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Abstract: Precision livestock farming (PLF) is an established field in many livestock sectors. However, when
it comes to rabbit production, it is still emerging. Nevertheless, we believe that the rapid advancements in
sensor technologies, data analytics and automation we are witnessing can bring significant and transformative
opportunities to the rabbit farming industry. Within this context, this paper explores the potential use of PLF
for the rabbit sector. We start by briefly reviewing the current state of the art of PLF applications in other
livestock sectors, such as dairy and pig farming, focusing on remote sensing solutions. Then we outline how
different technologies can potentially be adapted for rabbit production. Recent rabbit research studies that
implement PLF-like technology are then reviewed. We finalise by discussing the challenges of implementing
PLF in rabbit farming, including the need for tailored solutions that consider rabbits’ specific behavioural and
physiological characteristics. When considering the future impact of PLF, early disease detection probably
offers the highest potential for rabbit production. Being able to automatically detect early signs of digestive
disorders around weaning, particularly in large group-housed growing rabbits where disease spread is a
concern, would represent a significant step forward. Additionally, PLF tools can enhance rabbit breeding and
genetic programmes by providing detailed and accurate individual phenotypic data. Data can be then used to
better define animal management practices that promote positive experiences and affective states, reducing
negative social interactions. Besides, precision feeding models could contribute to enhancing feed efficiency
for both growing and reproductive rabbits, reducing the negative environmental impact of feeding. To this end,
camera monitoring, sound analysis, electronic feeders, accelerometers and other biometric and physiological
monitoring technologies can be utilised. The integration of PLF technologies promises to support farmers
in meeting the increasingly stringent welfare regulations across the European Union, ultimately enhancing
the sustainability and profitability of rabbit production systems. Further research is needed to address the
challenges that remain in developing and validating reliable algorithms so that sensors can be used more
effectively in diverse rabbit farm conditions.
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PLF FOR RABBIT PRODUCTION — AN EMERGING FIELD

Precision Livestock Farming represents a modern information-driven approach towards farm animal production. While
technology is an important part of PLF, technology should never be the core focus, which should instead be the value
that PLF creates for the farmer and animal. While research in the field of PLF has been developing for over 30 yr
now, with many scientific publications in traditional animal production areas, there is still much work needed to
confidently take this technology towards producers in many cases. In the smaller production sectors, such as rabbit
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production, PLF has barely made an impact to date. Nevertheless, with the rapid advancements we see in sensor
technologies, data analytics and automation along with the experience from the other production sectors, PLF in the
rabbit production world has the potential for much faster development. This review seeks to give an overview of PLF
and to speculate on the potential for PLF technology in the rabbit sector.

PLF centres around the collection and exploitation of data to support animal husbandry practices. In all animal
production sectors, data is becoming more effectively used in the daily management of animals. Record keeping of
daily farming activities has long been used by farmers to keep account of how the farming system is running. With the
transition from paper to the digital era, farmers now see more opportunities to combine and integrate data all over the
farm. With many implementable affordable software solutions being available, the decision-making of many farmers
can be significantly improved. However, these tools have a key limitation. Despite being digital, they often rely on
manual inputs from the farmer (or farm workers) to keep account of what is happening. Problems such as forgetting
to input data and mis-inputs regularly occur, as farmers are, after all, human like us all. Furthermore, when the farmer
is not around no data is being collected. The eyes, ears, and perhaps nose of the farmer are currently not represented
at the times that they are not there. This is where more advanced PLF tools, which exploit sensor technologies, can
make a significant impact.

Until now, PLF research and development has focused on well-established, traditional farming sectors. Rabbit farming
presents unique and interesting challenges that make it an ideal candidate for a new wave of PLF developments. For
example, when presented with housing-related stressors, the health and welfare of the rabbits can become quickly
compromised (Trocino and Xiccato, 2006). Stress responses can be difficult to detect by workers through direct
observations (Verga et al., 2007). Given the scale of modern rabbit farms, a more advanced technological approach
to monitoring and managing rabbit health and welfare is therefore becoming interesting. Integrated environmental
control and automated health and welfare monitoring are just a small list of things that have the potential to address
key challenges facing the sector. Furthermore, the integration of actuators that can tailor nutrient delivery towards the
specific needs of each rabbit can reduce the environmental impact of feeding while enhancing gut health. Developing
PLF technology in the short term can facilitate pathways towards reducing the negative impacts of the production
system. It will not only assist farmers in meeting increasingly stringent welfare regulations across the European Union
(EV), but also the general sustainability and profitability of their operations.

In this paper, we review the technology needs of the rabbit production sector. Focusing on remote sensing solutions,
we follow this with an overview of the specific PLF breakthroughs in dairy and pig production sectors. We then explore
the recent uptake of PLF technology in rabbit research and hypothesise future applications of this technology.

PRODUCTION CHALLENGES FACING THE RABBIT SECTOR FOCUSING ON HEALTH,
WELFARE AND PRODUCTIVITY

The rabbit sector in Europe is rapidly changing. These changes have greatly shaped the producing segment, impacting
on its sectoral structure. As in many other livestock sectors, but in this case, with a slight time delay, the rabbit
farming sector has been undergoing a strong professionalisation and renovation process in the last decade (Figure 1).
This has resulted in a concentration of farms, particularly those large in size, and the disappearance of smaller,
less competitive ones. This situation, however, also presents a perfect opportunity for implementing transformative
innovations and improvements in the rabbit farming system.

According to the European Commission (2017), new rabbit farms generally have over 1000 does (in some cases over
5000 does), whereas farms housing around 500-600 does were the most common type in the leading producing
countries in Europe (Spain, France and Italy) in the previous decade. Large-sized rabbit farms require managing
and supervising an increasing number of animals, with a limited workforce, seeking greater efficiency in resource
utilisation and profitability, as well as improved technical knowledge. Managing a large number of rabbits might be
complicated and requires close monitoring. Rabbits can exhibit a range of behavioural, physiological and emotional
responses in a relatively short period. This is because they are animals that are constantly vigilant, fast-moving, and
mentally occupied with the potential threat of predators (Monclis and Rodel, 2008).
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Figure 1: Conventional housing system for rabbit does with automatic feed distribution systems, wired cages above
manure pits, featuring mechanical ventilation (left) and natural ventilation (right). Source: Joan Rosell, personal
archive (2008-2018).

Nevertheless, this scaling up of the sector contrasts with the declining global production metrics, slaughter rates,
meat production and census numbers, as well as exports in the EU rabbit sector. Rabbit meat consumption levels
are continuously decreasing. This might be linked to changing consumer trends, a loss of traditional habit of eating
rabbit meat in young people, the increased perception of rabbits as pets, and consumer price competition at the
retail level compared to other meats (European Commission, 2017). However, the rabbit farming system has proven
to be resilient. Globally, rabbit systems are diverse and rather atomised, with small-scale farms coexisting with the
above-mentioned conventional large-scale operations. For small-scale production, different systems are available
worldwide, such as open naturally-ventilated sheds in countries with a warm, tropical climate like Brazil (Machado
and Simdes, 2024). Other niche small-scale examples are based on organic, pastured rabbit systems (Gidenne
et al., 2024) or agroforestry models (Savietto ef al., 2023), as in France (Figure 2). In the EU, 34% of rabbit meat
consumption comes from small-scale backyard farms (European Commission, 2017) — a non-negligible share. In
a sector as complex and diverse as rabbit farming, the application of knowledge, technological innovation and the
implementation of digital tools can help improve farm technical management and animal care. This can contribute
to both intensive and extensive production models, covering the entire range of intermediate production scenarios in
rabbit farming worldwide.

Similarly to all livestock sectors, rabbit producers must also comply with strict regulations and consumer demands:
i.e. the reduction in the use of veterinary antimicrobial substances, the fulfilment of environmental regulations on
emission reduction and improvements in animal welfare. Enhancing on-farm rabbit welfare is particularly challenging,
especially given the current transition towards cage-free housing systems as foreseen by the European Citizens’
Initiative ‘End the Cage Age’ (European Commission, 2021). Although alternatives to cage housing exist for other
animal species (i.e. floor systems, multi-tier aviaries and free-range for laying hens, and free-farrowing, multi-suckling
and fully outdoor systems for sows), there are no well-defined housing alternatives for rabbits, particularly for rabbit
does. In 2020, the EFSA AHAW Panel (2020) identified several health and welfare concerns across different rabbit
housing systems used in Europe. According to this report (based on a 2-step expert knowledge elicitation process)
the welfare of rabbits was likely to be lower in conventional cages compared to enriched cages, elevated pens and
organic or outdoor systems. Thus, the sector is strongly in need of creative solutions and advanced multidisciplinary
tools that can help farmers comply with evolving regulations and assist them in the cage-free transition.
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Figure 2: Grazing rabbit system with fixed padock ((c) INRAE, T. Gidenne). Source: Gidenne et al. (2024).

Despite these regulatory advances, practically all rabbits in the EU are housed in cages (112 million) (CIWF, 2020).
In this context, key behaviour-related welfare issues that need attention in rabbit farming systems include restriction
of movement, resting problems, inability to express maternal, positive social and gnawing behaviour, and the
occurrence of abnormal behaviour and fear (EFSA AHAW Panel, 2020). With high levels of animal confinement,
rabbits cannot express their natural behaviour freely, which could lead to abnormal behaviours and stereotyped
conducts. Furthermore, confined individual housing does not allow social contact and other intrinsically motivated
behaviours that could contribute to their positive welfare.

However, shifting towards non-cage systems that allow animals more freedom of movement and stimulate positive
behavioural expressions involves trade-offs. Consequently, there are still numerous factors that can be impacted
(positively or negatively) by the transition to cage-free systems in rabbit production. These factors include not only
increased investment in housing and production costs, but also require a complete evaluation of rabbit’s behavioural
needs under this new environment. Furthermore, cage-free systems place specific demands on the management
which requires well-trained technical staff to successfully manage the farm and the animals in non-caged large flocks
or small groups of animals.

Additionally, rabbit systems with greater freedom of movement exhibit lower feed efficiency, which may impair animal
productivity (Machado et al., 2019; Matics et al., 2019), compared with systems where the physical activity of the
animals is lower. Additionally, group housing complicates precision nutrition and providing individual tailored feeding
for rabbit does, which may affect their performance, welfare, health and lifespan (Martinez-Paredes et al., 2022).
Using the population-feeding approach, individual variations according to physiological state, body condition, genetics
or animal health may be overlooked (Pomar and Remus, 2019). In fact, rabbits are the only zootechnical species
where generally, all reproductive animals (lactating and non-lactating) use a common feed, lacking ad hoc nutrition
according to the female’s physiological status. Some exceptions in certain farms include a specific rearing diet for
first-lactation does or a pre-weaning diet. Moreover, although group rearing is certainly the best choice to satisfy rabbit
social behaviour in growing animals; in breeding does, continuous group housing can lead to aggressive interactions,
injuries, stress and sometimes death (Trocino and Xiccato, 2006). This occurs when competing for resources and
to establish a social hierarchy. Pérez-Fuentes et al. (2020) and Szendr6 and Dalle Zotte (2011) reported aggressive
interactions leading to increased mortality rates, in both does and their kits, when rabbit does were permanently
housed in groups. In part-time systems, the most convenient group size and timing for grouping are still under debate.
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As regards health aspects, cage-free systems can be linked to a greater health risk and transmission of diseases
which can negatively impact animal welfare and farm productivity. In growing rabbits, the risk of intestinal health
disorders (e.g. epizootic rabbit enteropathy, ERE) is multiplied when the number of animals housed together is
increased (Birolo et al., 2019). Digestive disorders during the growing phase remain one of the main causes of
mortality in rabbit farms (Licois et al., 2005). This digestive pathology frequently starts affecting rabbits from 3 to
7 wk of age. The ERE can lead to morbidities of 90% and mortalities of 80% (Bauerl et al., 2014). The first clinical
signs of illness include reduced activity and feed consumption due to a slowdown in the intestinal transit rate and
abdominal pain. These early signs of ERE, however, are difficult to detect individually in group housing, and flocks
are frequently diagnosed and treated only when final-stage diarrhoea becomes evident. Controlling these digestive
disorders remains a challenge, often necessitating feed restriction and antibiotic treatment. This could increase the
need to use antibiotics in a context demanding a reduction of their use. Finally, the type of housing can also affect air
quality, impairing the respiratory health of both animals and workers. Although concentrations of suspended inhalable
and respirable dust, bioaerosols (Adell et al., 2012) and gases (Calvet et al., 2011) are low in rabbit farms compared
to those of other animals, their production, aerosolization or both, is strongly related to increased animal activity,
access to litter or bedded floors (Cambra-Lépez et al., 2010).

In commercial farms, despite the modernisation of rabbit rearing practices, housing conditions and other improved
farm and animal management practices, mortality rates remain high and disease outbreaks affecting numerical
productivity persist (Huneau-Salaiin et al., 2015). Although disease resistance, longevity and resilience have been
included in some breeding programmes, particularly in breeding does (Garcia et al., 2021), there are still important
health issues causing animal pain, discomfort, mortality and increased production costs to control the disease (EFSA
AHAW Panel, 2020).

Some examples of health issues and disease-causing serious consequences for the health and welfare of rabbits
are described herein. Besides disorders of the digestive system in growing rabbits, in rabbit does, the main causes
of death or illness are related to respiratory conditions (mainly pneumonia), followed by digestive problems (such
as enteritis-diarrhoea and mucoid enteropathy) (Rosell and de la Fuente, 2009; Rosell and de la Fuente, 2016).
Pasteurellosis is highly prevalent. Consequently, health monitoring for signs of rhinosinusitis —such as sneezing,
since rabbits do not cough, nasal secretion or difficulty in breathing— is an important task to diagnose clinical rhinitis
(Rosell et al., 2023). Early diagnosis can avoid its progression, which can lead to severe pneumonia and death. Other
key health-related welfare issues that need attention in rabbit farming systems include pododermatitis and other, skin
problems, mastitis, reproductive and neonatal disorders, cold stress, and most notably heat stress —as rabbits are
fur animals (EFSA AHAW Panel, 2020). All these problems can greatly impact the animal’s reproductive life cycle,
which is on average around 6 kindlings per doe (Rosell and de la Fuente, 2009).

Table 1: Compilation of PLF applications in rabbit farming. Adapted from Cambra-Lopez et al. (2024).

Monitored trait Sensor used Reference

Counting rabbit populations Thermal camera, camera traps ~ Psiroukis et al. (2021), Latham et al. (2012)

Body weight, body surface and length Camera Giersherg et al. (2015); Negretti et al. (2007)

Body temperature Thermal camera and implantable ~ Agea et al. (2021); Chen et al. (2023);
temperature loggers Jaén-Téllez et al. (2021)

Feed intake Camera and RFID' systems Duan et al.,, (2022); Piles et al. (2024);

Sanchez et al. (2024)
Physical activity and specific Accelerometers and camera Adedegji et al. (2023); Ipek et al. (2023);
behaviours Sénchez et al. (2022); Studd et al. (2019)

'Radio frequency identification.
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WHAT HAS BEEN DONE IN PLF IN OTHER SECTORS TO SUPPORT ANIMAL HEALTH,
WELFARE AND PRODUCTIVITY

PLF leverages advanced Information and Communication Technology (ICT) systems to achieve real-time monitoring
and control applications. As already mentioned above, these systems can support farmers by automating the
monitoring and assessment of animal health and welfare, and in the efficient management of large herds of
animals. In the following paragraphs, we consider the main developments in sensing in PLF, mainly in dairy and
pig farming, drawing out their key benefits and limitations. We focus on remote sensing, as this has proven to be
an interesting tool for large-scale animal monitoring.

Camera-based monitoring

Camera technology has significant flexibility for PLF applications. For example, in dairy cow applications, cameras
have been used to measure body conditions score (e.g. Liu ef al. 2020) and cow behaviour concerning cow
health and welfare (Chen et al., 2021). The swine production field has seen regular improvements in computer
vision-based weight monitoring since the original application by Schofield ef al. (1999). However, in the current
research environment, there is an intense focus on using computer vision to track animal movements in their pen
environment, intending to detect abnormal behaviours and welfare challenges (Parmiggiani et al., 2023). Recent
studies have been able to develop technology to track these behaviours at an individual level, which can have a
significant advantage for the animal breeding sector. While such work is progressing, it is largely challenged by
the difficult conditions experienced in livestock buildings (Liu et al., 2023). Currently, limited tracking of animals
can be achievable once certain operating conditions for camera deployment are followed (e.g. overhead view,
limited blockages and distortion). This technology will lead to rapid improvement in long-term health and welfare
monitoring on the farm. Therefore, camera-based technologies are showing significant potential as a PLF tool and
can find interesting applications in the rabbit production sector.

Sound monitoring

Sound analysis is increasingly being explored, particularly for animal health and welfare applications. The non-
invasive nature of sound monitoring, combined with its ability to listen around corners during the day and night,
makes it an interesting tool. While various applications of sound analysis exist, in pig farming sound analysis has
been able to monitor respiratory health by using coughing sounds as a primary indicator (Exadaktylos et al., 2008).
Additionally, pig vocalisations, including screams, grunts and coughs, have also been correlated with stress and
environmental comfort, providing insights into the pigs’ physical and emotional states and ultimately their welfare
(Briefer et al., 2022; Nan et al., 2022).

However, sound analysis in typical PLF applications faces important challenges, primarily when it comes to
accurately interpreting sounds in noisy farm-building environments. Background noise coming from machinery
and overlapping vocalisation from other animals can interfere with the clarity of sound recordings and sometimes
makes it difficult to extract meaningful data (Carpentier et al., 2019; Nan et al., 2022). Nevertheless, the potential
of sound analysis to enhance animal health monitoring and welfare assessment in commercial farming is improving
greatly, with commercial solutions already available. As technology evolves, it is likely to become an even greater
part of animal production, with potential transferrable learnings towards the domain of rabbit production.

WHAT ARE THE OPPORTUNITIES FOR PLF DEVELOPMENT IN RABBIT PRODUCTION

Sensing technology can offer enormous potential to help address current challenges facing rabbit farming that
can contribute to maintaining animal productivity, farm profitability and sustainability. The potential is immense,
and technology could serve as an aid in various fields within rabbit production. However, very few technologies
are being developed and/or validated for this species. Table 1 summarises the state of the art of some PLF
applications in rabbit science.
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In general, although scientific advances in research are sometimes sufficient, implementation is still limited across
most species and is particularly pronounced in the rabbit sector. Implementation requires combining scientific
advances with practical technological innovation and transfer. To this end, collaboration amongst research, the
rabbit sector and industry is fundamental. In the following paragraphs, we delve deeper into the technology
applications that have been considered so far in rabbit science.

Monitoring the presence of rabbits

Monitoring rabbit populations is one important application of sensing technology for ecological purposes. Psiroukis
et al. (2021) used Unmanned Aerial Vehicles (UAVS) equipped with thermal cameras to monitor and count free-
range rabbit populations on the Greek island of Lemnos. This research demonstrated how effective UAV-based
thermal imaging accurately estimate rabbit populations, particularly over varied terrains and during nocturnal
hours. The study also highlighted the advantages of non-invasive technology to provide reliable data for wildlife
management. Complementing this, Latham et al. (2012) studied the use of camera traps for monitoring wild rabbit
populations in Otago, New Zealand. They showed that these traps are also effective for assessing the success of
pest control operations. These technologies can certainly be used to improve decision-making in both agricultural
and conservation contexts, although their transferability to commercial rabbit farming is limited.

Physical activity in natural conditions

Recent research currently shows how monitoring techniques can provide insights into rabbit behaviour, which is
important given that this could be used as part of welfare assessment in intensive production systems. Adedegji
et al. (2023) developed a deep learning-based approach to classify rabbit behaviours. They utilised state-of-the-
art computer vision models to classify various rabbit behaviours, such as digging, eating and social interactions,
with an accuracy of up to 86%. While this work indicates how computer vision could provide information on
rabbit behaviour, the use of public datasets that did not represent rabbit farming conditions restricts agricultural
use. Another study on the free-range behaviour of snowshoe hares (Studd et al., 2019) employed a combination
of accelerator and acoustic analysis to classify behaviour in free-ranging conditions. The study demonstrated
how wearable sensors could effectively monitor these activities in their natural environment, and specifically
showed that snowshoe hares decreased their activity in response to moonlight conditions. In summary, these
studies bring into perspective that behavioural monitoring could be used to assist in understanding behavioural
dynamics in free-range situations. These studies have particularly demonstrated the feasibility and effectiveness
of remote monitoring (camera and microphone) technologies in capturing and analysing lagomorph behaviours.
This is interesting, given the opportunities and developments that image and sound technologies have seen in
other farming sectors.

Feeding and social behaviour in farming conditions

In intensive rabbit farming situations, the conditions are far different to those experienced in the natural
environment. Ipek et al. (2023) studied rabbits in a realistic farm housing environment using computer vision.
They considered agonistic interactions among group-housed rabbits, which is a key challenge the animals face
when forming a social hierarchy in group housing scenarios. In their analysis, they were able to identify and
quantify aggressive behaviours indicative of stress and poor welfare conditions. Another study carried out by
Piles et al. (2024) specifically focused on capturing novel phenotypes of feeding and social behaviour that linked
with rabbit growth and feed efficiency. Their findings suggest that feeding behaviour and social interactions are
connected with growth patterns and optimise feed use. They demonstrate how monitoring of certain production
and behavioural traits can enhance both efficiency and welfare in rabbit production systems.

With respect to understanding and managing feed efficiency, Sanchez et al. (2024) introduced the eFeederRab,
an electronic feeder designed to measure feed intake in group-housed rabbits. This technology allowed precise
monitoring of individual feed consumption and could be used to develop more sustainable nutrition strategies for
rabbit production. The ability to monitor and adjust feed intake on an individual basis has long been a big ambition of
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Figure 3: An electronic feeder prototype specifically designed for growing rabbits developed in IRTA’s nucleus farm at
Caldes de Montbui, Spain (left: Sanchez et al., 2024) and another prototype developed for breeding rabbit does at the
experimental farm in Universitat Politecnica de Valencia, Spain (right: Cambra-Ldpez et al., 2023).

PLF and is at the core of enabling more sustainable and cost-effective farming practices throughout all sectors. Some
examples of automatic electronic feeders used for monitoring feeding behavior for research purposes are illustrated
in Figure 3.

Another interesting investigation was carried out by Duan et al. (2022), who quantified an estimate Remaining Feed
Weight (RFW), which is the amount of feed left in rabbit feeders, intending to monitor the health of rabbits. The model
combined a deep learning approach (Mask RCNN) for feed segmentation with technical improvements to image
processing (more precise boundary detection) as well as weight estimation. The system achieved high accuracy, with
a correlation coefficient of 0.97 and a mean absolute error (MAE) of 10.51 g. In practical farm applications, the study
found that higher RFW, indicating reduced feed intake, was strongly correlated with increased rabbit mortality, thus
potentially serving as an indicator of rabbit health.

Taken together these studies highlight potential PLF approaches towards integrated health and production monitoring
of rabbits on farms.

Monitoring physiological responses of rabbits with sensors

Recent studies on body temperature measurements in rabbits show the strengths of both infrared thermography
(IRT) and telemetry sensor systems. Agea et al. (2021) and Jaén-Téllez et al. (2021) both evaluated the use of IRT
as a non-invasive tool for assessing stress-related temperature changes in rabbits. Agea et al. (2021) used IRT to
identify rabbits with lower stress responses. Interestingly, their study found that rabbits with lower variability in litter
size exhibited smaller increases in body temperature following a stressful event. Jaén-Téllez et al. (2021) also utilised
IRT to monitor rabbit stress, but instead looked at the impacts of handling and environmental stress production.
They showed that, while stress led to increased feed intake and growth rates, the rabbits presented less efficient
feed conversion as a result. This indicates the importance of stress on productivity, as well as the capability of IRT to
capture this information.

Complementing these findings, Chen et al. (2023) developed a telemetry sensor system for continuous, real-time
monitoring of body temperature (subcutaneously implanted) in rabbits, to provide a detailed and long-term perspective
on rabbit health. The authors showed the telemetry system to be reliable and effective in monitoring temperature
deviations beyond expected values. This system can be particularly useful in detecting health issues early, without the
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need for frequent handling, which can be a source of stress in and of itself. While practical challenges remain, such
as how to ensure an appropriate distance between the animal and the antenna, the authors were able to demonstrate
that the customised telemetry sensor system could offer useful insights.

Taken together, technologies that monitor the physiological responses of rabbits can give farmers new ways to
monitor rabbit welfare accurately. Telematic approaches can also potentially facilitate longer-term monitoring and
have potential applications in rabbit farming.

Monitoring the dimensions of rabbits and space utilisation

As already highlighted in previous sections, camera technology has a significant potential to enhance the understanding
of animal productivity, with a key example being automated weight analysis. In rabbit production studies by Negretti
etal. (2007) and Giersberg et al. (2015), computer vision methods and planimetric measurement methods were used
to accurately assess physical traits and space requirements of rabbits in commercial farming systems. Negretti et al.
(2007) showed that morphological traits and body weights could be accurately measured using image analysis, which
is more reliable compared to manual measurements. They also defined a new parameter called “body side surface
(BSS)” to estimate live and carcass weights, showing high correlation coefficients (R2=0.87) with live weight. This
technology can foster more efficient and accurate breeding management practices by reducing the need for manual
measurements.

Another interesting study was done by Giersherg et al. (2015), who looked at the space occupied by rabbits in
different body positions, using the “KobaPlan” method as a basis for designing housing systems that meet welfare
standards. They used a camera setup to collect images of rabbits in a controlled environment and then analysed
these to determine the floor space occupied by rabbits in different postures (sitting and recumbent positions). They
found that the floor space covered by rabbits increased linearly with body weight and that recumbent rabbits occupied
significantly more space than sitting ones.

Taken together, these studies illustrate how camera-based technologies can provide tools for different design and
monitoring applications, and thereby offer a comprehensive approach to improving both the welfare and productivity
of rabbits. Leveraging these technologies can help rabbit farming achieve higher welfare in breeding and management
than currently possible.

CONCLUSIONS AND OPPORTUNITIES FOR PLF DEVELOPMENT IN RABBIT PRODUCTION

The type and volume of information that we can handle through PLF technologies is expanding rapidly (i.e. individual
identification of animals, their position, behaviour, live weight, body condition, body temperature, respiration rate, feed
consumption, feed conversion and even emotions, with some attempts being made to measure pain and frustration).
Data can be obtained using different sensing technologies, as described in the previous sections of this review.
Therefore, outside of research, this information can help professionals in the rabbit sector, especially in key fields such
as veterinary medicine, breeding, genetics and nutrition.

Regarding veterinary medicine, animal monitoring technology can help identify weak and unhealthy animals in real
time, and on a 24/7 basis. In fact, one of the main opportunities offered by PLF in rabbit production is early disease
detection. Early detection of signs of disease can help caretakers to take quick actions to reduce the impact of disease
on the health of the animals. This application can be highly relevant in rabbit does (e.g. for example, to get an early
warning of respiratory problems), but more notably in growing rabbits. Generally, all animals, including rabbits, when
ill, reduce their daily feed and water intake and also change their activity patterns. Therefore, measuring feeding
behaviour and water consumption, as well as the individual activity levels of growing young rabbits, could be used to
develop an early warning system for potentially sick animals. This could potentially be done using electronic feeders/
drinkers with radio frequency identification (RFID) systems, developing ad hoc vision-based monitoring models,
tracking rabbit activity using accelerometers, and measuring other biometric and physiological variables (e.g. heart
rate). This application could have enormous potential around weaning, when the likelihood of digestive disorders
is the highest. Early disease detection enables targeted veterinary treatments for rabbits showing initial signs of
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illness, improving treatment effectiveness and supporting the rational, minimised use of antibiotics. This application
is especially relevant for group-housed animals, where the risk of disease spread is sometimes higher than in other
situations.

In terms of breeding and genetics, digital phenotyping allows for the continuous collection of hundreds of traits from
many animals simultaneously, which can be recorded non-invasively and individually, even under field conditions.
Individual phenotypic data can be used in rabbit breeding programmes, for instance, to enhance the adaptation
of females to permanent and/or part-time group housing. Precision livestock farming tools could help evaluate
management and breeding practices that promote positive experiences (e.g. grooming in rabbit females or play
and exploratory behaviour in growing rabbits) and minimise negative ones (e.g. fear, boredom, pain and frustration).
This could be done by measuring objectively specific rabbit behaviours, physiological responses and body or facial
expressions. Cameras, accelerometers and sound analysis could potentially serve for this aim once the algorithms
to do so are developed. These algorithms need to be calibrated to automatedly detect movement patterns and the
frequency and type of social interactions to verify that animals exhibit desirable natural behaviours and to identify
problems such as aggression. They must also be validated to ensure transferability across different farms and building
types.

In the area of nutrition, the use of electronic feeders in rabbits would allow for continuous and automatic tracking of
individual consumption (type and amount of feed), as well as the study of feeding behaviour (frequency, duration and
feeding rate). This could furthermore enhance feed efficiency and allow for the adjustment to individual nutritional
needs (both for growing and reproductive animals), towards the practical implementation of a tailored feeding system
in rabbits. This application could be highly beneficial in group housing for does, as the formation of stable groups
involves animals of different types (mothers and kits) and physiological states (lactating and non-lactating).

Finally, the potential of PLF tools to control indoor environmental conditions in rabbit farms (temperature, relative
humidity and air quality, among others) should also be acknowledged as a valuable opportunity. This can be achieved
through better integration between the ventilation and manure management systems. Such an approach could
ensure optimal environmental comfort for the animals and, therefore, reduce the stress associated with unfavourable
environmental conditions. Improved environmental control can lead to better productivity and health outcomes,
benefiting both the animals and the farm’s efficiency.

Although not exhaustive, these examples also highlight specific challenges where further research is undoubtedly
needed in rabbit science. Research challenges reside in transforming sensor data into reliable and robust algorithms
that can answer particular questions and predict the response. This requires selecting the appropriate variable(s) to
measure, choosing the suitable sensing technology, and establishing an accurate reference standard when developing
PLF algorithms that are reliable and adapted for rabbits. The newly developed algorithms should then be validated in
different farm conditions before they can be extrapolated and implemented in commercial situations. Nevertheless,
our examples also highlight some areas where PLF might be helpful in rabbit production, assisting farmers in animal
care by facilitating a greater understanding of animal individual needs on farms. These PLF concepts can help
bridge the gap between societal demands and those of the production sector, contributing to achieving high levels
of production, efficiency, resilience and welfare in animal husbandry for the production of high-quality rabbit meat.
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