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ABSTRACT

To study the animal nature of feed intake in multiparous rabbit does and its relations with live weight, 146
multiparous rabbit does with a total of 383 lactations were used. These animals belonged to three (genetic types
(GT) that differed greatly on their breeding goals. Permanent correlations among feed intake records at different
points of the reproductive cycle were positive but moderate (ranging from 0.4 to 0.7). On the other hand,
differences among GT varied throughout the reproductive cycle. Both facts suggest that there are different
strategies among animals for resources acquisition. Live weight was highly repeatable (0.797; P<0.001), with
negative environmental correlations with feed intake at two points of the reproductive cycle (on av. -0.35;
P<0.001), suggesting that animals adapt their intake to defend a kind of ‘characteristic weight'. The moderate
values of repeatability obtained for feed intake at different points of the reproductive cycle (around 0.4; P<0.001)
indicate that theoretically it would be possible to select animals for a greater intake, which has been proposed by
some authors as a possible solution to cope with negative balances. However, positive permanent correlations of
feed intake with live weight advise that negative side effects would likely appear. Therefore, given the negative
side effects and considering that there are animals with different strategies, the goal should not be to get animals
with a higher feed intake, the goal should be to obtain animals that adapt their energy intake to their transitory
requirements. In such scenario, hyper-functional long-lived criterion may be a more realistic way to achieve this
goal.

Key words: Resources acquisition, strategy, permanent coigelatnvironmental correlation.

INTRODUCTION

Modern breeds have increased litter size, milk petidn and consequently nutrient requirements.
Undesirably, feed intake has not always been iseetgoroportionally and likely it could have
compromised body condition or lifespan. To avoit thhenomena, different nutritional strategies
have been proposed (increasing the amount or amgtige source of energy of the diet), but none of
them improved considerably energy intake and mamgg, when it was reached, energy was only
driven to higher milk yield (Lebas and Fortun-Lammmt 1996; Pascual et al., 1998). On the other
hand, it seems that genetics plays a role on enetgie (Savietto et al., 2015). That is the reasbp
some authors have proposed selection for appetit® @ossible solution to cope with this problem
(Xiccato et al., 1995; Castellini et al., 2010).wéwer, little is known about the nature of feedhkat

in the animal (genetic plus permanent environmant) how it is related to other traits such as live
weight. An animal’'s view could help to better urgtand the results of the nutrition strategies,
differences among genetic types and the possiliisetuences or side effects of selection (Pascual et
al., 2013). The aim of this work was to study tleed intake throughout the lactation of different
genetic types, the animal nature of feed intakenuftiparous rabbit does and its relations with live
weight.

MATERIALS AND METHODS

The experiment involved 146 multiparous rabbit dfEtween the 3and the B reproductive cycle,
RC), with a total of 383 lactations. Three linesr{gtic types, GT) of the Institute for Animal Saen
and Technology of Universitat Poltécnica de Valanuihich differed greatly on their breeding goals,
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were used. Line H, founded by hyper-proipificacypith and selected during 17 generations by litter
size at weaning. Line LP, founded by hyper-funaiolongevity (founder does with more than 25
parturitions and 8.8 born alive on average) andcsetl during 7 generations by litter size at wegnin
and characterized by a higher robustness. LineoByded and selected during 38 generations by
average daily gain from 4 to 9 weeks of live. Fernalvere inseminated 11 days after parturition.
When they did not get pregnant, they were re-insataed each 21 days until a maximum of 3 negative
palpations. Litters were standardized at birth @n@l 11 kits. Weaning was performed 30 days after
parturition. Diet (11.3 MJ of digestible energy grof dry matter and 117 g of digestible protedn p
kg of dry matter) was offered ad libitum to femalaisthe beginning of their reproductive life.
Female’s feed intake was recorded from parturiteoday 18 of lactation (early lactation, EL), from
day 18of lactation to weaning as female plus litter imtglate lactation, LL) and from weaning to the
next parturition (weaning-parturition interval, WPLive weight (LW) was studied as the average of
weight at parturition, day 18 of lactation and wiegn Available energy for production was estimated
discounting the energy for maintenance (430 kddayLW® " Xiccato and Trocino, 2010) from the
total digestible energy intake.

For feed intake and available energy, each onheofvithin RC records was considered as a different
trait and records throughout RC as repeated measfireach one of these traits. Feed intake during
different periods of the RC and live weight weralgsed in a unique four-trait mixed model with
repeated measures (SAS, 2009), using the restricteximum likelihood (REML) to estimate
variance components. The model for each singlewes:

y=GT+RC+T+p+e

where GT, diet and RC are fixed effects, T (inr@mperature of the farm) is a covariate $nits
coefficient of regressiorp is the permanent random effect of the animal (ergus permanent
environment;CN (0, op)), ande is the residual random effect (temporary envirommeN (0O, o))
which was assumed to be correlated with otherstiait not among RC. Similarly, available energy
and live weight were also studied in another mudtit mixed model. This kind of analysis allows
studying, not only the means of the fixed effedtst also the repeatability of each trait and the
permanent and environmental correlations amonts tnathin a model.

RESULTS AND DISCUSSION

In Figure 1, it is shown the feed intake duringetént periods of the RC of the three GT. During EL
LP females had a feed intake 5.3% higher than Ralesn(P<0.05) and 13.7% than H females
(P<0.05), whereas R females had a feed intake Hi§ber than H females (P<0.05). During LL, there
was an increase of feed intake records, but it peaBally confused with the feed intake of theelitt
Anyhow, it seems reasonable that differences an@hgluring LL would be related to female intake,
instead of litter intake. Under such assumption, females had an average feed intake (+40.7g;
P<0.05) higher than H and R females. During WPIlarimals presented the highest feed intake
(+17.1% respect to H and LP females; P<0.05). Hewesonsidering the differences in live weight of
the animals from the three GT (H 4#0B054kg; LP 4.120.047kg; R 5.540.055kg), the previous
result could be related to scale effects. For exanipwe try to estimate the available energy for
production by discounting energy for maintenanoenfdigestible energy (Figure 1.B), no differences
among lines during WPI were found. Moreover, duriilg LP animals continued having the highest
available energy for productioor( av. +23.4% respect to H and R does; P<0.05), but fierdhces
between H and R animals were found. Despite itnedagpossible estimate available energy during LL
(as feed intake was measured as doe plus liti@kehtit would be expected that LP animals were the
ones with the highest income of energy availabld Rranimals the lowest. Therefore, it seems clear
that animals from the three GT present differemanigics of resources acquisition and allocation. On
the one hand, LP animals, that have been charzetietly a greater ability obtaining resources
(Savietto et al., 2015), presented a great appatite during lactation (which allows obtaining much
more resources for production during lactation).t@mother hand, R animals, which were assumed to
have a great appetite but it was shown only duwigl, used feed intake to maintain their bigger
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body. These results highlight the need for disarating between appetite and the ability to getgner
for production.

A) Dry matter intake B) Available energy
(g DM/day) (MJ DE/day)

450 A . 3.00 4

375
2.00 A

300

1.00 A

b
b
A

150

EL LL Wl EL LL W1

Figure 1. Dry matter (DM) intake (A) and digestible enerdyH) intake minus energy for
maintenance (B) of rabbit does at different momefithe reproductive cycle depending on
the genetic type (Blue: line H, Golden: line LP aRed: line R). EL: Early lactation, LL:
Late lactation (doe + litter), WPI: Weaning to paition interval. Means in a time control not
sharing letter significantly differ at P<0.05.

The permanent effect of the animal, included in thadels, is integrated by the genetic and the
permanent environment effects (all the externatofacaffecting to the animal before starting the
experiment that had an effect during the experilm&wepeatability is the ratio between the variapice
the permanent effect and the total variance (vaialeging from 0 to 1). The higher is the repeaibil
for a trait, the higher is the impact of the effettanimal and therefore more stable are the repeat
measures of an animal. In Table 1 it can be obdethvat repeatability for live weight was quite high
(0.797), which means that given a GT, diet and tatpre of the farm, a multiparous female will not
change very much its weight, because it is litttidluenced by the temporary environment.
Repeatability for all the traits related to feethke and available energy during different periofthe

RC were significantly higher than cero and on ageralose to 0.4, meaning that the effect of the
animal is relevant and therefore strategies sudeastic selection or rearing could impact on ut B
also means that not controlled temporary envirorinserelevant for the traits.

Table 1.Repeatability (main diagonals), environmental elations (above the main
diagonals) and permanent correlations (under the diagonals) of feed intake (A) or
available energy (B) at different moments of theroductive cycle and live weight.

A) B)
Feed Live Available energy Live
IEL Lt IWPI weight IEL IWPI Weight
IEL 0.436" 0.362"  -0.005 -0.167 0.376" 0.044 -0.298
ILLt 0.711" 0.349" 0.293"  0.041 - - -
IWPI 0.500" 0.595" 0.429"  -0.124 0.390  0.480" -0.397"
Live weight 0.371" 0.423" 0.443"  0.797" 0.130 0.174 0.798"

IEL: Intake during early lactation, ILL: Intake duog late lactation, IWPI: Intake during weaningp@rturition
interval.” P<0.05,” P<0.001! Doe+litter intake. — No available data.

Permanent correlations for feed intake among diffeperiods of the RC were big enough to indicate
that animals with higher feed intake tend to hatégher intake during the whole RC, but low enough
to allow a certain degree of flexibility. Conseqthgnthese correlations show that there were diffier
strategies among animals for feed intake duringRBe On the other hand, permanent correlations
higher than cero between feed intake during diffeperiods of the RC and live weight of the females
were found (Table 1.A). Contrary, no evidenceshaise correlations were found between available
energy and live weight (Table 1.B). This result gegjs that animals with a greater intake not
necessarily have more available energy and therefloey could be less efficient. It was also
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interesting the negative environmental correlatibasveen live weight and available energy, because
animals with environmentally higher weight (abot& ‘tharacteristic weight’) tend to have a lower
amount of available energy antte versa. It could suggest that animals tend to maintakina of
‘characteristic weight’, because when they are rdoaeay from it, they adjust the availability of
energy to return to the target. Therefore, if wasider that this kind of ‘characteristic weight’ thie
animal is strongly defended, nutritional strategiddressed to improve body condition may have littl
effect in multiparous does’ weight (Lebas and Foittamothe, 1996; Pascual et al., 1998).

Many times repeatability is related to heritabilftgpeatability is the theoretical maximum value fo
heritability before its estimation). However, refadality and specially correlations (Table 1) are
population dependent and thus their values could among populations or time, meaning that these
considerations about genetic selection should &sted cautiously. Nevertheless, the results of the
three genetic types indicate that breeding cangehdine way animals obtain and allocate resources
(Figure 1). If we assume moderately stable repd#yabnd correlations, these results suggest that
theoretically it is possible to select by appetite: likely associated with an increase on live \neigf

the animals and feed intake in non-productive pkstidOn the other hand, theoretically it is also
possible to select by amount of available energh Wéss side effects, although another unexpected
unfavourable side effects could appear. For exaniple unclear where energy would be allocated
when animals with a great amount of available gnéiaye low requirements (such as low litter size
or long non-productive periods when not gettinggpent). Therefore, given the negative side effects
and considering that there are animals with differgtrategies for resources acquisition, the goal
should not be to get animals with a higher feedkief the goal should be to obtain animals thattadap
their energy intake to their transitory requirensenih such scenario, LP animals have showed the
greatest feed and energy intake during lactatiambuduring WPI, and in previous experiments they
have shown a greater ability to regulate energgkmtduring productive (Theilgaard et al., 2009) or
nutritional (Savietto et al., 2013) challenges,i¢ating that hyper-functional long-lived criterighP
animals) may be a more realistic way to achieve gbal.

ACKNOWLEDGEMENTS

This study has been supported by the InterminateCiommission for Science and Technology
(CICYT) from the Spanish Government (AGL2014-53405-1-P). Grant for Alberto Arnau from the
Ministerio de Educacion, Cultura y Deporte (BES-2@52345) is also gratefully acknowledged.

REFERENCES

Castellini C., Dal Bosco A., Arias-Alvarez M., LorenP.L., Cardinali R., Rebollar P.G. 2010. The maindiecaffecting the
reproductive performance of rabbit does: a reviémim. Reprod. i, 122, 174-182.

Lebas F., Fortun-Lamothe L. 1996. Effects of digtanergy level and origin (starch vs oil) on thefgenance of rabbits
does and their litters: average situation afteredmings.In Proc. 6th World Rabbit Congress. Touluse, France, 217-221.

Pascual J.J., Cervera C., Blas E., Fernandez-Carmasa8g. Effect of high fat diets on the performaacd food intake of
primiparous and multiparous rabbit doAsim. ci., 66, 491-499.

Pascual J.J., Savietto D., Cervera C., Baselga M..Rdsources allocation in reproductive rabbit dagzview of feeding
and genetic strategies for suitable performawé®ld Rabbit ci., 21, 123-144.

SAS. 2009. User’s Guide (release 9atistical Analysis System Institute Inc., Cary, NC.

Savietto D., Cervera C., Blas E., Baselga M., Larserriiggens N.C., Pascual J.J. 2013. Environmentaitaty differs
between rabbit lines selected for reproductivenisity and longevityAnimal, 7, 1969-1977.

Savietto D., Friggens N.C., Pascual J.J. 2015. Reptivé robustness differs between generalist amtialist maternal
rabbit lines: the role of acquisition and allocatwf resourcesGenet. Sdl. Evol., 47, 2.

Theilgaard P., Baselga M., Blas E., Friggens N.C., &@anC., Pascual J.J. 2009. Differences in productibpestness in
rabbits selected for reproductive longevity oelitsize Animal, 3, 637—646.

Xiccato G., Parigi-Bini R., Dalle Zotte A., Carazzdlo, Cossu M. 1995. Effect of dietary energy leveldidon of fat and
physiological state on performance and energy lbelaf lactating and pregnant rabbit do&sm. ci., 61, 387-398.

Xiccato G., Trocino A. 2010. Energy and protein abmelism and requirementk: Nutrition of the Rabbit, 2nd Edition.
CABI Publishing, Wallingford, UK, 83-118.

364



