N
N

N

HAL

open science

Adjusting the age pyramid to promote a more
sustainable and healthful rabbit production system

Davi Savietto, Luis Rodenas, Eugenio Martinez-Paredes, Juan José Pascual

» To cite this version:

Davi Savietto, Luis R6denas, Eugenio Martinez-Paredes, Juan José Pascual. Adjusting the age pyra-
mid to promote a more sustainable and healthful rabbit production system. 11. World Rabbit

Congress, Jun 2016, Qingdao, China. 413 p. hal-01608109

HAL Id: hal-01608109
https://hal.science/hal-01608109
Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01608109
https://hal.archives-ouvertes.fr

( World
Rabbit
2016 Congress

Quuﬂ{uﬂ China

PROCEEDINGS OF THE 11" WORLD RABBIT CONGRESS
Qingdao (China) - June 15-18, 2016
| SSN 2308-1910

Session
Breeding and Genetics

Savietto D., Rédenas L., Martinez-Paredes E., Pascu al J.J.

ADJUSTING THE AGE PYRAMID TO PROMOTE A MORE
SUSTAINABLE AND HEALTHFUL RABBIT PRODUCTION SYSTEM.

Full text of the communication

How to cite this paper :
Savietto D., Rddenas L., Martinez-Paredes E., Pascual J.J., 2016 - Adjusting the age pyramid to promote a more

sustainable and healthful rabbit production system. Proceedings 11th World Rabbit Congress - June 15-18, 2016
- Qingdao - China, 123-126.

FOZEEETS

CHINESE ASSOCIATION OF ANIMAL
SCIENCE AND VETERINARY MEDICINE




World Rabbit Science Association
Proceedings 11th World Rabbit Congress - June 15-18, 2016 - Qingdao - China

ADJUSTING THE AGE PYRAMID TO PROMOTE A MORE SUSTAIN ABLE
AND HEALTHFUL RABBIT PRODUCTION SYSTEM

Savietto D*, Rédenas L?, Martinez-Paredes E?, Pascual J.J?

1INRA UMR 1388 Génétique, Physiologie et Systéme d/&ie, F-32326, Castanet-Tolosan, France.
2Instituto de Ciencia y Tecnologia Animal, Universid@olitécnica de Valencia, Camino de Vera s/n, 4686G2@ncia, Espafia.
*Corresponding author: davi.savietto@toulouse.inra.f

ABSTRACT

On average, a commercial rabbit female currently has no more than six litters her entire life, leading to a young age-
structure. Because the investment in maintenance that prolongs lifespan trades-off with early reproductive effort, a more
sustainable and healthful rabbit-production system would increase the proportion of females with more than six litters.
The arguments for this suggestion are based in parts of life-history theory that have been experimentally confirmed in
other organisms. Here we explore the effect on the age-structure of arbitrarily lowering the overall culling rate of a typical
commercial population by 25 points of percentage (from 191 to 138 females culled). When we assumed a lower culling
rate, we found that the age-structure of this commercial population would change to a more balanced proportion of
mature (i.e. females having six or more litters) and young females. The new-age structure would improve adaptation to
local conditions, favor health and robustness, and lengthen potential lifespan.

Key words: Rabbit, Age-structure, Lifespan, Health, Lifetbiy theory.

INTRODUCTION

This paper focuses on the beneficial effects ohghay the age-structure of a rabbit population nanmte
better health and reproductive performance. Theeagtis used here are derived from life-history theor
Life-history theory is the part of evolutionary gy that aims to understand the variability in teategies
that different species and individuals adopt toieeh reproductive success (Stearns, 1992). Thetignes
shared by evolutionary biologists and by animagistists interested in efficient animal productioe toese:

1) How fast should an animal develop? 2) At whiglk and size should it mature and start reproduc)g?
How many and how large should its offspring be®dyv many times should it reproduce? and 5) How long
should it live?

Animal breeders have long selected rabbits to diamster (Estanyet al, 1992; Rochambeaet al, 1996;
Gomezet al, 1999) and to have more viable offspring (Estahyal, 1989; Garcia and Baselga, 2002;
Garreauet al, 2008), but little attention has been paid toslifan and the physiological mechanisms that
prolong it, including disease resistance. In fadthough a new rabbit line was recently foundednfro
females having exceptionally long productive liy@anchezt al, 2008), longevity is still considered a trait
of little economic interest (Cartuclet al, 2014), because the costs of rearing a femala@iared by the
number of offspring she produces, which take preced over lifespan.

The dilution argument is reasonable. But it is alsasonable to think that for each additional dittee
dilution factor increases. Thus long reproductixed can be economically beneficial — a scenarib no
considered by Cartuchet al. (2014), who assumed a fixed monthly-culling ratel@ per cent, which is a
value very close to that observed in commerciahfafRosell and de la Fuente, 2009). The consequence
assuming a fixed culling rate is a limited repradeclife, which in such farms is limited to no neathan six
litters.

Constant replacement rates can be justified. Arrdad for no apparent reason, farmers cull inferiigss
productive, and sick animals (Rosell and de la Eye2009), and others are simply replaced by tleev‘n
genetic’ that are made available. If natural mdstainfertility and sickness are a stochastic jgsx; then
constant replacement rates are only possible ifestemales with no apparent biological problems are
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replaced. The consequences of this practice anestteeof replacing a proven female by another thay or
may not be more profitable and the evolutionarl msplicit in a young age-structure, which is thekition

of less investment in maintenance and more invedtrime reproduction. In fact, economic studies, like
Cartucheet al. (2014), often ignore the negative effect of insreg the reproductive effort or daily weight
gain on the immune system (Ferriainal, 2012; Garcia-Quirost al, 2014), depleting the global health of
the farm.

Here we present a theoretical analysis based oacaral commercial rabbit population to support the
argument that a lower culling rate leading to agEmreproductive life would be both economically
beneficial and would lead to the evolution of mdigease-resistant rabbits.

MATERIAL AND METHODS

Data come from a commercial rabbit population imiBpvhose management was described by Sawétto
al. (2012). In that study a total of 673 females wietlowed, of which 461 were mated at least onceZ (19
females died and 15 females were culled beforehnegaenating age). Culling reasons were inferti(tyree
consecutive matings with no pregnancy), low repctisea performance (less than 7 offspring weane@® on
consecutive births), and disease. No females wdledcdue to age. Here we explore the effect oratje
structure of this commercial rabbit population @ivering culling rate by 25 points of percentager(f 191

to 138 females culled). The culling rate reducttam be visualized in Figure 1 A (labeled as ‘ReducL
We assumed that the natural mortality rate didchange.

RESULTS AND DISCUSSION

Practices influencing the age-structure

Populations experiencing artificial selection amnmally managed in closed populations with discrete
generations of nine months. This means no intréclucif new individuals, no mating between indivittua
of different generation, and the elimination ofiatlividuals in one generation at a fixed time witle@ next
generation begins. The reproductive rhythm of thassulations is also controlled. Females are firated
when 18 weeks old and then follow a planned reprtdel rhythm of 42 days.€. they are re-mated 11 days
after birth), weaning their litters 28 days aftéthh This timing — the most common — limits thepptation
age-structure to females with six litters or less] favors individuals with an exceptional repradgceffort
early in life (Savietteet al, 2015).

Although commercial populations are not manageddiscrete generations of nine months, similar
replacement rates are observed. In a study of coomhéarms, Rosell and de la Fuente (2009) repldnigh
elimination rates in the first 2 litters (above 15%table values between litters 3 and 11(~13%],afinal
increase at litter 12 (above 15%). This producgsumg age-structure, where the average numbetteifsli
per female is also six.

High culling rates on later reproductive cycles meffect the perception that the rabbits are bengmi
less productive as they age. While some farmerseper a 14-litter female as “old,” others are not
concerned about age before litter 20. Rabbit fenadm have extremely long and productive lives émor
than 25 litters, Sanchez al. 2008; one female having 50 litters, Rosell pessamm.). But, if farmers are not
concerned about age, why is the frequency of mdamales not higher? This may result from technplog
transfer from selection to commercial farms. Ilfaanfier uses culling practices similar to those lect®n
populations, more mature females will be eliminateah necessary. This results in the observed inegat
correlation between culling and female age (-0P&0.001; Rosell and de la Fuente, 2009).

A typical Spanish commercial rabbit populationépnesented in Figure 1A and 1B. This population is
characterized by an overall culling rate of 41.48d &igh mortalities between litters 7, 8, 9 and WBich
shape its age-structure. If rabbit females caragusinger reproductive careers (Sancéeal.,2008), then
more mature populations can be maintained if aglig; not high as in selection populations. When we
assumed a lower culling rate, we found that thestigecture of this commercial population would cfparto
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a more balanced proportion of 'mature’ and youngdkes (Figure 1C: barred to solid bars).
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Life-history theory and the benefits of a mature ppulation

Because farms greatly vary in their practices aaging conditions (Rosell, 2003), genotype x emirinent
interactions are expected. Animals adapted to Seteconditions may not perform well in the diffate
environment of a particular farm. In extreme caseplacing a mature female that has survived oocal |
farm is risky because an individual from the sétecpopulation that is only potentially good remamne
known to be well adapted. The farm we describeni®xcellent example of how a bad environment (bad
insulated building, cases of mange and rabbit hdragic disease) can increase the risks of replgmiogen
females (197 replacing females died before thest fnating: at ~160 days old).

The benefits of a more mature population are lintedhe evolutionary responses caused by trade-offs
between reproduction and survival. Trade-offs betweproduction and survival, which are a corneestaf

life history theory (Williams, 1966; Stearns, 199&)e well documented (Clutton-Broekal, 1983; Stearns
and Partridge, 2001; Wangt al, 2013). Optimal life histories are obtained bydmaing the costs and
benefits of increasing or decreasing the reprodedffort at a given age (Roff, 2002).

When a population is constrained by high adult alidytto have a short reproductive life — as haspken
rabbit populations in selection facilities — theuking high reproductive effort early in life sHdbe trade-
off with lifespan. Although this trade-off has ng#t been documented in rabbit populations expengnc
artificial selection (Sancheet al, 2006), it is likely that selection solely for reguction reduces the
capacity of rabbit females to sustain reproductffert in the face of environmental constraintsvi§to et
al., 2013). The innate immune responses of both rdbbiales (Ferriaret al, 2012) and their offspring
(Garcia-Quirést al, 2014) seem to be negatively affected by seledbomeproduction. Like reproduction,
immunity has a cost that depends on the environnadrdre the population evolved (Lochmiller and
Deerenberg, 2000). For this reason, selectionys&bel reproduction under strongly controlled coiudis
that include intense use of antibiotics and digit#fets may reduce the benefits of maintaining &tfanal
immune system. The high incidence of infectiousaes at rabbit farms may thus be a consequence of
trading production for immunity.
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CONCLUSIONS

A small reduction in culling rates would signifithn change the age-structure of a commercial rabbit
population in ways that would improve adaptationldoal conditions, favor health and robustness, and
lengthen potential lifespan.
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