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Abstract: The aim of this study was to analyse the relationships between kit birth weight and litter size with
kit survival from birth to weaning, and to estimate the effects of place of birth, nest quality, cannibalism,
lactation, parity order, season and sex. A total of 1696 kits from 82 females of the ITLEV2006 synthetic
line were used in this study. A logistic regression was performed. Kit birth weight was directly related to the
probability of the kit’s survival from birth to weaning, and increasing birth weight by one gram increased
the likelihood of kit survival by 8% to 10% (P<0.001). In line with the decrease in birth weight of kits as the
number of kits at birth increases, litter size showed a negative relationship to the probability of survival from
birth to weaning, and increasing the litter by one kit at birth decreased the probability of survival of the kits by
5% 10 9% (P<0.05). Regarding effects, cannibalism events in the litter decreased the probability of survival of
the kits in the first week of life (P<0.01). Being born in the cage decreased the probability of survival of the kits
from birth to weaning, and kits born outside the nest had a lower chance of survival than those born inside
the nest (P<0.01). The order of parturition had a positive effect on probability of survival of the kits from 5 days
of age to weaning (P<0.05). Female kits had a lower chance of survival than male kits, but only until 5 days
of age (P<0.01). The lactation status displayed a negative effect on the probability of survival of the kits in the
first week of life, and kits gestated in lactating females had a lower chance of survival than those gestated in
non-lactating females (P<0.05). In conclusion, the probability of kit survival in the first days after parturition
was affected mainly by its weight at birth, litter size, cannibalism events, place of birth of kit, parity order, sex
and lactation status, while the probability of kit survival at weaning was directly related to its weight at birth,
litter size, place of birth of kit and parity order.
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INTRODUCTION

In rabbit farms, profitability is directly related to the sale of rabbits that reach slaughter weight. Litter size is therefore
one priority selection trait in breeding programmes for maternal lines (Prayaga and Eady, 2000; Cartuche et al.,
2014). It should be noted that selection for this trait has been successful and has led to an increase in the number of
liveborn rabbits per litter (Garcia and Argente, 2020).
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However, increasing litter size may decrease the individual birth weight of the rabbits due to a negative correlation
between both traits (Gdmez et al., 1998; Poigner et al., 2000a; Prayaga and Eady, 2002). Several studies have
reported that kit birth weight is directly related to rabbits’ survival and growth rate, being an economically important
trait in rabbit production (Metzger et al., 2011; Martinez-Paredes et al., 2018; Agea et al., 2019).

Preweaning deaths of rabbit kits occur mainly from the first 12 h after parturition (54%) until the end of the 1st
week of age (70%) (Partridge et al., 1981; Gualterio et al., 1988). Moreover, the nest quality is important for
newborn kits rabbits, as it is positively correlated with the survival rate (Canali et al., 1991; Matics et al., 2002).
According to Gonzalez-Redondo and Zamora-Lozano (2008), 85% and 92% of kits born in the nest with no hair or
straw, respectively, were cannibalised by wild animals.

Individual birth weight of rabbit kits is about 60-70 g, although it can range from 35-90 g (Di Meo et al., 2004).
Low body weight would be related to higher mortality and lower weight gain (see review by Szendré et al., 2019).
Elmaghraby and Elkholya (2010) reported that the mortality between 1 and 21 d of age doubled in kits born with
a lower than 60 g weight in comparison to those born with a higher weight.

Furthermore, within large rabbit litters, competition among littermates for dam’s milk is intensive (Bautista et al.,
2008), which increases the probability of death by starvation of weak kits of lower body weight (ElImaghraby and
Elkholya, 2010).

In addition, the death of kits in the preweaning period is also related to the season, parity order of the female and
its physiological status. In this regard, a higher percentage of dead kits was found in winter than in spring (El-
Ashram et al., 2020), in multiparous rather than nulliparous females (Rashwan and Marai, 2000) and in lactating
rather than non-lactating females (Rebollar et al., 2009).

The objective of this study was to analyse the relationships between birth weight of kit and litter size with kit
survival at birth, at 5, 7, 14, 21, 28 d and at weaning and to estimate the effects of kit birthplace, nest quality,
occurrence of cannibalism, lactation, parity order, season and sex.

MATERIALS AND METHODS

The present study was approved by the Scientific Council of Biotechnology Laboratory of Animal Reproduction,
University Blida1, Institute of Veterinary Sciences, Algeria.

Animals and housing

In total, 82 nulliparous rabbit does derived from the synthetic line ITELV2006 were used in this experiment. The
breeding programme and the characteristics of this line were previously described by Ezzeroug et al. (2020). Does
were housed individually in flat deck cages (30 heightx40 widthx70 length cm) with a controlled light/dark cycle
(16L:8D) throughout the experimental period. They had ad /ibitum access to a standard commercial pelleted diet
named Ouchefoune and distributed by Ouchefoun group (16% crude protein and 15% crude fibre) and water was
available ad libitum from nipple drinkers.

Does were first mated at 18 wk of age and thereafter 10 d after parturition. Natural mating was performed with
males from the same generation as females. Females that did not accept males were mated again 7 d afterwards.
Pregnancy testing was carried out by abdominal palpation on day 12 after mating. Four days before parturition,
the plastic nest boxes (28 heightx30 widthx40 length cm) were cleaned, dried in the sun, disinfected and put
in place, containing wood chips to allow the female to build her nest. The kits were reared by their dams up to
weaning (35 d of age). Adoptions were not practised.

On the day after parturition, early in the morning (at 7:30 a.m.), the nest quality was evaluated using a points
system (0: poor, nest contains very little or no hairs. 1: intermediate, nest with a medium amount of hair. 2:
excellent, nest filled with hairs that occupy the entire nest box). This evaluation consists of judging only the extent
to which the female uses her hair for nest building. The place of kindling was noted (inside of the nest or in the
cage). The presence of cannibalism was also noted. We considered that cannibalism had taken place when at least
one kit had been devoured by its mother.
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Table 1: Temperature and relative humidity by month.

Temperature Outside (°C) Temperature Inside (°C) Relative Humidity Inside (%)

minimum maximum minimum maximum minimum maximum

Summer June 25 30 22 28 21 82
July 27 39 26 33 21 80
August 30 35 28 36 23 80

Average 27.3 347 25.3 32.3 21.7 80.7
Autumn September 24 30 22 27 19 83
October 21 27 20 23 21 79
November 16 21 19 23 20 68

Average 20.3 26.0 20.3 24.3 20.0 76.7

A total of 1696 kits born were individually identified, weighted and sexed within 24 h after birth. The total number
of kits at kindling, number of liveborn, number of live kits and survival of kits at 5, 7, 14, 21, 28 d and at weaning
were recorded.

The study was conducted from June to November 2017. Table 1 shows the temperature and relative humidity by
month. Summer runs from June 1 to August 31, and autumn from September 1 to November 30. Tables 2 and
3 display the distribution of the number of dead and live kits and the percentage of dead kits by litter size and
individual birth weight, respectively. Table 4 shows the distribution of the number of kits dead and alive at birth, at
5, 7,14, 21, 28 and 35 d of age by individual birth weight (g).

Statistical analysis

Relationships among the litter size and the individual weight of kit at birth with the survival at birth, at 5, 7, 14,
21 and 28 d post-parturition and at weaning were analysed by logistic regression. The model included place of
birth (with two levels: inside or outside of nest), nest quality (with three levels: excellent, intermediate, and poor
quality), cannibalism (with two levels: presence and absence of cannibalismy), the physiological status of female at
mating (with two levels: lactating and non-lactating females), parity order (with three levels: first, second and third
parturition), season (with two levels: summer and autumn) and sex effects. The LOGISTIC procedure of the SAS
statistical package was used (SAS Institute, 2022).

Table 2: Distribution of the number of dead and live kits and percentage of dead kits by litter size.
Total number of kits dead Total number of kits alive Percentage of dead kits

Litter size at birth at birth (%)

< 3 kits at birth 9 22 29.0
4 kits at birth 6 30 16.7
5 kits at birth 2 93 2.1

6 kits at birth 2 112 1.7
7 kits at birth 23 96 19.3
8 kits at birth 36 196 15.5
9 kits at birth 22 284 7.2
10 kits at birth 11 239 44
11 kits at birth 21 201 9.5
12 kits at birth 20 88 18.5
13 kits at birth 9 43 17.3
>14 kits at birth 10 121 7.6
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Table 3: Distribution of the number of dead and live kits and percentage of dead kits by individual birth weight.

Individual weight at birth Total number of kits dead Total number of kits alive Percentage of dead
() at birth at birth kits (%)

<24 51 27 65.4
24-29 15 41 26.8
30-34 10 61 14.0
35-39 15 127 10.6
40-44 11 178 5.8
45-49 13 224 55
50-54 10 215 4.4
55-59 13 206 5.9
60-64 7 174 3.8
65-69 9 116 7.2
>7>70 6 167 35

RESULTS

Probability of kit survival including litter size in the model

Table 5 shows the effects of cannibalism, nest quality, place of birth, order of parturition, season, sex and lactation
status, together with litter size as a covariate, on the probability of kit survival from the first hours after birth to 35 d
of age. All effects, except nest quality and season, had an influence on the probability of kit survival during lactation.

Cannibalism events in the litter decreased the survival probability of the kits in the first week of life. Kits born in a
litter with cannibalism events had a chance of survival between 55 and 67% lower than those born in litters without
cannibalism events (P<0.01).

Being born in the cage decreased the probability of survival of the kits from the first hours after birth to 35 d of life. Kits
born outside the nest had a chance of survival between 39 and 67% lower than those born inside the nest (P<0.01).

The order of parturition had a positive effect on the probability of survival of the kits from 5 d of life to 35 d of life; each
increase by one unit in the order of parturition raised the chance of survival of the kits between 34 to 72% (P<0.05).

Table 4: Distribution of number of kits dead and alive at birth, at 5, 7, 14, 21, 28 and 35 d of age by individual birth
weight (g).

<25 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 >70

Deadatbith 51 15 10 15 11 13 10 13 7 9 6
(n=160)
Aiveatbith 27 41 61 127 178 224 215 206 174 116 167
(n=1536)
Alive at 5 d 21 40 60 126 178 224 213 205 173 115 165
(n=1520)
Alive at 7 d 7 24 47 113 170 217 206 203 169 114 162
(n=1432)
Aiveat14d 6 16 43 102 14 193 193 186 165 98 158
(n=1307)
Aiveat21d 6 16 42 100 144 188 184 184 163 96 157
(n=1280)
Aiveat2sd 5 15 42 95 140 185 183 183 163 96 157
(n=1265)

Aiveat3sd 4 16 36 8 141 185 176 189 160 109 157
(n=1259)
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Table 5: Summary of multiple binary logistic regression analysis for survival between birth and weaning in rabbits
considering litter size at birth.
At birth 5d 7d 14d 21d 28d 35d
Coeff. OR Coeff. OR Coeff. OR Coeff. OR Coeff. OR Coeff. OR Coeff. OR

Cannibalism  —1.09° 0.33 —0.96" 0.38 —0.79* 0.45 -0.50 0.60 -0.45 0.63 -0.42 0.65 —0.40 0.66
Nest quality 0.28 1.32 -0.20 0.81 —0.13 0.87 -0.29 0.74 -0.24 0.78 —-0.26 0.77 —0.20 0.81
Place of birth  —1.09° 0.33 —0.82° 0.44 —0.68° 0.50 —0.49* 0.61 —0.55* 0.58 —0.67° 0.51 —0.67° 0.51
Order of

parturition 029 1.34 0.48 1.62 054> 1.72 0.38° 1.46 0.36° 1.43 0.38° 1.45 0.35° 1.42

Season -0.07 093 -0.25 0.78 -0.26 0.77 -0.16 0.85 -0.07 0.93 0.06 0.94 0.01 1.01
Sex -0.372 0.68 -0.32* 0.73 -0.20 0.81 -0.02 097 0.07 1.07 0.08 1.08 0.09 1.09
Lactation -0.64* 0.52 -0.77° 0.46 -0.66" 0.51 -0.26 0.77 -0.17 0.84 -0.13 0.87 -0.12 0.88
Litter size at

birth -0.04 0.95 -0.06® 0.94 —0.08" 0.92 —0.08° 0.91 —0.08° 0.92 —0.08" 0.92 —0.08" 0.92

Coeff: Coefficient de regression (B). OR: Odds ratio 2P<0.05. °P<0. °P<0.001.

The sex variable showed a negative effect on the probability of survival of the kits from the first hours after birthto 5 d
of life; female kits had between 27 and 32% lower chance of survival than male kits (P<0.01).

Lactation status displayed a negative effect on the probability of survival of the kits from the first hours after birth to
5 d of life, and kits gestated in lactating females had a 48 to 54% lower chance of survival than those gestated in
non-lactating females (P<0.01).

Litter size was negatively related to the probability of survival of the kits from 5 d of life to 35 d of life (Table 5,
Figure 1), as a consequence of the decrease in the weight of kits when the number of rabbits born at birth increased
(Figure 2). Increasing the litter by one kit at birth decreased the probability of survival of the kits by 5 to 9% (P<0.05).

Probability of kit survival including individual weight of kit at birth in the model

Cannibalism, nest quality, order of parturition, season and sex effects did not influence the probability of kit survival
during lactation when the model included kit birth weight (Table 6).

Next, the significant effects of birth place, lactation status and birth weight will be presented. The place of birth of the
kits in the cage was negatively related to the probability of survival of the kits from the first hours after birth to 35 d of
life (P<0.001). Kits born outside the nest had a 63 to 87% lower chance of survival than those born inside the nest
(P<0.01). Figure 3 shows that kits with 45 g birth weight had a probability of survival at birth of 90% if born inside
the nest, and only 60% if born in the cage. The survival probability was reduced if the kit was born in the cage from

a) b)
100 100
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0
<4 4 5 6 7 8 9 10 11 12 13 >14 <4 4 5 6 7 8 9 10 11 12 13 >14

Litter size . .
Litter size

Figure 1: Percentage of kits dead and alive at birth () and at 35 d of age (b) according to litter size. m % Dead kits;
| % Alive Kits.
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Weight at birth (g)

<4 4 5 6 7 8 9 10 11 12 13 >13

Litter size

Figure 2: Effect of litter size at birth on birth weight in live and dead kits. m Dead kits; m Alive kits.

97 10 11% for birth weight higher than 70 g and lower than 25 g, respectively. The effect of the place of birth on the
probability of kit survival was maintained until weaning (see Figure 4).

Lactation status displayed a negative effect on the probability of survival of the kits at 5 d of life and at 7 d of life. Kits
gestated in lactating females had a chance of survival 42 to 49% lower than those gestated in non-lactating females
(P<0.05).

Birth weight was positively related to the probability of survival of the kits from the first hours after birth to 35 d of
life (Table 6, Figure 5); increasing birth weight by one gram raised the probability of survival of the kits by 8 to 10%
(P<0.001).

DISCUSSION

Cannibalism effect

Correct development of maternal behaviour is characterised by the absence or the low incidence of abnormal
behaviours such as cannibalism of the newly-born kits (Selzer et al., 2004; Gonzalez-Mariscal, 2007). In our study,
the occurrence of cannibalism in the litter decreased the probability of kit survival. This finding could be related
to the absence of milk ingestion immediately after birth. It was reported that the first suckling allows the kit to
save fat tissue, and thus significantly increase its chances of survival (Coureaud et al., 2000). Moreover, kit stress
related to the occurrence of cannibalism in its litter can cause anorexia, and consequently reduces the probability

Table 6: Summary of multiple binary logistic regression analysis for survival between birth and weaning in rabbits
considering weight at birth.
At birth 5d 7d 14d 21d 28d 35d
Coeff. OR Coeff. OR Coeff. OR Coeff. OR Coeff. OR Coeff. OR Coeff. OR
Cannibalism -0.45 0.64 -0.28 0.75 -0.09 091 019 121 021 123 022 126 025 1.28
Nest quality 054 1.71 -0.20 0.81 -0.11 0.89 -0.33 0.71 -0.26 0.77 -0.28 0.75 -0.20 0.81
Place of birth —1.87°¢ 0.15 —1.58° 0.20 —1.36° 0.26 —0.99° 0.37 —1.02¢ 0.36 —1.16° 0.31 —1.15° 0.32

Order of -0.15 0.86 0.03 1.03 012 1.12 -0.05 095 -0.05 0.95 -0.02 0.98 -0.04 0.96
parturition

Season 0.09 1.09 -0.21 0.81 -0.31 0.73 -0.25 0.78 -0.14 0.87 -0.13 0.87 -0.06 0.94
Sex -0.27 076 -0.25 0.79 -0.12 0.89 0.08 1.08 019 121 021 123 021 124

Lactation -0.49 0.61 -0.66° 0.51 -0.53* 0.58 -0.05 095 0.03 1.03 0.07 1.07 0.08 1.08
Weight at 0.08° 1.09 0.09° 1.10 0.09° 1.10 0.08° 1.09 0.08° 1.08 0.08° 1.08 0.08™ 1.08
birth

Coeff: Coefficient de regression (). OR: Odds ratio. 2P<0.05. °P<0.01. °P<0.001.
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of survival (Vicente et al, 1995). It should be noted
that this phenomenon is responsible for 0.5 to 26% of
preweaning mortality in rabbit (Leone-Singer and Hoop,
2003; El-Ashram et al., 2020) and is due to insufficient
drinking water around parturition time (Bergaoui, 1992;
Rashwan and Marai, 2000).

Place of birth effect

Kits born in the nest had a higher probability of survival
at birth and in the later stages of life than those born in a
cage. Kits are born hairless and unable to maintain their
body temperature against the cold, and the nest provides
the kits with a warm and protective environment (Hull,
1965, Blumetto et al., 2010). Hypothermia represents the
second most frequent cause of death during the postnatal
period (17%; Rosell, 2005). In addition, 2 or 3 d before
parturition, rabbit appeasing pheromone is secreted by
the doe in the belly skin, and is mainly present in the
fur that the doe pulls out to prepare her nest (Bouvier
and Jacquinet, 2008). This pheromone is responsible for
appeasement and grouping of the progeny, which allows
for keeping them warm. Moreover, cage born kits miss
their first suckling, and Argente et al. (1999) reported
that the probability of survival is reduced when the first
suckling is missed, as the does nurse their kits only once
a day after parturition.

We have noted that higher body weight at birth significantly
increased the individual probability of survival for cage born
kits. According to Vicente ef al. (1995), kits with higher
body weight at birth have better corporal reserves and
thermoregulatory capacity, which reduce their prenatal
mortality. Also, heavy kits at birth have better sensory-
motor development than their lighter siblings (Bautista

a)100
%0
80
70
60
50
40
30
20
10

0

20 25 30 35 40 45 50 55 60 65 70 75 80
Individual birth weight

100
90
80
70
60
50
40
30
20
10

0

Probability of survival at birth (%)

20 25 30 35 40 45 50 55 60 65 70 75
Birth weight (g)

Figure 3: Relationship between survival at birth and
individual birth weights for the place of birth (nest or
cage). m On nest; m On cage.
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Figure 4: Relationship between survival at 35 d of age
and individual birth weights for the place of birth (nest
or cage). ® On nest; m On cage.
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Figure 5: Percentage of kits dead and alive at birth (a) and at 35 days of age (b) according to birth weight. m % Dead kits;

| % Alive Kkits.
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etal., 2005). It should be noted that stress suffered by does in the peripartum or disturbance during birth caused does to
give birth on the cage floor and abandon their litters (Rashwan and Marai, 2000; Gonzalez-Redondo, 2010).

Parity order effect

The parity order of the female has shown a significant effect on kit survival, which increases when the female
advances in its parity. Several studies have shown the effect of parity order on mortality and for different genotypes
(Kpodekon et al., 2006; Ouyed et al., 2007). Primiparous females present lower mortality than multiparous ones
(Briens, 2011). However, Ouyed et al. (2007) reported a double mortality rate in the first parity than in the subsequent
parities. Similarly, the number of rabbits missing the first suckling is higher in primiparous than in multiparous females
(18 vs. 9%), and consequently, mortality is also higher between birth and 10 days of life depending on the order of
parity (Coureaud et al., 2000). It also seems that the locomotor capacity of newborn kits from multiparous does is
better than that of kits born from nulliparous ones (Verga et al., 1986), allowing for good competition during suckling.

Kit sex effect

The sex variable showed a negative effect on the probability of survival and female kits had a lower chance of survival
than male kits. Bolet et al. (1996) reported higher body weight in kits of male sex, which can increase their probability
of survival by increasing their energy reserve and thermoregulatory capacity (Garcia-Ximénez et al., 1995). In our
study, the kit weight was similar between both sexes. The bibliography regarding male weight and the sex of kits is
contradictory. Agea et al. (2019) reported that the body weight at birth is similar between kits of male and female sex.
However, Bolet et al. (1996) reported that male kits are heavier at birth and maintain their superiority until weaning.

Lactation status effect

Kits gestated in lactating females had a lower chance of survival than those gestated in non-lactating females. When
rabbit does are simultaneously pregnant and lactating, they are undergoing a nutritional deficit which affects the
probability of the kits” survival (Xiccato et al., 2004; Rebollar et al., 2009). Moreover, Fortun-Lamothe et al. (1999)
reported that milk production resulted in fewer nutrients and energy being used for the growth of foetuses at 28 d of
age, and consequently, reduced their probability of survival by reducing their energy reserve (Garcia-Ximénez et al.,
1995).

Litter size effect role

In our study, increasing litter size decreased the probability of survival of the kits as a consequence of the decrease in
body weight. Our results agree with those reported in the literature by several authors (Vicente et al., 1995; Argente
etal.,, 1999).

Birth weight effect

In rabbits, birth weight is related to mortality (Elmaghraby and Elkholya, 2010), live performance throughout growth
(Szendr6 et al., 2006), carcass traits and meat quality (Metzger et al., 2011), and the reproductive performance of
rabbit does (Savietto et al., 2011). Our study shows that the probabilities of individual survival at birth and at weaning
were related to the body weight of kits at birth, as kits with lower birth weight had a higher probability of mortality.
Higher mortality of kits with lower birth weight is due to the suppression of heavier kits on the weak ones, and great
competition to get a teat during the short nursing time (Poigner et al., 2000b). Moreover, the lower birth weight is
associated with a lower ratio of brown adipose tissue to body weight and which increases the risk of mortality by
hypothermia (Dawkins and Hull, 1964). Selection for within-litter uniformity (Bolet et al., 2007) or litter equalisation
(Szendr6 et al., 1996; Di Meo et al., 2004) may be a way to reduce mortality related to lower birth weight.

CONCLUSION

In conclusion, the probability of kit survival was related to their body weight at birth and litter size. Selection for within-
litter uniformity could reduce many disadvantages related to lower body weight at birth. Furthermore, the probability of
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survival of kit in the first days of life was affected mainly by cannibalism events, place of birth of kit, parity order, sex and
lactation status, while the probability of survival of kit at weaning was affected mainly by place of birth of kit and parity
order. Improving management of the rabbitry to reduce stress in the peripartum period could reduce the occurrence of
cannibalism and litter abandonment in cages, and in consequence increase the probability of kit survival.
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