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GENETIC FACTORS OF FUNCTIONAL TRAITS
GARCÍA M.L.* , GUNIA M.† , ARGENTE M.J.*
*Centro de Investigación e Innovación Agroalimentaria y Agroambiental (CIAGRO-UMH), Miguel Hernández University,
Ctra de Beniel km. 3.2, 03312, Orihuela, Spain.
†
GenPhySE, INRAE, Université de Toulouse, ENVT, 31326, Castanet -Tolosan, France.
Abstract: Selection of functional traits is a challenge for researchers, but an increasingly necessary objective
due to the growing concern regarding animal welfare and overcoming the problems of reducing antibiotic
use in rabbit production without undermining the animals’ productivity. The aim of this review is to discuss
the genetic control of resistance to diseases, longevity and variability of birth weight within a litter, or litter size
variability at birth within doe, describing the selection programmes and the first results from a multi-omics
analysis of resistance/susceptibility to diseases. The heritability is around 0.13 for longevity, 0.01 for uniformity
in birth weight, 0.09 for litter size variability and around 0.11 for disease resistance. Genetic correlations
between functional traits and production traits are mostly no different from zero, or are moderately favourable
in some cases. Six selection programmes developed in three countries are reviewed. Line foundation
with high pressure for selection or divergent selection experiments are different methodologies used, and
favourable responses to selection have been achieved. Genomics studies have revealed associations in
regions related to immune system functionality and stress in lines selected for litter size variability. Knowledge
of the role of gut microbiota in the rabbit’s immune response is very limited. A multi-omics approach can help
determine the microbial mechanisms in regulation immunity genes of the host.
Key Words: genetic, longevity, omics, resilience, resistance to diseases, selection, rabbit.

INTRODUCTION
Breeding programmes have played an important role in improving efficiency in meat rabbit production. Traditionally,
maternal lines are selected for litter size at birth or at weaning (Baselga, 2004) and paternal lines are selected for
post-weaning growth rate or body weight at a point close to market age (Rochambeau et al., 1989; Lukefahr et al.,
1996; Piles and Blasco, 2003; Larzul et al., 2005). Other traits have been studied as criteria in breeding programmes,
either in maternal lines, such as ovulation rate and kit survival (Piles et al. 2006; Ziadi et al., 2013), or in paternal,
such as carcass dressing percentage, thigh muscle volume, intramuscular fat, food efficiency and heat tolerance
(Zomeño et al., 2013; Matics et al., 2014; Piles et al., 2014, Piles and Sánchez, 2019). Nowadays, priorities in rabbit
breeding are related to improving animal welfare and disease resistance, which leads to better adaptation of females
to changing environmental conditions.
Functional traits are used to summarise those characters of an animal that increase efficiency by reducing input costs.
Major groups of breeding goal traits belonging to this category are health, fertility or longevity (Groen et al., 1997).
Functional traits determine the response to environmental factors (Reiss et al., 2009). Therefore, robustness, rusticity,
resilience, plasticity and resistance to diseases are concepts related to them.
The notion of robustness refers to the combination of high production potential and low sensitivity to environmental
perturbations. The importance of robustness-related traits in breeding objectives is progressively increasing towards
the production of animals with a high production level in a wide range of climatic conditions and production systems
Correspondence: M.L. García, mariluz.garcia@umh.es. Received March 2020 - Accepted July 2021.
https://doi.org/10.4995/wrs.2021.13320
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(Knap, 2005), together with a high level of animal welfare (Mormede and Terenina, 2012). When an animal has the
ability to adapt to an unfavourable environment, but without the requirement of maintaining a high production level,
rusticity is defined (Sauvant and Martin, 2010). Colditz and Hine (2016) defined resilience in animal production as the
animal’s capacity to be minimally affected by disturbances or to rapidly return to the state it was in before exposure
to a disturbance.
Both robustness and resilience refer to the ability of an animal to survive disruptions. However, robustness is
considered a static concept where the animal can resist disruptions and retain its previous stable situation, whereas
resilience is more of a dynamic concept incorporating adaptation, where an animal can return to a new stable
situation after surviving a threat. Therefore, resilience is also related to plasticity.
Genetic selection of functional traits has been used to increase robustness in pigs (Knap, 2005), poultry (Star et al.,
2008) and rabbits (Sánchez et al., 2008; Garreau et al., 2017). Recently, environmental variance has been proposed
as a measure of resilience (Berghof et al., 2019). Many studies have provided statistical evidence that environmental
variance is partly under genetic control (mice, Ibáñez-Escriche et al., 2008a; pigs, Ibáñez-Escriche et al., 2008b;
chickens, Mulder et al., 2009) and selection experiments support these findings in rabbits (for birth weight variability,
Bolet et al., 2007; for litter size variability, Blasco et al., 2017) and mouse (for birth weight variability, FormosoRafferty et al., 2016).
The main objective of this review is to discuss the genetic control of longevity, disease resistance traits and variability
of birth weight and litter size, presenting the selection programmes with inclusion of these traits and describing the
first results from a multi-omics analysis of resistance/susceptibility to diseases.

GENETIC CONTROL OF FUNCTIONAL TRAITS
Genetic variability is the prerequisite for any breeding programme. In rabbits, the first studies to determine whether
disease resistance was heritable began in 1969 in Australia, then in 1988 in Europe (Sobey, 1969; Baselga et al.,
1988). Analyses of longevity began in the 2000s, while the study of the genetic parameters of homogeneity traits was
initiated in 2008. Longevity and homogeneity of birth weight or litter size were studied in maternal rabbit lines, while
disease resistance traits were studied in both paternal and maternal lines.
The heritability of longevity is around 0.13, varying from 0.02 to 0.24 (Table 1). Heritability of the homogeneity traits
is low, 0.01 for the uniformity in birth weight within a litter and 0.08 for the litter size variability at birth within a doe
Table 1: Heritability for longevity.
Trait definition
Length of lifetime1
Number of AI2
Number of AI2
Length of lifetime3
Length of lifetime4
Length of lifetime3
Number of AI2
Number of AI2
Functional longevity5
Functional longevity5
Functional longevity5
Functional longevity5
Functional longevity5

Heritability
0.13
0.10
0.05
0.05
0.10
0.16 to 0.24
0.17 to 0.19
0.12
0.07
0.03
0.14
0.05
0.02

Model
Linear model
Weibull
Discrete model
Cox model
Cox model
Cox model
Discrete model
Discrete model
Cox model
Cox model
Cox model
Cox model
Cox model

Country
Germany
France
France
Spain
Spain
Spain
France
France
Spain
Spain
Spain
Spain
Spain

Line/breed
New Zealand white
INRA 1077
INRA 1077
V line
V line
Prat
INRA 1077
Hycole line D
A line
V line
H line
LP line
R line

Authors
Youssef et al.,2000
Garreau et al., 2001
Garreau et al., 2001
Sánchez et al., 2004
Sánchez et al., 2006
Piles et al., 2006
Piles et al., 2006
Lenoir et al., 2013
El Nagar et al., 2020
El Nagar et al., 2020
El Nagar et al., 2020
El Nagar et al., 2020
El Nagar et al., 2020

Longevity is defined as: the length of lifetime production in months. 2The total number of artificial inseminations (AI) performed after
the first kindling or death. 3Date of the first presentation to a male and the data of death or culling. 4The time in days between date
of the first positive pregnancy diagnosis and date or culling. 5Difference between the date of the first positive palpation test and the
date of death or culling due to involuntary cause.
1
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Table 2: Heritability (diagonal) and genetic correlation (above) of variability and mean of birth weight and litter size.
Trait
Birth weight1
Litter size2

Variability
0.012 (0.004)3

Mean
0.085 (0.066)
0.060 (0.011)

Country
France

Line
AGP22

Authors
Garreau et al., 2008a,
Bodin et al., 2010b

0.08 (0.05; 0.11)4

–0.06 (–0.31; 0.21)
0.10 (0.08; 0.13)

Spain

Maternal

Blasco et al., 2017

Within-litter standard deviation. 2Environmental variability. 3Standard error. 4High density posterior interval at 95%.

1

(Table 2). Heritability of the resistance traits varies from 0.02 to 0.64 depending on the disease, its prevalence and
the model used (Table 3). On average, the heritability of disease resistance is around 0.11 on the observed scale and
0.15 on the underlying scale. In summary, the heritability of these traits tends to be low to moderate.
Genetic correlations between longevity and productive traits were estimated using approximation methods (Sánchez
et al., 2006; Lenoir et al., 2013). Negative correlations are favourable; they indicate a lower risk of death or culling
for the rabbits with a higher value of the production traits. The correlation between longevity and litter traits or
adult weight were either not significantly different from zero or favourable, although the standard errors are missing
(Table 4).
The genetic correlations between the mean and the variability for birth weight and litter size were no different from
zero (Table 2). Genetic correlations between resistance to diseases and production traits are either favourable or no
different from zero (Table 5). There is evidence that genetic correlation between resistance to different illnesses and
production traits decreases over time, so the estimates are higher for daily gain before weaning (Shrestha et al., 2019)
than for direct weaning weight (Gunia et al., 2018) and daily gain during the fattening period (Ragab et al., 2015).
Finally, genetic correlation is no different from zero for weight at the end of the fattening period (Gunia et al., 2015).
The resistance to digestive disorders is favourably correlated with the carcass yield and no different from zero for litter
size (Gunia et al., 2015; 2018).
To summarise, the heritabilities tend to be low to moderate. The genetic correlations between functional traits and
production traits are mostly not significantly different from zero, or are favourable in some cases. The possible
independence of functional and production traits means that functional traits can be included in a breeding programme
without trade-offs.

SELECTION PROGRAMMES AND RESPONSE TO SELECTION
The first approach to selection for disease resistance was a mass selection programme for resistance to myxomatosis,
conducted from 1955 to 1967 in Australia (Sobey, 1969). Four virus strains were used and rabbits were infected
with the appropriate virus after 16 wk of age, to obviate the effects of maternal antibodies. Percentage of recovery
increased from 50 to 80% for the least virulent strain and from 10 to 20% for the most virulent virus strain.
A maternal line (LP line) was constituted following a longevity criterion at the Polytechnic University of Valencia
(Spain, Sánchez et al., 2008). Then, the selection was carried out by litter size at weaning. The foundation process
of the LP line was inspired by the hyperprolific selection experiments proposed and carried out by the same
research group (Cifre et a., 1998). Thus, the LP line was founded by selecting females from commercial farms
that showed extremely high productive lives (between 25 and 41 parities) and whose prolificacy ranged from 7.5
to 11.9 young born alive (Sánchez et al., 2008). When the LP line was compared to the V line selected for litter
size at weaning for 31 non-overlapping generations, the LP line was 1.3 times less likely to leave the herd than the
V line, demonstrating the longer productive life of the LP line (Sánchez et al., 2008) and similar productivity from
the fourth parity onwards in both lines (Theilgaard et al., 2007).
The ability of the LP line to sustain reproduction in the different environments without presenting great mobilisation
of body reserves and its ability to use reserves at the onset of feed constraints seems to be a safeguarding
factor to ensure longevity (Theilgaard et al., 2009; Savietto et al., 2013, 2015). Moreover, the LP line presented
higher lymphocyte counts under heat stress conditions than the V line (Ferrian et al., 2012), and before and
World Rabbit Sci. 29: 207-220
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0-1
0-1
0-1
0-5
0-5
0-5

Weekly incidence of infection

Overall incidence of infection
Overall Mortality from infection
Extent of abscess dissemination
Extent of bacteria dissemination
Resistance: combination of
survival, abscess and bacteria
scores
Mortality
Resilience (alive and normal
growth)
Diarrhoea
Abnormal growth
Non-specific mortality
Morbidity and mortality from
ERE2
Respiratory syndromes
Poor body condition score
Digestive disorders
Respiratory disorders
Infectious disease
0.21 (0.16)
0.08 (0.07)
0.07 (0.02) to 0.10 (0.02) 0.27 (0.06) to 0.30 (0.06)
0.05 (0.02) to 0.06 (0.02)
0.17 (0.09)
0.03 (0.01)
0.23 (0.05) to 0.27 (0.08)
0.03 (0.02) to 0.06 (0.02) 0.20 (0.06) to 0.38 (0.09)
0.03 (0.00) to 0.11 (0.03)
0.08 (0.02)
0.04 (0.00) to 0.09 (0.02)
0.03 (0.00) to 0.08 (0.02)

0-1
0-1
0-1
0-1
0-1

0.05 (0.05)
0.38 (0.21)

0-1
0-1
0-1
0-1

0-1
0-1

0.03 (0.01) to 0.04 (0.01) 0.13 (0.04) to 0.38 (0.11)

0-1

Spain

Country
Australia
A,V, R,B

Line/breed
domestic
rabbits

France

Spain

France

AGP39,
AGP59,
AGP77

Caldes

INRA 1777

France 2 commercial
populations
0.02 (0.02) to 0.06 (0.02) 0.06 (0.05) to 0.12 (0.05) Australia composite
strain
0.06 (0.02)
0.05 (0.03)
0.02 (0.05)
0.11 (0.06)
France INRA 1777
and 6
0.09 (0.05)
commercial
0.14 (0.05)
populations

0.12 (0.05) to 0.28 (0.14)

0-5

Heritability
Variable
type
Linear model3
Threshold model
continuous
0.33 to 0.64
0-1
0.36
0-5
0.07 (0.03) to 0.18 (0.09)

Trait description
Survival time (days)
Survival to myxomatosis
Extension of lesions on lung
lobes
Average score of lung lobe
lesions
Incidence of infection

Authors
Sobey, 1969

paternal

maternal

maternal

-

paternal

Ragab et al.,
2015

Garreau et al.,
2006

Shrestha et al.,
2018

Eady et al.
2004
Eady et al.,
2007

maternal and Baselga et al.,
paternal
1988

Type of line
-

paternal and Garreau et al.,
maternal 2008b. Gunia
et al., 2015,
2018
1
Traits are recorded under natural infection; unless otherwise stated. 2Epizootic Rabbit Enteropathy. 3Linear model (or results of threshold models expressed on the observed scales).

Non-specific syndromes

ERE2 after experimental
infection

Pasteurellosis after
experimental infection

Respiratory infection
caused by Pasteurella
multocida and Bordetella
bronchiseptica
Bacterial infection caused
by Pasteurella multocida or
Staphylococcus aureus

Disease or syndromes
Myxomatosis after
experimental infection

Table 3: Heritability (standard errors) for disease resistance traits1.
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Genetic factors of functional traits
Table 4: Pseudo-genetic correlations (standard error) between longevity and production traits.
Trait
Number of kits born alive
Number of kits born alive
Number of kits at weaning
Litter weight at weaning
Teat number
Adult weight

Pseudo-Genetic correlation
0.16 (0.10)
–0.72
–0.17 (0.11)
–0.7
–0.39
–0.2

Authors
Sánchez et al., 20061
Lenoir et al., 20132
Sánchez et al., 2006
Lenoir et al., 2013
Lenoir et al., 2013
Lenoir et al., 2013

Longevity is defined as: 1the time in days between date of the first positive pregnancy diagnosis and date or culling, 2as the number
of inseminations completed before culling.

after haemorrhagic virus vaccination than the maternal A line (Belloumi et al., 2020). This haematological profile
contributes to a greater ability to confront infectious challenges and to confer animals a more robust nature
(Ferrian et al., 2013).
In France, INRA has developed three divergent selection experiments for longevity, resistance to digestive disorders
and weight at birth within litter size. In the first experiment, the objective was to assess the feasibility of selecting
for functional longevity, defined as an ability to delay involuntary culling. Functional longevity was measured as the
total number of artificial inseminations performed after the first kindling (Larzul et al., 2014). After one generation
of selection, the lines differed by 0.75 inseminations over an observation period of 8 artificial inseminations. The
number of litters per female was higher in the high longevity line than the low longevity line. Because of this
difference between the lines, the total numbers born alive and weaned per female were higher in the high line.
Nevertheless, reproductive performance was similar between lines at the 2nd generation (Garreau et al., 2017). In
this experiment, the high longevity line accreted more body reserves at the onset of reproductive life than the low
line and thereafter maintained higher body reserves until third delivery.
The second divergent selection experiment is focused on improving the resistance to enteropathies and digestive
disorders. A binary score based on the signs of enteropathy observed during the growing period was the selection
criterion. The resistance animals showed similar mortality and growth rate to those of sensitivity animals, but
cumulative mortality was lower in resistant than sensitive animals, when animals were inoculated with an
enteropathogenic E. coli 0103 strain (Garreau et al., 2012).
When the selection criterion of the lines is to increase or reduce the variability around an optimum, a canalising
selection is applied. This is the criterion used for within-litter standard deviation of birth weight (Garreau et al.,
2008a; Bodin et al., 2010a). The model assumes that environmental variability of residual variance is also partially
controlled by genes. This heteroscedastic model was developed by San Cristobal-Gaudy et al. (1998). The withinlitter birth weight standard deviations were 7.34 g in the Homogenous line and 11.26 g in the heterogeneous line
after 10 generations of selection (Bodin et al., 2010b). Moreover, the homogeneous line showed higher litter size
at weaning and lower mortality at birth and at weaning than heterogeneous line. There was no correlated response
for the individual weight at birth or the standard deviation and individual weight at weaning (Garreau et al., 2008a).
A higher homogeneity in weight birth within litter was related to higher length and capacity of the uterine horn,
thus the divergence between the lines could be at least partly due to the characteristics of the reproductive tract
(Bolet et al., 2007).
A divergent selection experiment for environmental sensitivity is being carried out at the Miguel Hernández
University in Elche (Spain). The selection was based on environmental variance of litter size at birth. This is
the first experiment in which selection has been directly performed on environmental variance, treating it as an
observed trait. Selection has been successful after 10 generations. The heterogeneous line showed a greater
variability of litter size (4.4 kits2) than the homogeneous line (2.7 kits2, Blasco et al., 2017). The lines differed in
the inflammatory response and the corticotropic response to stress, which were two important components of
physiological adaptation to environmental challenges such as infections, suggesting that the homogeneous line
was more resilient (Argente et al., 2019; Beloumi et al., 2020). Moreover, a correlated response in the plasma
fatty acids profile that modulated the immune cell function was observed (Agea et al., 2020b). Homogeneous line
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Carcass
Yield

Number of kits
born alive
Eady et al. 2004

Authors
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0.06 (0.07) –0.25 (0.06) –0.35 (0.08) –0.08 (0.14) to
–0.06 (0.16)

Infectious disease

1

Average Daily Gain. 2Epizootic Rabbit Enteropathy.

0.01 (0.06) –0.06 (0.06) –0.10 (0.08)

–0.31 (0.09) to
–0.29 (0.06)

Poor body condition score

Respiratory disorders

–0.18 (0.12) to
0.02 (0.06)

Respiratory syndromes

0.11 (0.07) –0.11 (0.06) –0.40 (0.07)

–0.35 (0.06) to
–0.29 (0.09)

Morbidity and mortality from
ERE2

Digestive disorders

–0.37 (0.08) to
–0.34 (0.08)

Non-specific mortality

0,79 (0.36)

Gunia et al., 2015,
2018

Gunia et al., 2015

Gunia et al., 2015

Ragab et al., 2015

Ragab et al., 2015

Ragab et al., 2015

Ragab et al., 2015

Shrestha et al., 2019

Maternal

Resistance to pasteurellosis
score

–0,13

direct

Shrestha et al., 2019

period

Extent of bacteria
–0,62 (0.43)
dissemination (pasteurellosis)

–0.34 (0.12) –0.06 (0.20) to
to 0.05 (0.14) –0.04 (0.22)

Direct

Shrestha et al., 2019

weaning

Extent of abscess
–0,95 (0.46)
dissemination (pasteurellosis)

Incidence of bacterial
infection

Health trait

Table 5: Genetic correlations (standard errors) between disease resistance traits and production traits.
ADG during Live weight at the end of
Weaning weight
the fattening period
ADG1 before
the fattening

García et al.

Genetic factors of functional traits
showed higher body reserves at delivery and lactation, so the line would be able to better deal with situations of
high energy demand than heterogeneous line (García et al., 2018; Agea et al., 2020a). These results agree with
the lower mortality at delivery of the does, lower percentage of litter mortality at birth and at weaning, and higher
homogeneity of litter weight at weaning found in the homogeneous line (Argente et al., 2019; Agea et al., 2019).
Therefore, decreasing litter size variability can favour the dam’s survival in the farm.
Furthermore, selection for homogeneity does not seem to reduce litter size, as the Homogenous line resulted in
larger litter size than the heterogeneous line in all generations (Blasco et al., 2017). Studies concerning litter size
components have determined that the lines had a similar ovulation rate, but at 48 h after mating, the embryos of
the homogeneous line were more developed than in the heterogeneous line and at 72 h also had greater survival
(García et al., 2016; Calle et al., 2017). Thus, when a laparoscopy was performed at 12 days of gestation, the
number of implanted embryos was higher in the homogeneous line than in the heterogeneous line (Argente et al.,
2017).
In summary, selection programmes for longevity, resistance to diseases and birth weight or litter size variability
using complex models or simple observations seem to be feasible. Considering that improving the health of
breeding rabbits is becoming a crucial issue due to the decreasing antibiotic use in farms, these programmes
could have a great impact on the improvement of animal welfare and disease resistance (Gunia et al., 2018).
However, the biological mechanisms underlying environmental sensitivity are not yet fully understood. Recently,
gut microbiota has become a key regulator of immunity. So, studies using multi-omics approaches are needed to
unravel the mechanisms in play.

MULTI-OMICS APPROACH TO STUDY RESISTANCE/SUSCEPTIBILITY TO DISEASES
Sensitivity to most diseases is caused by a complex combination of genomic, biological and environment factors
(Mangino et al., 2017). Therefore, a multi-omics approach can help us gain in-depth knowledge about the host
immune genes and the role of the microbiome in expression of the host genes to resistance/susceptibility to
diseases. This knowledge could be applied in breeding programmes, contributing to the improvement of disease
resistance in commercial rabbit lines.

Genomics
Over the past few years, transcriptomics technologies have helped us characterise a large number of functional
genes involved in the innate immune response. Transcriptome studies in rabbits after exposure to virus and
bacteria have shown upregulation of the major histocompatibility complex (MHC or RLA) class II genes (e.g.,
HLA-DMA, HLA-DQB2, HLA-DRA, RLA-DMB, RLA-DRB1, SLA-DQD1), and those encoding cytokines/chemokines/
chemokine receptors (IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-17, IL-18, IL-36, IL-37, TNFα, TRAF3, IFNα,
IFN-β, IFI44, IFIT5, CCL4, CCL20, CXCL10, CXCL11 and CCR3), toll-like receptors/interferon regulation factors
(e.g., TLR3, TLR4, TLR6, TLR10, IRF7 and IRF9 ), immunoglobulins (e.g., 15 subclasses for IgA), T-cell activation
(e.g., CD2, CD4, CD27, CD28, CD74, CD80, CD86, and CTLA4 ), oxidative stress and apoptosis (e.g., COX-2 and
iNOS ) (Schnup and Sansonetti, 2012; Subbian et al., 2013; Jacquier et al., 2015; Uddin et al., 2015; Hou et al.,
2016; Suen et al., 2016; Schwensow et al., 2017; Neave et al., 2018; Pinheiro et al., 2018). Recently, a genomewide association (GWAS) study was performed in the two lines selected divergently for environmental variance of
litter size. In that study, Casto-Rebollo et al. (2021a) identified 65 genes related to the immune response, 5 to
the stress response, and 50 to energy, carbohydrate and lipid metabolism; among those, the genes of C3orf20,
GRN, EPCAM, ENSOCUG00000017494, ENSOCUG00000024926, ENSOCUG00000026560, MYLK, HECA, and
NMNAT3 are highlighted, as they are fixed in both lines. These findings agree with different sensitivity to infections
and stress conditions between the homogeneous and heterogeneous lines for environmental variance of litter size
(Argente et al., 2019; Beloumi et al., 2020), corroborating the immune system’s decisive role in modulation of the
animal’s resilience.
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Microbiomics
The gut microbiota has a pivotal responsibility in susceptibility to diseases and to stress conditions in the host
(review by Pickard et al., 2017; review by Kraimi et al., 2019). In this regard, studies with germ-free animals
have provided clear evidence that gut microbiota composition plays an essential role in full intestinal blood vessel
development, in promoting development of B and T cells in Peyer’s Patches of gut-associated lymphoid tissue
(GALT), and in driving production of mucosal Ig (review by Martin et al., 2010). Breakthroughs in high-throughput
sequencing technology in recent years have made it possible to investigate the rabbit microbiota composition
throughout the digestive tract (Massip et al., 2012; Bäuerl et al., 2014; Zhu et al., 2015; Arrazuria et al., 2016;
Combes et al., 2017; Crowley et al., 2017; Arrazuria et al., 2018; Jin et al., 2018; Velasco-Galilea et al., 2018;
Mattioli et al., 2019; North et al., 2019; Read et al., 2019; Beaumont et al., 2020; Paës et al., 2020; Cotozzolo
et al., 2021). In accordance with the different functions in each section of the digestive tract, microbial community
composition is different. For example, the stomach and small intestine show a similar composition, Firmicutes
being the most abundant phylum (~48%), followed by Bacteroidetes (~18%), Proteobacteria (~22%), and
Actinobacteria (~5%). Meanwhile, in the distal segment of the digestive tract (sacculus rotundus, caecum and
vermiform appendix), Firmicutes doubles its presence (~76%), whereas Bacteroidetes (~12%), Proteobacteria
(~2%) and Actinobacteria (~1%) are reduced (see Table 6). Bibliography has reported that factors such as age,
sex, food composition and texture, feed intake levels and drinking water temperature can remodel the composition
of the gut microbiota (Combes et al., 2013, 2017; Zhu et al., 2015; Jin et al., 2018; Wu et al., 2018; Mattioli
et al., 2019; North et al., 2019; Read et al., 2019; Wang et al., 2019a; Beaumont et al., 2020; Paës et al., 2020;
Cotozzolo et al., 2021).
The gut microbiota synthesises and releases a large number of metabolites to gut lumen and epithelial surface,
such as short-chain fatty acids (SCFAs), mainly acetate, propionate and butyrate, folic acid, indole and indole
derivatives, polyamines, histamine, retinoic acid, secondary bile acids, taurine and tryptophan metabolites, which
stimulate development of the host immune system (review by Wang et al., 2019b in humans; Table 7). Few
studies in rabbits have examined the relationship between the microbiota composition and the production of
SCFAs (review by Combes et al., 2013; Jin et al., 2018; Wang et al., 2019a; Wu et al., 2018), and between
the microbiota composition and the immune gene expression in intestinal mucosa (Bäuerl et al., 2014; Wang
et al., 2019a). These studies have identified a positive correlation between some members of the families
Bifidobacterium, Ruminococcaceae and Coprococcus and concentration of butyric acid. Beaumont et al. (2020)
noted that butyric acid might be involved in gut barrier maturation through the upregulation of genes associated
with intestinal absorption (ALPI, CA2 and MCT1), transcytosis of the immunoglobulin A (PIGR ), and antibacterial
activity (CCL20, GPX2 and NOS2 ). Regarding relationships between the gut microbiota and immune genes, Bäuerl
et al. (2014) found in caecum a large association between the families Verrucomicrobiaceae, Enterobacteriaceae
and Bacteroidaceae, with expression of genes coding for pro-inflammatory cytokines such as IL-8, IL-6 and TNF-α,
although association was low with the Lachnospiraceae and Ruminococcaceae families. Likewise, Wang et al.
(2019a) reported negative correlations between several members of Ruminococcaceae and Coprococcus and
expression of genes coding for pro-inflammatory cytokines such as TGF-1β and IL-1β, and positive correlation
between Ruminococcaceae and expression of gene coding for anti-inflammatory cytokines such as IL-10.
It is important to note that all studies in rabbit gut microbiota to date have been based on the use of 16S rRNA
sequencing. However, this technique has several limitations that metagenomics tries to resolve, such as how to
provide a higher taxonomic resolution at the level of species and strain, and to reveal the entire gene repertoire
of the community. In order to figure out the effect of the microbiota on host immune gene expression and its
susceptibility to diseases, a metagenomic study is being performed on the divergent selection experiment for litter
size environmental variance by the UMH team. A preliminary analysis with PLS-DA has allowed us to separate the
two divergent lines according to the microbial genes (Belloumi et al., 2021b) and the gut microbiota metabolites
(Casto-Rebollo et al., 2021b). From all relevant metabolites identified, the glycerophosphoglycerol, N6-acetyllysine,
behenoylcarnitine, ethyl beta-glucopyranoside and equol had the largest contribution to the classification between
rabbit lines. These metabolites are involved in the metabolism of xenobiotics, amino acids and lipids. However,
further studies are needed to understand the role of these metabolites and the bacteria that produce them. This
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Read et al., 2019m
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Firmicutes
Bacteroidetes
Proteobacteria
Tenericutes
Actinobacteria
Cyanobacteria
Verrucomicrobia
Euryarchaeota
Saccharibacteria
Spirochaetae
Patescibacteria
Epsilonbacteraeota
Unknown

SR

Arrazuria et al., 2018c

Stomach

Arrazuria et al., 2018c

Table 6: Average percentages of bacteria phyla in the stomach, small intestine, sacculus rotundus (SR) caecum and vermiform appendix content (VA).
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Table 7: Effects of microbiota metabolites on host immune function (extracted from Wang et al., 2019b).
Metabolite
Molecular mechanisms
Effects on immune function
Folic acid
Increased expression of the
Promotes activation of regulatory T cells
antiapoptotic factor BCL-2
Histamine
Activation of H1R and H2R
Regulates Th1 and Th2 polarisation
Inhibits expression of pro-inflammatory cytokines
and the MAPK pathway
Indole and indole derivatives Activation of AhR
Promotes production of IL-22
Production of antimicrobial peptides
Polyamines
Inhibition of pro-inflammatory
Increases production of occludin, zonula
cytokines expression
occludens 1 and E-cadherin
Retinoic acid
Activation of RAR and RXR
Activates the TGFβ–SMAD pathway
heterodimer
Secondary bile acids
Activation of GPBAR1 and FXR
Inhibits NF-κB
Short-chain fatty acids
Activation of GPR41 and GPR43
Promotes production of IL-10
(acetate, propionate,
Promotes chemotaxis
butyrate)
Suppresses activation of NF-κB and expression
of NO
Regulates production of ROS
Inhibition of histone deacetylase
Enhances oxidative phosphorylation, glycolysis
and fatty acid synthesis.
Promotes antibody production
Activation of NLRP3 inflammasome Promotes production of IL-18
(butyrate only)
Binding to the transporter Slc5a8
Inhibits expression of pro-inflammatory cytokines
(propionate and butyrate only)
(TNF-α, IL-12 and IFN-γ) and
promote production of anti-inflammatory
cytokines (IL-10)
Taurine
Activation of the NLRP6
Promotes production of IL-18
inflammasome
Tryptophan metabolites
Activation of GPR35, GPR109A
Promotes activation of regulatory T cells
and AhR
BCL-2: B-cell lymphoma 2. H1R: Histamine H1 Receptor. H2R: Histamine H2 Receptor. Th1: T helper 1 lymphocytes. Th2: T helper 2
lymphocytes. MAPK: Mitogen-activated protein kinases. IL: Interleukin. AhR: Aryl hydrocarbon receptor. RAR: Retinoid acid receptor.
RXR: Retinoid X receptor. TGF-β: Transforming growth factor-β. GPBAR1: G-Protein Coupled Bile Acid Receptor 1. FXR: Farnesoid X
receptor. NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells. GPR41: G-Protein Coupled Receptor 41, also called
free fatty acid receptor 3 or FFAR3. GPR43: G-Protein Coupled Receptor 43, also called free fatty acid receptor 2 or FFAR2. NO:
Nitric oxide. ROS: Reactive oxygen species. NLRP3: NLR Family Pyrin Domain Containing 3. TNF-α: tumour necrosis factor. IFN-γ:
Interferon gamma. NLRP6: NLR Family Pyrin Domain Containing 6. GPR35: G-Protein Coupled Receptor 35. GPR109A: G-Protein
Coupled Receptor 109A, also called Hydroxycarboxylic Acid Receptor 2 or HCAR2.

study can help us better understand how the selection for litter size environmental variance can modify the gut
microbiota and the mechanisms underlying the microbial role in regulation of host resilience.

CONCLUSIONS
Selection programmes based on longevity, resistance to diseases or variability of weight at birth and litter size has
been carried out successfully, without decreasing the production traits. Moreover, multi-omics studies are being
carried out to gain in-depth knowledge of the host immune genes and the microbiome’s role in expression of the host
genes for resistance/susceptibility to diseases. This knowledge could be used in breeding programmes, contributing
to improving the response to selection for disease resistance in commercial rabbit lines.
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Abstract: Rabbit is an induced ovulatory species, so ovulation takes place after mating. Traditionally,
exogenous and synthetic hormonal factors (administered by intramuscular and intravaginal route) such as
GnRH and analogues, or different physical procedures (i.e. stimulation by intravaginal cannula) have been
used to induce ovulation in females when artificial insemination is applied in rabbit farms. Restriction and
public rejection of the use of hormones is leading to the study of the seminal plasma components with
potential action on ovulation induction. The aim of the present review is to collect and summarise the
strategies used in recent years to trigger ovulation and improve rabbit fertility management with respect to
more animal-friendly manipulation methods. Furthermore, special attention has been paid to the use of a
semen component (as endogen molecule) such as beta nerve growth factor (β-NGF) in male and female rabbit
reproductive physiology. This neurotrophin and its receptors (TrKA and p75NTR) are abundantly distributed
in both male and female rabbit reproductive tracts, and it seems to have an important physiological role in
sperm maturation and behaviour (velocity, apoptosis and capacitation), as well as a modulatory factor of
ovulation. Endogen β-NGF is diluted in the seminal doses with the extenders; hence it could be considered
an innovative and alternative strategy to avoid the current exogenous (by intramuscular route) and stressful
hormonal treatments used in ovulation induction. Their addition in seminal dose could be more physiological
and improve animal welfare in rabbit farms.
Key Words: rabbit, ovulation, seminal plasma, β-NGF, GnRH, reproduction.

INTRODUCTION
In the last 30 yr, the average productivity of rabbit farms has increased and become more homogeneous through the
use of good management practices, such as artiﬁcial insemination (AI; Rebollar et al., 1994; Castellini, 1996). The
optimisation of reproductive performance is one of the main factors that assure high productivity on rabbit farms.
However, some management actions can cause several problems related to the welfare of does, such as intensive
reproductive rhythms, high mortality and sub-fertility (Cardinali et al., 2008; Castellini et al., 2010). Consequently,
new management practices in rabbitries must take into account the physiology, reproductive behaviour and welfare
of animals.
Considering that using the AI procedure did not provoke peak luteinising hormone (LH) levels as stimulation by coitus
does, exogen gonadotropin-releasing hormone (GnRH) or its analogues, such as lecirelin (Dal Bosco et al., 2014) and
Correspondence: S. Mattioli, simona.mattioli@hotmail.it. Received February 2020 - Accepted May 2020.
https://doi.org/10.4995/wrs.2021.13184
This work has been presented as guest talk at the 12th World Rabbit Congress (Nov 3rd-5th, 2021, Nantes, France).

World Rabbit Sci. 29: 221-229

221

buserelin (Rebollar et al., 2012; Viudes de Castro et al., 2014) must be administered intramuscularly or intravaginally
to the rabbit does. Nowadays, the most widespread practice for ovulation induction in rabbit commercial farms is
the intramuscular injection of GnRH analogues. However, this practice is considered an additional stressful situation
for the animal and means further work for farm operators, and seems not to be well accepted by the general public
(due to the animal welfare-related issue). Indeed, the use of any exogenous hormones seems not to meet with public
approval.
In this context, recent studies demonstrated the presence of an endogen molecule contained in the seminal plasma
(SP) of numerous animal species that produce ovulation in camelids. Specifically, this molecule, whose identity was
not initially known, has been called for many years ovulation-inducing factor (OIF) and only in 2014, biochemical
studies identified it as the beta nerve growth factor (β-NGF; Ratto et al., 2012). In fact, this protein was first identified
in the SP of Bactrian camels (Chen et al., 1985), and later in the SP of other induced ovulatory animals, such as
rabbits (Silva et al., 2011), koalas (Johnston et al., 2004), alpacas, llamas and other camelids (Silva et al., 2014;
Ulloa-Leal et al., 2014; Berland et al., 2016; El Allali et al., 2017; Silva et al., 2020), and even in the SP of species
with spontaneous ovulation, such as cattle, pigs and horses (Adams et al., 2016).
In the light of these reports, the objective of the present review is to collect and summarise the main strategies used
to modulate the physiology of ovulation with the aim of improving rabbit fertility using animal-friendly manipulation
methods: i.e. use of endogen β-NGF. The action mechanism of β-NGF in female and male animals has also been
discussed. The development of innovative molecular biology techniques in the live system and the increasing attention
of rabbit production actors (farm rabbit employers, consumers, genetic centres, etc.) to the respect of animal welfare
(Directive 2010/63/EU, European Parliament, 2010) favour the development of a “more precision management” and
“less impactful strategies” to improve the rabbit’s reproduction performance.

Physiology of ovulation: a brief update
Rabbit is an induced (reflex) ovulatory species. Conversely to spontaneous ovulatory species (human, dog, cow, etc.)
that display a defined oestrous cycle, rabbits (such as ferrets, cats, camelids) need copulation to trigger GnRH secretion
from the hypothalamus into the hypophyseal portal system. Females usually display oestrous behaviour every 4-6 d
(Milligan, 1982). Receptive sexual behaviour is induced by oestrogen, which acts on the brain (Bakker and Baum,
2000), producing different signals in the rabbit females: i.e. lordosis at the male presence (Theau-Clément et al.,
2005) or red/purple vulva colour (Ubilla and Rebollar, 1995). When the follicles degenerate, the oestrogen secretion
decreases and rabbits enter a non-receptive period (Harcout-Brown, 2002). If mating occurs, genital somatosensory
receptors are stimulated (Bakker and Baum, 2000) evoking signals funnelled via neural pathways (Lin and Ramirez,
1991); in consequence, a release of GnRH peaking 1-2 h after mating, and followed by a preovulatory release of
LH from the anterior pituitary, leads to ovulation 11-12 h after mating (Bakker and Baum, 2000). This suggests that
female rabbit reproduction requires tuned coordination of the hypothalamic-pituitary-ovarian axis in order to control
folliculogenesis, oestrous cycle, sexual behaviour and ovulation via a series of complex neuroendocrine feedback
mechanisms (Boiti et al., 2006; García-García et al., 2020).
As in other mammals, fertilisation occurs in the ampulla about 14 h after mating or AI. If a non-fertile copulation
occurs, pseudopregnancy takes place in the rabbit female after ovulation. The pseudopregnancy period is
characterised by corpora lutea development and progesterone production. The corpora lutea reaches maximum size
10-12 d after mating and serum progesterone concentration rises at day 14, and then luteal regression begins; this
process is completed around day 18, when progesterone concentrations decline to basal values (Browning et al.,
1980). The functional and structural luteolysis is mainly related to prostaglandin F2α (PGF2α) secretion by the uterine
endometrium, reaching its highest level at day 17 of pseudopregnancy (Lytton and Poyser 1982).

Current methodologies for ovulation induction
Considering the routine use of AI in European rabbitry, many strategies to control or induce ovulation have been
developed to increase the rabbits’ reproductive performances and optimise human resources. The main strategies
currently used are standardisation of physical procedures and/or improvement of hormonal treatments with exogenous
molecules.
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Physical procedures
In rabbit does, an important factor responsible for ovulation induction seems to be the genital somatosensory stimuli
during the copulation, as most females are able to ovulate only with mechanical stimulation (Rebollar et al., 2012;
Viudes de Castro et al., 2017; Maranesi et al., 2018). To this end, AI with cannulas mimicking this effect has been
studied.
Cannula types. The type of AI cannula used affected the ovulation induction of the female rabbits: a short and flexible
cannula showed higher values (64.0±8.0%) than a long and rigid one (30.0±6.8%). Authors concluded that the
first cannula better mimicked the stimulation associated with the mating of the male to provoke ovulation induction
(Viudes de Castro et al., 2017). However, when the authors compared these two types of cannulas by inseminating
does with a semen extender containing hormones (GnRH analogues, as reported below), no differences in doe fertility
and/or prolificacy were found. Further studies with cannulas able to adapt to the physiology of the female rabbit’s
tract could be interesting.

Exogenous hormonal treatments
Different hormonal treatments with exogenous hormones have been used in AI over the years:
hCG or LH. The first treatment used consisted of an ovulation induction procedure with human chorionic gonadotropin
(hCG) or LH administration (Adams, 1961). Their activities in rabbit does involve the release of the oocyte from
the follicle, but also initiate the conversion of the residual follicle into a corpus luteum which, in turn, produces
progesterone to prepare the endometrium for a possible implantation (Theau-Clément, 2007). Although the
pharmacological actions of hCG and LH are similar, their bioavailability is different because LH has a shorter half-life
than hCG (Simmon et al., 1988). Furthermore, the action of LH in the follicle is more selective: it induces earlier
ovulation and improves the oocyte and embryo quality (after 24 and 48 h, respectively), due to the secretion of
high levels of estradiol and progesterone (Molina et al., 1991). However, these types of treatments induce antibody
formation and thereby trigger an immune response when using repeatedly (Lebas et al., 1996; Boiti et al., 1995),
increasing the number of haemorrhagic follicles by about 20 h after ovulation induction (Rebollar et al., 2012). For
this reason, the use of these hormones has been discarded from the AI procedure.
Injection of parenteral GnRH analogues. Intramuscular (i.m.) administration of GnRH or analogues is the most reliable
method used nowadays, as they can be used for repeated treatments and do not induce formation of antibodies, in
contrast to LH or hCG administration. These molecules have the same biological activity as the natural one in the
physiology of ovulation. Several different GnRH analogues have been studied: i.e. gonadorelin (Fertagyl, Intervet;
effective dose: 20-40 µg/AI dose), lecirelin (Dalmarelin, Faltro; 5 µg/AI dose), buserelin (Receptal, Hoechst AG;
effective dose: 1-2 µg/AI dose) and many others (Dal Bosco et al., 2011). They showed similar results to those
obtained by natural mating (Theau-Clément, 2007), and triggered an LH peak 2 h after i.m. injection; thus, the
AI should be performed during this period. Furthermore, their efficacy widely depends on the quantity used with a
concentration range from 1 to 20 µg/AI dose (Ubilla and Rebollar, 1995; Rebollar et al., 2012; Dal Bosco et al., 2014).
However, in most rabbit farms, GnRH is usually administered by the farmers themselves, with the risk of calibration
mistakes and an increase in the time spent for each AI (Quintela et al., 2004).
Intravaginal administration of GnRH analogues. Alternative use of GnRH analogues and a less impactful strategy for
animals is the intravaginal administration of these hormones. Their addition in the semen extender allows a reduction
in the time consumed by farmers in AI procedure (Dal Bosco et al., 2011). However, the success of this method
depends on the enzymes (proteases, namely aminopeptidases) present in the SP, the status of the vaginal mucosa,
the extender composition and the type of analogue used (Dal Bosco et al., 2014).
It is well known that the vagina has a great potential for systemic delivery because of its large surface area, rich blood
supply and permeability to a wide range of compounds, including GnRH analogues (Benziger and Edelson, 1983).
On the other hand, due to the high presence of proteases in the vaginal tract, many of the molecules introduced can
be degraded. Viudes de Castro et al. (2014) demonstrated that positive results in reproductive performance were
obtained when GnRH analogues (10 µg/mL of buserelin acetate) were added to 1:20 diluted semen than 1:5 dilution
rate, during the AI practice, although variations due to the genetic lines tested were found.
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Unfortunately, to achieve fertility results similar to those with i.m. GnRH administration, the intravaginal hormone
concentration must be double the amount administered with the first method (Rebollar et al., 2012; Dal Bosco
et al., 2014). As an alternative, the introduction of inhibitors of proteases like ethylenediaminetetraacetic acid (EDTA)
or bestatin in the AI dose (Casares-Crespo et al., 2015), acting as hormonal protectors, has been studied. In this
sense, Casares-Crespo et al. (2015) demonstrated that the aminopeptidases activity of SP was 55.5% lower than
the control with no inhibitors, when EDTA or bestatin were added to the AI extender. Furthermore, no negative effects
in semen characteristics have been reported when these molecules were added to the AI dose (Fernández-Serrano
et al., 2017). A promising and innovative strategy tested is the use of chitosan-dextran sulphate nanoparticles as
GnRH protector for intravaginal application in rabbit AI (Casares-Crespo et al., 2018). This can allow the reduction
of hormone (buserelin acetate) concentration used in extenders (4-5 µg/AI dose), supplemented with bestatin and
EDTA, without affecting the fertility and proliﬁcacy of rabbit females. In addition, the effect induced by intravaginal
administration GnRH analogues (4 µg/AI dose) and chitosan-dextran sulphate nanoparticles was similar to that of i.m.
injection of the same molecules, and consists of an earlier LH surge than that observed in does treated with 0.8 µg
i.m. of GnRH (90 vs. 120 min; Hassaneim et al., 2021).

Alternatives to the use of GnRH analogues
Restriction in the use of synthetic and/or exogenous hormones is leading to the study of some molecules naturally
present in the SP with potential action on ovulation induction. This would mean more animal-friendly methods for
applying animal AI. One of these seminal components is the β-NGF. It is a member of the neurotrophin family, and
it was first discovered for its effects on neuronal survival and differentiation (Levi-Montalcini and Hamburger, 1951).
SP b-NGF. Recent studies have demonstrated that rabbit SP contains a β-NGF amount ranging from 0.002 to
150 µg/mL (Maranesi et al., 2015, 2018, Casares-Crespo et al., 2018, García-García et al., 2018a, Castellini et al.,
2019, 2020a). However, concentration changes depending on the individual variation, the age of rabbit bucks, the
collection rhythm and other factors not clearly defined (Castellini et al., 2020a). Among these factors, the season
seems to be very important. In this sense, Casares-Crespo et al. (2018) reported that the β-NGF content in rabbit SP
during winter decreases fourfold compared to the other seasons. In agreement, Schneidgenova et al. (2011) found
that during the winter season, sperm motility and concentration is lower than in other seasons, reflecting the natural
fluctuation of breeding capability throughout the year.
Regarding the systemic role of β-NGF, it is reported to play a multi-physiological role in rabbit reproduction, acting
by an endocrine, autocrine and paracrine pathway in female rabbits (Maranesi et al., 2018; García-García et al.,
2020). However, there is no clear evidence of the specific role of β-NGF on the ovulation induction in this species:
the supposition is that it collaborates with the sensory stimulation exerted by coitus, which is considered the main
activator of LH release (García-García et al., 2020). In consequence, some groups of researchers have focused
on the study of the molecular mechanisms whereby this molecule could affect rabbit ovulation to improve rabbit
reproduction. However, some doubts remain on whether the β-NGF is able to trigger ovulation in rabbits or if the
nervous system is the main stimulus in this species and β-NGF has only a modulatory role in rabbit ovulation.
Silva et al. (2011) did not detect ovulation in rabbits after i.m. injections of rabbit SP at different doses, although the
same procedure induced ovulation in llamas. Conversely, Cervantes et al. (2015) reported that i.m. injection of rabbit
SP induced ovulation in group-housed, but not in individually housed rabbits. An experiment conducted by Rebollar
et al. (2012) confirmed ovulation in 75% of rabbits after intravaginal administration of raw semen without treatment
with a GnRH analogue, probably due to the semen components effect (e.g. β-NGF). Quite surprisingly, however, there
was no ovulation (Rebollar et al., 2012), or a reduced percentage of the same (17%, Maranesi et al., 2018), in does
inseminated with raw semen after lumbar intra-epidural anaesthesia.
A recent study (García-García et al., 2018b) reported that only 1 of 6 female rabbits treated intramuscularly with
24 µg of murine β-NGF ovulated, and no preovulatory elevation in blood plasma LH was detected. In the same study,
mechanical stimulation of the vagina increased the ovulation rate by 50% in β-NGF-treated females, suggesting that
besides the β-NGF-induced ovulation these females needed a physical stimulation. Similarly, Maranesi et al. (2018)
reported ovulation rates of 67% and 17% in female rabbits inseminated with raw semen in non-anaesthetised and
lumbar-anaesthetised females, respectively; in all these females, ovulation was preceded by an increase in plasma LH
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concentration during the 2 h after AI. Lumbar anaesthesia before AI blocked the increase in plasma LH concentration,
attenuated the systemic blood rise of β-NGF and reduced the ovulation rate. The authors postulated that other SP
cytokines, in addition to β-NGF, might contribute to local stimulation of the female reproductive tract and ovulation in
the rabbit (Maranesi et al., 2018). Based on these findings, the same authors proposed a novel paracrine mechanism
driven by raw semen OIF, likely β-NGF, in the uterus/cervix, which reinforces the neuroendocrine reﬂex provoked by
vaginal stimuli during natural mating.
This novel mechanism could be summarised as follows: (a) semen-derived β-NGF stimulates de novo synthesis of
β-NGF in the uterine wall; (b) both seminal and uterine β-NGF are absorbed into the bloodstream and act directly on
the ovary; (c) semen-derived and locally synthesised β-NGF stimulate uterine/cervix sensory neurons, which trigger
GnRH neurons in the hypothalamus.
From a cellular viewpoint, the β-NGF exerts its own biological functions, binding two cell surface receptors: TrKA,
a high-affinity receptor, and p75 neurotrophin receptor (p75NTR), a low-affinity receptor (Holgado-Madruga et al.,
1997). Interactions among TrKA and p75NTR pathways are critical for the final biological effects of β-NGF in the
different cell types. Indeed, β-NGF is produced and acts both in male and female reproductive tissues (Maranesi et al.,
2016, 2018, 2020; Castellini et al., 2020a; García-García, 2018b; Figure 1).
In rabbit female, the presence of the β-NGF and its receptors in several types of ovarian cells (theca, granulosa
and cumulus), corpus luteum (Zerani et al., 2021) and in uterus and oviduct (Maranesi et al., 2018, García-García,
2018b) involves important roles in this reproductive system, such as in folliculogenesis and ovulation (García-García
et al., 2020), as well as in embryo development (Pei, 2010). In addition, β-NGF could be a powerful stimulator of
prostaglandins biosynthesis by the rabbit uterus, as it induces the in vitro synthesis secretion of both PGF2a and

Figure 1: Summary of the β-NGF activity in female and male rabbit reproductive physiology. The upper section
describes the systemic role of β-NGF (nervous, endocrine and paracrine pathways); the upper section describes
the physiological role of β-NGF in relation to the TrKA/P75NTR receptors-binding and the cellular localisation of the
receptors in reproductive tissues.
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PGE2 (Maranesi et al., 2016). This type of effect suggests that β-NGF may also represent a link between the immune,
endocrine and nervous system (Tometten et al., 2005; El Allali et al., 2017).
Indeed, prostaglandins and/or nitric oxide are synthesised by the uterus after β-NGF binding to their receptors in
the sensory neuron stimulation. β-NGF-induced prostaglandins secretion would then directly or indirectly stimulate
(via local chemical mediators) uterine/cervix neurons that reach, via spinal cord afferent pathways, the hypothalamic
centres responsible for the LH surge that induces ovulation). Likewise, an influence of both estradiol and NGF on
gonadotrophin secretion in other induced ovulators such as camelids has been reported (Carrasco et al., 2021).
However, in the case of rabbits, only a luteotrophic effect of estradiol has been evidenced by preventing apoptosis
in luteal cells (Goodman et al., 1998), also demonstrated by the decreased expression of luteal type 1 oestrogen
receptor in PGF2a-induced luteolysis (Maranesi et al., 2010).
In male rabbits, the β-NGF and its receptors have been identified in several parts of the reproductive system (testes,
epididymis and accessory glands; Maranesi et al., 2016; Sánchez-Rodríguez et al., 2018, 2019a) and in epididymal
and ejaculated sperm, with a high variation rate depending on the physiological status of sperm (Castellini et al.,
2020a). The different distribution and abundance of receptors in raw sperm of rabbit modulates the role of β-NGF in
sperm behaviour and thus the efficacy when it is added to semen extender (Castellini et al., 2020a,b).
Recently, it has been demonstrated that β-NGF affected the sperm speed, apoptosis and capacitation, mainly
binding the p75NTR receptor. In contrast, motile, live cells, necrosis and acrosome reaction were modulated via
TrKA (Castellini et al., 2019, Figure 1). Such outcomes are justified by the different distribution of receptors on
spermatozoa: in ejaculated sperm p75NTR is mainly located in the midpiece and tail, whereas TrKA resides in the
head and acrosome (in agreement with other animal species: Li et al., 2010; Sari et al. 2018). Furthermore, the
p75NTR receptors abundance on spermatozoa membrane seems to increase with the storage-period (8-12 h), while
TrKA remained unchanged (Castellini et al., 2020b). These findings suggest that in in vitro condition, the β-NGF exerts
its “pro-survival” effect only within 8 hours, hence, when the β-NGF is used in the AI extender, the AI practice must
not exceed this time, in order to avoid the β-NGF acting as “pro-death” factor for sperm (due to the physiological
increasing of p75NTR receptors on the cell surface. This finding is in agreement with the physiological destiny of
sperm during the fertilisation process: after mating, sperm need about 6-8 h to reach the egg in tubes (Harper,
1970); after this time, the sperm that were not able to fertilise the egg undergo programmed death (apoptosis)
and were consequently eliminated. The present approach could also be exploited in semen conservation and thus
improve assisted reproduction techniques. In agreement, Sari et al. (2020) demonstrated in llama that the addition of
10 or 100 ng/mL of human β-NGF in refrigerated sperm promoted motility and vigour, while viability and mitochondrial
activity were maintained.
rrb-NGF. Recently, a recombinant NGF was produced from rabbit prostate tissue and its effects were tested on sperm
parameters and the ovulation rate of does (Sánchez-Rodríguez et al., 2019b). The authors demonstrated that the
in vitro addition of rrβ-NGF to the ejaculated semen (1 μg/mL) did not affect sperm viability, whereas sperm motility
parameters were enhanced. Addition of this same concentration of rrβ-NGF to the seminal dose administered via
the intravaginal route in does induced ovulation with a delayed LH peak, leading to a plasma progesterone increase,
gestation and delivery. Afterwards, the same authors (Sánchez-Rodríguez et al., 2020), showed that this modulation
of male and female reproductive parameters was dose-dependent. The authors found an intermediate ovulation
rate (OR, 30, 60 and 42.9%, respectively), at concentrations of 20 ng/mL, 1 mg/mL and 20 mg/mL of rrb-NGF,
compared to the highest (100% OR) ovulation rate achieved with the GnRH i.m. administration, whereas other doses
tested (100 ng/mL and 100 mg/mL) had the lowest OR (20 and 14.3%, respectively). The present features open up
new perspectives for the use of this molecule in the practice of AI, although improvements should be made to reach
reproductive rates similar to those of GnRH doses, probably by nanoprotection of the molecule.

Further rabbit reproduction strategies
Due to the present context of the rejection of hormonal treatments in animal production and the improvement of animal
welfare with a more physiological approaching, the focus on β-NGF application in rabbit reproduction is of growing
interest. It could be considered as an alternative and innovative strategy to avoid exogenous hormone treatments
in ovulation induction and improve animal welfare in rabbits by avoiding i.m. injection. In this way, a dual approach
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to utilisation could be provided: i) The exogenous addition of recombinant β-NGF to the semen extender could be
beneficial for successful sperm refrigeration and related assisted reproduction techniques. ii) The development of
strategies to use NGF by intravaginal route, probably by protection of this factor to avoid its degradation, considering
that all growth factors have a short half-life when they are administered in vivo.
In any case, studies on the efficiency in rabbit ovulation rate and on the effect on sperm characteristics (e.g. dose,
incubation time, storage condition) when β-NGF is used must be continued, and methods including mechanical
stimulus and β-NGF could be considered.
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Abstract: Successful rabbit production relies heavily on the use of adequate practices that enhance specific
aspects of reproduction, such as mating, ovulation and lactation. Regardless of the type of production unit or
strain of rabbits used, these processes rely on a complex chain of neuroendocrine steps that include particular
hormones, peripheral stimuli and activation of discrete brain regions. Such is the case, for instance, of reflex
ovulation, which occurs in response to copulation but is inhibited throughout lactation. Little is known about
the mechanisms mediating lactational anoestrus and the restoration of oestrus following the cancellation
of a single suckling episode (biostimulation). Nevertheless, the latter procedure (adopted worldwide to
accelerate reproduction) has unwanted consequences for the doe and her litter. After successive episodes
of biostimulation, the former shows a loss of fertility and body mass. In the kits, alterations are observed in
their neuroendocrine response to mildly aversive stimulation in adulthood, as well as reductions in sexual
behaviour. In addition to milk intake, a good nest is essential for normal litter growth and development.
If this is not available, or if it deteriorates, rabbit caretakers can easily (re) build one from hair sheared off
other rabbits or using synthetic material. Lactating does will nurse equally well their own or ‘alien’ young,
placed inside the nest. It is crucial to have a minimum of six suckling kits in the nest, as the doe relies on this
stimulation to maintain a normal nursing behaviour, i.e., only once a day throughout lactation. Recent work
is revealing the similarities and differences in the responsiveness to mating among oestrous, lactating and
biostimulated does. The relevance of these findings for the likelihood of reflex ovulation and the additional
contribution of factors contained in the semen warrant more in-depth research. New insights on these issues,
essential to reproductive neuroendocrinology, can emerge by fostering a richer interaction between academic
laboratories and rabbit production settings worldwide.
Key Words: rabbits, mating, lactation, ovulation, stress, welfare.

INTRODUCTION
Rabbit breeding is successfully performed under a variety of conditions, ranging from small production units associated
with human dwellings to high-tech farms with different breeds, environments or feedstuffs. Despite these differences,
rabbit production can be successful within each of these two approaches, although the absolute values regarding
fertility, meat production, cost-benefit relationship, etc. can vary widely. Much of this variation stems from the use
(or not) of findings derived from scientific research performed on areas as diverse as nutrition, feeding, pathology
and reproduction. Such studies have been conducted for many years, in several countries —in specialised farms
and academic laboratories— and have provided the backbone for the recommendations made to rabbit breeders to
improve production and to treat or prevent disease. Nonetheless, innovation is continuously required to deal with the
unexpected, to make a ‘traditional’ process more efficient and to correct obsolete or outright inadequate practices.
Innovation in the agronomic sciences requires solid scientific research which, in turn, can enrich its inquiries and
interpretations by interacting with workers, staff, and technicians who breed animals under a variety of conditions.
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From my interaction with the Rabbit Sciences over the last 16 yr I have identified specific issues concerning productivity
on the farm that are directly related with reproductive neuroendocrinology, e.g.: the underpinnings of ‘biostimulation’,
the concurrency of pregnancy and lactation, the differences between pregnancy and pseudopregnancy, the likelihood
of mating-induced ovulation, etc. These topics are ‘big themes’ in themselves and they are also a challenge for
anyone interested in ‘bridging over” from the laboratory to the farm (and back). It is the purpose of this presentation
to show results that illustrate specific examples of this outlook.

BIOSTIMULATION: IMPACT ON DOES AND KITS
Doe rabbits show lactational anoestrus (Beyer and Rivaud, 1969) despite the fact that —unlike in most mammals—
suckling bouts are brief (ca. 3 min) and occur only once a day (González-Mariscal et al., 2016). This state is
characterised by a lack of sexual receptivity and ovulation, effects presumably provoked by the neuroendocrine
conditions of lactation and maintained by the suckling young (Mc Neilly, 2006). Indeed, oestradiol concentrations in
blood (Ubilla et al., 2000), sexual receptivity, scent-marking (chinning) and ambulation in an open field are reduced
as a consequence of nursing. Interestingly, these behavioural traits are not equally sensitive to the inhibitory effects of
suckling: more kits are required to reduce the lordosis quotient than to antagonise chinning and ambulation (GarcíaDalmán and González-Mariscal, 2012; Table 1).
Yet, separating lactating does from their litters for 48 h (rather than the usual 24 h) restores oestrus in all studied
breeds, kept under a variety of environmental conditions (Alvariño et al., 1998; Theau-Clément and Mercier, 1999;
Virag et al., 1999; Bonanno et al., 2002). Consequently, this so-called ‘biostimulation’ procedure has been adopted
worldwide to accelerate production in rabbit farms. It has drawbacks, however, for both the doe and the kits. After
repeated cycles of concurrent pregnancy and lactation, does decrease their fertility and lose body mass (Bonanno
et al., 2002; Eiben et al., 2008). The metabolic mechanisms underlying this ‘unavoidable’ physical deterioration are
not clearly understood. Clearly, more scientific research is warranted in this area to ensure the welfare of breeding
does while simultaneously promoting a profitable productivity on the farm.
From the litter’s point of view, the 48-h fast and separation from the mother has specific neuroendocrine consequences
that persist into adulthood. Brecchia et al. (2009) clearly documented a massive secretion of corticosterone following
a 48-h mother-litter separation in early lactation. This single, acute response, however, permanently modified the
rabbit’s neuroendocrine reactivity to mildly aversive stimulation: in contrast to the ‘non-deprived’ group, adults whose
mothers were ‘biostimulated’ showed a blunted corticosterone secretion together with more abundant concentrations
of glucocorticoid receptors in the dorsomedial hypothalamus. This, in turn, would support a more intense negative
feedback by corticosterone.
Recently, we undertook a broader investigation of this issue by exploring the behavioural and neuroendocrine responses
of adult male and female rabbits, which were the progeny of ‘biostimulated’ or control mothers (García-Fernández
et al., 2019). Regardless of time of day or sex, we found no differences between control and ‘deprived’ litters in any
of the six behavioural tests used, previously documented in rabbits as indicative of stress/anxiety (Table 2).

Table 1: Decrease in lordosis, chinning frequency and ambulation provoked by nursing a variable number of kits
(lactation day 14; modified from García-Dalmán and González-Mariscal, 2012).
Chinning
marks/10 min; median (iqr)
suckling kits
h post-suckling
1
5
10
32 (23,29) 2 (2,1)
0 (0,0)
Baseline
2 (13,2)
0 (0,0)
0 (0,0)
0
10

13 (13,14)

4 (7,3)

iqr: interquartile range.
Baseline: before nursing.
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0 (0,0)

Ambulation
Lordosis quotient
crossings/10 min; median (iqr)
median (iqr)
suckling kits
suckling kits
1
5
10
1
5
10
35 (22,20) 28 (15,11) 50 (9,9) 100 (31,0) 65 (31,34) 30 (31,0)
30 (22,18) 27 (11,9) 23 (15,8)
32 (7,9) 20 (11,13) 22 (15,13)

Neuroendocrinology applied to rabbit breeding
Table 2: Responses of control and deprived litters in specific behavioural tests presumably measuring stress-anxiety
in rabbits (median [iqr]). (Modified from García-Fernández et al., 2019).
Females
Males
Control (n=28)
Deprived (n=24)
Control (n=17)
Deprived (n=25)
Righting reflex (s)
Contacts with human
Latency to exit dark box (s)
Ambulation (lines crossed/min)
Chinning (marks/min)

41.5 (74,19)
3 (5,2)
30 (69,17)
8.2 (9.6,5.7)
1.2 (2,0.2)

39.5 (65,21)
2 (5,1)
27.5 (180,19)
6.9 (8.1,5.3)
1.4 (3.1,0.2)

33 (59,17)
3 (6,2)
36 (58.5,18)
7.7 (8.7,6.3)
6.6 (8,4.1)

40 (95,23)
3 (5,1.5)
48 (135,19.5)
7.6 (9.1,6.4)
7.9 (9.5,0.9)

iqr: interquartile range.

In contrast, sexual behaviour was altered in both sexes when comparing non-kin animals: ‘deprived’ males showed a
significantly larger (P=0.002) ‘miss rate’ (indicative of a large number of mounts not culminating in ejaculation) and
the lordosis quotient of ‘deprived’ females was reduced (this difference, however, did not reach statistical significance;
Effect of canelling one nursing episode in early lactation on the
P=0.21; Figure 1).

sexual behavior of non-kin adult ale and female rabbits.

70

83.16

Quotient (median)

60

80.48

50
40

66.00

30
20
26.00

10
0
Miss rate ♂

Lordosis quotient

Figure 1: Effect of canelling one nursing episode in early lactation on the sexual behavior of non-kin adult ale and
female rabbits. Reductions in male and female sexual behaviour of ‘deprived’ vs. control adult non-kin rabbits.
Numbers above bars indicate interquartile ranges. : control; : deprived.
The injection of intramuscular saline in adulthood increased (relative to baseline) the secretion of corticosterone and
cortisol in all animals. However, the magnitude of these responses was modified by maternal deprivation, time of day
and sex (Figure 2).
Taken together, our results show that the massive corticosteroid secretion that occurs in suckling rabbits as a
consequence of a 48-h fast and a brief maternal separation has profound, long-lasting effects on reproductive
behaviour and reactive corticosteroid secretion in adulthood. Is there any relevance of these findings for the way
rabbits are raised under ‘high-tech’ or ‘low-tech’ conditions? Before attempting an answer, I believe one must first
reflect on issues like: how is fertilisation of does achieved (i.e., natural mounts or artificial insemination)? At what time
of day (i.e., morning or afternoon) are animals commonly subjected to potentially stressful procedures (e.g., tattooing,
transport to slaughterhouse, medication)? Is any sex preferred for a particular use (e.g., shearing, shipping to local
market, sacrificing in situ )? Discussing these points, with consideration to different rearing conditions, strains of rabbits
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Corticosterone (ng/mL)

Afternoon samples
8 00

control

6 00

deprived
control
deprived

4 00

2 00

0

0

30

90

120

Minutes after intramuscular saline
Figure 2: Reactive corticosterone secretion of control and ‘deprived’ adult male and female rabbits, sampled in the
afternoon. Data show means±standard error.
Control ♂;
deprived ♂;
control ♀;
deprived ♀.

and interests of the farmers is essential for a constructive, bi-directional collaboration between neuroendocrinology
and livestock science.

NURSING: ONCE A DAY IS BEST
Rabbits have evolved a unique mothering system in which the direct contact between nursing does and kits is restricted
to a brief, single, daily nursing bout per day (González-Mariscal et al., 2016). In contrast, does compensate for this
‘absentee’ mothering style by building an elaborate maternal nest (of straw and body hair) from early pregnancy to
parturition (González-Mariscal et al., 1994). This nest acts like a ‘proxy’ of the mother, as it provides thermal insulation
and protection for the litter and also guides the kits’ feeding preferences after weaning (Altbäcker et al., 1995). Thus,
a low-quality nest leads to death of littermates and alterations in the mother’s nursing behaviour. We have found that
the number of suckling young plays a major role in determining the circadian periodicity of nursing (González-Mariscal
et al., 2013a). Whereas does suckling six kits display a single nursing bout (at around 03:00 h), females given one,
two, or four young enter the nest box many times a day (Figure 3).
Additionally, an insufficient suckling stimulation provokes multiple entrances into the nest box, which leads to
accidental hurting of the young and also to a gradual loss of nursing behaviour (González-Mariscal et al., 2013a;
Figure 4).
These findings emphasise the need to ensure that: a) a good quality nest is maintained, especially in early lactation;
b) nursing does always have at least six kits to suckle. Depending on the type of setup used and the environmental
characteristics surrounding the farm, maternal nests can deteriorate over time; additionally, some does (especially
primiparous ones) do not always build good nests. These drawbacks can be easily overcome by adding straw or hay to
the female’s home cage that she can then carry into the nest box. Additionally, hair of different types (e.g., synthetic,
or shaved from other female or male rabbits) can also be placed in a container and the doe will collect it and line the
straw nest with it (González-Mariscal et al., 1998).
Still, for a number of reasons (e.g., delivery outside the nest box, low birth weight, insufficient milk intake), kits can die
in the first days postpartum. To maintain a minimal litter size of six suckling kits these can be exchanged among does
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Figure 3: Nursing bouts displayed across lactation days 1-15 by does suckling two or six kits (Modified from GonzálezMariscal et al., 2013a).
without compromising the doe’s maternal behaviour. Rabbits do not show exclusive nursing; rather, they will nurse any
kit inside the nest box (provided it is of a similar age as their own; González-Mariscal and Gallegos, 2007; Table 3).

REFLEX OVULATION: NOT AN EASY MATTER
Most oestrous rabbits ovulate in response to mating. Despite its brief duration (Contreras and Beyer, 1979),
copulation provides the tactile, olfactory, acoustic and visual stimuli necessary and sufficient to induce the release of
hypothalamic GnRH (Yang et al., 1996), followed by a massive secretion of pituitary LH (Ramírez and Beyer, 1988). In
Number of suckling kits impacts maintenance of maternal behavior
120
100
% maternal

80

> 5 kits

60

2 kits
1 kit

40
20
0
1

2

3

4

5

6

7

8

9

10

days of lactation

Figure 4: Number of suckling kits impacts maintenance of maternal behavior. Gradual loss of nursing behaviour in
does suckling small litters; more than five kits are required to maintain maternal behaviour throughout lactation.
> 5 kits;
2 kits;
1 kit.
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Table 3: Time (min; mean±standard error) spent nursing own or alien young, placed within nests made of straw and
different types of hair, across early lactation. (modified from González-Mariscal and Gallegos, 2007).
Type of nest
Type of litter
Own
Other doe
Synthetic hair
Male hair
Own
3.0±1.0
3.0±1.0
4.0±1.0
3.0±1.0
Alien
3.0±0.1
4.0±0.3
4.0±0.4
4.0±0.3

addition, following copulation, slow waves appear in the EEG of the cerebral cortex, hypothalamus, and hippocampus
(Sawyer and Kawakami, 1959) and scent-marking plus lordosis are immediately inhibited (González-Mariscal et al.,
1997; Figure 5).
However, the adequate, predictable operation of this neuroendocrine reflex in oestrous rabbits (plus its associated
behavioural consequences) requires that does have an adequate concentration of oestrogens in blood (Hilliard
and Eaton, 1971), a sufficient food intake (Brecchia et al., 2006) and a daily photoperiod of 12-14 h (Hudson
et al., 1994). In contrast, suckling does show lactational anoestrus, presumably as a consequence of their lower
oestradiol concentration in blood together with suckling stimulation per se (García-Dalmán and González-Mariscal,
2012). Nonetheless, lactational anoestrus is abolished by cancelling a single nursing bout (biostimulation). To
further understand the similarities and differences in the responsiveness to mating among oestrous, lactating and
biostimulated does, we recently compared their expression of the c-FOS protein in specific brain regions known to
play a crucial role in rabbit reproduction (González-Mariscal et al., 2015). The c-FOS protein, detected by means of
immunohistochemistry, has been reliably used as a proxy for neuronal activation. We found that in the preoptic area
(POA; rich in GnRH neurons) and the paraventricular nucleus (PVN; rich in oxytocin-producing cells) of oestrous does,
copulation markedly increased the number of c-FOS-immunoreactive cells, compared to unmated rabbits. This rise,
however, was not seen in the POA of lactating or biostimulated females. Moreover, in the PVN of these groups, mating
reduced c-FOS expression (Figure 6).

chin marks or crossings/10 min

150

100

50

0
0

30

90

120

Minutes after displaying one lordosis

Figure 5: Mating-induced inhibition of chinning and ambulation. Data show means±standard error.
ambulation.
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Figure 6: Differential expression of the c-FOS-protein in the POA and PVN of oestrous vs biostimulated vs lactating
rabbits. Data show means±standard deviation.
POA, unmated;
POA, mated;
PVN, unmated;
PVN, mated.
These findings are beginning to reveal that the brain’s differential reactivity to the stimulus of mating is finely
modulated by as yet undetermined factors associated with the doe’s reproductive stage. Future studies are warranted
to establish the degree to which the probability of reflex ovulation following copulation depends upon such differences.
In addition to the above, recent evidence obtained by a multinational team (Maranesi et al., 2018), has revealed
that the intravaginal deposition of semen is an important additional factor that promotes ovulation. Such complex
biological fluid has, of course, myriad proteins, but we found evidence that one of them (nerve-growth factor, NGF),
by acting on its cognate receptors in the ovary, facilitates ovulation. Additionally, NGF —synthesised by the uterus—
may act on its pituitary receptors to promote LH secretion.

CONCLUSION
Taken together, the results shown in the preceding sections are opening new avenues where the academic setting
of neuroendocrinology laboratories can meet findings coming from the animal sciences. We hope that a greater
collaboration between these two spheres of endeavour will ultimately lead to a better handling of animals, improved
procedures to enhance reproduction and a reconciliation between profitability and care for the environment.
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Abstract: Rabbit meat is a component of traditional diets, often incorporated into iconic dishes of regional
cuisine. Its consumption can be traced back to the ancient civilisations of the Mediterranean and beyond,
well into the Palaeolithic era. Even though it has been representing considerable nutritional and cultural
value for millennia, a decline in consumption is now noticeable. Specific categorial dynamics are at play,
related to the various superimposed roles of rabbits as livestock, game, pests, laboratory animals and pets.
Their perceived cuteness in particular can lead to emotional responses that are hard to reconcile with the
sensitivities of the post-domestic paradigm. Such effects compromise the acceptability of rabbit meat in
contemporary Western societies that are typified by problematic human-animal interactions and a disconnect
from the food chain. Young and urban populations in particular now seem to have difficulties facing the notion
that food production requires the killing of animals. As a result, a traditional food source risks becoming
irrelevant despite its high nutritional value and potential for sustainable meat production, due to reasons that
are emotive rather than rational.
Key Words: nutrition, meat, welfare, pet, society, food studies.

INTRODUCTION
Rabbit meat has a long-standing culinary legacy as the main element of various traditional dishes throughout the
world, especially in the Mediterranean region (Petracci and Cavani, 2013). In Spain, for instance, one fifth of the
population is said to eat rabbit at least once a week (Escribá-Pérez et al., 2017). Classic rabbit-containing dishes
such as escabeche, paella and certain typical Christmas meals are important features of its national cuisine (Coxall,
2013). Popular dishes centred around rabbit meat can also be found in, e.g., Italy, France, and Flanders (Petracci
et al., 2018). This status as a traditional food, and all the story-telling that comes with it, is in principle highly
valued by contemporary consumers (Geyzen et al., 2012). Although the concept of tradition is a particularly fluid and
diffuse one (Amilien and Hegnes, 2013), it offers some welcome reassurance in a globalising food market that may
seem threatening and bewildering to many, due to hyperpaced innovation, impressive yet intimidating logistics and
aggressive marketing. Such value-from-tradition used to hold particularly true for meat and the various products and
dishes derived thereof (Leroy et al., 2013), as these foods have a lot of biocultural capital (Leroy and Praet, 2015)
and are arguably among the ones with the longest record of processing and consumption (Geyzen et al., 2019).
Their distinct elements of geography, artisan skill and history offer a great diversity and are cherished as part of a
rich gastronomic heritage and represent regional pride and uniqueness (Leroy et al., 2015). This variety and appeal
to identity has been aptly used by food writers, chefs, marketeers and policy makers to serve all sorts of cultural,
economic and political agendas and vested interests (Amilien and Hegnes, 2013).
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In recent decades, however, the meaning of meat has been facing quite a bit of semiotic turbulence. From a nutritious
dietary item at the centre of the Western meal, mostly indicating health and vitality (Leroy and Praet, 2015), it is now
shifting to one that causes anxiety due to its alleged links with chronic disease, food scares, animal welfare issues
and environmental deterioration (Leroy and Praet, 2017; Leroy et al., 2018a). Although it is counterproductive to focus
excessively on a plant/animal binary when talking about healthy and sustainable diets (good and bad practices can be
found on either sides of the divide) and although the evidence in support of the dietary advice arguing for restriction
of meat consumption has been identified as too weak to allow for strong recommendations (Leroy et al., 2018b;
Johnston et al., 2019; Leroy and Cofnas, 2019), we now seem to be facing an epistemic turn that increasingly looks
to animal foods along moralistic lines (Leroy, 2019).
The aim of the present study is to identify the historical mechanisms behind this transition away from the traditional
value of animal source foods, with a specific focus on rabbit meat as a case study. Compared to other animals used
in the human diet, rabbits hold an idiosyncratic position due to their overlapping roles as livestock, game, pest and
pets. The latter in particular–driven by aspects of perceived cuteness– is responsible for a changing position of rabbit
meat within Western post-domestic foodscapes. Failing to account for such effects would undermine any chance of
the successful incorporation of rabbit meat in the healthy and sustainable diets of the future (Petracci et al., 2018).
Because, notwithstanding the critical issue of societal perception, rabbit meat certainly has various assets with
respect to its production methods, technological potential and the attractive nutritional composition and sensory
properties of the end-product.

HISTORICAL OVERVIEW OF RABBIT MEAT CONSUMPTION
Palaeolithic hunting: from occasional catch to economic resource
The first consumption of rabbit meat was situated in the Palaeolithic era, although it must not have been among
the most rewarding bounties for ‘Man the fat hunter’, in an ecosystem that was rich in zoomass and where protein
poisoning or ‘rabbit starvation’ was to be avoided (Ben-Dor et al., 2011; Smil, 2013; Petracci et al., 2018). During the
Upper Palaeolithic in the Iberian Peninsula, however, the high protein level and high bioavailability of micronutrients
of rabbit meat became an important supplement to the ancestral diet (Hockett and Bicho, 2000; Blasco et al., 2013;
Martínez-Polanco et al., 2017). Along with their nutritional contribution, rabbits also served an economic purpose
early on (because of their skin and fur) and may have played some other important social roles in hunter-gatherer
culture (e.g., as totem animal), although little is known about the latter (Figure 1).

Figure 1: Superimposed societal roles of rabbits throughout the ages (breakdown in three epistemes: The Palaeolithic,
the switch to domestication and the current post-domestic model), where the black circles indicate what are likely to
have been the perceived predominant function(s) for a given era.
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Domestication: a late addition to the livestock inventory
It is not entirely clear, due to the patchiness of the archaeological findings, when and to what degree rabbits and
hares started to be included as livestock in the settling communities of the Neolithic (Petracci et al., 2018). What is
known, however, is that domestication was considerably later than for other animals. A reason for this may have been
the relatively low energetic density of rabbit meat (Smil, 2013). Also, there has always been an overlap between their
breeding and hunting (Carneiro et al., 2014), making true domestication a less stringent requirement.
It is only in the Mediterranean region during the Iron Age that signs of systematic use of rabbits and hares start to
become more visible (Lebas et al., 1997, Dalle Zotte, 2014; Petracci et al., 2018), after which Roman and Gallic
populations began to hunt rabbits in coneygarths and farm them to some degree (Dalle Zotte, 2014; Irving-Pease
et al., 2018). More advanced types of cuniculture were developed by Christian monks (Clutton-Brock, 1999; Kiple,
2007) and were subsequently adopted by Mediterranean rural families to enhance self-sustenance (Petracci and
Cavani, 2013; Trocino et al., 2019).
As they spread beyond the Mediterranean, rabbits were bred worldwide for meat and fur or kept for hunting (e.g., in
England; Licciardelli and Cortese, 1962; Alcock, 2006; Martin, 2010; Beglane, 2015). In some cases, they developed
into a destructive pest (in particular as a result of post-Colombian oceanic travels; Camus et al., 2008). The husbandry
practice of rabbit-keeping in urbanising societies also had the benefit of requiring very little farmland in times where
land became a limited resource. Moreover, the practice of cuniculture can be easily integrated in city life, as has
been documented for the London suburbs during Modernity (Thick, 2016). By then, the domestication paradigm was
coming to an end and human societies, especially in the expanding cities of the West with their increasing purchase
power and changing demands, were starting to develop new technologies and foodways, as well as a new worldview
and conception of what diets should look like. This epistemic change had a profound influence on the type of humananimal interactions that were abolished, developed or maintained (Leroy and Praet, 2017).

RABBITS IN THE POST-DOMESTIC ERA
Trapped in a constellation of conflicting categories
As of the 19th century, rabbits began to maintain a rather complex and ambiguous position within the anthrozoological
record (DeMello, 2012), which has been described as that of ‘edible weeds’ (Jones, 2008). This peculiar identity,
combining ‘utility’ and ‘damage’ as well as slippery notions of ‘nature’ and ‘wilderness’, can be typified as that of a
pharmakon (φάρμακον). A pharmakon can be defined as something that is both useful and harmful, in a superimposed
manner. Although this concept seems to be generally valid for livestock (Leroy, 2019), rabbits have managed to
become a particularly striking example of this superimposition (Petracci et al., 2018). They now accumulate a variety
of appreciated as well as despised societal roles, including that of livestock for the production of meat and fur, of
game for hunters, of laboratory animals for scientific research, of vermin in rural areas, of fertility symbol in folklore,
of economic resource in a market logic, of pets in urban bourgeois settings and as a means for zoo-therapy (Wilkinson
and Fitzgerald, 1997; Camus et al., 2008; Martin, 2010; Samfira and Petroman, 2011; González-Redondo and
Contreras-Chacón, 2012).
These superimposed categories provide a dynamic constellation whose meaning largely depends on the context
and the interpreter. All this does not relate to the rabbit per se, or the specificities of its ecological place, but rather
to human interpretation and –therefore– the position of the animal in societal practices and their accompanying
narratives (Scully, 2002). As an example, rabbits were seen by the British as an agriculture nuisance during the
late 19th century, but became highly appreciated afterwards as a valuable food source during the Second World
War (WWII). Eventually, they were popularised in British popular culture (the anthropomorphised rabbits of the novel
Watership Down; Adams, 1972) and achieved a status that is now principally one of companion animal (Martin,
2010).
Contingency on societal trends and discourse implies that the specific roles of rabbits (or the emphasis on some of
these roles) may fluctuate considerably over time, depending on both smooth and abrupt changes in worldviews.
If shifts are epistemic (Figure 1), as can indeed be the case for human-animal interactions, truly fundamental
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reconfigurations of meaning can be obtained (Bulliet, 2005; Joy, 2010; Leroy and Praet, 2017; Leroy 2019). As this
also results in a change of attitudes and practices - and given the fact that rabbit meat consumption is declining in
many countries (Kallas and Gil, 2012; Trocino et al., 2019) - it is paramount that the dynamics of these transitions are
well understood. Although the explanation for the declining levels of consumption is partially due to purely practical
reasons, such as price competitiveness in comparison with poultry and the limited suitability for processing due
to bone fragility and poor juiciness (Petracci and Cavani, 2013; Cullere and Dalle Zotte, 2018), a large part of the
problem can be ascribed to factors that are cultural and belief-driven (Petracci et al., 2018).

Heterogeneity of perception within the post-domestic model
It would obviously be erroneous to assume that contemporary societies behave as monolithic entities, whereby all of
the individuals within a population simultaneously maintain or transform the same beliefs and attitudes in response
to a given element (in casu, the societal place of rabbits). Instead, there seems to be considerable heterogeneity
within the post-domestic paradigm. Variability is contingent on such factors as age and gender, ethnicity and cultural
background, socio-economic status and degree of urbanisation (Hoffman et al., 2005; González-Redondo and
Contreras-Chacón, 2012).
Cultural variability may for instance be related to a lack of tradition with respect to the consumption of rabbit meat
(e.g., North America; Lukefahr et al., 2004; Eastern European countries; Szendrő, 2016; Petrescu and PetrescuMag, 2018; Africa; Mailu et al., 2017; Maigida et al., 2018) or to religious or other societal restrictions (e.g., Turkey;
Wilson and Yilmaz, 2013). In contrast, the Mediterranean with its long-standing practice of cuniculture still has a
relatively pronounced fondness for rabbit meat (Escribá-Pérez et al., 2017; Trocino et al., 2019). But also within a
given cultural context, a considerable degree of stratification can be seen, for instance according to age. Even in
Spain, with its traditional keenness on rabbit meat, a decline in consumption is noticeable in the younger segments
(González-Redondo and Contreras-Chacón, 2012; Escribá-Pérez et al., 2019). Spanish consumers over 55 years
old, on the other hand, provide the societal group that is still regularly consuming rabbit meat, often at a rate of
once a week or more (Escribá-Pérez et al., 2017). Such persistence is also specifically the case within the group
of middle-aged women who value cooking and food quality (Buitrago-Vera et al., 2016). Additionally, rabbit meat
consumption in Spain seems to be more pronounced among the lower socio-economic classes and among those
with lower education levels (Escribá-Pérez et al., 2017). In contrast, rabbit meat is becoming increasingly unpopular
among young city dwellers, especially among the female ones (González-Redondo et al., 2010), which is suggestive
of effects that are transcending the traditional cultural frameworks and seem related to recent lifestyle dynamics that
are situated within the urban classes.

Evolving human-animal interactions
Altering foodways lay at the basis of structural changes in human-animal interactions, including the way rabbit meat
is provided to the general population. Prior to the industrial revolution, farmers were taking their rabbits directly to
the market or selling them to butchers. Since the late 19th century and during the early 20th century, however, animal
production –and animal slaughter in particular– were increasingly removed from the public sphere (Bulliet, 2005;
Leroy and Degreef, 2015; Leroy and Praet, 2017). In Spain, for instance, most of the rabbit-producing units are now
located in rural areas (Baviera-Puig et al., 2017).
In parallel, and possibly as a result of this transformation disconnecting consumers from the notion that slaughter is
required to generate food, direct confrontation with meat’s animality has become problematic to urban populations,
particularly so in Anglo-Saxon countries (Leroy and Degreef, 2015). It is also in the latter countries, particularly
England and the USA, that animal welfarism, anti-vivisection movements and vegetarian societies first developed. As
an example, British 19th-century animal welfare activists already described rabbit trapping as an inhumane activity
(Martin, 2010). It may not be a coincidence that these are also the regions where the removal of scenes of animal
production, copulation and killing from daily life has been the most drastic, particularly in the post-WWII generations
(Bulliet, 2005). In such a situation of disconnect, it becomes particularly difficult to face the idea of animal killing for
food. This is possibly the case because of empathy and anthropomorphisation, whilst the slaughtering process and
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the resulting animal carcasses also remind us of our own mortality and, thereby, generate feelings of disgust and
guilt (Leroy and Praet, 2017).

Status confrontation: when different roles collide
Rabbits hold a special position within the above-mentioned problem of killing animals for food. One of the major
elements that are nowadays differentiating rabbits from most other livestock animals is their explicit cuteness and
their popular status as household pets (Wilkinson and Fitzgerald, 1997; Hoffman et al., 2005; Petracci et al., 2018;
Petrescu and Petrescu-Mag, 2018). This is a rather recent phenomenon, at least from a historical perspective, which
dates to the Victorian era and was propagated thereafter in popular culture (Anonymous, 2019). As cultural constructs
derived from the urban middle classes, pets are known to modulate human attitudes towards the use of animals for
food production (Serpell, 2004; Leroy and Praet, 2017), so that the eating of rabbits may even become a challenging
issue within cunivore countries (González-Redondo and Contreras-Chacón, 2012). Studies conducted in different
countries showed that disgust and ethical concerns were stronger in women compared to men (Rousset et al., 2005;
González-Redondo and Contreras-Chacón, 2012; Szendrő, 2016; Petrescu and Petrescu-Mag, 2018). A combined
status of meat animal and pet may generate cognitive tension and dissonance upon exposure to the post-domestic
consumer.
The fact that rabbits are mostly marketed as entire carcasses, usually without removing the head, tends to make
the confrontation too explicit for urban sensitivities (Leroy and Praet, 2017). It is indeed less common and - due to
technological constraints - more difficult to hide references to the animal origins of rabbit meat through cutting,
packaging, processing and even mincing or breading, than it is for pork, beef and poultry (Petracci et al., 2018). In the
early 1970s, however, part of the production ended up as pre-packed and cut-up carcasses, for instance hind legs
and loin, to meet the demand from urban areas (Petracci and Cavani, 2013; Dalle Zotte, 2014). More recently, rabbit
meat sausages and hamburgers are being marketed to attract young urban populations (Escribá-Pérez et al., 2019),
which is however hampered by their irregular availability at the points of sale (Fernández, 2019).
Some examples of the confrontation between the post-domestic view of animals with their actual use as food have
been mentioned previously by Petracci et al. (2018). These examples included the practice of backyard slaughter
of rabbits in the United States, which has been triggering strong emotional opposition (Blecha and Davis, 2014).
A famous English novelist created public outrage, not the least among her fans, when she displayed photographs
on social media of how she personally butchered and cooked a rabbit, thereby feeding its entrails to her cat (Gold,
2014). Also, a German primary school made the news after including its pupils in an educational project, in which
a rabbit was slaughtered in the playground to raise awareness that meat involves animal killing (Lüpke-Narberhaus,
2011). The children were requested to ‘thank’ the animal for its meat, which is reminiscent of how hunter-gatherers
generally approach the act of animal killing (Leroy and Praet, 2015). This approach, which advocates a higher personal
involvement with the act of butchering from an early age, has also been mentioned by Shepard (1998) in his influential
work ‘Coming home to the Pleistocene’. The fact that post-domestic families excessively protect their children against
scenes that are ‘revolting, corrupting or revelatory’ has also been addressed by Bulliet (2005), suggesting that this
may be one of the main reasons for the emergence of post-domestic sensitivities whereby fantasy is placed above
real-life carnality. It has been empirically shown that Spanish students that have been involved in either hunting or the
raising of rabbits also reported higher consumption levels (González-Redondo et al., 2010).
In general, the above-mentioned issues evince a disconnect of the post-domestic subject from the everyday realities
of the food chain. For instance, the fact that even the eating of plants (or vegetarianism for that matter) requires a
considerable level of animal killing usually goes unchallenged. Although the actual numbers are hard to estimate
with enough precision to allow for definite conclusions (Fisher and Lamey, 2018), crop agriculture requires the killing
of massive amounts of critters due to the use of harvesting machines and ploughing, as well as pest control and
poisoning, including not only many rodents but also an undefined amount of rabbits (Davis, 2003; Archer, 2011).
Moreover, from a utilitarian perspective, it must be added that many more rabbits need to be killed per kg of meat
than is the case for larger animals, such as pigs or cattle.
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CONCLUSIONS
Rabbits are a valuable livestock resource, providing meat, fur, and wool. Given that the need for sustainable and
healthy nutrition is one of the key global challenges, they have a lot of potential to offer and the expansion of their
husbandry deserves further exploration, especially in deprived areas. Rabbit meat supplies quality protein, is rich in
a variety of micronutrients, and suffers less from religious constraints worldwide than pork or beef. Its small-scale
production offers great flexibility, also within urban scenarios, and –if done well– can be sustainably included in
the food systems of the future. The main barrier seems to be its appeal to emotions, due to the perceived cuteness
of rabbits, especially in Western urban settings that have no or little gastronomic tradition of rabbit-based dishes.
Although the anthropomorphisation of animals is a general trend negatively affecting the role of livestock in the human
diet, rabbit seems to be particularly vulnerable to this issue. This is regrettable in view of the important benefits it
could provide.
Acknowledgements: FL acknowledges financial support of the Research Council of the Vrije Universiteit Brussel, including the SRP7
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Abstract: The neuroendocrine regulation of rabbit maternal behaviour has been explored in detail. However,
little is yet known about the hormonal regulation of aggression in concurrently pregnant-lactating does,
a reproductive condition that prevails during group housing of rabbits on farms. Therefore, in this study
we determined the relation between a) the levels of progesterone, testosterone, and oestradiol during
lactation; b) the anogenital distance at artificial insemination; and c) the timing of grouping with the intensity
of agonistic behaviour, published previously. We performed four consecutive trials, where three groups of
eight does each were artificially inseminated on day 10 postpartum (pp) and grouped on either day 12, 18
or 22 pp. Using Dipetalogaster maxima, a reduviid blood-sucking bug, we collected blood samples during
the pregnant-lactating phase (days 13, 15, 17, 19, 21, 23 pp) on one or two randomly chosen does per
treatment group. Testosterone levels varied little across the pregnant-lactating phase, agreeing with results
from pregnant-only rabbits, while progesterone levels increased from day 3 (=13 dpp) to day 7 (=17 dpp) and
remained unchanged until day 13 (=23 dpp) of pregnancy. All oestradiol concentrations fell below the limit
of detection. Overall, all concentrations were slightly lower in comparison to rabbit studies with pregnantonly does. The agonistic behaviour was not related to the respective hormonal concentrations at grouping.
In conclusion, the time point of grouping does after artificial insemination (AI) in the semi-group housing
system only had a weak influence on aggression and the hormonal profile did not indicate an optimum time
for grouping.
Key Words: Rabbits, agonistic interactions, progesterone, testosterone, oestradiol.

INTRODUCTION
The neuroendocrine regulation of maternal behaviour in rabbits has been investigated before (see recent review
in: González-Mariscal et al., 2016). Several studies have determined that specific hormones (e.g., oestradiol,
progesterone, testosterone, prolactin) act on particular brain structures (e.g., preoptic region, anterior hypothalamus,
lateral septum) to control the expression of nest building (i.e., digging a burrow, carrying straw into it and lining the
straw-nest with plucked body hair). Throughout lactation, nursing (inside the nest box) is restricted to a single bout
per day, lasting around three min, and displayed with circadian periodicity. This precise temporal regulation relies
heavily on the characteristics of the suckling stimulus provided by the kits (González-Mariscal et al., 2013a, 2013b).
However, hardly any studies have focussed on the hormonal basis of aggression in female rabbits. In addition to
nest building and nursing, the behavioural repertoire of lactating rabbits also includes agonistic behaviour and nest
defence. This has been documented in European rabbits (Oryctolagus cuniculus) living under semi-natural conditions
(Rödel et al., 2008), in domestic rabbits kept on the farm (Mugnai et al., 2009; Andrist et al., 2012) and also in
Correspondence: M. Braconnier, braconnierm@yahoo.com. Received January 2021 - Accepted October 2021.
https://doi.org/10.4995/wrs.2021.14897

World Rabbit Sci. 29: 247-261

247

Braconnier et al.

the laboratory (Denenberg et al., 1958). Yet, hardly anything is known about the hormonal factors that regulate this
maternal aggression in lactating does. This information is important in behavioural neuroendocrinology, as well as
in animal welfare and science. In the latter field, rabbit breeders are trying to ensure the well-being of their animals
(for review, see González-Mariscal et al., 2017). Accordingly, as rabbits are gregarious by nature, the group housing
system is becoming more popular, especially on European farms devoted mainly to meat production (Maertens
et al., 2011; Zomeño et al., 2018). In Switzerland, the semi-group housing system consists of separating pregnant
does around the time of parturition and grouping them around lactation day 12. This type of housing has been
labelled an “especially animal-friendly” housing system (BTS, 2019). It supposedly combines the positive aspects
of continuous single housing and continuous group housing, i.e. the does are undisturbed during early lactation
and, from day 12 onwards, they have more space for locomotion, can interact with conspecifics and, therefore, they
develop less stereotypies compared to animals in continuous single housing (Chu et al., 2004; Dal Bosco et al.,
2019). Additionally, compared to continuous group housing, the rate of infanticides, litters of two does in the same
nest box and pseudopregnancies are reduced in the semi-group housing system (Andrist et al., 2013; Szendrő et al.,
2016). For more details on this housing system as well as other existing ones, please refer to Nielsen et al. (2020).
However, recent studies have shown fighting among the does at grouping, with resulting injuries in up to 60% of the
animals (Andrist et al., 2013; Buijs et al., 2015). Fights are partially caused by a natural need to reinstate hierarchy,
as the replacement and exchange of sick and non-pregnant does are common practice on farms (Andrist et al., 2013;
Rommers et al., 2014). Another trigger could be the defence of their kits. As they are only 12 d old at grouping, the
does may still react defensively to conspecifics approaching their nest (Rödel et al., 2008). Other factors that might
contribute to aggression among lactating does have not been investigated.
The endocrine conditions of concurrently pregnant-lactating does differ from those found in pregnant-only and
lactating-only rabbits (Fortun et al., 1993). Specifically, progesterone (P4) concentrations are lower in pregnantlactating than in pregnant-only does on gestation days 7 and 14, whereas oestradiol (E2) levels are higher in the
former on pregnancy days 1 and 21 (González-Mariscal et al., 2009). Testosterone (T) is also produced across
gestation and even during lactation, though at lower levels in the latter condition. It promotes particular aspects of
nest building (i.e., digging and hair-loosening; González-Mariscal et al., 2003) but its concentration in pregnantlactating does is unknown.
Little is known about how steroid hormones could influence agonistic behaviour in female does: two studies found
an increased aggressive response in ovariectomised, oestradiol-treated does given P4 peripherally (Hoffman et al.,
2009) or into the hypothalamus (Palka and Sawyer, 1966). Therefore, the main aim of this study was to determine the
concentrations of testosterone, progesterone and oestradiol during the pregnant-lactating phase of does and analyse
their relation with the agonistic behaviour shown at grouping which was reported previously (Braconnier et al., 2020).
A better understanding of the temporal variation in hormonal secretion during lactation and simultaneous gestation
might help us determine an optimal time point for grouping. In addition, we correlated the anogenital distance (AGD)
measured at AI (Braconnier et al., 2020) with the hormonal values during pregnancy/lactation because: a) earlier
studies suggested that AGD at birth could be useful in selecting less aggressive does for communal breeding (Buijs
et al., 2016); b) there is a correlation between the AGD measured at birth and that observed in adult does (Bánszegi
et al., 2009). If a correlation was found, AGD could serve as a prediction of the aggressive potential of individual does.
This could be used for selecting does during breeding or when assembling groups.

ANIMALS, MATERIALS AND METHODS
Ethical approval
This study was approved by the Cantonal Office of Aargau (No. 30611). It met all federal and cantonal regulations on
animal experimentation.
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Animals and housing
This experiment was part of a study carried out on a Swiss rabbit breeding farm using 57 multiparous does of
the Hycole hybrid. Eight does were randomly chosen as focal animals and sampled for hormonal analyses in this
experiment. All the animals were multiparous (>than 2 births).
Each pen contained eight individual cages (each approximately 1.6 m2). Every cage included a nest box (0.30×0.40 m),
a straw bedded platform, a feeder and a nipple drinker. During the grouping phase, the cages were opened at the top
and the animals had access to a common floor area (3.20×2.20 m) (Figure 1). Air temperature and relative humidity
were continuously recorded during the experiment (HOBO® Datalogger U10-003, Onset Computer Corp., Bourne,
MA 02532) and varied between 8.4°C and 20.1°C and 26 to 67% humidity, respectively. There was natural daylight
in the barn, supplemented with artificial light during feeding and early working times during winter in a haphazard
way. A 16/8 lighting regime was established five days before until two days after AI, as this has been reported to be
beneficial for sexual receptivity in does (Theau-Clément et al., 1990). The does were supplied ad libitum with hay,
water and commercial rabbit pellets (UFA 925, UFA AG, Herzogenbuchsee, Switzerland) containing 10.0 MJ digestible
energy, 170 g crude protein, 145 g crude fibre, 35 g crude fat and 95 g crude ash per kg.

Breeding management and grouping
The does were kept in three groups of eight animals/pen on a 41-day reproductive cycle. The isolation period of the
semi-group housing started for every group one day before parturition of the kits (day –1). On lactation day 10, a
24 h doe-litter separation was performed to improve fertility rates following artificial insemination (AI; Arias-Álvarez
et al., 2010). Does with unsuccessful AI were excluded from the study, but stayed in their groups until the end of a
trial to assure a consistent group number. The day of AI was considered day 0 of pregnancy. The time of grouping
(=treatment) occurred on different days postpartum (dpp), specifically: 12 (TG12), 18 (TG18), or 22 (TG22). Each trial
lasted from day –1 to day 25 pp (weaning of kits) (Figure 2).

Figure 1: Pen design. (1) Nestbox, (2) Feeder, (3) Common area, (4) Grid for isolation purposes.
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Figure 2: Timeline of a trial.

AGD=Anogenital distance; AI=Artificial insemination; BC=Blood collection; Dpp=Day postpartum; Dpreg=Day of pregnancy;
G=Group housing; I=Isolation; TG=Treatment group.

In total, we conducted four trials with one group in each treatment from October 2018 until March 2019. Before each
new trial, sick or non-pregnant animals were removed and replaced with pregnant does, as is common practice on
farms. Initially, three groups were randomly allocated to one of the three treatments (TG12, TG18 or TG22). After
each trial, the groups switched to another treatment in the following trial. All does were individually marked with ear
tags and livestock spray. The number of suckling kits was documented per doe and litters were not standardised. See
timeline in Figure 2 for clarification of the procedures performed in a trial.

Blood sampling
Background information and bug method
Frequent blood sampling in rabbits —usually from the ear (Vena auricularis) or leg (V. saphena lateralis) veins— can
pose difficulties, due to handling stress or the formation of hematomas (Hein, 2014, 2019). In a group housing
system, an indwelling catheter is not an option.
Reduviid blood-sucking bugs (Dipetalogaster maxima) are a valid alternative to the conventional blood sampling
method in tapirs and rabbits (Voigt et al., 2006; Kosowska et al., 2015). Having a proboscis with a diameter about
10 times smaller than a conventional needle, they cause less mechanical stimulus and pain during the blood
extracting process (Vos et al., 2010). Moreover, the metabolism of D. maxima does not interfere with the hormonal
concentrations determined in rabbit blood for up to eight hours after a blood meal (Voigt et al., 2004). Therefore,
D. maxima in the 3rd, 4th and 5th nymphal stage (N3, N4, N5) were used as a blood sampling method in this experiment
(see details below).
Hormonal profile
To obtain the hormonal profile of pregnant-lactating does, blood samples were collected from 1-2 selected animals
per treatment group on days 3, 5, 7, 9, 11 and 13 of pregnancy (dpreg) between 7-11 a.m. (=6 samples/animal).
For unknown reasons, three does did not become pregnant after AI. The samples of these lactating-only does were
excluded from the hormonal analysis. See Table 1 for details.
Table 1: Doe rabbits used for blood collection and behavioural observations.
Trial
1
2
3
4

Doe ID
Epsilon
Beta
Gamma
Alpha

TG RS
12 pl
12 pl
12 pl
12 pl

Doe ID
Delta
Epsilon
Alpha
Eta

TG RS
18 pl
18 l
18 pl
18 pl

Doe ID

TG RS

Zeta

18

l

Theta

18

pl

Doe ID
Beta
Alpha
Beta
Gamma

TG RS
22 pl
22 pl
22 pl
22 pl

Doe ID

TG RS

Delta

22

l

AI=Artificial insemination; l=Lactating-only (not analysed); pl=Pregnant-lactating; TG=Treatment group; RS=Reproductive status
after AI.
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Sampling and extraction process
The bugs were fasted for five weeks prior to the experiment to ensure stinging (Markvardsen et al., 2012) and kept
in an incubator with 60% relative humidity and a temperature between 26-28°C (Stadler et al., 2011). On the farm,
one-two bugs were hidden in a specially designed plastic container that was tied around the chest area of the animal
(Figure 3). At the bottom of each container was a gauze bandage through which the bugs could pierce the skin of
the rabbit. Bugs that had not started sucking after 10 min were replaced. During the sampling process, the rabbit sat
in a separate box to prevent disturbance from the rest of the group. Bugs that survived the extraction process were
individually marked and re-used again after a 5-wk starvation period, but only on the same animal to avoid eventual
transmission of disease. The does were regularly health checked by a trained veterinarian to document eventual
occurring allergies or injuries.
Handling of the blood samples
Anticoagulants were not needed, as the bugs’ saliva contains Dipetalogastin, a potent thrombin inhibitor (Voigt et al.,
2003). The blood was centrifuged at 3000 g for 15 min and the plasma was transferred to a microtube and frozen
at –20°C until assayed.

Blood analyses
Testosterone (T)
Blood plasma (0.1 mL) was extracted with 2 mL of butyl t-methyl ether: petroleum ether (30:70) for 30 min. After
freezing at –80°C for 10 min, the organic phase was decanted, evaporated at 55°C under N2 stream and dissolved
in 0.2 mL of 100% methanol and 0.3 mL of bide stilled water.
Testosterone was quantified by an enzyme immunoassay (EIA) using polyclonal antibodies (rabbit) against
testosterone-3-CMO-BSA and the corresponding 3-CMO-peroxidase as label. The cross-reactivities were as follows:
testosterone, 100%; dihydrotestosterone (DHT), 53.85%; 4-androsten-3ß,17ß-diol, 4.6%; 19-nortestosterone,
2.3%; <0,01% for 11ß-hydroxyetiocholanolone, 11-oxo-etiocholanolone, cortisol, corticosterone, 5α-androstan-17one, androstenedione, androsterone, 5α-androsterone, dihydroepiandrosterone (DHEA), testosterone-glucuronide
and epiandrosterone.
The range of our calibration curve (standard testosterone) was 0.2-100 pg/20 µL. The linear range, between B80 and
B20, was determined between 0.75 and 10.36 pg/20 µL. All EIA measurements were performed in duplicate with
acceptance criteria of a coefficient of variation (CV) below 5%.

A

B

C

Figure 3: Blood sampling from a rabbit using blood-sucking Dipetalogaster maxima: (A) 1-2 bugs were hidden in a
specially designed container fixated around the chest area of the rabbit. After finding an underlying vein, the bugs
punctured the skin and started sucking. (B) After an average time of 17 min, the bugs had finished their meal and
released. The container was removed. (C) The bug was taken out of the container and its lower abdominal area was
punctured with a syringe (18-21 G). The blood was withdrawn under slow and steady pressure.
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The inter-assay CV (5 assays), based on a low quality control sample (LQC) and high quality control sample (HQC),
both fitting the linear range of the curve and run in duplicate, was respectively 9.20 and 7.72%.
The intra-assay CV, determined on two biological samples including low and high concentration (16 repeats in
duplicate each), was 9.72 and 4.31%, respectively.
Progesterone (P4)
Blood plasma (0.1 mL) was extracted with 2 mL of petrol ether for 30 min. After freezing at –80°C for 10 min, the
organic phase was decanted, evaporated at 55°C under N2 stream and dissolved in 0.4 mL of 100% methanol and
0.6 mL of bi-distilled water.
Progesterone was quantified by an enzyme immunoassay (EIA) according to (Dehnhard et al., 2008) using a
commercial progesterone antibody raised in rats (Sigma P1922) and a 4-pregnen-3,20-dione-3-CMO-peroxidase
label. The cross-reactivities to other steroids were as follows: 4-pregnen-3,20-dione (progesterone), 100%;
5α-pregnan-3,20-dione (5α-DHP), 76.8%; 5α-pregnan-3ß-ol-20-one (5a), 18.3%; <0.1% for 5-pregnen-3ß-ol20-one; 5ß-pregnan-3α-ol-20-one, 20α-dihydroprogesterone, pregnandiol, 17α-hydroxyprogesterone, testosterone,
oestradiol and cortisol.
The range of the calibration curve (standard progesterone) was 0.2-100 pg/20 µL. The linear range, between B80
and B20, was determined between 1.79 and 18.83 pg/20 µL. All EIA measurements were performed in duplicate
with acceptance criteria of a coefficient of variation (CV) below 5%.
The inter-assay CV (4 assays), based on a low quality control sample (LQC) and high quality control sample (HQC),
both fitting the linear range of the curve and run in duplicate, was respectively 14.70 and 10.31%.
The intra-assay CV, determined on two biological samples including low and high concentration (16 repeats in
duplicate each), was 9.07 and 4.46%, respectively.
Oestradiol (E2)
Blood plasma (0.1 mL) was extracted with 2 mL of butyl t-methyl ether: petroleum ether (30:70) for 30 min. After
freezing at –80°C for 10 min., the organic phase was decanted, evaporated at 55°C under N2 stream and dissolved
in 0.1 mL of 100% methanol and 0.15 mL of bide stilled water.
Oestrogens were quantified by an enzyme immunoassay (EIA) according to (Carnaby et al., 2012) using a polyclonal
antibody raised in rabbits to 1,3,5(10)-estratrien-3,17b- diol-17-HS-BSA and a 1,3,5(10)-estratrien-3,17bdiol-17- HS-peroxidase label. The cross-reactivities to oestrogens were as follows: 1,3,5(10)-estratrien-3,17b-diol
(17b-E2), 100%; 1,3,5(10)-estratrien-3,17-one (estrone), 100%; 1,3,5(10)- estratrien-3,17a-diol (17a-E2), 66%;
1,3,5(10)-estratrien- 3,16a,17b-triol (oestriol), 1.5%; and 0.1% for 19-nortesto- sterone, P4 and testosterone.
The range of our calibration curve (standard 17b-E2) was 0.2-100 pg/20 µL. The linear range, between B80 and
B20, was determined between 0.79 and 1.05 pg/20 µL. All EIA measurements were performed in duplicate with
acceptance criteria of a coefficient of variation (CV) below 5%.
The inter-assay CV (3 assays), based on a low quality control sample (LQC) and high quality control sample (HQC),
both fitting the linear range of the curve and run in duplicate, was respectively 4.99 and 7.75%.
The intra-assay CV, determined on two biological samples including low and high concentration (16 repeats in
duplicate each), was 7.26 and 3.28%, respectively.

Agonistic behaviour
Agonistic behaviour after grouping of the does was described and published previously (Braconnier et al., 2020). In
brief, 24-h video recordings were conducted immediately after grouping. They started when the cages were opened
at around 7 a.m. All does were observed on the videos, however for this part of the experiment, we only focussed on
the eight animals that were sampled for blood (shown in Table 2). The frequency of the coded agonistic behaviour
(“aggression score”) was assigned to the animal that started the interaction. For the aggression score we used a
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modified version of Graf’s ethogram (Graf et al., 2011) including behaviours like “boxing”, “biting”, “threatening”,
ripping, jumping on each other, nudging, biting, heavy-chasing and “carousel fights”.
The coder was blind to the identity of each animal. The recorded periods were chosen based on a prior scanning
of the videos for the phases with the most agonistic interactions after grouping. Moreover, it has been reported that
most agonistic interactions happen immediately after grouping (Graf et al., 2011; Rommers et al., 2011; Andrist
et al., 2013) or during early morning. Indeed, many behavioural and endocrine parameters of rabbits show that these
animals are crepuscular (for review see: Aguilar-Roblero and González-Mariscal, 2020).
As the animals’ aggression scores were highly variable between individuals (from 0 up to 75 attacks during the coded
period), we were also able to test for differences in testosterone and progesterone concentrations between aggressive
(aggression score: >10) and submissive does (aggression score: 0-1) during grouping.

Anogenital distance
In brief, we measured the AGD on the day of AI using a digital calliper, from the base of the genital papilla to the
centre of the anal opening, as described by (Bánszegi et al., 2012). The mean of three consecutive measurements
per animal was used to improve accuracy.

STATISTICAL EVALUATION
The data were evaluated using R (R Core Team, 2019). Non-parametric statistics were used for all analyses, as
the scores obtained were not normally distributed. The differences in the hormonal levels between aggressive and
submissive does, treatments and trials, as well as between the daily concentrations of P4 and T during the pregnancylactation, were analysed by Kruskal–Wallis analysis of variance followed by Mann–Whitney U tests with Bonferroni
adjustment for multiple comparisons. As no significant differences in hormonal concentrations were detected
between trials (testosterone: χ 2=1.4679, P=0.68, progesterone: χ 2=2.359, P-value=0.5), all trials were pooled. All
oestradiol concentrations fell below the detection limit and therefore could not be used for a statistical evaluation.
Initially, repeated analyses were planned among does to account for individual variation. However, only two does were
pregnant-lactating across 3 trials and only one doe was pregnant-lactating across 2 trials (Table 2). As individual
does differed in hormonal status as well as in level of aggression across trials, all measurements were considered
independent. The correlation between the frequencies of aggressive behaviour and the hormonal levels at grouping
was calculated with Spearman rank correlation coefficients for each treatment group. The same test was performed
to estimate correlations between the AGD (measured at day 10 pp=AI) and the hormonal concentrations (measured
at day 13 pp). All means are given as means±standard deviation. P-values below 0.05 were considered significant.

RESULTS
Hormonal measurements
Testosterone (T)
Most (92%) of our samples yielded testosterone concentrations below the linear range, but detectable.
Figure 4 shows the concentration of T in pregnant-lactating does. We combined the three treatments
because there were no differences in the mean concentrations of T among them (TG12=121.7±9.8 pg/mL,
TG18=119±37.1 pg/mL, TG22=137.5±28.1 pg/mL; χ 2=0.33, P=0.8, N=12). Thus, when considering all
animals, T ranged from 118±25.5 pg/mL on 3 dpreg to 137±35.2 pg/mL on 13 dpreg. The rise in T was not
significant (χ 2=4.0, P-value=0.55) (Figure 4).
Progesterone (P4)
Figure 4 shows the concentration of P4 in PL from the three treatments combined because there were no differences
in the mean concentrations of P4 among the three treatments: TG12=3.5±1.4 ng/mL, TG18=3.7±2.1 ng/mL,
TG22=2.8±1.2 ng/mL; χ 2=3.64, P=0.2 (N=12).
World Rabbit Sci. 29: 247-261
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Figure 4: Testosterone concentrations on specific days of concurrent pregnancy-lactation (solid line; mean±standard
deviation). No significant differences were found across days.
The values rose from 3 dpreg (1.96±1.35 ng/mL) to 7 dpreg (3.89±0.978; P<0.01); from then onwards, no
significant increases were observed (Figure 5).
Oestradiol (E2)
For the E2 analyses, the used EIA had a calibration curve starting at 10 pg/mL. Thus, 87% of the samples fell below
that concentration, the rest was below the linear range, starting at 39.5 pg/mL. Therefore, we did not draw any
conclusions from the results.

Correlation between agonistic behaviour and steroid plasma levels
The frequency of aggressive behaviour (=aggression score) of the does was not correlated with the testosterone levels
following grouping or with the progesterone concentrations in any of the treatments. The correlations were all below
0.3 and none of them were significant (P-values above 0.48) (Figures 6 and 7).

Figure 5: Progesterone concentrations on specific days of concurrent pregnancy-lactation (solid line; mean±standard
deviation; a=P<0.05, b=P<0.01 vs. preceding value in the corresponding curve).
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Figure 6: Correlations between the testosterone concentration and the aggression score of the does in the 3
treatment groups (Grouped on day 12 after parturition, TG12: R=0.25, P=0.75; Grouped on day 18 after parturition,
TG18: R=–0.51, P=0.49, Grouped on day 22 after parturition, TG22: R=–0.24, P=0.76). Treatment group:
12;
18;
22.
T and P4 concentrations did not differ between aggressive and submissive does. Mean testosterone concentrations
were 122.8±16.9 pg/mL (aggressive does; N=7) and 126.3±35.2 pg/mL (submissive does; N=8); χ 2=0.001,
P=0.98, N=15. Mean progesterone concentrations were 3.00±1.4 ng/mL (aggressive does; N=7) and
3.6±2.8 ng/mL (submissive does; N=8); χ 2=0.054, P=0.82, N=15.

Anogenital distance
The AGD of all focal animals was around 10.3±1.1 mm (see Table 2 for details). The AGD was not correlated with the
T levels (r=0.36, N=15, P=0.26) or the P4 levels (r=0.26, N=15, P=0.43).

Figure 7: Correlations between the progesterone concentration and the aggression score of the does in the 3 treatment
groups (TG12: R=-0.15, P=0.85; TG18: R=–0.42, P=0.58; TG22: R=–0.18, P=0.82). Treatment group:
12;
18;
22.
World Rabbit Sci. 29: 247-261
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Table 2: Mean±standard deviation of anogenital distance (AGD) (in mm) over 4 trials.
Trial
Mean
SD

N

1

11,34

1,14

3

2

9,94

1,08

5

3

9,75

0,81

3

4

9,75

0,79

4

Bug method for blood sampling
The average sucking time of the bugs was 17 min (min. 8 min, max. 43 min). On average, 0.5 mL of blood was
collected with N3, 1.3 mL with N4 and 2.1 mL with N5. A total of 101 bugs were used for 90 blood samples (TG12,
n=4, samples=24; TG18, n=6, samples=36; TG22, n=5, samples=30). After attaching the container, 84.4% of the
bugs immediately stung and started sucking. None of the rabbits showed any swelling or hematoma at the sucking
site of the bugs. In addition, no allergic reactions were documented after repeated blood sampling on the same animal
over the course of two weeks. None of the samples was lost due to clotting. Seven samples had to be discarded due
to severe haemolysis.

DISCUSSION
To our knowledge, this study is the first to determine the concentrations of oestradiol, testosterone and progesterone
during the pregnant-lactating phase of does and analyse their relation with the agonistic behaviour shown in a
previous publication (Braconnier et al., 2020), by the animals used in the three experimental groups. To increase
external validity, the sample of does included different seasons (=trials). As there was no indication that trials or
treatments affected hormonal levels and sample sizes were small, trials and treatments were pooled in the analyses.
This might have led to a low power of this study but at the same time it avoided spurious results, difficult to replicate
on commercial farms.

Hormonal measurements
Testosterone (T)
In comparison to values reported in pregnant-only does of around 250 pg/mL (10 dpreg, with little variation until the
end of pregnancy; González-Mariscal et al., 1994), the values of pregnant-lactating does in this study were lower with
145±54.2 pg/mL on 11 dpreg.
Progesterone (P4)
The concentrations of progesterone in pregnant-lactating does were similar to results reported in past studies
(González-Mariscal et al., 2009). In both works, P4 increased from 1 to 14 dpreg in PL rabbits and non-significant
changes until day 28.
Oestradiol (E2)
In general, E2 concentrations have been reported to be extremely low in lactating does in the past. González-Mariscal
et al. (1994) reported mostly stable E2 levels of 60 pg/mL from day 10 to day 25 of pregnancy in pregnant-only
rabbits, with great variation among individuals. In pregnant-lactating does values around 30 pg/mL have been
measured (González-Mariscal et al., 2009). This matches the few values that we were able to detect (data not shown).
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Agonistic behaviour and steroid plasma levels
While the aggressive behaviour during grouping was variable among trials (Braconnier et al., 2020) and is known
to depend on the season (Andrist et al., 2013), the T levels showed little or no variation during the entire pregnantlactating phase in all three treatments, trials and groups, as has been shown in pregnant-only does (GonzálezMariscal et al., 1994). On the other hand, P4 levels were increasing over the course of the pregnant-lactating phase,
but this did not mirror increased aggressive behaviour at grouping: TG18 and TG22 did not show an increased
aggressive behaviour compared to the TG12 group (Braconnier et al., 2020). In domestic European rabbits living
under semi-natural conditions, does react defensively to an approach to their burrow for up to 20 d of lactation (Rödel
et al., 2008). In contrast, Zomeño et al. (2017) stated that late lactation and kits leaving the nest boxes may decrease
intra-female aggression, as has also been shown in rodent model studies (Squire, 2009). However, the time point
of grouping did not affect aggression in does in two experimental studies (Braconnier et al., 2020; Bill et al., 2020).
However, as weaning naturally occurs around 20-28 d postpartum, depending on the current pregnancy state of the
does (González-Mariscal and Gallegos, 2014; Hudson et al., 1996, 2000), the later time points of grouping might still
have been too early to reduce aggression. Nevertheless, progressing gestation, similar to early lactation, could cause
an increase in aggression compared to mid- or early gestation, as has been described in mice (Mann and Svare,
1982). Additionally, we cannot exclude that the relatively small sample size and the high individual variation within
treatment groups may have masked possible effects.
Overall, the amount of aggression was highly variable between individuals (Braconnier et al., 2020). This is supported
by other studies on domesticated rabbit does (Rommers et al., 2011) as well as in wild living rabbits (Holst et al.,
2002; Rödel et al., 2006). However, the mean testosterone and progesterone concentrations did not differ between
aggressive and submissive does in our study. This has also been shown in other studies in baboons and lemurs,
where aggressiveness was not related to physiological T levels measured across females (Beehner et al., 2005; von
Engelhard et al., 2000). Nonetheless, another study on reproducing female ibexes found an association between
aggression and testosterone levels (Shargal et al., 2008). For progesterone, the first experiment of Mann et al. (1984)
showed no positive relationship between the P plasma levels of untreated mice and their individual display of fighting.
Past results in rabbits reporting a possible role of P on aggression cannot be related to our present findings, as both of
those works (Hoffman et al., 2009; Palka and Sawyer, 1966) used ovariectomised, oestrogen-primed does, whereas
in our study pregnant-lactating animals had almost undetectable oestradiol levels. Thus, the possibility that P may
promote aggression in the absence of oestradiol, but in the presence of T, needs further investigation.
Indeed, testosterone as well as progesterone concentrations underlie dynamic changes triggered during social
interactions i.e., in response to winning a fight during the day (Wingfield et al., 1990; Davis and Marler, 2003;
Trainor et al., 2004) and they cannot be assessed by blood sampling only once a day. Another complication is that
testosterone is converted to dihydrotestosterone or oestradiol within the brain (Simpson, 2002) and there is growing
evidence that this regulates behaviour as well, including aggression (Takahashi et al., 2018; Trainor et al., 2006).

Anogenital distance
Although the repeatability for the AGD was good (Braconnier et al., 2020), we could not find a correlation between
AGD and P4 or T levels. Possibly, our sample size was again too low to create stable estimates for AGD (Schönbrodt
and Perugini, 2013). In studies on AGD in mice, sample sizes were higher: 89 females used in Drickamer (1996) or
205 females in Palanza et al. (1995).
In the past, it has been shown that higher testosterone exposure in utero causes greater AGD in mice (Albert et al.,
1990) and in rabbits (Bánszegi et al., 2012). More recently, a cross-sectional study in women (Mira-Escolano et al.,
2014) found that a correlation between these two parameters still existed in adulthood: AGD was positively associated
with serum testosterone levels, but not with any other reproductive hormones. However, a study on Holstein cows
(Gobikrushanth et al., 2017) was not able to find a similar, significant relationship between these two parameters
when measured in adulthood.
It is likely that these contradictory results may be caused by variation in AGD during the female cycle: one study
(Dušek and Bartoš, 2012) found AGD to be variant during a single oestrus cycle in mice. In our earlier study, we
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found a general decrease in AGD for all rabbit does during winter (for more details see: Braconnier et al., 2020).
There, we discussed a possible decrease in receptivity (smaller, non-swollen vulva) during the winter due to a shorter
photoperiod. However, as we were unable to obtain reliable results for oestradiol levels that would cause this effect
(Lebas, 1997; O’Malley, 2005), we cannot confirm this possibility here. One existing study from Ubilla and Rebollar,
(1995) found no correlation between plasma E2 levels and turgidity or colour of the vulva.

Bug method
The bug method using Dipetalogaster maxima performed well for our purposes. The animals showed no allergic or
pain reaction, similar to what has been reported in other studies (Thomsen and Voigt, 2006; Markvardsen et al.,
2012). Blood extraction from the bug should be done carefully and slowly, as haemolysis otherwise occurs due to an
excessive shearing force. We would recommend the bug method as a valid alternative for regular blood withdrawal
in rabbits. However, while it has already been validated for hormonal measurements in rabbits (Voigt et al., 2004),
significant differences in some clinical and haematological parameters in comparison to the conventional method
have been found. For more details, see (Markvardsen et al., 2012).

CONCLUSION
Testosterone levels showed little variation across the pregnant-lactating phase, corresponding to results from
pregnant-only rabbit studies. Progesterone levels increased from day 3 to day 7 and then remain unchanged until day
13 of pregnancy. They were slightly lower in comparison to pregnant-only rabbit studies. The agonistic behaviour was
not related to the concentrations of either testosterone or progesterone. However, sample sizes used were low and
the study was performed on one commercial farm, only. More studies are needed to determine a possible influence
of steroid and non-steroid hormones on the aggressive behaviour in pregnant-lactating female does. In conclusion,
the hormonal profile, which was not related to the level of aggression in our preliminary study, did not indicate an
optimal time for grouping.
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RELATIONSHIP BETWEEN RECTAL TEMPERATURE MEASURED WITH A CONVENTIONAL
THERMOMETER AND THE TEMPERATURE OF SEVERAL BODY REGIONS MEASURED
BY INFRARED THERMOGRAPHY IN FATTENING RABBITS. INFLUENCE OF DIFFERENT
ENVIRONMENTAL FACTORS
JAÉN-TÉLLEZ J.A. , BARTOLOMÉ E. , SÁNCHEZ-GUERRERO M.J. , VALERA M. ,
GONZÁLEZ-REDONDO P.
Departamento de Agronomía, Universidad de Sevilla, Ctra. Utrera km 1, 41013 Sevilla, Spain.
Abstract: In clinical examination of rabbits, the temperature is usually recorded with a digital thermometer
introduced rectally, an invasive procedure that could cause handling stress. The aim of this study was to assess
body temperature using infrared thermography (IRT) in four areas of the rabbit’s anatomy: eye (ETT), outer ear
(OETT), inner ear (IETT) and nose (NTT), and then validate it as an alternative measure to rectal temperature
(RT) assessed with a conventional thermometer. Temperature samples were taken twice a week from 48
weaned rabbits of Spanish Common Rabbit breed during a 38-d fattening period. The factors considered
were: doe from which the rabbits came (8 does), weeks of fattening period (4 to 5 wk), batch (3 periods of the
year: April-May, June-July and January-February) and group size (cages with 1 to 7 rabbits). On average, the
results were an RT of 38.48±0.02 °C; ETT of 37.31±0.05 °C; OETT of 29.09±0.26°C; IETT of 30.53±0.25 °C,
and NTT of 33.29±0.11 °C (mean±se). Moderate, statistically significant positive correlations (P<0.001) were
observed between RT and temperatures measured with infrared thermography (IETT, OETT, ETT and NTT),
both in general (0.39 to 0.49) and intraclass (0.36 to 0.39), based on the batch, group size, week of fattening
period and doe. The thermographic measurements which showed the highest correlation with RT were OETT
and IETT. We also studied the effects that could influence the temperature variables evaluated by IRT and
RT within each batch: for each week of the fattening period, for the group size and for the doe effect. We
found significant differences (P<0.001) between weeks within the batch, with a tendency for the temperature
of the rabbits to increase as the fattening period progressed. The doe effect (within the batch) did not show,
on the whole, any statistically significant differences within batches. On the other hand, we did observe a
trend towards higher temperatures as the group size increased. In conclusion, infrared thermography is an
effective tool for body temperature assessment and correlates closely with RT, with IETT appearing as the
best reference point for taking body temperature in fattening rabbits. Infrared thermography appeared as a
suitable alternative to RT for body temperature assessment in rabbits, thus avoiding handling stress.
Key Words: rectal temperature, infrared thermography, rabbit, fattening period, group size, season.

INTRODUCTION
The infrared thermography (IRT) technique, using an infrared thermography camera, works by measuring
electromagnetic energy and detecting the different wavelengths emitted by each temperature value (Stewart et al.,
2005). Its main strength is that it is a rapid, non-invasive, non-contact method to measure the animal’s surface
temperature (De Lima et al., 2013; McCafferty, 2013). It allows us to evaluate the physiological states and temperature
changes due to pathologies and to estimate the live weight of the fattening rabbits (Silva et al., 2015a; Travain et al.,
2015; Sánchez et al., 2016). However, it may be conditioned by certain factors such as climate conditions (Knizková
et al., 2007).
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https://doi.org/10.4995/wrs.2021.15556

World Rabbit Sci. 29: 263-273

263

Jaén-Téllez et al.

Rabbits are quiet and docile animals, although they tend to be skittish (Ward, 2006). Their relatively recent
domestication means that they continue to see humans as predators, so they instinctively associate their presence
with negative stimuli, which constitutes a major factor of stress and fear (Trocino and Xiccato, 2006). In this way,
handling rabbits wrongly can have physical (spinal cord or vertebrae fracture or subluxation) and physiological
(hypertension, hyperglycaemia, decreased renal perfusion, intestinal hypomotility) consequences on the animals due
to stress, and can lead to various types of pathologies, such as diarrhoea (Lebas et al., 1997; Meredith, 2006; Malley,
2007), producing weight loss and even death (Lebas et al., 1997).
The rabbit is a homeothermic animal, so it has to keep its body temperature constant in order to carry out its
normal activity and vital processes (Yamasaki-Maza et al., 2017). Body temperature is a physiological parameter
that allows us to measure the animals’ health status (Valera et al., 2012), as most infectious diseases present with
hyperthermia (Zimmerman et al., 2012), as well as the rabbit’s welfare by assessing its stress level, as the higher the
stress, the lower the welfare (Stewart et al., 2005). Stress causes the release of various hormones in rabbits, such
as catecholamines (especially adrenaline and norepinephrine), corticotropin-releasing hormone, adrenocorticotropic
hormone and corticosteroids (in rabbits, mainly corticosterone and cortisol), which cause an increase in body
temperature (Kataoka et al., 2014), among other effects.
There are various devices available to help us measure an animal’s body temperature, both internally and externally
(Flecknell, 2009). The most widely-used technique in rabbits is recording the rectal temperature (RT) (Chen and
White, 2006), which is obtained by inserting a conventional thermometer into the rectum (Chapel et al., 2015).
Other alternative options which have been tested and validated include taking the temperature either in the tympanic
membrane with an infrared thermometer (Hall et al., 2001; Ardiaca et al., 2010) or on the surface of the skin using
IRT (Chacur et al., 2016). In rabbits, different anatomical parts present different temperature values due to different
vascularisation and the influence of environmental temperature (Jaén-Téllez et al., 2020).
Changes in body temperature can be measured correctly using RT (Marai et al., 2002), but this methodology is
invasive and could negatively affect the animal’s welfare, as it takes a long time to measure (Chung et al., 2010;
Vicente-Pérez et al., 2019).
However, no previous recorded studies have compared the rabbit’s body temperature using RT with IRT measurements
taken in different body regions on a routine basis. Therefore, the main aim of this study was to evaluate the temperature
taken with an IRT camera in four different parts of the anatomy in fattening rabbits (eye, outer ear, inner ear and nose),
in order to validate it as an alternative to RT using a conventional thermometer, and to assess the influence of different
environmental effects (doe, week of the fattening period and group size) on this evaluation.

MATERIALS AND METHODS
Animals and husbandry
We analysed a total of 48 rabbits from 8 different does (Figure 1), weaned at 28 d of age, over a fattening period
of 38 d. All the rabbits analysed were from the common Spanish agouti-coated domestic meat-oriented breed,
belonging to a strain kept at the Higher Technical School of Agricultural Engineering Teaching Farm of the University of
Seville (Spain). The genetic characterisation and productive performance of this stock have previously been described
by Emam et al. (2020) and González-Redondo (2016), respectively. Overall, the rabbits were phenotypically similar
to the recently recognised autochthonous breed “Antiguo Pardo Español” (Spanish Common Rabbit) (Ministerio de
Agricultura, Pesca y Alimentación, 2019).
During three experimental periods (batches), the rabbits were housed in polyvalent wire-mesh cages measuring
90×40×30 cm (length, width and height, respectively), located in a conventional closed facility with natural (nonforced) ventilation, with geographic coordinates: 37° 21’ 36.3” N and 5° 56’ 23.9” W; 11 m a.s.l., and the animals
were subjected to a natural photoperiod. The experiment was carried out in accordance with the Royal Decree
53/2013 (Ministerio de la Presidencia, 2013) and the Directive 2010/63/EU on the protection of animals used for
scientific purposes (EU Parliament and Council, 2010).
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Figure 1: Distribution of animals within batches, cages and does.
The rabbits were fed a commercial pelleted balanced diet (15.0% crude protein and 15.5% crude fibre) ad libitum.
Water was supplied ad libitum. No antibiotics were added to the water or food.

Temperature recording
Infrared thermography images were taken with a FLIR E60 camera, following the indications by Bartolomé et al.
(2013) and Jaén-Téllez et al. (2020). To calibrate the camera results, the environmental temperature and relative
humidity were recorded with a digital thermo-hygrometer (Extech® 44550) every time an animal was measured, so
that each infrared temperature had corresponding humidity and temperature values from the room where the trial
took place. Later, these thermographic photos were analysed with Flir Tools+® software, obtaining for the analyses
the maximum temperature (indicated with a red triangle) of a circle traced around the body area evaluated (Figure 2).
Rectal temperature was measured using a conventional clinical thermometer (Thermoval® kids flex), following the
technical indications from Chapel et al. (2015). To do this, the rabbit was held in sternal decubitus, while the tail was
moved to one side and a lubricated thermometer was inserted through the anus into the rectum, 60 s after taking
the rabbit out of the cage. To avoid the possibility of spreading diseases between the animals, the thermometer was
disinfected with alcohol after measuring each rabbit’s temperature.

Experimental procedure
The sample temperatures were collected twice a week (Monday and Thursday), between 11:00 a.m. to 12:00 p.m.,
during the fattening period (38 d). In order to test the influence of different factors on the temperature of the rabbits,
4 different effects were studied: doe (doe 1 to doe 8), batch (batch 1 to batch 3), week of fattening period (week 1 to
week 5) and group size (individual, small group and large group).
The criteria for forming the groups according to “group size” were having individual animals, small groups of rabbits
and large groups of rabbits. Individual groups contained just 1 rabbit, small groups contained 2 to 4 rabbits and large
groups contained 5 or more.
The three seasonal periods or batches of the trial were arranged as follows: batch 1 (Spring: April-May 2019),
batch 2 (Summer: June-July 2019) and batch 3 (Winter: January-February 2020). Batch 1 included 14 animals from
World Rabbit Sci. 29: 263-273

265

Jaén-Téllez et al.

Outer left ear

Inner left ear

Left eye (caruncle)

Nose

Figure 2: Thermographic images of different body regions of the rabbit.
El1 identifies the circle traced around the measured part of the body of the rabbit; the red triangle indicates the maximum temperature
point within the El1 circle; the blue triangle indicates the minimum temperature point within the El1 circle; the rectangle on the upper
left side of the photo indicates the values measured within the El1 circle (maximum, minimum and average temperature, in °C);
the coloured line along the right side of the photo indicates the temperature colour range of the whole photo, with the minimum
temperature in the bottom blue side and the maximum temperature at the top white side (in °C).

3 different does, which were housed in 5 different cages: 1 small group cage, 1 large group cage and 3 individual
cages. During batch 2, 11 animals were measured, from 3 different does and housed in 5 different cages: 2 small
group cages, 1 large group cage and 2 individual cages. Finally, 23 animals were measured during batch 3, from
5 different does, which were housed in 8 different cages: 2 small group cages, 2 large group cage and 4 individual
cages (Figure 1).
During each sampling session, two infrared thermography photos were taken from 4 different anatomical points on
each rabbit (8 infrared thermography photos per animal and session in total): outer and inner parts of the left ear, left
eye caruncle and whole nose (Figure 2). The photos were always taken in the same order for all the animals, and it
took 30 s approximately per animal in all cases. In addition, a rectal temperature measurement was also taken just
after the infrared thermography photos were obtained. The approximate total time per animal for taking thermographic
photographs and measuring the rectal temperature was 1 min 30 s. After all the samples were obtained, the animal
was put back in its cage and the next rabbit was taken for measuring. Thus, a total of 9 temperature measurements
per animal and session were obtained. Taking into consideration that the samples were taken twice a week for 38 d
(about 8 measuring sessions per fattening period), a total of 72 temperature measurements were obtained per
animal. As this process was repeated each seasonal period, 417 temperature results were obtained in total from
48 different rabbits: 126 in batch 1 (Spring), 88 in batch 2 (Summer) and 203 during batch 3 (Winter).
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Statistical analyses
A previous Shapiro-Wilk test (results not shown) presented a normal distribution of the variables studied. Hence,
parametric statistical analyses were carried out.
First of all, a descriptive statistical analysis (mean, standard error, standard deviation, minimum and maximum) was
performed on the 48 rabbits studied during the fattening period for the five variables analysed: rectal temperature
(RT), eye thermographic temperature (ETT), inner ear thermographic temperature (IETT), outer ear thermographic
temperature (OETT) and nose thermographic temperature (NTT). In addition, an independent t-test by variable was
carried out to search for statistically significant (P<0.05) differences between the rectal (RT) and thermographic (ETT,
IETT, OETT and NTT) variables.
To obtain the phenotypic correlations between the rectal and thermographic variables, direct and intraclass Pearson’s
correlations, according to batch, group size, week of the fattening period and doe, were computed. Scatter plots and
regression analyses between rectal temperature (RT) and thermographic temperatures were also performed, and the
coefficient of determination (R2) and the root-mean-square error (RMSE) for them were calculated.
To test the influence of environmental factors on the rabbits’ temperatures, a univariate General Linear Model (GLM)
analysis was carried out for the five temperatures studied (RT, ETT, IETT, OETT and NTT) according to doe, group
size and week of fattening period, all within each batch. Moreover, to determine any statistically significant (P<0.05)
differences between the levels of the effects for the RT variable, a post-hoc Duncan’s test was carried out.
Statistical analyses were performed using SPSS software for Windows (IBM Corp. IBM SPSS Statistics for Windows;
Version 25.0; IBM Corp: Armonk, NY, USA, 2017).

RESULTS AND DISCUSSION
Measuring body temperature is a key task in the sanitary management of a livestock farm, especially in rabbits, since,
being a prey animal, it tends to hide the symptoms of its state of health (Ardiaca et al., 2010). Both hyperthermia
and hypothermia are sure signs of health problems in animals. Hyperthermia can be caused by infection, stress,
inflammations of non-infectious origin or unfavourable environmental conditions (Fraser, 1988), while hypothermia
can be caused by unfavourable environments, the inability of the hypothalamus to control body temperature due
to intracranial diseases (Fraser, 1988) or by a number of different pathologies, such as coccidiosis (Vadlejch et al.,
2010).
The highest mean temperature in the rabbits was found for RT (38.48±0.02), followed by ETT (37.31±0.05), NTT
(33.29±0.11), IETT (30.53±0.25) and lastly OETT (29.09±0.26) (Table 1). The temperatures taken by IRT were
consistent with those obtained by Jaén-Téllez et al. (2020) in a similar study in rabbits of the same breed. The
difference in temperature values for each anatomical point studied can be explained by different vascularisation
and by the influence of the ambient temperature (Jaén-Téllez et al., 2020). The average normal body temperature
Table 1: Descriptive statistics (mean, standard error, minimum, maximum, standard deviation) for the 4 thermographic
variables and for rectal temperature. T-test by variable between the 4 thermographic temperature variables analysed
and RT.
Mean±s.e. (°C)

Min

Max

s.d.

RT

38.48±0.02

35.60

39.80

0.50

-

IETT

30.53±0.25

16.00

40.35

5.11

***

OETT

29.09±0.26

18.20

39.10

5.41

***

ETT

37.31±0.05

32.10

39.45

1.10

***

NTT

33.29±0.11

26.15

38.45

2.17

***

P-value

*** P<0.001; RT: Rectal temperature; ETT: Thermographic temperature from the eye; IETT: Thermographic temperature from the
inner ear; OETT: Thermographic temperature from the external ear; NTT: Thermographic temperature from the nose, s.e.: standard
error; s.d.: standard deviation.
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of the rabbits taken by RT in this study (38.5±0.02 °C) was found to be within the ranges established by various
authors (38.0-40.0 °C according to Harris, 1994; 37.7-39.0 °C according to Ardiaca et al., 2010 and 38.0-38.5 °C
according to Fuentes et al., 2010). These temperature variations were due to different conditioning factors, such as
environmental temperature, the rabbits’ breed or the measuring instruments used (Zeferino et al., 2011).
RT was higher than the temperatures measured by IRT in the different body areas analysed (P<0.001). The lowest
temperature range could be observed in RT (35.6 to 39.8 °C), which is an internal temperature, compared to the
temperatures taken with IR, where the narrowest range was that of ETT (32.1 to 39.5 °C), which coincides with the
area with the highest temperature and with the data obtained by Jaén-Téllez et al. (2020).
All the correlations of IRT with RT (Figure 3) were positive, statistically significant (P<0.001) and of medium magnitude.
The values ranged from 0.36 for the intraclass correlation with ETT and NTT to 0.49 for the general correlation with
OETT.
Different authors have stated that RT correlates positively with IRT taken in different parts of the animal’s anatomy.
Vicente-Pérez et al. (2019) observed, in sheep, that RT is positively and moderately correlated with different hair coat
temperatures obtained by IRT. Rydygier et al. (2017), working with buffaloes, concluded that the temperature of the
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Figure 3: Pearson correlations (direct and intraclass according to batch, group size, week of fattening period and doe)
and scatter plots with regression analysis between rectal temperature (RT) and thermographic temperatures.
r: Pearson correlation; R2: Coefficient of determination; RMSE: Root-mean-square error; RT: Rectal temperature; ETT: Thermographic
temperature from the eye; IETT: Thermographic temperature from the inner ear; OETT: Thermographic temperature from the external
ear; NTT: Thermographic temperature from the nose.
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vulvar, nasal and ocular regions obtained by IRT correlated positively with RT. Chung et al. (2010) showed, in piglets,
a linear relationship between RT and IRT taken in the central abdomen, cranial dorsum and perianal regions. Our study
agrees with these authors, and shows the potential suitability of infrared thermography as a technique for measuring
temperature in the same way as a digital thermometer.
In particular, the OETT and IETT variables showed the best correlations with RT, and their complementary use can
therefore be recommended. In this context, De Lima et al. (2013) recommend taking the body temperature in rabbits
using thermography in the eyes and nose due to the difficulty of taking it in the ear. Both the ears and the nose are
used by rabbits to dissipate heat (Fayez et al., 1994), although nose humidity can vary according to the ambient
temperature in the different seasons, which can alter the value of the NTT (Luzi et al., 2007). Jaén-Téllez et al. (2020)
stated that ETT is the reference temperature for recording body temperature with thermography in fattening rabbits,
as it is the anatomical area with the lowest range of variation. However, although the correlation results highlighted ear
measurements (IETT and OETT) as better measurements to complement the RT measurement, IETT would be a better
reference measure than OETT, as the outer ear is used by rabbits to dissipate heat (Fayez et al., 1994).
Figure 4 shows the effect of the doe, week of fattening period and group size on the different temperature variables
evaluated by IRT and RT, within each batch. For the doe effect, statistically significant differences were only found for
the IETT and OETT variables of batch 1 and 3 and the RT of batch 2. Doe 3 showed statistically higher values (P<0.05)
in batch 1 and batch 2, as did doe 7 (P<0.05) in batch 3. The differences between the does in specific batches and
in certain anatomical parts could be explained by the individual effect of the doe. Quevedo et al. (2003) showed that
the doe influences the productivity in the fattening area (growth and mortality during the fattening period), either by
the number of parturitions the doe has or by the rabbit itself (individual effect).
As regards the batch-week of the fattening period combinations, we observed statistically significant differences
(P<0.001) between weeks for all the batches and for all the variables analysed (IRT and RT). The temperature
increased with the weeks of the fattening period, showing an upward trend as the fattening period progressed.
According to Fraser (1988), young animals tend to have lower temperatures than older animals. This has been
observed not only in rabbits (Fewel et al., 2000, Zeferino et al., 2011; Daader et al., 2018) but also in other species,
such as broilers (Soleimani et al., 2008) or dairy cattle (Collier et al. 2019).
In addition, different authors (Cervera and Fernández-Carmona, 1998; Jaén-Téllez et al., 2020) noted that the
temperature of the rabbit’s different anatomical parts correlates with the environmental temperature. The environment
has an influence on the surface temperature of the rabbit’s body, because it affects skin temperature and the
heat exchange between the animal and its environment through vasomotor control (Collier et al., 2006; Zeferino
et al., 2011; Arduini et al., 2017). A key factor in the regulation of a rabbit’s internal temperature is therefore the
environmental temperature at which the animals are kept (Sanmiguel and Díaz, 2011).
The animals’ increased body temperature in each of the weeks of the fattening period may correlate with the evolution
of the rising environmental temperature in each of the months of each batch. In order of the batches, the ambient
temperature was higher at the end than at the beginning of each of these periods. The average environmental
temperatures ranged from 21.3 °C in April to 38.7 °C in May for batch 1; 25.0 °C in June to 26.1 °C in July for
batch 2, and 12.9 °C in January to 18.8 °C in February for batch 3.
For group size within each batch, we only observed statistically significant differences (P<0.05) for the IETT and OETT
variables of batch 1, with the animals in the small group showing the highest temperature values for both variables,
compared to those in the large group. Stauffacher (1986 and 1992) recommended group housing in this species
during the fattening period, as is common practice in industrial rabbit farming, since it increases their social contact
and encourages development of the typical behaviours of the species. It also reduces biting the cage bars (a very
common habit), aids thermoregulation and can help relieve stress (Burn and Shields, 2020).
In our study, in general, no statistically significant differences were found between groups because they were made
up of the ideal number of animals to maximise welfare (less than 8 rabbits per cage) (Combes and Lebas, 2003),
and there were therefore no significant differences in body temperature due to the effect of stress. Young rabbits are
usually reared in groups (Lebas et al., 1997), and a greater level of welfare of the rabbits is achieved when the group
size does not exceed 6 animals (Morisse and Maurice, 1997).
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Camacho et al. (2003) observed that the best weight gains are obtained when 7 rabbits are kept together in one
cage in autumn-winter and 5 rabbits per cage in spring-summer. However, they found no differences in the average
fattening weights in densities of below 8 rabbits per cage. On the other hand, when the group size exceeds 4-5 rabbits
per cage, health risks increase and animal welfare is affected (Szendrő and Dalle Zotte, 2011). Furthermore, in large
groups of rabbits, the haematological parameters are affected (lower erythrocytes, leukocytes and haemoglobin
count, with higher platelet count), although the productive parameters are not, and the animals are therefore more
sensitive to environmental effects. However, having groups of 8 animals from the same litter improves productivity
and does not alter these parameters (Ramón-Moragues et al., 2020).
Measuring body temperature by IRT requires specific equipment and software, which can be relatively expensive
compared to conventional thermometers. Moreover, it involves the necessity to develop a learning curve to relate IR
temperature with rectal temperature. In this context, the IRT technique reveals itself as a useful tool for fast and largescale screening searching for early stages of diseases or stress in rabbit farms, where the high number of animals
makes it expensive, in terms of the time required, to check the temperature of each rabbit using a conventional
thermometer.

CONCLUSIONS
IRT is an effective tool for measuring the temperature of different regions of an animal’s body, and these measurements
are related to RT. The inner ear seems to be the best reference point for taking body temperature in fattening rabbits
by IRT (IETT) due to higher correlations found with RT, while OETT measurement appears to be an inefficient way of
representing body temperature, as it is used by rabbits to dissipate heat.
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EFFECT OF HOUSING ENRICHMENT AND TYPE OF FLOORING ON THE PERFORMANCE AND
BEHAVIOUR OF FEMALE RABBITS
HUANG Y., BRÉDA J., SAVIETTO D., DEBRUSSE A.M., BONNEMÈRE J.M., GIDENNE T., COMBES S.,
FORTUN-LAMOTHE L.
GenPhySE, Université de Toulouse, INRAE, ENVT, 31326, Castanet-Tolosan, France.
Abstract: This study investigated the effect of housing enrichments (scratching card, gnawing material and a
platform), of a change in height and in the type of flooring on the live weight, reproductive performance and
behaviour of female rabbits, as well as on the feed intake and spatial distribution of females and their kits. A
total of 40 multiparous female rabbits were monitored in three consecutive reproductive cycles (48-d intervals).
Four days before parturition in each reproductive cycle, the females were randomly assigned to one of the five
types of housing: Control (CNT: 102×47×30 cm, L×W× H); Scratching card (SCT: containing a scratching
card); Gnawing materials (GNW: CNT dimensions plus a compressed lucerne hay block and a wooden
stick); Platform (PLT: 102×47×60 cm, including a platform with a plastic floor) and Combination (CBN: PLT
dimensions with the scratching card, the gnawing materials and a platform). Data were only recorded during
the first and third reproductive cycles. The living conditions did not significantly alter the females’ live weight
(4889 g at housing; 4890 g at mid-lactation; 4867 g at weaning), reproductive performance (9.0 kits born
alive), survival of the kits (90%), nor the feed intake of females and their litters (542 g/day). Providing animals
with a gnawing block stimulated Gnawing behaviour (median frequency per group: CTL=0.00, SCT=0.00,
GNW=4.69, PLT=0.00, and CBN=2.34; P<0.001). Providing housing 60 cm in height appeared to stimulate
the Rearing up behaviour (median frequencies per group: CTL=0.00, SCT=0.00, GNW=0.00, PLT=2.08,
and CBN=3.12; P=0.06), and when a platform was present, the rabbits used it (mean values per group:
CTL=0.00, SCT=0.00, GNW=0.00, PLT=1.79, and CBN=4.91; P=0.003). Regarding the type of floor,
females appeared to prefer the plastic mesh flooring (31.2%) to the wire mesh flooring (18.8%). To sum up,
providing female rabbits with simple enrichments appears to stimulate specific behaviours like Gnawing and
Rearing up and may contribute to their wellbeing.
Key Words: Oryctolagus cuniculus, housing enrichment, specific behaviour, reproductive performance, rabbit.

INTRODUCTION
The rabbit is a gregarious animal that has a diverse behavioural repertoire including jumping, running, gnawing and
positive social behaviours such as allogrooming or resting side by side (Coureaud et al., 2015). On rabbit farms,
adult rabbits are individually housed in wire cages. Cages are generally 30 to 39 cm high, 38 to 46 cm wide and
87 to 102 cm long, equipped only with a feeder, a drinker and a nest area (EFSA, 2020). In general, the living
conditions provide few or no enrichments, and the limited height of “conventional” cages limits the rabbits’ freedom
to express their normal behaviour, thereby neglecting one of their “five freedoms” (Animal Welfare Committee, 2009).
“Structurally enriched cages” (EFSA, 2020) are higher (60 cm high) and provide a few enrichments, such as a plastic
footrest (usually 25×36 cm).
Animal welfare is an evolving concept. One of the most recent definitions was proposed by the French Agency for
Food, Environmental and Occupational Health & Safety (ANSES, 2018). For ANSES, “The welfare of an animal is a
Correspondence: L. Lamothe, laurence.lamothe@inrae.fr. Received June 2021 - Accepted October 2021.
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positive mental and physical state as related to the fulfilment of its physiological and behaviour needs in addition to its
expectations…” This definition introduces the notion that an animal should have access to a series of environmental
stimuli to fulfil its needs, in addition to the mere presence of a plastic footrest or a platform.
In the opinion of Baumans (2005), the environment of a captive rabbit should be designed to accommodate its needs.
Drinking, eating and sleeping are basic physiological needs, while social contact, exploring, foraging, grooming,
digging, nest building and hiding can be considered as essential innate behaviours (Baumans, 2005). To fulfil these
needs, the living environment of captive animals should be designed to provide additional features for the animals
that enable them to express their natural behaviours. These features, called environmental enrichments, should focus
on behaviours that are strongly motivated. Baumans (2005) classifies enrichments in two main categories: social and
physical. Social enrichments can be achieved by direct or indirect conspecific contact and/or contraspecific contact,
including with humans. Collective housing of rabbits is believed to improve welfare by allowing social interactions
between adult females. However, aggressions and the incidence of injured rabbits after grouping remain an unsolved
problem (Buijs et al., 2015; Rommers and De Greef, 2018; Huang et al., in press). When group housing is not possible,
social noncontact enrichments such as visual, auditory and olfactory communication with other individuals should be
allowed. Physical enrichments include complexity (how the space is structured), nesting materials and sensory and
nutritional enrichments. Baumans (2005) states that “suitable enrichment for rabbits includes at minimum roughage,
hay blocks or chew sticks, as well as an area for withdrawal and lookout (e.g. a platform)”.
When housed in “conventional cages”, adult rabbits cannot run, jump, rear up, gnaw or scratch (Hawkins et al., 2008;
Leach et al., 2009), and in the absence of environmental enrichment, stereotypic behaviours may occur (Verga et al.,
2007). Additionally, wire-mesh floors are responsible for a high incidence of pododermatitis - “sore hocks” - (Rosell
and De la Fuente, 2009). It is therefore necessary to provide alternative housing that respects rabbits’ physiological
and behavioural needs. The alternatives may also help maintain the health and productivity of animals, thereby
ensuring the economic sustainability of rabbit farming (Szendrő et al., 2019).
The aim of the present study was to investigate to what extent the provision a series of simple enrichments of the
“conventional cage” provide rabbits with the opportunity to express some of their natural behaviours like Scratching,
Gnawing, Rearing up, Jumping or Hiding. We also studied the rabbits’ use of space when they had access to a
plastic-mesh floor area, intended to provide a more comfortable flooring for adult animals. The overall health status
and reproductive performances of females were also assessed.

MATERIAL AND METHODS
This study was conducted in strict accordance with European Union (2010) recommendations and with French
legislation on the protection of animals used for scientific purposes (EU Directive 2010/63/EU, Official Journal of the
French Republic; Decree N°. 2013-118) at the rabbit experimental unit of INRAE GenPhySE lab. All the protocols were
approved by ethics committee N° 115 of the Ministry of National Education, Higher Education and Research (approval
number 16330-2018072716211212).

Animals and farming practices
We monitored 40 multiparous (average parturitions: 6.4) crossbreed rabbit females (PS19; Hypharm, Roussay, 49450
Sèvremoine, France) in two out of three consecutive reproductive cycles. Each cycle started at the birth of a litter
(day 0) and ended when the litter was weaned (day 35). In each cycle, females were re-inseminated 17 d after
parturition using the semen of males of the INRA1001 breed, INRAE Occitanie Toulouse, France), following a 49-d
interval between two kindlings. The first cycle started in May 2018 and the third cycle ended in September 2018.
Data were only recorded in the first and third reproductive cycles. During the second reproductive cycle, only normal
animal care was provided, in addition to checking their health status.
Four days before parturition, a plastic nest box filled with wood chips was placed in each cage. From then until
weaning, females had free access to their nest at all times. At birth, the size of litters was set at 8-9 rabbit kits in
cycle 1, and 10 rabbit kits in cycle 3 using culling and cross-fostering.
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Animals had permanent access to water and commercial pelleted feed for reproducing females (16.4 MJ of gross
energy and 172 g of crude protein per kg of dry matter). The photoperiod was set at 16 h light and 8 h dark and the
regulation of ambient temperature was set to between 15°C and 28°C.

Housing conditions and experimental groups
To investigate how a series of simple adjustments of the “conventional cage” provides rabbits with the opportunity
to express some of their natural behaviours like Scratching, Gnawing, Rearing up, Jumping or Hiding, we adapted
32 conventional cages into 4 experimental housing systems (Scratching: SCT; Gnawing: GNW; Platform: PLT and
Combination: CBN) and compared them with eight unchanged conventional ones (Control: CTL). The sizes of the
cages and the physical enrichments provided are reported in Table 1 and Figure 1 shows the spatial organisation
of CTL and CBN housing systems. In the SCT group, a black scratching card (which shows a trace of colour when
scratched) was fixed inside the housing using a 15×15 cm PVC frame. In the PLT group, a plastic mesh platform
(25×45 cm, width×length) placed 30 cm above the cage floor in the middle of the cage (two sides of the platform
touching the sides of the housing). In the GNW group, the housing was enriched with organic gnawing materials: a
compacted forage block (80% lucerne, length 20 cm weight 1 kg) and two 20 cm long untreated hard- (beech) and
soft- (pine) wood sticks. In the CBN group, the cage was enriched with organic gnawing materials, a black scratching
card and a plastic mesh platform (25×45 cm, width×length) placed 30 cm above the cage floor in the middle of the
cage.
The use of space in the presence of a plastic mesh floor (assumed to be more comfortable) was assessed by dividing
the floor area (outside the nest box) in half (½ covered with wire mesh and ½ with plastic mesh). The plastic floor was
placed on one side of the nest box in half the cages, and on the other side in the other half. To avoid any confounding
effect between floor type preference and enrichment use, the scratching cards and/or the gnawing material were
always placed in the same position. In this way, in half the cages the enrichments were located on a plastic-mesh
floor and in the other half, on a wire-mesh floor.
As animals do become familiar with their environment, we randomly assigned each female to a new environment
four days before parturition. This meant that each housing condition was used and explored by 16 female rabbits
(hereafter referred to as statistical units).

Performance evaluation
The live weight and health status of the female rabbits. Each female was weighed on six occasions: upon housing
(four days before parturition), at artificial insemination and at weaning in the first and third cycles. The health status
of each rabbit was assessed visually just before weighing.
Female feed intake during lactation. Feed intake was monitored every week starting 11 d after birth and continued for
three consecutive weeks (from 11 to 32 d). As rabbit kits start to ingest solid feed around 18 d old, feed intake during
the last two weeks of lactation represented the joint intake of a female and her litter.
Table 1: Size and physical enrichments in each of the five housing conditions.
Housing condition
No.
Size (width×length×heigth) Scratching card1 Gnawing material2
Control
8
47×102×30 cm
Scratching
8
47×102×30 cm
Yes
Gnawing
8
47×102×30 cm
Yes
Platform
8
47×102×60 cm
Combination
8
47×102×60 cm
Yes
Yes

Platform3

Yes
Yes

Scratching card: a black scratching card (which shows a trace of colour when scratched) was fixed inside the housing using a
15×15 cm PVC frame.
2
Organic gnawing material: three options; a compacted forage block (80% lucerne, length 20 cm weight 1 kg) and two 20 cm long
untreated hard- (beech) and soft- (pine) wood sticks.
3
Platform: a plastic mesh platform (25×45 cm, width×length) placed 30 cm above the cage floor in the middle of the cage (two sides
of the platform touching the sides of the housing).
1
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Figure 1: Spatial organisation of control (CTL) and combination (CBN) housing systems.
Female reproductive performance. The litter size was evaluated at birth (number of total born and born alive), after
cross-fostering and at weaning. The survival rate of the kits during lactation is expressed as the ratio of live kits at
weaning to the number of live kits after cross-fostering.

Ethogram and behaviour observations
We adapted the ethogram for cage rabbits proposed by Podberscek et al. (1991), and recorded 13 behaviours
previously described for the rabbit by Morton et al. (1993), Leach et al. (2009), and Dixon et al. (2010). Each
behaviour was sub-classified with respect to Maintenance, Comfort, Investigatory, Locomotory, Maternal or
Stereotypic behaviours. Eating, Drinking, Sitting (in upright stationary position, with hind limbs tucked under the rump
both active or inactive) and Resting (lying on the left or right hand side of the body, or with hind limbs tucked under the
rump and fore limbs extended horizontally but inactive, without the head raised or nose moving or ear moving) were all
classified as Maintenance behaviours. Grooming, Gnawing (gnawing material) were classified as Comfort behaviours.
Since lying active (with the head raised or nose moving or ear moving) could be considered as subtle vigilance which
is directed towards a member of the group in social contexts (Monclús and Rödel, 2008), it was also classified as
Comfort behaviour. Rearing up (both forepaws off the ground, with or without the forelimbs placed on the side of
the cage or on another object for support) were all classified as Investigatory behaviour. Hopping (hops, including
horizontal jumps) and Jumping (vertical movement up onto the platforms) were classified a Locomotory behaviours.
Maternal behaviours included any interaction of a female with her kits (e.g. lactation, sniffing, allogrooming). Finally,
Stereotypic behaviours included Biting cage bars or feeders and Clawing at cage walls or corners.
Observations were performed using the scan sampling method (Altmann, 1974). The behaviour of each female rabbit
and the spatial position of a female and her kits were evaluated by direct observation twice a day (mornings: between
8:00 and 10:00 and afternoons: between 15:00 and 17:00) two days a week starting at week 2 of lactation and
continuing for four consecutive weeks (giving a total of 32 direct observations per animal and cycle).
The day before the observations, the observer spent about 30 min in the room to simulate direct observation and to
allow the rabbits to become accustomed to his presence. On the observation day, he entered the room and walked
around calmly for about ten minutes before starting to record his observations. To reduce visual stress, the dress
code and the pattern of movements inside the room were the same throughout the experiment. The observer always
positioned himself between two cages to limit the influence of his presence on the female rabbits’ behaviour. Each
direct observation lasted two minutes. Each rabbit female was observed individually and the behavioural event (yes/no)
was recorded at 20-s intervals, giving a total of six independent behavioural events recorded in the two-minute period.
The spatial location of each female rabbit in its cage and the number of kits located in the different parts of the cage
(on the wire-mesh floor, plastic-mesh floor, platform or nest) were also recorded.
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Use of gnawing material and scratching cards
Compacted forage blocks were weighed individually at the beginning and end of reproductive cycles 1 and 3 to
quantify their use by the rabbits. A new block was added when necessary. The use of wooden sticks (hard and soft)
and the use of scratching cards were evaluated on a four-point scale (Figure 2). For wood sticks: score 0: not used;
score 1: little damage and regular edges, score 2: damaged stick and hollowed edges; score 3: badly damaged stick
and faces attacks. For scratching cards, score 0: not used; score 1: less than 50% used; score 2: between 50 and
75% used; score 3: more than 75% used) at the end of cycles 1 and 3. A new scratching card or wooden stick was
placed in the cage at the beginning of each reproductive cycle.

Statistical analyses
All analyses were performed in R version 4.0.0 (R Core Team, 2020).
Live weight of female rabbits upon housing, at mid-lactation and at weaning. These three variables were analysed
using a linear model (lm function in the R stats package). The initial models included Housing (5 levels: CTL, SCT,
GNW, PLT and CBN), the Reproductive Cycle (1 or 3) and their interaction. The age of each female (i ) was used as a
covariate in the model. Among the three variables studied, the Reproductive Cycle and its interaction with Housing
were not significant, and thus were excluded from the final model. The final model was:
LWi=Housingi+Agei+ei(1)

Figure 2: Use of gnawing wood sticks and scratching cards. The use was evaluated on a four-point scale (score 0:
not used to score 4: deeply used). The photo of score 3 of scratching card shows the picture that can only be seen
when the card is completely used.
World Rabbit Sci. 29: 275-285
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Litter sizes at birth, after cross-fostering and at weaning, and survival of the kits during lactation. These four variables
were analysed using a linear model (lm function in the R stats package). The initial models included Housing (5 levels:
CTL, SCT, GNW, PLT and CBN), the Reproductive Cycle (1 or 3) and their interaction. The age of each female (i ) was
used as a covariate in the model. Interaction among the four variables studied was not significant, and was thus
excluded from the final model. The final model was:
Litter sizes=Housingi+Reproductive cyclei+Agei+ei(2)
Feed intake. This variable was analysed using a linear model (lm function in the R stats package). The initial models
included Housing (5 levels: CTL, SCT, GNW, PLT and CBN), the Reproductive Cycle (1 or 3) and their interaction. Litter
size at weaning of each female (i ) was used as a covariate in the model. Interaction among the four variables studied
was not significant, and was thus excluded from the final model. The final model was:
Intakei=Housingi+Reproductive cyclei+Litter size at weaningi+ei(3)
Use of compact lucerne forage blocks. Only two housing conditions (CBN and GNW) received a compact forage
block. This variable was analysed using a linear model (lm function in the R stats package). The initial model included
Housing (2 levels: CBN and GNW) and the Reproductive Cycle (2 levels: 1 and 3). Interaction was not significant, and
was thus excluded from the final model:
Intake of Lucerne Blocki=Housingi+Reproductive cyclei+ei(4)
Use of scratching cards and wood sticks. Use of scratching cards and wood sticks was scored on a scale from 0 to 4.
These variables were analysed using two complementary tests: the independence test and Mood’s median test (both
included in the R coin package). The model only included Housing. For the scratching card, only two groups (CBN and
SCT) were compared. For the use of wooden sticks, the groups compared were CBN and GNW.
Behaviour (number of events counted in a two-minute period) and spatial distribution of female rabbits. Each behaviour
and the spatial distribution of the females on the wire-mesh floor, on the plastic-mesh floor, straddling the two types
of flooring, and on the platform were analysed using two complimentary tests: the independence test and Mood’s
median test (both included in the R coin package). When a statistical significance was observed (P<0.05) a pairwise
post-hoc Mood’s median test was performed to identify which groups differed from the others. The data presented
represent the median value of percentages. Reproductive cycle was significant for Sitting (P<0.001 in both tests),
Resting (P<0.001 in both tests) and Hopping (P<0.005 in both tests). For these three variables two independent
models were retained, one for Reproductive Cycle and one for Housing. For the remaining variables (behaviour and
spatial distribution) only the model including the Housing condition was kept because Reproductive cycle was not
significant in either test. For behaviour, data were aggregated for weeks 2 to 5 (including both morning and afternoon
observations).
Spatial distribution of rabbit kits. The percentage of kits located on the plastic-mesh floor (number of kits on the
plastic-mesh / total number of kits on the floor×100%) was calculated for each type of housing at each observation
to evaluate their choice (giving a total of 1352 records). One sample t-test was carried out to determine if more kits
were located on the plastic-mesh floor or on the wire-mesh floor. The influence of the housing group, the presence
of females on the plastic-mesh floor (yes or no), parity of females, reproductive cycle, observation time and week of
observation on the percentage of kits on plastic-mesh was analysed using a mixed model (female was considered
as random effect).

RESULTS
Live weight of female rabbits
The live weights of the female rabbits recorded upon housing, at mid-lactation and at weaning are listed in Table 2.
Housing did not affect the live weight of the females. On average, the live weight of the females upon housing was
4889 (±44.9) g, and no change was observed at mid-lactation (4890±45.5 g) or upon weaning (4867±46.4 g).
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Table 2: Average live weight (in g) of female rabbits upon housing, at mid-lactation and at weaning according to the
housing condition. Data aggregated from reproductive cycles 1 and 3. Numbers in brackets are the standard error of
each estimated marginal mean. P-values for the main effect Housing condition.
Housing condition1
Live weight
CTL
SCT
GNW
PLT
CBN
P-value2
Upon housing (4 d before partum)
4907 (83) 4749 (86) 4958 (77) 4912 (80) 4860 (80)
0.312
At mid lactation (15 d post-partum)
4955 (90) 4660 (93) 4924 (97) 4949 (90) 4914 (84)
0.092
At weaning (35 d post-partum)
5136 (117) 4700 (105) 4885 (114) 4918 (117) 4915 (105) 0.905
Housing conditions: Control (CTL), Scratching card (SCT), Gnawing material (GNW), Platform (PLT) and Combination (CBN).

1

The interaction between Housing and Reproductive cycle and the Reproductive Cycle effect were not significantly different from
zero (all variables).
2

Reproductive performance (litter size)
The housing system seemed to have no significantly affected on the number of kits born alive (9.00±0.18), the
number alive at weaning (8.16±0.25) and survival of the kits during lactation (90.4±1.9%). The presence of housing
enrichments (scratching card, gnawing blocks, platform and their combination) did not influence kit survival during
lactation compared to the CTL group.
The number of kits after cross-fostering differed in cycle 1 (8.23 ±0.095) and in 3 (10.00 ±0.093), and a difference
was also observed in the number of weaned kits (cycle 1: 7.18±0.574 vs. cycle 3: 9.05±0.560; P<0.001). However,
the differences caused by the cross-fostering practice did not affect kit survival during lactation (88.0±4.7 % in
cycle 1 and 93.0±4.7 % in cycle 3; P=0.190).

Feed intake during lactation (females and kits)
Housing conditions did not influence the feed intake of the females and their litters; the daily intake averaged
487±14 g. However, the joint intakes of females and their kits differed between reproductive cycles. Even though the
number of kits raised by females in reproductive cycle 3 was higher (10.0 vs. 8.2 kits), joint feed intake was higher in
reproductive cycle 1 in lactation week 2 (475±11 vs. 380±11; P<0.01), in lactation week 3 (538±9.9 vs. 464±9.7;
P<0.01) and lactation week 4 (741±23 vs. 684±22; P=0.034) compared to those in reproductive cycle 3.

Use of scratching cards, hard and soft wood sticks and forage blocks
Scratch cards were used equally by females in the SCT and CBN groups (median use score: 3.0 vs. 2.0, respectively;
Mood’s median test: P=0.86 and the independence test: P=0.13). Hard wood sticks were not used. Score for the use
of soft wood stick did not differ between females in the GNW and CBN group (median values: 2.0 vs. 1.0, respectively;
Mood’s median test: P=0.37 and the independence test: P=0.53). Use of lucerne forage blocks did not differ between
females in the GNW and CBN groups (25.3±2.97 vs. 22.6 ±3.18 g/d, respectively; P=0.53). However, the use of the
lucerne blocks differed between the reproductive cycles 1 and 3 (14.5 g/d vs. 33.4 g/d; P<0.001).

Specific behaviours of female rabbits
The specific behaviours of the females are summarised in Table 3. Gnawing behaviour was the only behaviour that
statistically differed among groups (P<0.001). This behaviour was observed only among females in the GNW (median
frequency 4.69) and CBN (median frequency 2.34) groups. Although not statistically significant (P=0.06), when given
the opportunity (cage height 60 cm), females in the PLT (median frequency 2.08) and in the CBN (median frequency
3.12) groups did Rear up. No scratching was observed, so statistical analysis was not performed.

Spatial distribution of female rabbits
The spatial distribution of females on the different types of flooring and on the platforms is reported in Table 4.
Independently of the housing condition, females were more frequently observed straddling the mesh and plastic floors
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Table 3: Median values of female rabbits’ behaviours (%) housed in five different cages (CTL: Control, SCT: Scratching
paper, GNW: Gnawing material, PLT: Platform and CBN: Combination of SCT, GNW and PLT).
CBN
SCT
PLT
GNW
CTL
Sum
No. of tests (six points per test)
256
240
240
228
232
1196
Females (n)
14
14
14
15
15
72
Maintenance behaviours (%)
P-value
Eating
6.25
7.29
4.69
7.29
8.33
0.61
Drinking
1.82
2.34
2.04
2.08
2.08
0.75
Sitting (active)
12.24
9.38
9.90
13.54
11.46
0.54
Resting (sitting or lying down inactive)
6.77
2.08
4.69
0
2.08
0.29
Comfort behaviours (%)
Grooming
8.56
10.94
15.62
12.50
10.42
0.24
Gnawing
2.34a
0b
0b
4.69a
0b
<0.001
Lying down (active)
45.83
50.00
51.56
47.92
53.12
0.3319
Investigatory behaviour (%)
Rearing up
3.12
0
2.08
0
0
0.06
Locomotory behaviours (%)
Hopping
1.04
0.52
0
0
1.04
0.43
Jumping
0
0
0
0
0
0.42
Maternal behaviour (%)
Interaction with kits
0.52
1.04
1.04
1.04
1.04
0.86
Stereotypic behaviours (%)
Biting cage bars or feeders
0
1.04
0.52
0
1.04
0.67
Clawing at cage walls or corners
0
0
0
0
0
0.41
Means in a row not sharing superscript were significantly different at P<0.05.

a,b

(median=43.8%), followed by on the plastic mesh (31.2%) and on the wire mesh (18.8%). Obviously, the use of a
platform was only counted in housing containing this enrichment (mean values for PLT=1.75% and CBN=4.91%; the
median value for CTL, SCT and GNW groups was zero).

Spatial distribution of rabbit kits (weeks 4 and 5)
Rabbit kits were observed only 22 times on the platform. Among the 471 records of kits located on the floor, they were
more often observed on plastic-mesh flooring (64.7%) than on wire mesh flooring (35.3%; P<0.001). The percentage
of kits on plastic-mesh flooring was influenced by the housing group (P<0.05), being higher in CTL (73.7%) than
Table 4: Median values of female rabbits’ spatial distribution (frequency) according to the housing system. Data
aggregated from lactation weeks 2 to 5 and reproductive cycles 1 and 3.
Housing condition1
P-value2
Spatial distribution
CTL
SCT
GNW
PLT
CBN
Independence
Mood’s
Wire mesh floor
16.3
31.2
25.0
21.9
18.8
0.281
0.156
Plastic mesh floor
37.5
22.3
31.2
31.2
34.4
0.102
0.741
Between wire and plastic floors
50.0
50.0
43.8
50.0
37.5
0.758
0.221
On the platform3
0b
0b
0b
0ab
0a
0.003
<0.001
1

Housing conditions: Control (CTL), Scratching card (SCT), Gnawing material (GNW), Platform (PLT) and Combination (CBN).
Reproductive cycle: P-values for independence test (Wire mesh floor=0.122; Plastic mesh floor=0.956; Between wired and plastic
floors=0.095; On the platform=0.405) and Mood’s median test (Wired mesh floor=0.746; Plastic floor=0.933; Between the wire
and plastic floors = 0.126; On the platform = 1.0).
3
Median values. The mean (±standard deviation) percentage values were: CNT=0.0 (±0.0), SCT=0.0 (±0.0), GNW=0.0 (±0.0),
PLT=1.79 (±5.16) and CBN=4.91 (±7.43).
a,b
Means in a row not sharing superscript were significantly different at P<0.05.
2
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other groups (61.2, 61.6, 62.5 and 63.8% for SCT, PLT, GNW and CBN groups, respectively). It was also influenced
by the week of observation (83.1, 68.7 and 56.3%, for week 3, 4 and 5, respectively; P<0.001).
The percentage of kits observed on the plastic-mesh flooring was influenced by the reproductive cycle (61.7 vs. 69.7%
for cycle 1 and 3, respectively; P<0.05), and the week of observation (83.1, 68.7 and 56.3% for week 3, 4 and
5, respectively; P<0.001). The presence of female rabbits on the plastic mesh did not significantly influence the
percentage of kits located on the plastic mesh (P=0.166).

DISCUSSION
Feed intake and performance
In agreement with most other published studies, the production performance of females was not influenced by
provision of gnawing blocks (Verga et al., 2004; Jordan et al., 2008; Rommers et al., 2014) or of a platform (Farkas
et al., 2016; Matics et al., 2018; Trocino et al., 2019). However, Barge et al. (2008) reported increased feed intake
by females from day 1 to day 19 (+556 g) and an increase in litter size at day 19 (+0.75) in a two-floor platform
system compared to standard housing. On the contrary, Mirabito et al. (2000) observed increased mortality (+6.8%)
in fattening rabbits in housing enriched with a wood stick compared to those in non-enriched housing.

Behaviour
Enrichment succeeded in increasing the expression of targeted behaviours. Thus, as expected, Gnawing behaviour
was observed in female rabbits supplied with gnawing material (soft wood sticks and forage blocks), as confirmed by
consumption of the block. Although rarely recorded during direct observations, when provided, the soft wood sticks
were used by the females. Additionally, in line with the results of Princz et al. (2007), the present study confirmed that
the rabbits preferred soft wood to hard wood, as hard wood sticks were not used at all.
The presence of a platform offers more opportunities for movement (standing up and jumping) and exercise thanks to
the increased functional area. It also offers females the possibility of escaping from their offspring once the kits leave
the nest box (Mirabito et al., 1999; Mikó et al., 2014). In our study, both standing up and jumping behaviour were
observed in the groups whose housing included a platform, but rarely. When enrichments were combined, their use
was no different from when each enrichment was provided alone. This result suggests there was no compensation,
reorientation or overuse of enrichment in single-enriched housing.
The frequency of females observed on the platform was also low compared to that reported in the literature
(55.9-67.1% according to Mikó et al., 2014). In fact, the period when females need to escape from their kits is
relatively short, as it is only after the kits reach 15-18 d of age that they are more often outside the nest than inside
(Coureaud et al., 2008) and the nest box is usually removed after 21 d of lactation. Some authors found that females
spend more time on the platform when their kits begin to leave the nest box, and more time on the bottom level
when the kits themselves started jumping up onto the platform (Mirabito et al., 1999; Mikó et al., 2014). The low
occupancy of platform in the present study could be explained by the position of the platform in the cage. As it was
placed in the middle of the housing, only two edges were in contact with the sides of the housing rather than three.
This could trigger a fear of emptiness in the females and hence limit their use. However, the use of a platform could
also create hygiene problems from faeces and urine possibly falling onto animals located underneath it. In growing
rabbits, Gerencsér et al., (2016) reported higher animal density in front of the platforms than underneath them
(13.3 vs. 8.3 rabbits/m2). They also observed a clear preference for the second level of platforms compared to the
first one. Szendrő et al. (2012) used drip trays below each platform to collect urine and faeces which resulted in the
rabbits spreading out more evenly in the pen. No sign of rabbits being dirty from the urine or faeces was observed in
our study. This is not surprising, as the platform was rarely used.
In the experimental conditions used in the present study, the expected species-specific behavioural traits of rabbits
such as gnawing, rearing up, hopping, jumping, and clawing were rarely observed during direct recording. This is in
line with Rommers et al. (2014), who observed few animals occupied with the enriched materials, and no effect of
gnawing stick on abnormal behaviour was observed. The use of housing enrichment by rabbits in the present study
World Rabbit Sci. 29: 275-285
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may be underestimated due to the method of observation used (direct observation), which took place for a short
period in daytime. According to Jordan et al. (2011), the difference in the daily rhythm and duration of individual
behavioural patterns in rabbits in enriched and non-enriched housing was mostly expressed around the time the light
changes. Mikó et al. (2014) also observed that females spent more time on the platform during the active period
(23:00-4:30) than during the light period (6:00-17:00). Similarly, Lang and Hoy (2011) also found growing rabbits
spent more time on the platform at night than during the day. Dynamic observations using video recording are needed
to complete longitudinal static observations. However, by presenting enrichments to the rabbits we enabled them
to choose to use the enrichments or not. To give them the opportunity to perform this behaviours, although it is not
observed that often, is also important from a welfare point of view.

Flooring type
Under farming conditions, rabbits are kept on wire-mesh flooring most of the time, which ensures good hygienic
conditions as they are separated from their droppings. However, pododermatitis is frequently observed in females
(Rosell and de la Fuente, 2013). The provision of a plastic footrest placed on the wire mesh floor is recommended to
provide a comfortable resting area and avoid footpad injuries (Rosell and de la Fuente, 2009 and 2013). In the present
study, both females and kits were observed more frequently on the plastic-mesh flooring, suggesting that it is more
comfortable for the animals than wire. This is in line with the results of Mikó et al. (2014), who observed a preference
of females for a plastic-mesh platform over a wire-mesh platform.

CONCLUSION
Providing female rabbits with simple enrichments appeared to stimulate specific behaviours like gnawing, rearing up
and scratching. These targeted behaviours are sometimes difficult to measure using direct observations made during
the day. Farmers’ working conditions and work time as well as their income should be evaluated in further studies to
assess the sustainability of such housing modifications.
Acknowledgements: The 3L project (Living Lab Lapins) was funded by CLIPP, Région Occitanie and FEDER. Housing systems
were designed using a participatory approach and we thank all members of the 3L consortium, which brings together different
stakeholders linked with the rabbit industry: farmers, breeders, housing manufacturers, veterinarians, feed manufacturers,
slaughterers and NGOs for the defence of animal welfare.
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ABSTRACTS OF THE 45TH SYMPOSIUM ON CUNICULTURE, ASESCU
Online Meeting, Spain, 6th-7th October, 2021.

The 45th Congress of the Spanish Association of Cuniculture (ASESCU), co-organised by the Spanish Association
of Cuniculture (ASESCU) and Grupo Editorial Agrícola-Henar Comunicación Agroalimentaria, was online held on 6th
and 7th October, 2021. The four main talks were mainly focussed on “In-farm composting. Enhancing the value of
rabbit manure” by Raúl Moral (University Miguel Hernández, Spain), “Recent advances in artificial insemination” by
Pilar Viudes (Instituto Valenciano de Investigaciones Agrarias, Spain), “The necessary transition of rabbit farming in
Europe. The French Example” by Davi Savietto (INRAE, France), and “Social networks in rabbit farming. A practical
view” by Jesús López (Grupo Editorial Agrícola-Henar Comunicación Agroalimentaria, Spain). A commercial speech
on “Building immunity for a healthier world” was also presented by Sandra Gascón (Hipra). Two round tables were
also held: the first on “News in veterinary prescription” with the participation of María Hernández (Spanish Ministry of
Agriculture) and Mario Malo (Spanish Association of Veterinarians specialised in Rabbit Farming), and the second on
“Rabbit meat processing and new products” with the participation of Raúl Grau (Universitat Politècnica de València,
Spain) and María Luz de Santos (Spanish interprofessional organization to promote the rabbit sector, INTERCUN).
Moreover, a total of 14 oral communications were presented by research teams from Spain, Algeria, Venezuela,
Portugal and Italy. The congress was attended by around 130 participants from several European, American and
African countries. Abstracts of the contributions presented are reported below.

MAIN PAPERS
ON-FARM COMPOSTING. ENHANCING THE VALUE
OF RABBIT MANURE
Moral R., Paredes C., Bustamante M.D., Perez-Espinosa
A., Agullo E., Garcia-Randez A., Andreu-Rodriguez J.,
Perez-Murcia M.D.
Centro de Investigación e Innovación Agroalimentaria y
Agroambiental (CIAGRO). Universidad Miguel Hernández,
Escuela Politécnica Superior de Orihuela. Ctra de Beniel km
3.2, 03312 Orihuela (Alicante), España.
raul.moral@umh.es

Advanced management of rabbit farms must include the
concept of circular economy. Although the direct use of
rabbit manure in agriculture is common, due to its contents
in fertilisers and organic matter, the composting on the
farm of this flux can generate an alternative management
to value. Composting processes on the farm involve a
low-cost treatment, achievable with the machinery itself
and with high added value insofar as they allow producers

to reduce the volume and humidity of the material,
significantly increase the concentration of nutrients in
the mix, improve its storage in adequate conditions and,
especially, achieve adequate sanitisation. Composting
ensures sanitisation via an intense exothermic process
that can also have positive effects in reducing the potential
presence of other pollutants linked to animal health. In this
work, a comparative exercise of the fertilising capacity of
rabbit manure is carried out compared to other sources,
an optimised binary-tertiary agrocomposting protocol
is proposed using rabbit manure as the main ingredient
together with other residual organic materials of proximity,
and finally two example practical cases are developed.

RECENT ADVANCES IN ARTIFICIAL INSEMINATION
Viudes de Castro M.P.
Centro de Investigación y Tecnología Animal, Instituto
Valenciano de Investigaciones Agrarias (CITA-IVIA), 12400
Segorbe (Castellón), España.
viudes_mar@gva.es
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Artificial insemination in rabbits is an extremely useful
tool, both to organise the reproductive management of a
farm, and for the dissemination of quality genetic material,
maintaining sanitary guarantees. Since its introduction on
commercial farms, there have been great improvements
both in the preparation of the seminal doses and in the
insemination technique itself. In this paper, we review the
scientific advances of the last decade that have allowed
the introduction of innovations in the field of artificial
insemination in rabbits.

THE NECESSARY TRANSITION OF RABBIT FARMING
IN EUROPE. THE FRENCH EXAMPLE
Savietto D.
GenPhySE, Université de Toulouse, INRAE, ENVT, F-31326
Castanet-Tolosan, France.
davi.savietto@inrae.fr

Rabbit farming in the 21st century faces two main
challenges: respect for animal welfare and environmental
sustainability. The first challenge stems from a portion
of society’s rejection of the current mode of production,
which is based on economies of scale and low food prices.
This involves high animal densities, a limited living space
and an inadequate supply of environmental enrichments
allowing the expression of the behaviour repertoire of the
species. The second challenge is structural. It has an
impact on almost every area of the modern economy, with
food production being a key sector. The accumulation of
knowledge regarding the contribution of agriculture and
livestock to global warming, soil pollution, the degradation
of freshwater reserves and loss of biodiversity demonstrates
the lack of sustainability of the current production model.
In this context, we observe the evolution of the current
production system and the emergence of alternative
ones, systems that aim to combine both challenges. This
short communication describes a few examples of rabbit
growing systems that integrate, at different levels, these
two challenges.

SOCIAL NETWORKS IN RABBIT FARMING. A
PRACTICAL VIEW
López Colmenarejo J.
Grupo Editorial Agrícola, 28013 Madrid, España.
jlopez@editorialagricola.com

Social media came into our lives a few years ago and
did so to stay. We all have our personal vision of these
new ways of communication. They could be called
“light” meeting points, characterised by the presence of
screens between two interlocutors, which is a handicap
to efficient communication. Social networks have meant
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a democratisation of information. This fact has, broadly
speaking, positive aspects (for example greater access to
high-quality first-hand information) and of course negative
(proliferation of hoaxes and biased information). The rabbit
sector, voluntarily and involuntarily, is present in social
networks. Used proactively, they are a very useful tool
for internal communication in the sector, a great window
through which to quickly communicate to producers,
technicians or administration useful information about
rabbit production. On the other hand, there is also external
communication, towards the consumer, which occurs many
times reactively, as in many cases it is communication
from a “connoisseur” to a final consumer. Unfortunately,
this communication is the one that attracts most attention
and affects our day to day. Issues such as animal welfare
or the use of antibiotics are subject to the judgement of
people whose link with production animals is null or whose
reference is companion animals. The challenges are many,
but failing to tackle them is not an option.

DEVELOPMENT OF RABBIT MEAT PRODUCTS. NEW
COMMERCIAL FORMATS
Grau R.
Dept. Tecnología de Alimentos, Universitat Politècnica de
València, 46022 Valencia, España.
rgraume@tal.upv.es

Certain indicators point to a bleak outlook for the rabbit meat
sector. They include the decrease in meat consumption,
the meat consumption recommendation issued by the
FAO, WHO and EACOSAN and the decline in rabbit meat
consumption, also penalised by its lack of penetration in the
youngest population, which hinders its competitiveness in
the medium and long term. Therefore, a strategy is needed
to improve its consumption. This could come through the
development of new meat products made from rabbit, as
its presence in the distribution chain is practically nonexistent, although meat products are the most consumed,
along with chicken. To develop meat products from rabbit
meat, two points should be considered. The development
of deboning machines and the combination of rabbit meat
with other raw material of animal (poultry) and vegetable
(legumes, spinach, vegetable fat, etc.) origin. These
actions would make it possible to produce a great variety
of meat products, whether fresh, cooked and cured, which
could be competitive in the market. Fresh meat products
could be produced from the reconstruction of meat fillets
employing enzymes such as transglutaminase, as well as
hamburgers, fresh sausages, etc. In the case of cooked
products, items such as cold cuts of cooked ham, cooked
“Frankfurter” sausages, restructured baked or wet cooked
meat, etc. Finally, in the case of cured meat products, cured
sausages like salami, salchichón or chorizo, etc. could be

45th Symposium on Cuniculture, ASESCU
developed. Although technologically the development of
these products may be real, their possible final presence in
distribution chain lines will depend on other factors which
must be considered.

COMMUNICATIONS
PRODUCTIVE PARAMETERS IN THREE PATERNAL
RABBIT LINES SELECTED FOR FEED EFFICIENCY
Pascual M.*, Piles M.*, Perucho O.†, Alsina P.*, Sánchez
J.P.*
*Programa de Genética y Mejora Animal, IRTA, Torre Marimón,
08140 Caldes de Montbui, España.
†Programa de Infraestructuras Experimentales del Área de
Producción Animal, IRTA, Torre Marimón, 08140 Caldes de
Montbui, España.
mariam.pascual@irta.es

The productive performance of three rabbit lines selected
for increasing feed efficiency in growing of animals in
groups is evaluated. Lines come from a common genetic
origin and differ in the selection strategy implemented.
All animals were housed in collective cages in the same
farm. Line GRP was selected by low residual feed intake
of the group; line RFI was selected by low individual
residual feed intake; and line ADGR was selected by high
individual growth under feed restriction. Conventional
feeders were used for animals in the GRP line, whereas
electronic feeders, developed at IRTA, which record the
individual feed intake in rabbits in groups, were used for
animals from lines RFI and ADGR. The evolution of the
data recorded over the five generations for average daily
gain (ADG) and average feed intake (AFI) is shown. The
productive traits of the three lines under ad libitum feeding
are also compared in the fifth generation of selection
using cages with conventional feeders (experiment 1) or
electronic feeders (experiment 2). The results obtained
with the conventional feeders show that line ADGR had
greater ADG than the other lines (ADGR: 58.6; vs. GRP:
54.4, and RFI: 55.8 g/d). Line ADGR had also the highest
AFI (175 g/d), followed by RFI (166 g/d) and finally GRP
(156 g/d). No statistical differences between lines in feed
conversion rate were found (ADGR: 3.00; GRP: 2.9; RFI:
3.02 g/g), probably due to an insufficient number of data,
as feed intake was measured at cage level. More studies
with higher sample size and comparing performance of the
selected lines with that of an unselected control population
are required to test the response to selection.

EFFECTS OF ANIMAL SEX AND A FEED
RESTRICTION ON THE CARCASS AND DIGESTIVE
TRACT CHARACTERISTICS OF RABBITS AT THE END
OF THE FATTENING PERIOD
Ribeiro J.*, Andrade E.*, Monteiro D.†, Pinheiro V.†
*Alunos de Doutoramento em Ciência Animal da Universidade
de Trás-os-Montes e Alto Douro (UTAD), Quinta de Prados,
5000-801 Vila Real, Portugal.
†
Professores do Departamento de Zootecnia da UTAD, Centro
de Ciência Animal e Veterinária (CECAV), Universidade de
Trás-os-Montes e Alto Douro (UTAD), Quinta de Prados, 5000801 Vila Real, Portugal.
vpinheir@utad.pt

The aim of the present study is to evaluate the effect
of gender and a moderate feed restriction on carcass
characteristics and development of the viscera in rabbits
subjected to prolonged fattening and with a view to
processing the carcass. The study was conducted in the
rabbit sector of the University of Trás-os-Montes e Alto
Douro, Vila Real, Portugal. In the experiment, 24 rabbits
(12 male and 12 female) of the New Zealand×Californian
breed were used, monitored between 62 and 86 d of
age. The rabbits were individually housed and randomly
distributed between the two treatments, one with feeding
at will (ad libitum group) and the other feeding at 80%
level (restricted group). During the trial, commercial
pelletised feed was provided to the animals. At the end
of the experiment, ten animals from each treatment were
slaughtered to evaluate the development of the digestive
tract and carcass characteristics. The feed restriction
significantly increased (P<0.05) the percentage weight of
the liver (+14%) and the dry matter content of the caecum
(+17%) and decreased the proportion of total fat in the
carcass (reduction from 29%, from 1.87 to 1.33 g/kg LW).
The gender of the animal also significantly influenced some
parameters (P<0.05). In males, there was an increase in
the slaughter weight (+167 g), the muscle weight of hind
leg (+13.2 g; +7%) and the fore part of the carcass (22.7
vs. 24.6%) and are decrease in the head and liver weight.
According to the results obtained, we can state that under
the conditions in which the test was performed, the dietary
restriction increased the liver weight and decreased the fat
content in the carcass.

USE OF DRIED SAMPLES TO IMPROVE THE
DIAGNOSIS OF RABBIT HAEMORRHAGIC DISEASE
Sánchez A.*, Valls L.*, Mora X.†, Maldonado J.*
*Laboratorios HIPRA S.A., 17170 Amer (Girona), España.
†
ASVET Veterinaris S.L., 08410 Vilanova del Vallès, España.
alba.sanchez@hipra.com
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Rabbit haemorrhagic disease (RHD) is an acute and highly
contagious viral disease affecting domestic and wild
rabbits. The presence of the causative agent, the RHD
virus (RHDV), is usually confirmed by real-time polymerase
hain reaction (RT-qPCR) in liver samples, with the
consequent biological risk and additional cost of transport
to the laboratory. RHDV antigen detection has shown lower
sensitivity than RT-qPCR, and its use is subject to the
availability of commercial kits. Other methods are rarely
used due to cost and turnaround time. The aim of this
study was to adapt and validate an alternative protocol for
preservation, transport and analysis of samples for RHD
diagnosis based on FTA cards, which fix and inactivate
them for subsequent molecular analysis. This protocol
(alternative method) was compared with the standard
protocol (standard method) in two phases: A proof of
concept to assess the RT-qPCR detectability of RHDV2 on
FTA (positive/negative), the limit of detection for the two
methods in serial decimal dilutions, and the stability of
the RNA on FTA over time. Subsequently, RT-qPCR results
were compared in clinical samples, using the same liver
samples (n=29) fresh (standard protocol) and dried in FTA
(alternative protocol). These studies demonstrated that
it is possible to bind RHDV2 RNA in FTA for subsequent
detection by RT-qPCR, without loss of signal for at least 8
weeks. Moreover, no differences were observed between
methods in the number of positive (23/29), although the
analytical detection limit and diagnostic sensitivity were
marginally higher for the alternative method. These results
demonstrate that the use of FTA cards facilitates the
logistics of RT-qPCR diagnosis of RHD, reducing costs and
turnaround time.

IS GENOMIC SELECTION FEASIBLE IN RABBITS?
Sosa-Madrid B.S.*, Mancin E.†, Blasco A.*, IbáñezEscriche N.*
*Instituto de Ciencia y Tecnología Animal, Universitat
Politècnica de València, 46022 València, España.
Departamento de Agronomía, Alimentación, Recursos
Naturales, Animales, y Ambiente (DAFNAE), Università Degli
Studi di Padova, viale dell’Università 16, 35020 Legnaro (PD),
Italia.
†

bosomad@posgrado.upv.es

Genomic selection is one of the cutting-edge techniques
used in the breeding industry. However, in the rabbit
selection scheme, an in-depth analysis is required for
its implementation. This paper presents a study based
on simulated data for litter size under seven genotyping
strategies. These strategies, designed in scenarios, were
evaluated with the parameters: imputation accuracy (PI),
accuracy of genomic prediction (PPG), selection response
(RS) and percentage of candidate selected correctly
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(P_CSC). All of them compared to the classical BLUP
(best linear unbiased estimator) genetic evaluation method
where individuals are not genotyped. The first scenario
(S1), in which all ancestors were genotyped at high
density and the progeny at medium density, showed the
best results, PI (0.99), PPG (0.263), RS (0.154), P_CSC
(31.63), especially compared to the BLUP method, with
PPG (0.20), RS (0.132), P_CSC (28.90). However, S1 still
presented a prohibitive genotyping cost for implementation.
The scenarios with lower genotyping costs presented
lower PI, but scenario 6 (S6), in which grand-dams were
not genotyped, dams were genotyped at medium density
and progeny at low density, showed the best relationship
between genotyping cost and PPG. In summary, genomic
selection with genotyping imputation is feasible in rabbits.
However, a sufficiently large reference population size is
critical to ensure the effectiveness of genomic selection.
Therefore, strategies allowing the use of nucleus animals
and multipliers are key to its successful implementation.

EVOLUTION OF THE FATTY ACID PROFILE IN
RABBIT’S MILK
Hadjadj I., Botella J., García M.L., Argente M.J.
Centro de Investigación e Innovación Agroalimentaria y
Agroambiental (CIAGRO-UMH), Universidad Miguel Hernández
de Elche, 03312 Orihuela, España.
mj.argente@umh.es

The objective of this work was to analyse the evolution
of fatty acids in rabbit milk during the first four weeks of
lactation, and the effects of number of lactating kits and
the overlap between lactation and pregnancy. Lactation of
14 multiparous females was controlled, 6 with 4 or less
lactating kits and 8 with 9 or more lactating kits; in both
groups there were females with and without lactationgestation overlap. An increase in saturated fatty acids (SFA)
of 20% was observed at fourth week of lactation, due to
an increase in medium chain fatty acids C8:0 and C10:0.
While mono (MUFA) and polyunsaturated (PUFA) fatty
acids progressively decreased their presence at the end of
lactation by 6 and 14%, respectively, as a consequence of
the decrease in content of long chain fatty acids C18:1 and
C18:2. Litter size and lactation-gestation overlap did not
affect the fatty acid composition of rabbit’s milk.

OVULATION RATE AND PRENATAL SURVIVAL IN
RABBITS OF LOCAL ALGERIAN POPULATION AND
SYNTHETIC LINE
Belabbas R.*, García M.L.†, AinBaziz H.‡, Berbar A.*,
Argente M.J.†
*University Blida1, Biotechnology Laboratory of Animal
Reproduction, Institute of Veterinary Sciences, Blida, Algeria.

45th Symposium on Cuniculture, ASESCU
Centro de Investigación e Innovación Agroalimentaria y
Agroambiental (CIAGRO-UMH), Universidad Miguel Hernández
de Elche, 03312 Orihuela, España.
‡
Laboratory of Research Health and Animal Production,
National Veterinary School, Algiers, Algeria.
r_belabbas@yahoo.fr
†

The aim of this study was to estimate the limiting litter size
components in rabbit females from a synthetic line (SL;
n=32) and a local population (LP; n=34). Ovulation rate,
number of implanted, live embryos and resorbed embryos
were counted by laparoscopy at 12 d after third mating.
Prolificacy and embryonic, foetal and prenatal survival at
birth were measured. Total litter size and mortality at birth
were also recorded. SL females had a higher ovulation rate
compared to the LP does (11.03±0.23 vs. 8.41±0.23
corpora lutea; P<0.0001). SL displayed a higher number of
implanted embryos (10.00±0.25 vs. 7.85±0.25 embryos;
P<0.0001). No difference was found between groups for
number of resorbed embryos. Similar embryonic, foetal
and prenatal survival rates were reported between the SL
and the LP. Additionally, the total number of newborn was
higher in SL than in LP (+1.46 kits; P<0.05). In conclusion,
ovulation rate seems to be the main limiting factor of litter
size in the LP population.

USING ARTIFICIAL VISION TECHNIQUES FOR
INDIVIDUAL TRACKING OF IN-GROUP HOUSED
RABBIT KITS
Sánchez J.P.*, Muñoz I.†, González O.*, Pascual M.*,
Perucho O.‡, Alsina P.*, Piles M.*
*Programa de Genética y Mejora Animal, IRTA, 08140 Caldes
de Montbui, España.
†
Programa de Calidad y Tecnología Alimentaria, IRTA, 17121
Monells, España.
‡
Programa de Infraestructuras Experimentales del Área de
Producción Animal, IRTA, 08140 Caldes de Montbui, España.
juanpablo.sanchez@irta.es

Our research group is developing devices, methods and
algorithms that quantify the different characteristics that
intervene in the definition of food efficiency. Traditionally
these traits were consumption and weight gain, but with
the consideration of new technologies we are including
others, for example physical activity, behaviour or energy
dissipation measured through the variation in body
temperature. Measuring the activity of animals housed in
a group requires the analysis of image sequences, which
involves the identification of each animal in each of the
images and establishing the relationship between the
different positions of the same animal in the successive
images. After this identification, the trajectory of their
movements can be determined and thus their physical
activity and behaviour can be quantified. In the present work,

we present the breakthroughs achieved in the first stages
of development and implementation of an artificial vision
technology based on deep neural networks. When there is
a great distance between the kits in the images in which
we want to make the detection, a very precise identification
is achieved with few images (mAP³0.95). On the contrary,
if the rabbits are crowded, the quality of the identification
deteriorates remarkably, but by increasing the size of the
training set and applying data augmentation techniques, we
achieve relatively high identification qualities (mAP=0.83).
If the identification is good, the tracking of the kits in
the successive frames poses no major problem. We can
conclude by stating that we have an artificial vision system
which, although it has to be improved, already allows
individualised monitoring of fattening kits. Nonetheless, we
expect to improve its implementation so that this monitoring
can be done in real time.

WILD RABBITS AS A RESERVOIR FOR METHICILLINRESISTANT STAPHYLOCOCCUS AUREUS
Martínez-Seijas C., Moreno-Grua E., Perez-Fuentes S.,
Viana D., Cardells J., Lizana V., Aguiló-Gisbert J., Corpa
J.M., Selva L.
Dept. de Producción y Sanidad Animal (PASAPTA), Universidad
Cardenal Herrera CEU, C/ Tirant lo Blanc 7, 46115 Alfara del
Patriarca (Valencia), España.
carmenmartinezseijas@uchceu.es

Staphylococcus aureus is an opportunistic pathogen,
affecting humans and many other mammals. It is a
bacterium with great ability to adapt to environments,
so that it has a high facility to develop resistance to
antimicrobials, which is a problem for animal and
public health. The rabbit is one of the usual hosts of
Staphylococcus aureus, and the role of asymptomatic
carriers in rabbit farms has been observed many times as
a reservoir for a high incidence of diseases. However, not
much is known about the wild rabbits which, despite being
free, can also act as a reservoir for the infection of humans
and other animals. To better understand the presence
of Staphylococcus aureus and particularly MethicillinResistant Staphylococcus aureus (MRSA) in wild rabbits,
a sampling of hunting prey obtained by hunters in highdensity reserves of the Valencian Community was carried
out. Surprisingly, a high prevalence of S. aureus carriers
was found, and a large percentage of the positive isolates
turned out to be MRSA. The prevalence percentage was
variable between villages, with certain districts having a
prevalence of MRSA greater than 50% among positive
isolates. The most frequent anatomical location was
the ear, and most of the isolates belonged to two clonal
complexes: CC130 and CC425, although others were
isolated but with a very low prevalence.
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INFLUENCE OF HANDLING STRESS ON
PRODUCTIVE PARAMETERS IN FATTENING RABBITS
EVALUATED BY INFRARED THERMOGRAPHY
Jaén-Téllez J.A., Sánchez-Guerrero M.J., Valera M.,
González-Redondo P.
Dept. Agronomía, Área de Producción Animal, Universidad de
Sevilla, 41013 Sevilla, España.
juanantonio.jaentellez@gmail.com

Rabbits often experience stress when they perceive certain
stimuli, such as handling. The physiological response of
animals to stress is associated with feeding efficiency,
so that, in general, animals that react less to stressful
stimuli show higher productive performance. The aim of
this study was to evaluate the impact of stress caused
by handling, evaluated by infrared thermography, on the
performance parameters of fattening rabbits of a strain
with phenotype of the Spanish common breed. Thirty-nine
rabbits were analysed during a 38-d fattening period. The
stress of the rabbits was evaluated by the temperature
difference in the inner ear before and after being handled
(DIF), using the following scale: level 1 (not stressed):
DIF≤0°C; level 2 (slightly stressed): 0°C<DIF≤5°C; level
3 (stressed): 5°C<DIF≤10°C and level 4 (very stressed):
DIF>10°C. Temperatures were recorded two days a
week. On each sampling day, the temperature was first
measured when the animal had not been disturbed and
had been in its cage since the previous sampling day, and
a second measurement was taken 10 min after handling
it by holding it in the arms of the caretaker for 60 s.
Rabbits with higher stress levels showed higher values
of average daily gain (ADG), daily feed intake (DFI) and
feed conversion ratio (FCR), which increased from 22.5
to 29.1 g/d, from 44.7 to 90.4 g/d and from 2.5 to 3.2,
respectively. In conclusion, the changes in animal welfare
caused by the reactivity of rabbits to management factors
such as handling affect productive performance, since
the higher the stress due to handling (higher increase in
temperature), the less efficient the animals were.

MICROBIOME AND RESILIENCE IN RABBITS, CAUSE
OR EFFECT?
Casto-Rebollo C.*, Argente M.J.†, García M.L.†, Blasco
A.*, Ibáñez-Escriche N.*
*Instituto de Ciencia y Tecnología Animal, Universitat
Politècnica de València, 46021 València, España.
†
Centro de Investigación e Innovación Agroalimentaria y
Agroambiental (CIAGRO-UMH), Universidad Miguel Hernández
de Elche, 03312 Orihuela, España.
cricasre@posgrado.upv.es

The ability to modify the gut microbiota using probiotics
has been increasing in interest because they have an
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effect on traits of interest in livestock. Resilience is an
example of an interesting trait, but is difficult to measure
directly. To this end, the environmental variance (VE) of
traits has been proposed as indicator of animal resilience.
In two rabbit lines selected divergently for high and low
VE, and used in this study, differences in resilience among
animals were found. Rabbits belonging to the line with a
low VE were more resilient than rabbits from the line with
a high VE. The aim of this study was to identify bacteria,
genes and metabolites from caecum of the rabbits
which could modulate the VE and resilience. Data was
transformed using the additive log-ratio transformation to
consider their compositional nature. The relevant bacteria,
genes and metabolites were identified using a partial least
square-discriminant analysis (PLS-DA). All models showed
a classification performance for each rabbit line higher
than 88%. We highlighted the species Limosilactobacillus
fermentum, Alistipes shahii and Acetatifactor muris,
as they could be involved in the health status of the
animal. Moreover, genes and metabolites related to the
phenylalanine, tyrosine and tryptophan metabolism were
highlighted. This metabolism could be a key pathway to
control the survival and virulence of pathogens. This is
a pioneer study which unravels the relation between the
microbiome and their metabolites with the VE an animal
resilience. Probiotics and inhibitors of the genes from the
phenylalanine, tyrosine and tryptophan metabolism could
be important to modulate these two traits. However, further
studies are needed to validate the results.

EXPLORATORY STUDY OF ACCEPTANCE AND
PREFERENCE OF RABBIT MEAT AND OTHER WHITE
MEAT HAMBURGERS BY YOUNG CONSUMERS
Lacalle-Ruiz E., González-Redondo P.
Departamento de Agronomía, Escuela Técnica Superior de
Ingeniería Agronómica, Universidad de Sevilla, 41013 Sevilla,
España.
pedro@us.es

Hamburgers are considered ideal to increase the
consumption of rabbit meat among young people. This
study aimed to compare the acceptance and preference
of rabbit burgers with those of pork, chicken and turkey
by means of an untrained panel of 45 young consumers
(average age: 23.5 yr; 53.5% men) from Seville (Spain).
The following aspects were evaluated: a) acceptance of
organoleptic characteristics and global acceptance, using
a hedonic scale (1 to 9 points), and b) order of preference
(1st to 4th place) of commercial hamburgers. The burgers
were grilled and subsequently tasted following the
methodology for acceptance and preference studies in
untrained consumers. Global acceptance and sensory
attributes, except for texture (6.9 points in rabbit), differed
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between burgers (P<0.05). The smell was better valued
in the rabbit (6.8 points) and turkey burgers and worse
in the pork hamburger, with the chicken burger being
intermediate. The colour, appearance and juiciness of the
rabbit (6.5, 6.8 and 6.9 points, respectively), pork and
turkey burgers were valued better than that of chicken
burger. The flavour of the rabbit (7.2 points) and turkey
burgers was better accepted than those of pork and
chicken burgers. The elasticity of the rabbit (6.6 points)
and pork burgers was valued better than that of chicken,
with that of turkey burger being intermediate. Global
acceptance was similar for rabbit (7.1 points), pork and
turkey burgers and worse for that of chicken burger.
Rabbit (average order, 2.27), turkey and pork burgers,
without differences between them, were preferred to
chicken burger (P<0.001). Sex did not influence in any
case (P>0.05). In conclusion, rabbit burgers are rated at
the same level as pork and turkey burgers and better than
chicken burgers, showing potential to enhance rabbit meat
consumption by young people.

SEMEN QUALITY AND LONGEVITY OF MATERNAL
AND PATERNAL RABBIT LINES IN AN ARTIFICIAL
INSEMINATION CENTRE
Bielsa A.*, Argente M.J.†, García M.L.†
*Granja Jordán S.L., 50793 Fabara, España.
†
Centro de Investigación e Innovación Agroalimentaria y
Agroambiental (CIAGRO-UMH), Universidad Miguel Hernández
de Elche, 03312 Orihuela, España.
mariluz.garcia@umh.es

The aim of this study is to compare quality semen and
longevity of 4 genetic lines in an artificial insemination
centre. A total of 50 993 ejaculates from 688 males were
evaluated. A and L lines are maternal lines selected for
litter size at weaning and R and C lines are paternal lines
selected for daily gain in the fattening period. Volume of
ejaculates and motility, measured between 0 and 5, were
recorded. Age of the males when they were culled or died
was analysed. Bayesian methodology was used for the
statistical analyses. C paternal line showed higher volume
and motility (1.24 mL and 3.69) than R line (1.07 mL and
3.55) and maternal lines (A, 0.92 mL and 3.33; L, 1.01
mL and 3.62). Longevity is higher in maternal lines (25 and
20 mo for A and L line, respectively) than paternal lines (16
and 14 mo for C and R lines, respectively), the difference
being relevant between A line and paternal lines (Pr=1.00).
In conclusion, C line had the highest quality semen and
maternal lines had higher longevity than paternal lines due
to the different generational interval.

INTERPRETATION OF THE OESTROUS CYCLE OF
THE DOE AS THE BASIS OF REPRODUCTIVE
EFFICIENCY
Meléndez C.
Universidad Pedagógica Experimental Libertador, Instituto
Pedagógico Barquisimeto, “Luis Beltrán Prieto Figueroa”,
Avenida José María Vargas con Avenida Las Palmas,
Barquisimeto, Estado Lara, Venezuela.
carloscamt@gmail.com

Several authors have described the oestrous cycle of the
female rabbit as a rigid and well defined physiological event.
However, in practical experience, various manifestations of
oestrus are observed in the domestic rabbit (Oryctolagus
cuniculus) in terms of duration, appearance of the vulva
and percentage of fertility. The objectives of this work were
to infer on the various manifestations of the oestrous cycle
of the rabbit and its impact on rabbit production. To this
end, a herd of breeding rabbits from a meat line was used,
consisting of 160 does in production and 24 breeding
males, under conditions typical of tropical countries. The
data referring to the oestrous cycle of the reproductive
rabbits were collected according to the date of delivery
and the date of the next service in a system of production
records. As a result, a scheme was designed with the
relationship between the days of rest between delivery and
the next service, according to the number of kits born and
surviving in the current litter. The number of kits weaned
per doe in each delivery was increased from 3.60 to 6.30.
In conclusion, the applied work methodology allowed the
reduction of the birthing interval and the increase in the
number of kits weaned per doe per year. The number of
kits weaned is more relevant than the slaughter weight of
kits from smaller litters.

REPRODUCTIVE PARAMETERS OF THREE
PATERNAL LINES WITH DIFFERENT POTENTIAL FOR
GROWTH AND RESILIENCE
Gonçalves C., Martínez-Paredes E., Ródenas L., Blas E.,
Cambra-López M., Pascual J.J.
Instituto de Ciencia y Tecnología Animal, Universitat Politècnica
de València, Camino de Vera s/n, 46022 Valencia, Spain.
capeigon@upvnet.upv.es

A total of 203 nulliparous rabbit females from 3 paternal
lines were selected: R line, selected by growth rate; RF line,
from the selection of elite animals from the R line; and RLP
line, obtained by backcrossing the RF line with the robust
LP line. Controls of the main reproductive parameters
were carried out at the 1st AI, and at parturition, 18 and
28 days postpartum until the 3rd parturition, as well as
the stayability of the females. Both stayability and fertility
percentages of the R females were significantly lower than
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those of the RF females during the first reproductive cycle
(–16 and –12 percentage points, respectively; P<0.05),
and from that moment, those of RLP females (–24 and
–8 percentage points, respectively; P<0.05). On the other
hand, the R line had a significantly lower number of kits
born than the RF and RLP lines (on av. –1.2 total births
and –1.7 live births; P<0.05). In addition, the survival of
the kits throughout lactation was higher in the RLP line
compared to the other two lines (+0.5 kits at weaning;
P<0.05). With these results, it can be concluded that the
introduction of resilient genetics in an elite paternal line
contributes to improving fertility and prolificacy, as well as
the survival of rabbit females and their litters.
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