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Abstract _

this work was carried out to evaluate the influence of early preweaning variables
and cross-fostering on post-weaning and final market traits of rabbits. Two studies were
carried out on purebred New Zealand White rabbits, the first was a retrospective analysis of
data on 126 litters (1010 kits), and the second was a field-type cross-fostering experiment
on 36 litters (476 kits). Traits investigated were litter weight (LW), litter size (LS), within
titter coefficient of variation for body weight (LCV), and mean kit weight (KW) at
marketing (70 days of age), litter gain (LG), mean kit daily gain (KDG) and mortality rate
from weaning (28 days) to marketing. In the second study, LW28, L528, LCV28, KW2§,
and preweaning mortality were also recorded. Resuits indicated that litter size born alive
(LSB) affected (P<0.05 or P<0.01) all traits except LCV70. With the increase of LSB,
KDG28-70 and KW70 decreased linearly, and LW70, LS70 and LG28-70 increased to
limits then decline (negative curvilinear quadratic effect). Predicted maximum LW70
(15.688 kg) occurred at LSB = 9.4. Generally, summer and spring kindlings were
associated with the least post-weaning and market growth performance. Post-weaning
mortality, L§70 and LCV70 were not affected by kindling season. On the other side, doe
body weight at kindling did not affect {P>0.05) any of the traits except LCV70 where more
uniform litters at marketing were born to heavier dams at kindling. Likewise, none of the
traits varied (P>0.05) with the kindling number. As a result of fostering, the size of the
nursing litter was 7 to 9 in the fostered "F" group, while it ranged from 3 to 13 in the non-
fostered "NF" litters. Preweaning mortality was greatly reduced (20.27 vs 8%, P<0.001)
due to fostering. In turn, "F" litters were heavier (0.54 kg more, P<0.05), larger in size (one
kit inore, P<0.05) and tended (P=0.08) to be more uniform at weaning compared to "NF"
fitters. Superiority in growth and size of "F" litters continued post-weaning to marketing
where they averaged 14.26, 13.53 and 14.59% higher LW70, LS70 and LG28-70,
respectively than "NF" litters. It could be concluded that reducing the size of large litters to
a maximum of nine per dam shortly after kindling through cross-fostering improved market
traits primarily via reducing preweaning mortality. Management arrangements should be
considered to reduce the adverse effects of hot seasons on growing litters.

Introduction
Effects of several factors on post-weaning and market traits of
rabbits have been investigated. These include seasonal differences,
nutritional regimens, doe characteristics, e.g. her kindling order, milk
production and body weight, litter size and sex (30; 8; 29; §; 25).
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Determination of preweaning (early) factors influencing market
(late) traits of rabbits may provide a potential for early modifications to
make the best use of these effects in terms of profitability. Among these
factors, litter size (LS) received the primary attention, and high LS was the
main goal in breeding programs aiming at improving rabbit productivity
(14; 23).

Unfortunately, studies have indicated that as litter size increases
growth performance and kit survival decline. Consequently, the benefits of
high litter size may be partially lost chiefly because of the high mortality,
particularly during the preweaning period (9; 13; 10; 16).

On the other hand, commercial producers place greater emphasis on
market traits for maximum profit. Their goal is, therefore, to maximize
number of kilograms marketed per litter. In this respect, litter weight at
market is a better composite indicator of profit and total performance of the
litter than separate traits as it is the product of litter size, mortality and
growth.

A classic recommendation in the literature to rabbit producers is to
reduce the size of large litters through fostering as a means of increasing kit
survival, and in turn improving litter performance up to marketing (18 ; 12),
and even enhancing their breeding performance as adults (27). However, to
our best knowledge, no reports published data on actual field—type cross-
fostering rather than the experimental litter size standardization. .

The aim of the present study was to evaluate the effect of
preweaning factors (litter size, doe body weight, her kindling order and
kindling season), and cross-fostering on market traits of meat rabbits.

Materials and Methods
Study population and management: ,

Animals of the present study belong to El~Tamboli rabbit farm, a
large commercial producer of meat rabbits raising about 1500 dams. The
farm is located in El-Obour city, Cairo-Ismailia road. All rabbits used in
this study were purebreds of the New Zealand White breed. First mating of
females was done at 4-6 months of age. Following kindling, remitting
occurred after 10 days, and females were palpated for pregnancy diagnosis
about 12-14 days later. Feeding of newborn kits was limited to nursing for
the first three weeks. Thereafter, they had a free access to a pelleted fryer
rabbit ration formulated in the farm (in kg, hay 320, wheat bran 200,
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soybean meal 120, corn 120, barely 200, molasses 20, sodium chloride 3,
limestone 8, sodium bicarbonate 5 and mineral mixture 2). Breeding bucks
and non-lactating does were given about 150 g of the same ration daily,
whereas weaned kits and lactating does were fed ad libitum. Weaning
occurred at 28 days of age by transferring the kits to a separate cage. At this
time, sexing, ear—tagging and individual weighing were done then
individual kit weights were recorded biweekly thereafter to market age.

* First study: ‘A retrospective analysis of data for the effect of
preweaning variables on market traits:

A total of 126 litters (1010 kits) were used in this study. All newborn
kits remained with their dams (no fostering). Data were collected throughout -
the year 2005 involving the four seasons. Traits under investigation in this
study and their abbreviations are shown in Table (1). Within litter body
weight coefficient of variation (LCV) was used as a measure of litter
uniformity (12).

Statistical analysis:

Least squares analysis of covariance: It inciuded the fixed effects of
kindling season (four seasons, autumn, September to November; winter,
December to February; spring, March to May; summer, June to August),
body weight of the doe at kindling (< 4 kg, 4 ~ 5 kg, >5 kg) and kindling
order (1%, 2" or 3", as main effects, and alive litter size at birth (LSB)asa
linear and quadratic covariates. The interaction of doe weight by kindling
order had significant effects on LW70 and LS70, so that included in their
models, all other interactions were non—significant and thus removed from
the final model (Model I).

Yiu=n+ S+ D; + Ky + (DK)jk + b (LSB) + bz(LSB)z + €kl (Model D,
Where: '

Yiju = observed value of a given dependent variable,
Tl = overall mean,

Si = fixed effect of i" kindling season class,

D; = fixed effect of j' doe body weight class,

Ky  =fixed effect of k™ kindling order, ‘

(DK)j = fixed effect due to interaction of doe body weight and
kindling order, included only in the models of LW70
and LS70. :
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b; and by = partial linear and quadratic regression coefficients of Yiu
=ljtter size at birth (LSB), and
eji = the random error.

According to the significance of the quadratic coefficient, linear or
linear and quadratic regression equations were developed using LSB as an
independent variable and performance traits as dependent variables (Model
ID.
¥ =a+b(LSB)+by(LSBY [Model II], Where:

¥ = a predicted value of a given dependent variable,

a = the intercept, and

byand b, = the partial linear and quadratic regression coefficients
of Y on LSB.

* Second study: Influence of fostering across littets on pre— and post-
weaning performance.

A total of 56 litters (476 kits) were used in this expenment The
experiment was conducted from January to April of 2006. According to the
regression of LW70 on LSB of the first study, fostering across litters was
performed so that no dam in the fostering group nursing more than nine kits.
Large litters available for the experiment had 10 to 13 kits. Transfer of kits
occurred within two days of kindling by transferring the extra kits to the
nest box while the recipient dam removed outside the box and masking the
odor by smearing her nose with an oily perfume. Kits removed from large
litters were the nearest in size to those of the recipient dam. Control non-
fostered litters were selected to match, as exactly as possible, the original
litter sizes of the fostering group, for example two litters of 12 and 5 kits
remained unaltered in the control groups, meanwhile, rearranged to become
9 and 8 in the fostering group. Traits investigated in the second study and
their abbreviations are given in Table (1).

Statistical analysis:

The same model of the first experiment (Model I) was used except
for the inclusion of the fixed effect of fostering (fostered "F" vs non-fostered
"NF" litters) instead of the covariate LSB. No interactions were significant,
thus all were not included in the final model.All analyses of the two studies
were performed using the Statistical Analysis System (28). Means were

272



Benha Vet.Med.J., Vol. 18, No.1, June. 2007

separated using the least squares means of the same program. Mortality rates
were compared using the chi-square test.

Table (1): Performance traits investigated and their abbreviations

Trait definition Abbreviation
First study
Litter body weight at marketing (day 70) LW70
Litter body weight gain from weaning (day 28) to marketing 1L.G28-70
Mean kit body weight at marketing Kw70
Mean average daily gain from weaning to marketing KDPG28-70
Litter size at marketing LS70

Within litter body weight coefficient of variation at marketing LCVT0
Second study*

Litter body weight at weaning LW28
Mean kit body weight at weaning KW28
Litter size at weaning 1528

Within litter body weight coefficient of variation at weaning LCV28
* The second study inciuded all traits in the first study.

- Results and Discussion
* First study:

Results of the least squares analysis of covariance are presented in
Table (2), regression analysis in Table (3) and least squares means for
different effects are in Table (4). '

Effect of litter size at birth:

The size of the litter nursed by the doe (born alive, LSB) affected all
traits except LCV70. LW70 and LS70 varied (P<0.01) curvilinear with the
variation of LSB (Tables 2, 3). It means that these two commercially
important characters increase with the increase of LSB but to limits, beyond
these limits, they will decline. Equation (1) in Table (3) and Fig. (1)
indicated that maximum total litter weight at marketing (15.688 kg) was
predicted to occur with LSB = 9.4. Consequently, keeping nine kits as a
maximum number nursed by the doe would maximize income per litter in
terms of kilograms of rabbits sold at marketing. Also, the presence of
negative quadratic effect of LSB on LS70 indicates that in too large litters,
kit survival is adversely affected up to market age. Although the analysis of
covariance (Table 2) showed that LG28-70 regressed linearly on LSB, the
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relationship was a quadratic one in the separate regression analysis (Table 3,
Equation 2). LG28-70 would, therefore, follow a similar trend (curvilinear)
as that of LW70 and LS70. Similarly, (18) reported positive linear and
negative quadratic effects of LSB on size and weight of the litter at
marketing (56 days in their study). They predicted that litters of nine kits
would have the heaviest weight at marketing, therefore they suggested
adjusting the size of the litter at birth to a maximum of nine. It was
concluded by (12) that LSB has a role in the determination of LS70 (a
correlation coefficient of 0.80). In addition, it was reported by (5) that LSB
significantly affected LW56 (P<0.001) with LW56 increased consistently
from LSB = 2 to LSB = 7 (the maximum LSB tested in their study was
7).KW70 (P<0.01) and KDG28-70 (P<0.05) changed linearly (Table 2), but
negatively (Table 3) with LSB. Their regression equations were significant
in spite of the low R? of KDG28-70. These equations imply that the
increase of LSB would reduce kit post-weaning daily gain and its market
weight. Previous studies obviously support the negative association of LSB
and post-weaning kit growth rate and body weight (3; 6; 15; 22; 5). It was
reported by (12) that there is a negative correlation between LSB with
KW70 (r = ~ 0.30) and average daily gain (r = - 0.15). It was explained by
(4) that in small litters, milk per kit was higher, and this greater milk intake
caused heavier kits till 70 days of age and a lower mortality rate. In contrary
to the present and most other studies, (8) found that postweaning weight
gain was not related to litter size.

Effect of season of kindling:

Season of kindling affected significantly most of the growth
parameters (LW70, P<0.05; KW70 and KDG28-70, P<0.01, Table 2).
Results in Table (3) show that litters born during winter and autumn were
1.92 and 1.54 kg heavier at marketing than those born during summer, and
1.37 and 0.99 kg heavier than litters kindled during spring. LG28-70
followed a nearly similar trend but non-significantly (P>0.05). Moreover,
winter and autumn were associated with the heaviest individual kits at
marketing (2.18 + 0.05 and 2.17 % 0.03 kg, respectively compared to spring
(1.93 = 0.06 kg) and summer (2.03 + 0.04 kg, P<0.05). Kits of spring born
litter gained significantly (P<0.05) the least body weight daily (31.81 + 0.82
g) during the post-weaning period relative to those born in other seasons
(34.21 to 35.63 g/day). Since the ration used in the current study was the
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same allover the year, seasonal effects may be related to differences in
climate and daylength. Rabbits are very susceptible to heat stress as found
by (26 , 19 and 22) who reported that hot seasons were depressant to feed
intake of rabbits. In addition, (21) found that daylength affected
significantly postweaning gain of rabbits with the poorest performance was
seen during summer.In contrast to the present findings, (2 and 5) reported
. that litter weight and average kit weight at marketing did not differ
according to season. Different breeds and agro-climatic conditions of
different countries may contribute to such disagreement. However,
important seasonal effects on growth performance of rabbits appeared in
several other reports especially the decline in performance during the hot
periods (12 ; 3 ; 6 ; 15). In Egypt, our results disagree with those of (30)
who found the best post-weaning growth of New Zealand White rabbits for
those born in summer and autumn. However, they carried out their study in
environmentally controlled houses, which might eliminate most of the
outdoor seasonal effects. On the other bhand, LS70, LCV70 and post-
weaning mortality did not vary with the kindling season (Tables 2, 4). As
well, (12) for LS70 and LCV70 and (2) for LS70, found no seasonal trends.
Effect of doe body weight at kindling and kindling order:

Data in Table (2) revealed that body weight of the dam at kindling
was a non-significant (P>0.05) factor for all postweaning and market traits
except LCV70 (P<0.05). Kits in litters from light weight does (<4 kg) had
less uniform body weight at marketing (high LCV70, 9.75 + 0.94 %)
compared to litters born to heavier dams (7.89 + 0.43 for does of 4.5 - 5 kg,
and 7.23 + (.60 for those of >3 kg at kindling, (Table 4). Correspondingly,
(18) found that the maternal effects of dam body weight at parturition never
approached significance on litter weight, size and uniformity, or kit weight
at marketing. But, (17) found that doe weight at kindling affected body
weight of broiler rabbits, however, they used weekly individual weights
rather than total final litter weight and mean kit weight used in the current
study.All postweaning and market traits did not vary significantly (P>0.05)
across the kindling order (Table 2). However, litters of the 3" kindling
tended to be heavier and more uniform at marketing, and showed faster
postweaning growth, lower mortality rate and slightly larger litter size. In
concurrence, lack of kindling order effects appeared in other studies, e.g.
(12) for LS70, LCV70, kit body weight at 70 days of age and its
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postweaning daily gain; (24) for final body weight {87 days) and
postweaning growth rate; (29)for 0 — 168 days mortahty rate, and (5) for
L§856, LW56, KW56.

* Second study:

In this experiment (Table 5), cross-fostering across litters was
performed to reduce the size of large litter (10 or more) to a maximum of 9
kits as recommended in the first study. Table (6) indicates that the litter size
nursed (LSN) by the doe averaged 8.5 kits in both groups. However it
ranged from 7 to 9 per dam in the fostering "F" group as a result of
redistribution of kits, meanwhile the range was 3 to 13 kits in the control
non—fostering "NF" group.

Preweaning:

Cross-fostering did not affect KW28. However, "F" dams weaned
litters of heavier weight (0.54 kg more, P<0.05), larger size (one kit more,
P<0.05) and tended to wean more uniform kits (LCV28 11.14 vs 14.30, P =
0.08) compared to "NF" litters. The major preweaning effect of fostering
appeared in kit survival (P<0.001) where reducing the size of large litters
reduced preweaning mortality rate from 20.24 to 8%.

Weaning to marketing:

Advantages of fostering remained clear on litter weight and size at
market age. Litters from the "F" group averaged 1.91 kg (14.28%) heavier
and 0.89 kit (13.53%) larger in size compared to the "NF" litters. KW70,
LCV70, KDG28-70 and mortality rate were similar in both groups
(P>0.05). 1.G28-70 was higher (1.37 kg or 14.59%) in the "F" group
relative to the control, but the effect only approached statistical significance
(P = 0.07) Results of second study indicate that the positive effect of cross-
fostering is principally through reducing preweaning mortality, as a result
maintaining higher litter size at weaning and marketing, and in turn, heavier
total litter weights at both ages. In accordance, (10) recorded a positive
correlation (r = 0.64, P<0.01) between LSB and preweaning mortality in
litters of 10 to 14 kits. Also, (32, 27 and 22)concluded that performance got
worse with the increase of litter size.One half of the "NF" litters had a size
of 10 — 13 kits. In these large litters, because of the competition for teats and
low amount of milk available per kit, some kits would suffer starvation and
are more likely to die. Literature findings support this explanation as the
number of teats in the rabbit doe is mostly 8 — 10 (31) and milk vield of the
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doe is stimulated as the number of suckling kits increases up to nine (20).
Moreover, milk available to individual kits decreases with the increase of
litter size (1 ; 7 ; 33). Also, (11) observed that preweaning mortality was
significantly higher in non—suckled (starved) kits (36.9%) than in suckled
ones (13.5%).The main conclusions are: (1) The size of the nursing litter
appears to be the main factor affecting overall performance of rabbit litters
post-weaning to marketing. (2) Because of the clear seasonal effects,
management decisions should be considered to reduce the adverse effects of
hot seasons on growing litters. (3) Reducing the size of large litters to a
maximum of nine per dam shortly after kindling through cross-fostering
improved total litter performance pre- and post-weaning mainly via
improving kit survival before weaning.
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Table (2): Analysis of covariance for market traits of New Zealand

White rabbits
Effect LW70 (kg) | LG28-70 (ke) | KW70 (kg)
DF] MS |DF|] MS |DF] MS
Kindling season 3 1597 | 3 3.05 3 1030
Doe weight (DW) 2 0.55 2 529 2 0.04
Kindling order (KO) | 2 0.26 2 2.91 2 | 006
DW x KO 4 | 1493 | — — — | -
Regression on LSB’ . . .
- Linear 1 1493.12 1 |262.92 1 | 1.65
- Quadratic 1 31669 | — — — —
Residual 112 578 [i16]| 379 |117] 041
R’ 0.63 0.57 0.43
KDG28-70 (g) LS70 LCV70 (%)
DF| MS [DF] MS [DF]| MS
Kindling season 3 [ 58.087 | 3 1.22 3 [35.17%
Doe weight (DW) 2 1673 | 2 0.27 2 | 41717
Kindling order (KO) | 2 11.06 2 0.10 2 9.34
DW x KO —_ — 4 | 304 | — | —
Regression on LSB’
- Linear 1 | 4847 {1 | 117207} 1 | 2829
- Quadratic — — 1 | 63427 | 1 | 38.48%
Residual 117 1261 T2l 112 1114 1355
R* 0.22 0.72 0.16

TI.SB = Litter size born alive, other trait abbreviations: Refer to Table 1.

DF = Degrees of freedom; MS = Mean square;

R* = Cocfficient of determination.
@ p <0.10; * P<0.05; ** P<0.01.
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Table (3): Regression of postweaning and market traits on litter size
born alive (LSB)

Eg. No. Variable* Prediction equations R? | Prob.! | Fvalue
- 4.599 + 4,307 (LSB) -
1 "LW70 02286 (LSBY? | 0.47 | ** 5).54%+

SE (£0.518) (£0.0325)
- 4241 +3.137 (LSB) -

2 LG28-70 0.1618 (LSB)? | 0.47 | ** | 53.72%+
SE (£0.401) (£0.0252)
2.514-0.0531 (LSB)

3 KW70 - — | 025 | ** | 40.85%
SE  (£0.0083)

36.67— 0282 (LSB)
4 KDG28-70 — |oo3| = 3.89%+

SE (+£0.143)

—3.139 +2.161 (LSB)-
5 LS70 (%) 0.1059 (LSBY* | 0.64 | ** | 105.46%
SE(+0.220)  (£0.0138)

Trait abbreviations*: Refer to Table 1.
R? = Coefficient of determination.
1 Probability of highest order regression Coefficient ;
* P<0.05; ¥* P<0.01
- LCV70 equation was not significant, thus not presented.

Fig. (1): Predicting litter weight at marketing
“from litter size at birth (equation 1, table 3)
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Table (4): Least squares means ( + standard errors) and mortality rate
for the effects of preweaning factors on postweaning and
market traits of New Zealand White rabbits

ltem N LW70 (kg) LG28-70kg | KW70 (kg)

Overall mean 126 | 13.86%0.33 958+0.25 | 2.08+£0.02

Kindling season * NS *

- Autumn 46 | 1440£065° | 994+050 | 2.17%0.03°

- Winter 38 | 14.78+0.76° | 9.86+£054 | 2.18:0.05°

- Spring 22 | 13412059 | 936+051 | 1.93+006°

- Summer 20 | 1286+056% | 916+043 | 203+£0.04°

Doe body weight NS N§ NS

-<dkg 27 13.62 £0.41 9224037 | 2.04+004
-4-5kg 74 13.92+ 048 941 £0.35 2.10£0.03
->5kg 25 13.97+0.74 1011059 | 2.09£005

Kindling order NS NS NS

- 60 13.74 £0.53 9.64+£042 | 2.04+0.03

- 34 13.88 £ 0.58 9.23£0.39 2.12+0.04

-3" 32 13.95 +0.59 9 87 £0.46 2.07+£0.05

Ttem N | KDG28-70 (g) LS70 . LCV70 (%) | PM%
Overall mean 126 | 339%9%035 6.83 +0.17 829 0.35 2.86
Kindling season * NS NS | NS
- Autumn 46 | 3563£054% | 674031 | 9.03x061 3.28
- Winter 38 | 3421£075° | 693034 8.65+0.77 1.45
- Spring 22 | 3t81+082° | 7.10%035 7542 1.07 3.61
- Summer 20 | 3432+057° | 652+03! 794 £ 042 2.65
Doe body weight NS NS * NS
-<4kg 27 13.08£0.58 684024 | 975+094* | 249
-4-5kg 74 3415046 672£025 | 789£043° | 324
->5kg 25 34.74 % 0.77 690+0.38 | 723+0.60° | 225
Kindling order NS NS NS NS
- 1st 60 34.38 £ 0.49 6.82+£0.27 8.56+0.59 3.84
-2nd 34 3440 0,67 6.76 +0.28 8.73 £ 0.61 2.13
-3ed 32 3320 0.68 6.90 £0.33 7.56 % 0.41 1.81

Trait abbreviations®:; Refer to Table 1. ;
P.M.: Post-weaning mortality ;

* Means in a column with no common letter differ significantly (P <0.05).

NS = Not significant, P > 0.05.
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Tahle (5):Least squares means ( + standard errors) and mortality rates for the

effect of crossfostering on preweaning and weaning to matket traits

of New Zealand White rabbits

Non--fostered Fostered
litters littets Probability

Size of the nursing litter (LSN) 8.5 £2.95¢% 8.5+0.58*

{range 3 - 13) (range 7-9)
Pre-weaning traits '
LW28 (kg)* 4.00£0.16 4.54£0.17 0.03
KW28 (kg) 0.59+0.02 0.58+0.02 0.44
1328 6.78+£0.37 7.82+0.14 0.03
LCV238 (%) 14.30 + 1.41 11.14 £ 1.17 0.08
Birth to weaning mortality(%) 20.24 8.00 0.0002
Post-weaning & market traits '
LW70 (kg) 13.39£0.70 1530 0.30 0.04
LG28-70 {kg) 9.39+0.57 10.76 + (.43 0.07
KW70 (kg) 2.05£0.05 2.05+0.04 0.93
KDGI3-70M (g) 34.46 + 0.87 3490+ 0.85 0.71
LST4 6.58+0.33 7.47+0.18 0.03
LCVT) (%) 8.93+0.81 9.06 +0.95 0.92
Weaning to marketing mort.(%) 2.95 448 0.63

Number of litters per group = 28. ; * Mean + standard deviation
Trait abbreviations*: Refer to Table 1.
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