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ABSTRACT

A total of 382 litters produced from 38 New Zealand White does (NN) and 46
Californian (CC) ones were used in the present study during the period 1998 to 2000,
to evaluate genetically doe litter traits. The litter traits studied were litter size at birth
(LSB), litter size at weaning (LSW), litter weight at birth (LWB), litter weight at weaning
(LWW), mean bunny weight at birth (MBWB), mean bunny weight at weaning
(MBWW) and litter gain at weaning (LGW). Estimates of doe variance components for
litter traits were moderate. These estimates were higher in NN rabbits than in CC ones
for most traits. Repeatability estimates were moderate and ranged in NN rabbits from
0.26 to 0.40. While, they ranged from 0.23 to 0.42 in CC ones. The range in estimates
of doe breeding values (DBV) were higher in (NN) than those of (CC) rabbits. The
range of DBV's in (NN) rabbits vs. (CC) were 3.22 vs. 2.58 bunnies, 2.1 vs. 1.12
bunnies, 128.7 vs 169.5 g, 581.1 vs 454.9 g, 7.65vs 16.9g, 11.7 vs 126.0 g and
424.9 vs 293.2 g for LSB, LSW, LWB, LWW, MBWB, MBWW and LGW, respectively.
The percentages of does having positive estimates of DBV ranged from 43.5 to 57.9
for all does in the two breeds used in this study.

Keywords: Doe variance components, repeatability, doe breeding values.

INTRODUCTION

Two standard breeds viz., New Zealand White and Californian rabbits
were introduced to Egypt and were used in large-scale commercial
production in Egypt. Genetic improvement is mainly dependent on the genetic
parameters obtained (heritability, repeatability) of the traits. Recently, genetic
evaluation for litter and growth traits performed using the methodology of
animal model requires accurate and good estimates of variance and
covariance components (Baselga et al., 1992, Ferraz et al., 1992, Ferraz and
Eler 1994, El-Raffa et al., 1997). The objectives of the present study are to
estimate (1) doe variance components and repeatabilities for litter traits, (2)
the doe breeding values using a single- trait animal model.

MATERIALS AND METHODS

The present study was carried out at Maryout Research Station,
Desert Research Center for two consecutive years started in Sep. 1998. Two
standard breeds, New Zealand White (NN) and Californian (CC) rabbits were
used. Data collected of 382 litters produced from 38 (NN) does and 46 (CC)
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ones. Females within each breed were randomly grouped into groups of 3 to
5 does according to the available numbers. Each buck from the same breed
was mated to a group of does chosen at random avoiding parent- offspring
and sib mating. Dces were palpated ten days thereafter to determine
pregnancy and those failed to conceive were remated every other day
thereafter with the same buck until a service was observed. After kindling,
does were mated one day after parturition. Young rabbits were weaned at 28
days after birth. Litters were recorded for size and weight at birth and
weaning. Rabbits were fed ad-libitum on a commercial pelleted ration
contained 16% crude protein, 12% crude fiber and 2500 Kcal/kg.

Litter traits studied were litter size at birth (LSB) and at weaning
(LSW), litter weight at birth (LBW) and at weaning (LWW), mean bunny
weight at birth (MBWB), mean bunny weight at weaning (MBWW) and gain in
litter from birth to weaning (LGW). No of dose and litters born are shown in
Table 1.

Table 1. Distribution of records collected according to breed of kindling.

e _Nﬂew Zealand Wmlite (NN) gatifornian (_%C)

1% year 2" year 1" year 2" year
No. of does used 25 38 35 46
No. of litters born 84 106 99 93

Models of analysis:

Doe litters traits studied were analyzed for each breed separately
using the following mixed model (Harvey, 1990).
Yium= B +Di+ye+Sc+Pi+eyum  (Model 1)

where: ; ;
Y im = the observation on the ijkim " doe rabbit

g =overall mean

D, = random effect of | " doe

ye; = fixed effect of | thtxear of kindling (j =1, 2),

Sx = fixed effect of K" season of kindling (k=1, ..,3)
P, = fixed effect of L™ parity of the doe (I=1,...6)and
€jm = random error.

The minimum variance normal quadratic unbiased estimates
(MINQUE) . for doe variance components (cr2 d) and error variance
components (o’ e} as described by Handerson (1984) were obtained from the
doe model (Harvey, 1990).

Repeatability estimates for each trait was calculated as the doe intra-
class correlation (ty), i.e. ty =0®d/ (c? d+ o®e), where o d and o e are the
variance components for doe and error estimated by REML procedure
respectively, according to the formula described by Abdel-Raouf ( 1993 ) and
Farid ( 1998 ) .

Doe breeding values (DBV):

The single traits animal model program written by Misztal (1990) was
used in estimating the doe breeding values (DBV). Variance (Co)
components obtained by model 1 were used as starting values in the animal
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model to obtain the doe breeding values. The animal model (in matrix
rotation) used was:
Y=XB+Z,A+e

where:

Y = vector of observation of doe traits,

X = incidence matrix for fixed effects,

B = vector of fixed effects (year of kindling, season of kindling and parity),

Z .= incidence matrix for random effects (direct genetic effects),

A = vector of random effect (direct addi* ‘e genetic value) associated with the
incidence matrix Z , i.e. doe breeuing values and

e = vector of random errors, normally and independently distributed with (0)
mean and o’ e variance.

RESULTS AND DISCUSSION

Means and variation of uncorrected records:

Actual means, standard deviation (SD) and percentages of variation
(V%) for litter traits in NN and CC rabbits are shown in Table 1. Means
obtained in the present study are generally within the range of those reported
in the Egyptian studies. Means of all traits in NN rabbits were higher than
those in CC. Similar findings were reported by many Egyptian authors for
LSB LWB and LWW (e.g. Farghaly and El- Drawany 1984, Farghaly 1996
and Farid et al., 2000) and for MBWW (Oudah 1990 and Farid et al., 2000).
Percentages of variation (V%) for doe litter traits in NN and CC rabbits (Table
2) ranged from 25.4 tp 40.3 % for litter size traits, from 31.6 to 42.4% for litter
weight traits, from 23 to 33.6 % for mean bunny weight traits and from 26.2 to
27.8% for LGW. These authors are within those reported by some Egyptian
studies ( Afifi et al., 1992, Yamani et al., 1994, Ahmed 1997 and Farid et al..
2000). The estimates of V% are given in Table 2. Indicate that the phenotypic
variation of litter traits at birth were high and increased thereafter with the
advance of litter's age. Blasco et al. (1992) attributed yhe high variation in
litter traits at birth to the high variation in ovulation rate, embryo and fetal
survival and uterine capacity.

Table 2. Actual means, standard deviation (SD) and percetages of
variation (V%) for litter traits in New Zealand White and
Californian rabbits.

New Zealand White | Californian

. 0, -

SERI MeantSD (V%) | Meantsp V7

Litter size at birth (LSB 7.77£255 333 6.6+2.33 320
Litter size at weaning (LSW) 5.50+1.80 36.5 52+16 300
Litter weight at birth (LWB), g 468.8£120.6 291 | 395.0+130 26.3
Litter weight at weaning (LWW). g 3000.9£1100 38.0 12981.0+1010 35.2
[Mean bunny weight at birth (MBWB). g 60.5£9.5 149 542+105 153
Mean bunny weignt at weaning (MBWW), g| 469.3£92.3 19.0 | 400.32100.8 225
Litter gain weight (LGW). g 2550+905 36.1 2250+840 37.5

*V% = square root (MSE)/ actual mean x 100.
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Results of Lukefahr et al. (1990), Youssef (1992) and Khalil (1993) confirmed

this concept. The percentages of variation increased with advancement of

age of litter from birth up to weaning. This trend may caused by differences in-
their genotypes and the variation in milk production of their dams during the

suckling period (Afifi et al. 1992, Khalil 1994 and Farid et al. 2000).

Non- genetic aspects:
Parity:

Parity effects were found to be non-significan* ~ifferences on litter
size traits (LSBand LSW)in the two breeds (Table 3). Anmed (1997) noted
that differences in litter traits (litter size, litter weight, mean bunny weight per
litter and gain in litter weight at different ages) caused by year-season may be
due to variations in climatic conditions and milk yield of the doe from one
year-season to another. The non-significant parity effects were found in
different breed groups of rabbits on LSB and LSW (Khalil and Mansour 1987,
Hassan, 1988 and Hilmy, 1991). On the contrary, parity effects were found to
be significant on LSB (Afifi et al., 1982 and Khalil 1993). Also no significant
effect for parity on litter weight at birth and at weaning was found in the
present study. The same results were reported by Hilmy, (1991).

Year of kindling:

Effect of year of kindling was not significant in litter size at birth and
at weaning (Table 3). These results agree with (Hilmy 1991, Youssef, 1992
and Hassan, 1995). Significant differences in litter size at birth due to year of
kindling were reported by (Khalil and Mansour, 1987). The effects of year of
kindling on litter weight at birth and at weaning are shown in Table 2. There
were no significant differences in litter weight due to year of kindling.
Similarly, some investigators (Afifi and Emara 1984, Hassan, 1988 and Hilmy
1991) found a non-significant effect of year of kindling on litter weights.

Season of kindling:

Effect of season of kindling was highly significant (P<0.01) on most of
litter traits (Table 3). Ahmed (1997) noted that differences in litter traits (litter
size, litter weight, mean bunny weight per litter and gain in litter weight at
different ages) caused by year-season may be due to variations in climatic
conditions and milk yield of the doe from one year-season to another.
Californian breed had non-significant differences due to season of kindling.
Abd El- Raouf (1993) confirmed this concern and attributed this evidence to
that litter traits measured during preweaning period are more greatly affected

by season than at birth.
Doe- Variance components:

Differences in litter size at birth and at weaning due to effects of doe
were highly significant (Table 4).
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Table 3. Least square means of litter traits in New Zealand White (NN) and Californian (CC) rabbits for parities, year

and season of kindling

Item LSB LSW LWB LWW MBWB MBWW LGW
ew Zealand White breed ’
7.8+.19 311 466.2+10.0 1677.9+30.5 60.2+.92 466.9+13.6
7.8+.19 3.7TEM 463.1+10.0 1697.2+30.6 59.6+.92 468.5+13.6 1211.6+25.4
7.4+.19 3.6+.11 453.5+10.0 1637.6+£30.5 60.9+.92 459.9+13.6 1234.1+25.4
7.6+.19 3.6+.11 452.8+10.0 1630.5+30.6 59.9+.92 460.9+13.6 1184.0+25.3
7.5+.23 3.5+13 460.3+11.6 1672.9+35.8 61.1+1.1 492.3£16.5 1177.7£25.4
7.7+.28 3.8+.16 462.9+14 1 1680.9144.2 60.6+1.3 460.0+20.9 1212.6+30.4
1217.9+£38.2
k17 3.7+.09 456.3+8.9 1678.81£26.8 59.3+.80 469.6+11.5
7.6+.17 3.6+.09 463.4486  1653.5+25.9 61.4+.77 466.6+11.1 1222.51%1 8
1190.1+20.9
7.3t19b 35+11b 4206+99c 1522.94+303c¢c 575+91b 454.1+135b
85+18a 4.0t.09a 5248+9.2a 1902.9+276a 619+82a 4855+t120a 1102.3t25.1 ¢
7.1+£21b 35+11b 424.1+104b 15726+321b 61.7+96a 464.9+144a 1378.0+22.6 a
1138.6+26.8 b
alifornian breed !
6.8+.26 3.2+.14 365.2+11.0 1299.9+32 .4 54 4+ 64 417.5+11.1
6.7+.26 3.4+.14 360.9+11.1 1313.0+32.8 54.5+.65 399.0+11.2 934.7+29.5
6.5+.26 3.2+.14 355:3+11.2 1278.4+33.0 54.9+.65 414.0+11.2 952.1+29.5
6.6+.28 3.3L.15 355.4+12.0 1275.5+£35. 5 54.7+.70 395.5+12.1 923.2+29.7
6.6+.37 3.6+.19 361.9+15.7 1370.8+47.5 55.6+.93 388.1+16.3 920.2+32.3
6.5+.48 3.3+.25 357.1+20.5 1227.5+62.3 55.1+1.2 388.9+21.4 1008.8+44.0 .
870.4:!:5§.}3 g
6.7+.29 33413 362.5+£10.5 1266.6+30.6 54.7+.60 398.4+10.4 ‘ {: -1
6.6+.24 3.4+.13 356.1+£10.1 1321.8+29.6 55.1+.58 402.6+10.4 | 904.1+27.3 o
6.3+.30b 3.3+t.16ab 342.7+128b 1193.0+38.1¢c 548+.75a 364.1+13.0b 965. H&ﬁ?&‘x
6.9+.29 a 3 7t16a 377.1+12.5a 1453.5¢37.3a 55.1+.73'a 416.2412.7a | 850 3t
6.7+.29a 3.0+.16b 358.1412.3a 1236.1+366b 54.7+72a 421.2412.4a

'200Z ‘Aseniqed ‘(z)sz “Ajun einosuey 19 -ouby
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Similar, results were obtained in the study of Khalil et al. (1988).
Lukefahr et al. (1990) showed that doe contributes strongly to the phenotypic
variation of her product not only because due to transmission of genes to her
litter but also due to her maternal environmental effects on them. However,
Khalil and Mansour (1987) reported non-significant effect for doe on the same
traits.

Doe variance components (02 d) and their percentages (v %) for litter
traits in NN and CC rabbits are presented in Table 4. The percentages of doe
variance components in NN rabbits for litter size traits ranged from 38.6 to
40.3 %, from 31.6 to 36.5% for litter weight traits, from 31.2 to 33.6% for
mean bunny weight traits and 26.2 for litter gain at weaning. The
corresponding estimates in CC rabbits for litter size traits ranged from 25.4 to
37.5%, from 37.2 to 42.4 % for litter weight traits, from 23.0 to 33.3% for
mean bunny weight traits and 27.8% for litter gain at weaning. NN and from
254 to 37.5 % for CC, from 31.6 to 42.4 % for litter weight traits, from 23.0 to
33.6% for mean bunny weight traits and from 26.2 to 27.8 % for litter gain at
weaning. Similar findings of El- Raffa (1994) and Farid et al. (2000) showed
wide variation in percentages of doe variance components for litter traits. In
general, (NN) does showed higher percentages of doe variance components
than that of (CC) does. The same results were reported by Farid et al. (2000).
High maternity of lactation in (NN) rabbits may be responsible for high
estimates (v%) for litter traits. Khalil (1994) stated that the genetic and
environmental differences in pre- and postnatai maternal influence could be
added as another cause in this respect.

Table 4. Doe (o°d ) and error (cr2 e) variance components, percentages
(V%) and repeatabilites (t) and standard error (SE) obtained by
REML method for litter traits in New Zealand White and
Californian rabbits.

[ New Zealand White Californian
hraits’ . Doe Remainder Repeatability Doe Remainder Repeatability
; 5*d V% d’e V% #SE  ©0°d V% Jd’e V% t:SE

LsB 0880 388 14 614 0.38+.08 [0.503" 375 0.84 625 0.38+09
i |
LSW 02567 403 038 597 0.40+09 0.108~ 254 032 746 0.25:£08

!
|
|

LwB 1504~ 36.5 2619 635 0.26+.08 14617 424 1984 576 0.42+.09
|

%LW\N 113097 31.6 24454 68.4 0.32+.08 [120457 372 20314 62.8 0.37+.08
{ |

MBWB 4639 336 9.3 6.4 0.34+.08 9.5 333 19.0 667 0.33+07

;MBWW1327"' 31.2 2928 68.8 0.31+08 (14837 230 4953 77.0 0.23+.08

|

LGW [7845 26.2 22147 73.8 0.26+ .07 6236 278 16231 722 0.28+09
+ Traits are defined previously in Table 2.

*** = P<.0001
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Repeatability:

Estimates of repeatability for doe litter traits (Table 4) were moderate.
They were slightly higher in (NN) rabbits than those of (CC) in most of litter
traits, they ranged from 0.26 to 0.40 in (NN), and from 0.23 to 0.42 in (CC).
New Zealand White rabbits had high estimates for litter size and mean bunny
weight traits than Californian rabbits. On the other hand, Californian rabbits
had high estimates for litter weight and gain traits. Lukefahr et al. 1983 and
Abdel- Raouf, 1993) reported that the high repeatability for litter traits in (NN)
may be an indication of the considerable additive genetic variation for these
characters. The estimates obtained of the present study agreed with some
studies (Lukefahr et al., 1983 and Lukefahr et al., 1984).

Doe breeding values (DBV):

For single- traits animal model, the number of iterations attained in
evaluation of doe litter traits in (NN) and (CC) rabbits are presented in Table
5. For (NN) does, the number of iterations recorded for litter size traits ranged
from 114 to 133 iterations, for litter weight traits from 108 to 125 iterations, for
mean bunny weight traits from 119 to 157 iterations and 128 iterations for
litter gain at weaning. The corresponding figures recorded by (CC) does for
litter size traits ranged from 85 to 105 iterations, for litter weight traits from
114 to 134 iterations, for mean bunny weight traits from 133 to 137 iterations,
and 88 iterations for litter gain at weaning. Similar figures were observed by
Farid et al. (2000). For most cases, these figures of the present study indicate
that data of (CC) does required less iteration compared to (NN) to reach
adequate convergence criteria. Ducrocq et al. (1990) reported that number of
rounds of iterations required to reach adequate convergence criteria may not
be before 100 or more iterations.

The minimum, maximum and range (i.e. the difference between the
maximum and minimum) for doe breeding values are shown in Table 6. The
ranges were higher in (NN) does than (CC) for litter size traits, litter weight at
weaning and litter gain at weaning (LGW). Whereas (CC) does recorded
higher ranges for litter weight at birth (LWB) and mean bunny weight at birth
(MBWB) and at weaning (MBWW). Farid et al. (2000) confirmed this
concerning in (NN) and Bouscat breeds., For litter weight traits, DBV
increased with advance of age of the litter from birth up to weaning in NN
does. Khalil et al. (2001) with New Zealand White reported that ranges
estimated of (PBV) for total number (TNB), total number born alive (TNBA)
and total number weaned (TNW) were 8.2, 9.8 and 11.8 bunnies when using
single-trait animal model. Farid et al. (2000) reported that (NN) does recorded
higher ranges of breeding values fore doe litter traits than those of (CC) does.
Thus, improvement of these traits might be more effective in (NN) than in
(CC) rabbits. Ranges in DBV for litter size traits of both breeds used in the
present study decreased with the advance of age of the litter from birth up to
weaning. Farid et al. (2000) attained the same trend of the present study of
NN for litter weight traits in the three breeds used in their study (Bouscat, NN
and CC). For litter weight traits and mean bunny weight traits were found to
increase with advance of age of the litter from birth up to weaning in both
breeds

985



Zaky, H.l.and Z. A. M. Sabra

Table 5. Number of iterations recorded by single-trait animal model
(SAM) for doe litter traits in New Zealand White and
Californian rabbits.

[:‘T'mts’ New Zealand White Californian
LSB 133 105
LSW 114 85
LWB 108 134
LWW 125 114
MBWB 157 133
MBWW 119 137
LGW 128 88

+ Traits are defined previously in Table 2.

Table 6. Minimum, Maximum and ranges of doe breeding values (DBV)
estimated by single-trait animal model (SAM) for litter traits in
New Zealand White and Californian.

fraits” ~ New Zealand White Californian
Minimum. Maximum _Range [Minimum Maximum Range

LSB -1.57 1.66 3.22 +1.43 1.16 2.58
L SW 0.91 18 5t ~0.56 0.56 1.12
LWB |66.7 62.04 128.7+112.63 56.90 169.5
LWW [303.6 277.51 581.1+271.13 183.83 454.9
MBWB |-3.8 3.91 7.65 16.88 10.05 16.9
MBWW +67.8 48.7 11.7 £51.21 74.84 126.0
LGW  |231.7 198.24 42491142 65 150.52 293.2

+ Traits are defined previously in Table 2.

Farid et al. (2000) reported this trend in New Zealand White and Bouscat
rabbits.He attributed these results due to that the expression of the genotype
is clearer at weaning than at earlier ages. Thus, selection for a composite trait
at weaning might be more effective to improve many traits than selection for a
simple trait at birth or at weaning. The numbers and percentages of does with
positive breeding values (Table 7) indicated that in general, does having
positive estimates of breeding values were about 50% of all does in both
breeds used (ie. NN and CC). Farid et al. (2000) reported that does having
positive estimates of breeding values were less than 50% of all does in their
study.
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Table 7. Numbers and percentages of does having positive estimates of
breeding values (DBV) and their percentages (%) recorded by
single trait animal model (SAM) in New Zealand and Californian

rabbits.
Traits’ New Zealand White Californian

Number (%) Number (%)

0 19 50.2 20 435
LSwW 18 47.4 23 50.0
LWB 22 57.9 235 an 50.0

' LWwW 20 52.6 24 52.6
MBWB 20 52.6 25 . 54 4

MBWW 18 47.4 23 - 500

LGW 19 50.0 21 45.7

+ Traits are defined previously in Table 2.

CONCLUSION

New Zealand White (NN) recorded better performance in litter traits
than in Californian (CC). Many authors also declared this concept. This is due
to superiority of NN does in their potential maternal abilities ( in terms of milk
production, maternal behavior, caring ability...etc) than CC. Therefore, NN
could be used as a dam breed in crossbreeding strategies in Egypt.
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