >10 20 139 1 26
30-39 20.3 DG4 <05 11 18.6 8 205
40-49 13.6 5-10 19 322 19 487
-3 6.8 >1.0 29 49.2 12 308

>0 10.2
Livability (%):

w8  <i0 288 19 487 L6 <5 42 TE2 -1, 2% 3539
10-19 254 11 282 5-10 13 220 10 256
20-29 237 6 154 >10 4 6.8 8 205
339 10.2 3 77
40-49 10.2 0 00 L8 <5 47 787 26 667
50-59 1.7 0 0.0 5-10 8 136 9 231

>6() 0.0 0 0.0 >10 4 6.8 4 103

wie  <]0 458 18 46.2 L10 <5 45 763 15 385
10-19 356 10 256 5-10 12 203 15 385
20-29 11.9 7 180 >10 2 34 9 231
30-39 6.8 4 103

>40 0.0 0 0.0 L12 <5 351 864 6 154
5-10 8 85 5 128

Wiz <10, 254 4 10.3 >10 0 00 28 718
10-19 254 3 7.7
20-29 237 7 18.0
30-39 136 6 154
40-49 6.8 1 26
50-39 34 3 7.7

>6() 14 15 3RS

"Traits as defirted in Table 2,
* Estimates of STA were not obtained due to that estimate of sire component of variance was

negative.
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Table 12. Percentages of positive sire transmitting ability estimated
using an Animal model for post-weaning growth traits in
New Zealand White and Californian rabbits.

NZW CAL
No. of sires % No of sires %

Body Weight (grams):

BW5 33 559 19 48.7

BWé6 33 559 a a

BWS8 30 50.6 18 46.2

BW10 30 50.6 20 513

BWI12 36 61.0 19 48.7
Daily gain (grams):

DGI1 31 525 21 539

DG2 30 50.6 18 462

DG3 33 559 19 487

DG4 29 492 18 46.2
Livability (%):

L6 39 66.1 23 59.0

L8 35 593 24 61.5

LI10 36 610 20 513

L1 22 542 22 56.4
Traits as defined in Table 2.

* Estimates of STA were not obtained due to that negative estimate of sire
component of variance was obtained.
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