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ABSTRACT: This article reviews how frequent feeding and d&laecprogrammes
could be affecting resource allocation in reprothectrabbit does. The possible
consequences of these changes and the centrabfrddedy condition for suitable
female performance are analysed considering geretiel, health and welfare.
Resources allocation between functions, and comsglyubody condition, must be
genetically driven in reproductive rabbit does. Tuely condition of females changes
during the reproductive cycle and throughout tiheproductive life according to their
genetically determined level. The problems appeherwthe animals are forced to
diverge from this appropriate level, increasingcssibility to disease, other stress
factors and eventual failure. Negative energy lmardetected during lactation do not
seem to have the strength of those observed inplaignancy. Genetic selection in
rabbit for litter size at weaning has increasedifizacy, but also the ability to obtain
resources without compromising the survival of rafdmales. However, it could have
also increased the susceptibility of animals toehgironment, focusing more on the
maternal investment in the future litter ratherntithe current one under restricted
conditions to maximise their selection success tibmber”. Rabbit does selected for
reproductive longevity have a greater soma, whicdbkes them to better cope with the
possible productive challenges. There is also exidehat they have greater plasticity
in using their soma, making them more robust toraw®e demanding situations. In
addition, there seems to be evidence of a possigheovement of immune system
modulation in robust animals.
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INTRODUCTION

Rabbit health may be considered one of the maidibaps to current rabbit production
under commercial conditions. Rabbit susceptibility diseases is similar to other
intensively farmed animals such as pigs, with @imdn-farm mortality risk (Lebas,
2000; Rosell and de la Fuente, 2009). Howeveratipearance of a new challenge in
minor species, such as epizootic rabbit enterop@RE), usually requires devoting a
greater part of the scientific effort to reducirige teconomical impact. For example,
many works have focused on increasing the knowleddlee influence of nutrition on
intestinal health of growing rabbits in recent yweavith the main results recently being
included in acknowledged revisions (Gidenne ancci@aaP006; Carabafio et al., 2008,
2009).

$ This review was presented at the 10" World Rabbit Congress
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In any case, this effort should not lead us awaynfthe study of current breeding
systems for reproductive rabbit does, which coddibbalancing nutrient partitioning
and affecting the global health and welfare of fdren, and their possible implication
in the incidence of specific illnesses. In the k&g decades, we have moved on from
more or less traditional production systems to othere intensive ones using modern
prolific lines, which have made it necessary taatfhe nutritional requirements of the
animals in line with the new demands (Maertens,2)9R is true that the nutritional
requirements of weaned rabbit have changed asuét #sselection by growth rate -
between +0.45 and 1.23 g/day per generation otsete(Baselga, 2004) - although it
is the reproductive doe that has suffered the tffecthese improvements and the new
production systems to a greater extent.

Genetic selection programmes in reproductive rabdb#s have mainly focused on
improving litter size, either at partum or weanifidnese programmes bring about an
effective increase of between 0.05 and 0.13 livetbats per generation of selection
(Rochambeau et al., 1994; Gomeizal., 1996). This selection criterion, along with
artificial insemination (Al) of the does with semigam males selected for growth rate,
has clearly increased the litter's demand for m{ka the other hand, the frequent
intensification of the reproductive rhythms givdaserto competition between the
mammary glands and foetuses, which is usually etrtal to foetal growth if the
needs are not well covered (Fortun and Lebas, 199%) requirements of reproductive
rabbit does may therefore have increased consigeiabrecent years, affecting
nutrient partitioning and perhaps compromising badwdition, lifespan and general
health of the farm.

In this sense, some works have even suggestedsiigosffect of doe health status on
the potential risk of their kits suffering digestivroubles during the growing period.
Quevedoet al. (2003), in a trial with five thousand kits fronvé reproductive cycles,
described an increase in mortality during the gngwperiod with the mother’'s age
(from 5 to 29%), with 22% of females being respblesifor 50% of the mortality
observed. In fact, Garcit al. (2005) observed a significant effect of the titbe the
microbiotic profile of young rabbits, with siblinghiowing a high similarity rate.

For this reason and in the current productive cantegew breeding systems must be
defined with more emphasis on the welfare of thenals and the general health status
of the farm. The search for long-term and globadlisgategies to uphold these criteria
would take into account the possible collateragé&f resulting from isolated strategies
(Pascual, 2004). A suitable strategy for the fegdend genetic selection of
reproductive does would therefore have to conssgfert-term productive criteria -
such as litter size, milk production or the intérbatween parturitions - as well as
long-term - for example body condition, life expeuty and health status of the doe -
while evaluating the possible effect on subsequitter development (transition at
weaning, gastrointestinal health...).

Both reproduction (litter size, milk yield, fertyi...) and survival (health, welfare,
lifespan...) are energetically expensive. Especiallymammals, body reserves are
involved both in successful reproduction and in nteahing the soma and thereby
survival (Theilgaard, 2006). Thus, the body comaditof the rabbit females might be an
important factor when addressing the associatidwdsn reproduction and survival,
and consequently may play a central role in thandein of appropriate genetic
selection programmes. The present work firstly erasithe particularities of rabbit
does’ nutrient partitioning, and thereafter howesgbn programmes may be affecting
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the allocation of resources in reproductive ralmoes, the possible consequences
resulted from these changes, and the central fdedy condition for suitable female
performance considering genetic level, health aalfiane.

NUTRIENT PARTITIONING IN REPRODUCTIVE RABBIT DOES

The different metabolic functions of a rabbit femalgrowth, gestation, milking,
health...) must be covered from the available ressu tood or body reserves). The
process whereby available nutrients are channeifedarying proportions, to these
functions is known as nutrient partitioning (Friggeand Newbold, 2007). Nutrient
partitioning changes depending on the physiologstatje, with linked changes in the
endocrine profile (Bauman, 2000) which also costrbbdy fatness throughout the
reproductive cycle (Vernod al., 2001), and with the age of the animal, as tlhaive
priorities for the different life functions change@oughout the female’s life (Martin and
Sauvant, 2010). Thus, it is widely accepted thabwece allocation between functions,
and consequently body condition, must be geneyickilen.

Although mobilisation could be environmentally dnv (e.g. when voluntary feed
intake is limited under heat stress conditionskrehis a lot of evidence of the
independence between nutrient availability and fsation. In fact, there are numerous
studies where additional energy supply by dietargrgy enrichment has not yielded
appreciable results to avoid reserves mobilisatioicows (Gagliostro and Chilliard,
1991; Andersemt al., 2003), but also in rabbits (Fortun-Lamothe, 19%i¢catoet al.,
1999; Pascuakt al., 2000, 2003). Instead, when the feed intake waxessfully
increased, this extra energy boost is frequenttiressed to milk production (Xiccagb
al., 1995; Parigi-Binit al., 1996). For example, the traditional view is thamiparous
rabbit does have limited their voluntary feed itads their growth is not completed,
which could lead to mobilisation of body reservasimg lactation (Xiccato, 1996;
Pascualet al., 2003; Fortun-Lamothe, 2006). However, there doeisseem to be a
relevant relationship between body weight (BW) dadly feed intake during the first
lactation (Figure 1), as primiparous does withlgifference in BW present a similar
feed intake.
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Figure 1 — Relationship between dry matter intake (g DMddYl body weight (g) of
primiparous rabbit does (data frdmh Pascuaét al., 2002 and® Quevedcet al., 2006b)
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If we accept that there is a genetic componentirdyitemporal changing of body
reserves, the occasional negative energy balancecigring in rabbit females should
not be considered a malfunction in the animal, rather a possible natural adaptation
designed to maximise the chances of evolutionancess (Friggens and Newbold,
2007). From an evolutionary point of view, rablatection has focused on maximising
the number of viable litters produced in a lifetimf@ achieve this goal, the optimum
trade-off between number of pregnancies and padtmatestment in litter viability
must be defined (Friggens, 2003), i.e. the optitnatie-off between the maternal
investment addressed to the current and futueeditt

The female rabbit usually has a great decision-ngalability on whether to become
pregnant or not depending on the resources avajladilich could also be assisted by
hormonal and bio-stimulation methods (Theau-Clém2607). However, the female
does not know what the future available resourcddse when the reproduction effort
is increased (end of pregnancy and onset of lactatiThus, the pregnant doe store
reserves for the forthcoming litter (similar to ethmammals; Oftedal, 2000), as
resources available for foetal growth and earlykboag will clearly affect the litter’s
chances of survival. Body reserves mobilisationeolesd around parturition is mainly
addressed to this task (Savietto, 2013), and ihsde be independent of the resources
available at this point, as the additional fat thuip is for transfer to the litter and
maintaining a heavier soma is energetically costguces mobility and increases the
risk of being predated (McNamara and Houston, 19@0) the other hand, yielding
more milk than that required at the end of lactatill not improve the litter’'s chances
of survival. Therefore, milk yield is decreasedtlas priority of restoring reserves for
the future litter starts to increase.

Given these considerations, under non-limiting uese conditions, the traditional view
of body reserves mobilisation in reproductive ralolmes as a response to feed intake
must give way to an animal viewpoint, where feedke must be considered more as
an “output” resulting from the allocation of resoes in the female to ensure current
and future litter viability.

Resource allocation in reproductive rabbit does

The body condition of young rabbit females risdk thie end of first pregnancy,
reaching the peak 10 days before kindling. Frormm thoment to kindling, reproductive
rabbit does seem to suffer the highest body resemebilisation, with the body
condition at parturition showing the lowest leyste Figure 2 adapted from Pereda
(2010) and Savietto (2013)This fact was recently confirmed by different W&rwhere
the evolution of body condition was controlled byfedent in vivo methods such as
perirenal fat thickness (PFT; Quevestal., 2005, 2006a; Theilggard 2006, 2009), total
body electrical conductivity (TOBEC; Bolet and RortLamothe, 2002) and
bioelectrical impedance analysis (BIA; Pereda, 20D fact, Pereda (2010) describes
how the blood concentration in non-esterified fattyds (NEFA) of primiparous rabbit
does reached a higher level at partum (in averéenfnol/L) compared to that shown
at 17 weeks of age (0.22 mmol/L) and even at 25 dd@yactation (0.33 mmol/L). This
is mainly because rabbit foetuses show most of tirewth in late pregnancy (almost
doubled in the last 3 days; Moeeal., 2004), while the maternal body is subject to
intense catabolism (Parigi-Bimt al., 1990). In fact, episodes of pregnancy toxaemia
can be surmised in primiparous rabbit does, sonestiimked to ad libitum feeding
systems, which lead females to higher mobilisatibreserves in late pregnancy, higher
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risk of death or culling and lower litter size attlh (Rommerset al., 2004; Martinez-
Paredest al., 2012).
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Figure 2 — Evolution of the body energy estimated by BlAoébectrical impedance
analyse) and perirenal fat thickness (PFT) measbsedltrasounds in primiparous
rabbit does [adapted from Pereda (2010) and Sa\2®13)]

Subsequently, body reserves are recovered dursfjrét stage of lactation (Figure 2)
and reach a maximum around day 10 in lactationgBahd Fortun-Lamothe, 2002;
Quevedoet al., 2006b; Theilgaardt al., 2006, 2009; Pereda, 2010; Savietto, 2013).
Thus, rabbit females would prioritise the curreffi$ring till kindling (devoting a great
pre-partum effort), but would prioritise the nextfspring immediately afterwards
(promoting their quick recovery after partum). Thisie course of the body reserves
around kindling is slightly different from other espes, where the body fatness is
highest just before parturition (e.g. sows: Sigfod, 1996; dairy cows: Nielses al.,
2003), perhaps related to their different evolwignsuccess. For example, dairy cows
usually have only one offspring per year and saesver LH pulse only after weaning,
so addressing more body reserves to the curregproffy at early lactation could be
expected.

However, the evolutionary success of rabbits seen® more related to the “number”
(litter size and reproduction frequency), being afethe few animals with fertile
acceptance at post-partum day, which could expleir early recovery of reserves. In
this respect, it is worth remembering that the skagf curves for feed intake and milk
yield in rabbit does are completely different twsb observed in other species (e.g.
dairy cows; NRC, 1989). During the first week oftktion, the feed intake curve slope
(+50 g DM per day) seems to be higher than tha¢mesl for milk yield (+30 g of milk
per day), which would allow the recovery of bodgar/es.

Therefore, it could be hypothesised that an adegaatount of body reserves around
kindling seems to be important in support of repidobn in rabbit females. Quevedb

al. (2006b) proposed that body condition of rabbi¢églat partum could condition the
Al success at 10 days of lactation, as the grehteiloss of pre-partum reserves, the
greater the post-partum recovery (r=+0.29; P<0.@01) the lower the fertility during
lactation. Savietto (2013) depicted the PFT evolutof rabbit females that were
effectively and non-effectively inseminated at Hysl of lactation separately. Females
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that were not effectively inseminated presentediaantly greater PFT losses in late
pregnancy, lower PFT at partum and greater recanesgrly lactation.

In recent decades, several works have supporteidehehat rabbit does are susceptible
to body energy deficit during lactation, especidhe highly productive commercial
hybrids whose voluntary feed and energy intake nisufficient to cover nutrient
requirements for lactation and pregnancy (Xiccal®96; Pascualet al., 2006).
However, many of the studies carried out in reg@ars with in vivo technologies to
control body condition call this assertion into sgtien. Several trials performing
comparative slaughters among parturitions (Xicaatal., 1992, 2004, 2005; Parigi-
Bini et al., 1996) describe frequent negative balances thtiag pregnant rabbit does
during their first reproductive cycles. However,aar opinion, the low recovery time
after weaning and the large mobilisation occurraiglate pregnancy could be more
responsible for this negative balance than laatagitort.

In fact, negative balances have sometimes beenctddteduring first lactation;
especially in non-pregnant rabbit does which pramatilk yield more than body
recovery in late lactation (Parigi-Biet al., 1996; Xiccatoet al., 1999; Pascuat al.,
2002; Bolet and Fortun-Lamothe, 2002). Under thesaditions, Pascual (2006)
indicated the suitability of energy diets that clgancreased the energy intake of does
in lactation (+15%; Pascuat al., 1998), although energy seems to be used more to
increase their productivity (Pasculil., 1999) than to recover their body condition.
However, the energy balance during lactation setambe different in the case of
multiparous rabbit does, where no relevant energijcitl seems to occur (Pascual,
2006). Furthermore, fat mobilisation during laciatiwas sometimes difficult to
correlate with the lactation effort (reproductive/thm, litter size, milk yield, ...), with
no significant differences in body condition at wigey being detected in spite of the
different feeding and management programmes uskeéilghardet al., 2009; Pereda,
2010). In these two experiments, and regardleskeotlifferences in body condition at
partum, animals seemed to reach a similar targedl lef body fatness at weaning.
Similar results were observed by Garnsworthy anpdp$a1982) in dairy cows, where
females with different levels of body fatness avwicg, receiving the same feed and
yielding similar amounts of milk, reached the eridl® milking period with similar
body condition scores. As a possible explanation the different energy balance
behaviour observed in lactating rabbit does, Fmgg€003) proposed that animals
could be re-adjusting the size of their body reseno optimise the cost-benefit trade-
off of having this safety factor (an excess of ress is costly and a deficit of reserves is
dangerous). Therefore, the main risk of imbalamreréproductive rabbit does should
be those programmes which would not allow recowaryhe adequate soma of the
female 10 days before partum, as the effort wilstveng and inevitable. In fact, one of
the factors conditioning the energy intake aftemmieg is the body condition of the
female (Pascual, 2004).

Traditionally, concurrence of lactation and pregnahas been associated with higher
productive effort, and consequently higher bodyeress mobilisation. It could be true
for young reproductive rabbit does, when energyamad between parturitions is
determined (Xiccatoet al., 1999), as concurrence reduces the weaning td nex
parturition period and consequently the time neddeprepare the female for the pre-
partum mobilisation. However, lactation-pregnanonaurrence has frequently been
associated with the recovery of body reserves duate lactation, as pregnant rabbit
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does increase their priority to store reservesttier next litter, the main consequence
being the reduction of milk yield (priority for theerrent litter).

Theilgaardet al. (2006) observed how the relative risk of cullmwgs significantly
(P<0.001) higher from weaning to kindling (7.16)anhduring lactation (2.44) and
empty state (1.00) in reproductive rabbit does.eR@nd de la Fuente (2009), analysing
the data on 366,162 females from 18 commercialdadascribed the gestation stage as
one of the main factors affecting mortality, witlmetrisk of mortality per day being
increased as pregnancy progressed and reachingunmaxaround kindling.

The evidence of the negative effect of fat resebhainag too low is clear, as this may
imply insufficient resources to be mobilised, buinaals carrying excess fat reserves
may also show a negative effect. For example, dsimhich are very fat at parturition
have a higher risk of metabolic diseases and Ideed intake in early lactation (pigs:
Revell et al., 1994; Brandtet al., 1999; cows: Broster and Broster, 1998; rabbits:
Pascuakt al., 1999). Theilgaarét al. (2006) analysed the relative risk of reproductive
rabbit does being culled on the basis of their dagnlevel at the maximum body
condition day in lactation (Figure 3).
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Figure 3 — Relative risk estimates of being culled of rejuctive does over 6
reproductive cycles according to fatness levelggethfrom Theilgaaret al., 2006)

They observed that the highest reproductive cotrims of survival was found for the
animals belonging to the lowest fatness group. Thidd indicate that the animals also
need a certain amount of fat in early lactatiorensure enough resources to maintain
the litter without loss in other body functionscbuas lifespan cost. In addition, and
although no significant differences were foundatigke risk of being culled increased
along with the fatness level. The higher risk oflicg for both the highest and the
lowest fatness groups suggests that there is amupt level of fat reserves where
reproduction has a lower cost, and that perhapwmanieviations from this optimum
level could have negative consequences in reprimtuct

GENETIC SELECTION AND RESOURCE ALLOCATION
Through genetic selection programmes, a consideraigprovement in the productive

level of our animals is being achieved. However,some species it is frequently
observed that selection by exclusively productivieeda has had some associated
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effects, such as lower fertility, higher rates oétabolic diseases in the animals and
lower viability of their offspring (in dairy cowdkoyalet al., 2002; sows, Dourmaet

al., 1994; hens, Luet al., 1995). Meat rabbits are no strangers to thisxpimenon,
since some selected lines present worse repro@ucites, the replacement rate of
breeding females is around 110% (Rosell and deulente, 2009) and one major
handicap in rabbit production is the frequent appaee of digestive disorders in the
kits after weaning (Rosell, 2003).

Selection for growth rate

One example of the possible effects of selectiomegmoduction is the selection for
growth rate. Feed conversion ratio during the gnowperiod is one of most important
traits to be considered for genetic selection,ast-preaning feeding constitutes around
40% of total production costs in rabbit farming ¢Bkya and Blasco, 1989). As
selection for feed conversion ratio is expensivd #re expected genetic correlation
with growth rate is high-0.61 to —0.68 (Lampo and Van der Broeck, 1975; Randi and
Scossiroli, 1980; Mouret al., 1997), genetic selection programmes of patdimeas in
rabbits have traditionally focused on selectiondoowth rate. However, recent works
have highlighted that this genetic correlation sedm be lower (-0.48, even with
phenotypic correlations lower than —0.20), questigrindirect selection (Pileat al.,
2004).

In any case, it is well accepted that genetic gsoapming from lines selected for
growth rate are heavier, have greater growth natefeed intake and show better feed
conversion ratio than those coming from lines gsekbdor litter size (Orenget al.,
2009). In consequence, animals from these patéimed have a tendency to show
higher fatness level (Larzut al., 2005; Pascual and Pla, 2007). Although there is
evidence of the importance of body reserves forogyction, an excessive fatness has
also been related to negative effects on reproglugfiheilgaardet al., 2006). For
example, in swine, the fattest sows at mating tae fewer piglets at parturition and
weaning (Tibatet al., 2003), or in dairy cattle, where females witghar fat reserves
presented delayed oestrus (De Vries and Veerka@(@))2On the other hand, daily
gain has been observed to be low or negativelycetsad with longevity (Theilgaard,
2006). For example, Loépez-Serramd al. (2000) obtained negative correlations
between daily gain and stayability both in Largeid/land Landrace sows (-0.06 and
-0.32, respectively), and similar results of lownagative correlation were observed
by Tholenet al. (1996) in an Australian pig population (0.02 @ 13).

In female rabbits, it has been observed that arrmediate body fat level is optimum
for fertility and that when the fat level is lower higher than this level, it leads to a
reduction in fertility of around 10-12% (Castelletial., 2006). Paternal lines selection
is done according to daily weight gain in the faittgg phase, and some of these lines
currently present deterioration in their reprodeetieatures, which are clearly inferior
to maternal lines (Khalil and Baselga, 2002). Hosrevestimates of genetic
correlations within breeds given in the literat@amacho and Baselga, 1990; Gomez
et al., 1998; Garreast al., 2000; Garcia and Baselga, 2002a; Piles and [T 28412)
among litter size or fertility and growth traitsedow or zero.

The majority of these paternal lines are addressedll, and the most recent results
associate a possible increase in abnormal speromatamd a high risk of fertility
problems with the increase in weight of the bregdicks (Du Plessiat al., 2010).
On the other hand, individuals with higher weigrggent a drop in androgen levels and
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high levels of oestrogens (Hammoetdal., 2008), and obesity affects the GnRH-LH-
FSH pulses, altering Leydig and Sertoli cell fuans, and in turn modifying sperm
maturation (Bélangest al., 2002). These modifications in the hormone pesfitould
explain the increased risk of altering the sempadameters in males as their weight
increases (Hammou al., 2008).

These controversial results reveal the importariderther scientific research into the
possible effect of selection for growth rate onorgse allocation and the possible
effect on reproduction and lifespan, as well aghengenetic relationships of growth
rate and reproduction (Garreetal., 2004).

Selection for litter size

From the above proposed deductions for body camddnd reproduction relationship,
it could be expected that selection for improvetédisize (reproduction), frequently
used in rabbits (Garcia and Baselga, 2002a, 20D2dkelaet al., 2003), should have
changed the ability of rabbit females to obtainotgses. On the contrary, negative
consequences on body condition and survival shoeileixpected.

Using freezing and transfer techniques (Garcia-Xieaé&t al., 1996), Quevedet al.
(2005 and 2006b) studied the effect of selection litter size at weaning on the
performance and physiological and productive charatics of rabbit does by the
contemporary comparison of crossbred does with &Begations of differential
selection (Table 1). As mentioned above, curremiales presented a greater number of
live-born kits (+1.1 kits) than older ones. Howewshen these females are subjected
to the same productive pressure (standardised littiéferences in feed intake and milk
production are observed at the onset of lactatidavour of the animals selected more
for litter size.

Table 1 — Effect of selection for litter size at weaning eproductive does and their
litters (adapted from Quevedbal., 2006b)

Type of females Oold Current
N° born alive: Primiparous 8.31 10.76
Multiparous 9.18 9.90
Intake (g DM kg * d™): 0-21 d lactation 173 117
21-28adtation 112 112
Milk production (g d"): 0-7 d lactation 156 165’
8-28 d ktidn 215 218

at Measures without letters in common are signifilyadifferent at P<0.05.

These results could explain a possible changedruie of available resources by the
animal as a result of the selection. In this walgemwselecting the animals by litter size
at weaning, we would be selecting both prolificéagd in fact more kits are born) and
maternal aptitude criteria (survival of the kitsSJurvival in lactation is mainly
determined by what happens in the first days gféeturition, and is clearly related to
the ingestion of energy by the kits in that periadhich is why the increase in milk
production as a result of the greater ingestiothefdoes would be favourable.
Mammals have evolved a breeding strategy where finelytheir reproduction from
energy gained earlier and stored in body reseiMes.body reserves are subsequently
used to sustain the reproduction cycle, usuallthattime of greatest energy demand,
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e.g. to ensure foetal growth at late pregnancyussing in the form of milk for the
litter at early lactation. Selection experimentswlevidence of a relationship between
reproduction and body reserves, as selection folifigacy increases the demand of
energy to the litter; selection for litter size &#@re increases body fatness (e.g. pigs:
Holl and Robinson, 2003; Estaeyal., 2002). In fact, Queveda al. (2005) proposed
a possible increase in the efficacy of use of gndegd for foetus growth as a
consequence of selection by reproduction critedidq and 0.33 for old and current
does, respectively). The product of pregnancy Wearly higher in the selected does,
despite they not showed greater energy ingestiongreater mobilisation of reserves.
In addition, Quevedet al. (2006b) observed that more selected animalsitter kize
presented a greater PFT afiday of lactation (+0.12+0.06 mm; P<0.05), consider
as the maximum body condition day. Thus, it cowddHhnat the selection of the animals
by reproduction has produced a response correlatédte capacity of the animals to
obtain resources (van Noordwijk and de Jong, 18&&nicket al., 2002).

Similar results have recently been obtained by &#vi(2013), where more selected
rabbit females (plus 20 generations of selection litber size at weaning), under
conditions of unlimited resources, presented aifsagmtly higher daily feed intake and
milk yield in the first week of lactation, and awler milk yield in the last week of
lactation. Friggens (2003) proposed that maternaéstments for the current litter
reach the maximum around parturition in order totdbute to the viability of the
newborn litter (Figure 4). Selection for litter siat weaning could have affected the
relative priority for the current litter, flattergnthe shape around kindling to ensure
adequate development of larger but probably lesanmditters.
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Figure 4 — Proposal for evolution of the relative reprodetpriority for the current
[less (-+---- ) and morel (0 ) selected for litter size] and future litter [legs x x) and
more (J [ [J) selected for litter size] in rabbit females frmonception to weaning.
The priority accorded the current litter is assun@dbe the maternal investment rate
scaled from 0 to 1 (Friggens, 2003)

Increasing priority for the current litter at thedeof pregnancy leads to an extra effort
to ensure adequate foetal development, which cdédrelated with the higher
reduction in the lactation effort observed at thedl eof lactation in the previous
reproductive cycle and the high mobilisation obedrat the end of pregnancy in this
species (Savietto, 2013). In addition, the flattgnof the priority shape would allow a
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greater maternal investment after parturition (bigmilk yield), as kit survival index is
mainly determined by what happens in early lifangeclearly related with the energy
intake of kits during these days (Quevedal., 2006b). After that, priority for the
current litter would be reduced, as producing nmikexcess of that required for the
litter —when it becomes progressively less dependent omrnadt milk- will not
improve the litter's chances of survival.

Therefore, when prolific animals are selected &groduction, those characteristics of
the animal that ensure their selection successshwhie could call “the number”, such
as prolificacy and the ability to manage the resesiimore appropriately when they are
not limited, seem to be enhanced to ensure thelityadf their larger litter but without
negative effects on the future one.

However, under a nutritionally restricted enviromneSavietto (2013) observed how
more selected animals for litter size at weanimgnasdd a higher delay in adjusting their
feed intake to compensate low dietary DE conteht¢clvalso led to a lower milk yield.
In contrast, the main female body traits controleere less affected by the feeding
restriction in more selected animals. These resdésn to indicate that selection for
litter size could increase the susceptibility ofnaals to this type of environmental
challenge, which led to a change in nutrient gartihng to reduce the performance
under this situation of restriction.

But why does selection for litter size lead to merxironmentally sensitive animals?
As proposed above, the fitness characteristicsre@uhunder this selection criterion
are “the number”. When the resources availabldiaméed at the present, the success
of the current litter could be questioned, so thenal probably decides to reduce the
priority for the current litter (relatively addresg a lower amount of resources to those
traits directly related to the current litter perfance, such as energy intake and milk
yield), while the next litter seems to be prioetis(relatively increasing the fuel for the
future litter, the body reserves). Therefore, whammals are selected for reproductive
traits such as litter size and the resources dlailare limited to the present, they are
unable to ensure the success of the current lgtematernal investment for the current
litter is reduced (and in consequence the animaldess robustor more sensitive to
the environment) to concentrate their efforts on ensuring the nax¢ (Friggens,
2003), when perhaps resources and environment beulthproved.

Selection for longevity

Longevity reflects the animal’s ability not to belled or die. The main culling reasons
in animal production include diseases, low festiland low production (Vollema,
1998). In recent decades there has been a consigleise in livestock production per
animal. This increase is largely due to success#léction for productive traits (e.g.
milk yield, growth, litter size) in combination witan improved dietary formulation
and management. Focusing almost exclusively onuygtazh traits has had some
associated negative side effects such as lowalitferhigher frequency of metabolic
diseases for the animal and lower viability of tb#spring. However, positive
relationships between productive traits and lonyeare also still frequently reported
(Lynch and Walsh, 1998). So, it is still not cleginen to expect positive or negative
relationships between production, reproduction sundival.

In rabbit production, the main traits of interest growth rate, litter size and fertility.
Selection for reproduction performance has so tdrbeen reported to have negative
consequences on longevity. For example, it wasrtepahat high litter sizes were
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positively associated with longevity in meat typed (Garreaet al., 2001; Sdncheet
al., 2006). Also, in an experiment comparing a rabbé selected for litter size over
seven generations with a control line, no diffeeent longevity was found (Rinaldo
and Bolet, 1988). The only work in rabbit produntiestimating the genetic correlation
between reproductive performance and survival fothmat this correlation was no
different from zero (Sanchex al., 2006).

Recently, Theilgaardet al. (2007) evaluated genetic differences in repradeact
performance and body condition traits during susisesparities between a longevous
productive (LP) line [consisting of hyper selectiohanimals with an extremely high
number of parities (at least 25) and an averag®degtive performance] compared to
a line (V) selected for 31 generations for litteeesat weaning. Both lines were found
to have an equal reproductive performance in tts¢ finree cycles, but when animals
were subjected to a non-programmed restricted emvient (change of nutritional
management to feed restriction after weaning) ie of the farms from the third
reproductive cycle, litter size at birth of V lifemales was depleted as of this moment,
while those from the LP line maintained their giolicy at the expense of a reduction
in their greater soma (Figure 5). Theilgaatdl. (2007) hypothesised that the higher
body soma of adult LP females (+250 g than adufeMales) allows them a greater
body buffer capacity, reducing their environmestsitivity.
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Figure 5 — Effect of genetic line (LP and V) on the evabatiof the total number born
and female body weight at partum (adapted fromIghardet al., 2007)
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Therefore, hyper selection for reproductive longewand average prolificacy could
delay reproductive senescence, as this newly falrde seems to show less
environmental sensitivity. Nevertheless, no indarat of a trade-off between
reproduction and survival was found in these expenits in any case. When sufficient
resources are provided, the female should be baitlerto meet the demands of both
reproduction and maintenance without compromisititgee Failure to provide enough
energy for maintenance will have a deterioratiieafon her physiological condition,
and continued reproduction under such conditiorislikeély increase the susceptibility
to disease and other stress factors (Friggens,)2@a3 these animals might be less
robust and show an increased susceptibility toadisgother stress factors and eventual
failure.
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In rabbits, Theilgaar@t al. (2007) observed that the LP line was heavier thanV
line (4.27 vs. 4.12 kg; P<0.05) throughout 6 repaitve cycles, in agreement with
experiments where selecting for reproductive lontgea mice (Nagaket al., 1995) and
on late reproduction in flies (Partridge and Fowlé©92) also increased BW,
suggesting that selection for longer life favourseaded growth to produce a more
durable adult soma.

To confirm these results, Theilgaaetdal. (2009) compared the performance and body
condition traits of LP and V does subjected to etéht productive effort levels
(previous Al at partum or weaning, and litter sipé$ or 9 pups) during their second
lactation. LP does were again significantly heatamn the V line, but also showed a
better body condition (+0.50+0.09 mm of PFT; P<0.@8d a lower mobilisation
(-0.11+0.03 mmol of NEFA/L; P<0.05) at the begirmiof lactation, confirming the
greater soma of this type of animals to confronbdpctive and environmental
challenges. In fact, LP does showed a greater ymgkl than V does, even per kg of
metabolic weight (+5+2 g ki BW®" day"; P<0.05), and especially when lactation
pressure increased (9 pups).

This greater soma of rabbit females selected faroductive longevity seems to allow
them to better cope with the possible productivallenges that they may meet in the
course of their productive life. They seem to pnésegreater plasticity, enabling them
to use their greater soma to overcome these denmasduations, reflected in the fact
that the greater the productive effort, the lowke differences observed in BW
between lines. So, rabbit females selected foodkprtive longevity are more “robust”
in these situations (more milk for the offspring)datheir risk of early culling for low
productivity is consequently reduced.

Robustness

It seems that when the availability of resourcends limited, more selected animals
can successfully cope with most of their higherdsewithout too many negative
consequences. In fact, it is not uncommon to fimehepositive relationships between
productive traits and survival for reproductivecktavhen animals were reared under
controlled environment, i.e. for cows (Short andvlar, 1992), sows (Serenius and
Stalder, 2004) and rabbit does (Theilgaetrdl., 2006). However, it is when animals
suffer discrete but not infrequent and even cytlgaboptimal environments (i.e.
resources limitation, heat stress, immunologicalallenge) that the greater
susceptibility of high producing animals to thegessing conditions appears (Schinkel
etal., 1999; De Greedt al., 2001; Yalciret al., 2001; Windiget al., 2005).

Knap (2005) defined the concept of robustness farm animal as ‘the ability to
combine a high production potential with resiliente stressors, allowing for
unproblematic expression of a high production pidénin a wide variety of
environmental conditions. From the results discdissgove, it could be hypothesised
that perhaps selection in rabbits for only reprdisreccriteria could have affected the
ability of the animals to maintain their reproduetievel under stressing environments,
while the inclusion of longevity criteria in therstitution of the line could have helped
increase their robustness.

With this aim, Savietto (2013) has recently evadahow selection for litter size at
weaning (line V) or the foundation for reproductiemgevity criteria (LP line) could
have affected the ability of animals to confrorgtrneted resources conditions, by the
use of a low-energy diet, during their first twgreductive cycles. The results of this
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work show how, when resources were limited, LP fiesiaompensated the lower
dietary energy with a higher daily feed intake ewagrthe first lactation, while daily
energy intake of V females was significantly lowtean that observed under non-
limiting conditions. So, LP females were able tamtain their milk yield, litter growth
and body condition unaffected, as well as therlgiee at the second kindling, while
V36 females reduced their milk yield trying to main their body condition and next
litter size. During the second lactation, LP fersated a lower milk yield than that
observed under non-limiting conditions but withauy negative effect on their body
condition or on the litter performance at thirdthjrwhile V36 females in restricted
conditions presented a continuous worsening ofr thin performance traits (milk
yield and body condition), with the size of theitdrs at the third kindling clearly
being affected<1.8 and-2.6 total and alive kits born, respectively; P<(.05

For a better picture of environment sensitivitye tresponse graphs in Figure 6
represent the effect of genotype (V or LP) on dieenergy intake, body reserves and
kits born alive depending on the dietary energyr(rad or restricted). As can be seen,
the response to environment restriction of femaesing from a line founded for
reproductive longevity criteria was flatter thamglk obtained for females selected for
litter size at weaning in all the traits controlleldighlighting their differences in
robustness. Under non-limiting conditions, femasetected for reproduction show
their superiority in prolificacy, but when enviroemt quality decreases these animals
show greater reduction in their ability to obtaiesources, maintenance of body
reserves and reproductive performance.
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Figure 6 — Effect of genetic typel LP andA V) on average estimated body energy,
digestible energy (DE) intake and number of kitenbalive (second and third kindling)
according to dietary environment [normal () restricted (R)]

In other species, signs of reduced robustness ki@ been observed in highly
productive stocks (Rauwt al., 1998; Knap and Rauw, 2009; Siegelal., 2009;
Veerkampet al., 2009), supported by the resource allocationrih¢Beilharz, 1998;
Glazier, 2009) — the energetic resources of arviddal are limited and their allocation
across metabolic functions is optimised towardshist adaptation of the individual to
its environment (fitness). Therefore, when we geady select for reproduction traits,
resources could logically be redirected towardseheproduction traits at the expense
of other traits (such as robustness traits), whedids to genotypexenvironment
interaction. However, resource allocation theorysoalconsiders the possible
development by the animals of nutrient partitionstgategies, which allow them to
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obtain additional resources for optimised reprounctvithout a robustness penalty, or
to optimise the allocation of resources througletimensure their fithess success.
These results highlight the improvement in robuséneharacteristics when rabbits are
selected or founded for reproductive longevityesid. These criteria would provide
the animals with additional tools for more apprafgi management of the available
resources under conditions of high productive éffdheilgaardet al., 2009) and/or
nutritional challenge. Therefore, while animalsesétd for reproduction clearly seem
to be more sensitive to the nutritional challengdust females were able to maintain
most of their reproduction traits unaffected, whoduld help confer their reproductive
longevous character.

Another component in the definition of the femali&sspan is her susceptibility to the
common diseases that could appear on the rabbisfaPossible changes in resource
allocation as a consequence of genetic selectioemoductive management should
lead the female to situations where body conditmuld be withdrawn from the
adequate level, increasing the susceptibility dfmais to occasional immunological
challenges. For example, the greatest drop in lvedgrves takes place at the end of
gestation, which is the time of greater eliminatmincommercial does on the farm
(Rosell and de la Fuente, 2009) and the lowestiphocyte counts in blood (Ferrian
et al., 2012), and an excessive falloff of the reseraegarturition conditions the
success of mating during the following lactationué®edo, 2005; Savietto, 2013).
These results would reflect the importance of novimg too far from the appropriate
body status to ensure reproduction and reducagkef elimination. Thus, Guerreeh

al. (2010) and Ferriast al. (2012) observed a positive correlation betweenkbdy
status of the rabbit does and the population oyBphocytes (from +0.40 to +0.82)
and that there is a positive correlation betweenlyimphocyte populations of the does
and their litters (e.g. T CD5+: +0.35). Moreovereie is a maternal effect on the
definition of the digestive microbiota of the ki(dbecia et al., 2007) and a litter
(and/or maternal) effect on the rate of digestiedders in growing rabbits (Quevedo
et al., 2003; Carabafiet al., 2006).

In other species, there is evidence that suscéptibdo immune challenges may be
different depending on the genetic diversity (Raaivel., 1998; Siegel and Honaker,
2009). There, it is possible that this “more robugpe of animals may also have a
greater capacity to withstand immune challenged,that the introduction of this type
of animals could improve the general health coodgion the farm. In rabbit does,
Ferrianet al. (2012) recently reported how selection for litteze over 20 generations
could have reduced the average counts of totalBalyinphocytes in blood<17 and
-36%, respectively; P<0.05), mainly due to the dase of these populations in the
blood of more selected females from the first ® sbcond parturition. In addition, this
work also reported an increase in the lymphocytent(total and T CD5+) of “more
robust” females under heat compared to normal tomdi when lymphocyte
populations showed the lowest value (second p&dn)j while “less robust” females
counts remained invariable. Other recent works iavet al., 2011; Ferrian, 2012)
would show indications in favour of the theory abaupossible improvement of the
immune system modulation in robust animals (lowesceptibility to challenge with
LPS, or lower mortality of their kits during thettianing period), although further
research efforts should be made in the future tdirco this matter.
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CONCLUSIONS

The present review has provided enough evidenceitabow nutrient partitioning
between the different metabolic functions through@ibbit female life is genetically
driven. Consequently, resource allocation in thabitafemale takes place to ensure
their genetic selection success at all times. Theze if rabbit females have been
selected by a reproduction criterion, such as eidltters produced in a lifetime,
nutrient partitioning is defined as the optimal deeoff between the maternal
investment addressed to the current and the flittee, to maximise the number of
viable litters produce in a lifetime. On the otlhand, the constitution of a line through
high selection intensity in its foundation by regwetive longevity has led to rabbit
females characterised by a higher robustness.cBlartinutrient partitioning in these
robust females enables them to better cope with plssible reproductive,
environmental and immunological challenges thay thhay meet in the course of their
productive life, which could explain their grealié® expectancy on the farm.
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