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ABSTRACT

Here we compared the reproductive performance ef Rirench rabbit breed Fauve-de-Bourgogne
(Fauve), the maternal rabbit line INRA-177MNRA ), and their crosgqrossed. We followed the life of
female rabbits of the three genotypes from 70 adiye until the weaning of litters produced fraime
third artificial insemination Al) attempt. They had the same age, were house isatme room, were
manage under a reproductive rhythm of 42 days ecelived antibiotic free diets. Crossed females were
heavier at first Al than Fauve females (423.9 kg; P<0.05), INRA females being between both
genotypes (4.1 kg). Between the first Al attemptl dhe birth of the first litters, we observed the
presence ofPasteurella spp.This pathogen impaired the prolificacy of all geqpEs and caused
mortality of females around parturitions from tleeend Al attempts. Most losses were from the INRA
genotype (four diagnosed deaths for INRA, one foys€ed and none for Fauve females). In brief, the
overall losses of Fauve, INRA and Crossed femalee wwo, fourteen and four females, respectively.
The high female survival (91%), together with ameqtable reproductive performance (7.5 newborn
kits, kit survival during lactation of 80% and wéam weight of kits of 871 g) of Crossed females,
indicates that this maternal cross combine th@etleusticity of the Fauve-de-Bourgogne breed tith
reproductive potential of INRA maternal line.
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INTRODUCTION

Genetic selection of purebred rabbit lines tendertwle the genetic diversity. First because mdsiitra
selection programs used a limited genetic backgtasthe base population (New Zealand White for
maternal lines and California for paternal linem)d secondly because selection herds are managed in
closed population with no introduction of foreigmdividuals (Garreaet al, 2015a). The limitation of
such strategy is a reduction of the effective pafoh size, the accumulation of inbreeding and a
degraded fitness in the selection herds (Pekdiadd, 2014).

Intensive farming systems assembles particularitiond - like high stock-densities and frequentseu

of antibiotics - favouring the dissemination andgistance of pathogens (Pulkkinet al, 2010).
According to Hamiltoret al. (1990), to resist numerous pathogens, hosts speeieds to preserve an
array of genotypes, and one strategy to boostdhetig diversity is to cross inbreed-divergent dggpes
together. For the rabbit, crossbreds are alreadyept in every commercial farm, being the proddict o
crossing two maternal lines mainly selected forlificacy (Garreauet al, 2015a). However, as the
inclusion of functional trait and the establishmaftrobust lines is recent in the history of rabbit
selection (Sancheat al. 2008; Blasceet al.,2017), it could be argued that the available pwébines

are genetically close and too similar to producérae’ outbred individual joining functional and
productive traits.

In this sense, the cross between genotypes witarélift origin and selection history may boost the
genetic diversity of rabbit populations. One padigjbis to cross high selected lines with locakbds
that have been kept and selected for different gaep. The Fauve-de-Bourgogne is a medium size
breed, historically used as a backyard animal featmnow kept and selected for beauty contests by
amateur farmers. Fauve-de-Bourgogne farmers rdpartiosses and characterizes this breed as being
rustic. The reproductive potential of this breediésy low (fertility rate below 50% and 4.5 newborn
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kits), but the average daily gain (31.2 g/day) #rasurvival of growing kits (83%) in an antibiotiree’
environment are acceptable (Saviedtal, 2020). The alleged rusticity of Fauve-de-Bourgm@nimals
(farmer’s observations), and the acceptable graath and survival of growing kits make this local
breed a potential candidate to be cross with higlifig lines to produce outbred maternal females
joining functional and productive traits.

Here we evaluate the reproductive performanceshandurvival of a maternal rabbit cross betweernvéau
de-Bourgogne males and the INRA-1777 line compiardae purebreds giving origin to this cross.

MATERIALS AND METHODS

The French Committee no. 115 for Ethics, ScienckAmimal Health approved all procedures.

Purebreds and Crossbred Animals

Fauve-de-Bourgogne (hereinafter calfealive) female rabbits (n = 23) were daughters of 9 males

13 females gathered from five different farms ledain the French regions of Alsace, Lorraine and
Bourgogne. Fourteen Faudemale rabbits were born on January 2019 and 9 arciM2019. INRA-
1777 (calledNRA) female rabbits (n = 48) were all born on March 26b8h 15 males and 32 females
rabbits of the generation 53 of selection for ficdicy. The crossbred Fauve x INRA female rabbits
(calledCrossed n = 43) were all born on March 2019 from the natmatting of six Fauve male and
eight INRA female rabbits.

Housing, Diets and Reproductive Rhythm

Each female rabbits lived indoors in wire cages Ki¥lx: 46x60x90 cm) equipped with a plastic mattress,
drinker a food dispenser and a non-treated pimestiek (WxHxL: 3x3x10 cm), replaced when needeatl an
used for environmental enrichment purpose. Dayhghs set to 16/8h light/dark. The indoor tempeeatur
could vary between 15 and 28 °C. All females resmbivom weaning (35 days) to 126 days old a comialerc
diet for growing rabbits containiril.3 MJ of DE per kg of DM and 15.4% of CP on a bBaais. From 126
old onwards they received an experimental dietadoing 12.4 MJ per kg of DM and 17.0% of CP on a DM
basis. The 14 Fauve female rabbits born on Jarg@r9 received the commercial diet for growing rebi
from 70 up to 168 days old and then the experirhemiternal diet onwards. Diets contained no arititso
Females were first artificially inseminatedll | at age 145 days (14 older Fauve female rabbittay later),
being re-inseminated 11 days post-partum datea@eptive cycle of 42 days). Fauve and Crossed femal
rabbits were Al with fresh semen of Fauve malesIaiftA females with fresh semen of INRA males. The
day after birth and for each Al attempt, femalexipcing milk (visually checked) adopted the aliits to a
number close to the average number of newborrokiach genotype. We performed cross fostering gmon
genotypes on half of the litters from INRA and Gext female rabbits. Fauve kits were in all caseptad

by Fauve female rabbits.

Measurements

We weighted females at 1st Al insemination, chedkedr fertility rate at each Al attempt and asséss
their survival rate between 1st and 3rd Al atterdjgiteach parturition date, we counted the number of
newborn and stillbirth kits and weighted the newbkits. We counted and weighted the alive kits just
before and after cross fostering (the day aftethpirat 18 days after birth and at weaning. We then
calculated the survival during lactation basedr@anrtumber of nursed Kkits.

Statistical Analysis

We used the R-software, version 3.6.0 (R core Té€ain) to analyse our data. We used a logistiessgm
model to analyse binomial data (fertility rate, &erabbit survival at 3rd Al and kits survival gy lactation)
and a linear model to analyse continuous data [§eliua weight at 1st Al, the number and weighlittérs and
kits). All models included the genotype, the Akatpt and their interaction as dependent variablegpt for
female live weight at 1st Al and survival betweshahnd 3rd Al. For these two variables, only ggoentered
the statistical model as a dependent variable. Modkve weight at 1st Al also included age asavariable to
take into account the age differences of Fauvelésmna
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RESULTS AND DISCUSSION

The population size decreased with time. At 1sa#déémpt Fauve, INRA and Crossed females were 23,
48 and 43. At 2nd Al attempt, the figures were43 and 42 animals, and at 3rd Al attempt Fauve were
21, INRA 34 and Crossed females 39. Female survirzal 20 points of percentage higher for Crossed
(P=0.061) respect to INRA females (Table 1). Mosséssoccurred around second parturition, when we
found four INRA and one Crossed individuals deatie necropsy revealed the presencadteurella
sppresistant to streptomycin and amoxicillin

Table 1 Survival at third parturition and main reproduetiraits of Fauve, Losses of the INRA female
INRA and Crossed (Fauve x INRA) females at/fromfifst, second and | rabbits between the 2nd and
third artificial insemination (Al) attempts. Mea&&) the 3rd Al attempt, involved
. Genotypes* two additional deaths for no
Traits Fauve INRA Crossed s??cific re_asoln a(nr(]j the c_url]ling
Female survival at 3d Al of tour animals (three with a
(%) 91.3(5.9) 70.8(6.6) 90.7(4.4) poor general state and one
Fertility rate at (%) with an internal abscess).
First Al attempt 43.%(10.3) 79.2 (5.9) 65.7°(7.3) Losses of the Crossed females
Second Al attempt 61.Q0.6) 60.0(7.3) 71.4(7.0) involved two deaths. The low
Third Al attempt 23.8(9.3) 61.8 (8.3) 69.2 (7.4) prolificacy of all genotypes at
Overall 42.2(6.5) 67.7(4.3) 68.6 (4.2) parturitions of the 1st Al
Newborn kits from (n) attempt indicates the presence
First Al attempt 2.8(1.2) 6.3 (0.6) 6.0 (0.7) of Pasteurella sppbetween
Second Al attempt 5231.0) 9.6°(0.7) 8.2°(0.7) the 1st Al attempt and the 1st
Third Al attempt 6.3(1.6) 10.7(0.8) 7.3(0.7) parturition. Although it is
Overall 4.7(0.8) 8.8°(04) 7.2(0.4) difficult to precise the number
Weaned kits from (n) of infected animals that
First Al attempt 3.11.2) 5.1(0.4) 5.1(0.4) actually tolerated/resisted this
Second Al attempt 4%61.2) 8.4 (0.5) 7.1°(0.5) pathogen Crossed females
Third Al attempt 4.3(1.2) 7.9 (0.6 5.6°(0.5) seem to better respond to the
Overall 4.2(06) 7.7(03) 59(03) Pasteurella sppthan INRA
Kits survival 0 to 35 days (%) females, an heritage of its
First Al attempt 71.49.9) 81.7(2.6) 85.5(2.7) Fauve ancestors and the
Second Al attempt 73(8.6) 72.7(2.8) 79.3(2.6) heterotic effect (survival rate
Third Al attempt 68.09.3) 70.6(3.2) 73.2(3.3) in the same conditions of
Overall 70.94.9) 75.4(1.7) 79.8(1.7) 91.3%).
Weight of newborn kits from (g) . . .
First Al attempt 60.93.6) 69.8(2.2) 63.7(2.1) Main reproductive traits are
Second Al attempt 5283.1) 63.7(2.2) 58.5°(2.1) in Table 1. At 1st Al
Third Al attempt 49.0(4.9) 63.0 (2.4) 62.4 (2.1) attempt, Fauve were lighter
Overall 54.1(2.3) 65.9 (1.2) 615 (1.2) than INRA and Crossed
Weight of kits at 18 days from (g) females (3877 4108“’ and
First Al attempt 2627(23.2) 354.4 (7.6) 322.8 (8.8) 4209 g; P<0.05). Fertility
Second Al attempt 279%15.4)  280.6 (10.4) 319.8 (9.1) of Fauve females at 1st and
Third Al attempt 246%26.7)  280.8(11.2) 362.% (9.7) at 3rd Al attempts was low
Overall 263.1(12.9) 310.9 (5.7) 335.0 (5.3) respect to INRA and
Weight of weaned kits from (n) Crossed females. The
First Al attempt 692%405)  1039.5(13.6)  872.8(14.3) overall figures for Fauve,
Second Al attempt 738131.2) 843.4 (14.3) 796.0°(13.4) INRA and Crossed females
Third Al attempt 6343(473)  913.P(155)  943.P(14.8) were 42, 68 and 69%,
Overall 688.8(28.3) 932.8(11.0)  870.6 (10.9) respectively. Fauve females
¢ Means of a trait at a given Al attempt followed dhgtinct letters differs at also produced a red“‘?ed
P<0.05. *Fauve: Fauve-de-Bourgogne; INRA: the INRA-17Taternal line; number of newborn Kkits
Crossed: Crossbreed between Fauve-de-Bourgogne maigs INRA-1777 than INRA and Crossed. At
females 1st, 2nd and 3rd Al
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attempts Fauve produced 2.6, 5.3, and 6.3 newlkitsr while INRA produced 6.3, 9.6 and 10.7 kits,
resulting in and overall result of 4.7 and 8.8 kitlsFauve and INRA females.

Crossed females produced 6.0, 8.2 and 7.3 newlisrat Hst, 2nd and 3rd Al attempts, with an oVeesllt of

7.2 kits, a value between Fauve and INRA femalesul® for Fauve are in line to that reported bleBai al
(2004). For the INRA line the results are belowsthof the first 12 generations of selection (1@wbworn kits;
Garreatet al, 2015b), but are close to the values observedthe@d our selection nucleus (on average of 8.4
newborn kits from 5968 litters produced betweemidgnlst, 2015 and January 1st, 2020).

Number of weaned kits is a variable directly redatie the number of kits raised after cross fostgran
input linked to our cross fostering practice, amg maternal ability of females affecting kits suali On
average (all cross fostering from Al attempts BYpFauve, INRA and Crossed females raised litter o
5.7, 9.2 and 7.3 kits, having a kit survival durlagtation of 71, 76 and 80%. As a result, FauN&A
and Crossed females weaned 4.2, 7.1 and 5.9 kiteiwhole period. The low relative maternal ailit
of Fauve females (weight of Fauve kits at 18 dags W5% inferior respect to INRA kits) may explain
the high nest mortality of Fauve litters compamthie other genotypes.

Live weight of kits at birth, mid-lactation (18 dglyand at weaning (35 days) reflects the femaleagp

to transfer the obtained resources to its progergept for kits from the litters of the 1st Al atipt (no
differences between genotypes), Fauve females lgjatbeto lighter kits (54.1 g on average) than INRA
and Crossed females (65.3 and 61.5 g, respectivéty)nid-lactation, Crossed kits were heavier than
INRA and Fauve kits (335, 311 and 263g, respegtives0.05), except for kits from the 1st Al attempt
(INRA kits were the heaviest ones: 355 g on averBg6.05).

INRA kits from the 1st Al attempt were heavier thHzoth Fauve and Crossed kits (1040, 873 and 693 g,
respectively<0.05). The trend changed in litters produced ftbem2nd and the 3rd Al attempt. INRA
and Crossed kits had a similar weaning weight,eMAdluve kits were always lighter.

CONCLUSIONS

The maternal cross between Fauve-de-Bourgogne raatbdNRA-1777 females has a litter size of 1.6
newborn kits less than the current generation ®ifRA-1777 line. They have, however, a similatilfgr

rate and kit survival during lactation. Crossed d@&® appear to resist/tolerate better the presefce
Pasteurella spphaving an adult survival rates at 3rd Al atte@tpoints of percentage higher than females
of the INRA-1777 line. This genotype appear to cimmlihe benefits of both ancestors, the allegeiititys

of Fauve-de-Bourgogne breed and the reproductiferpgance of INRA-1777 maternal line.
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