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SUMMARY 

The European rabbit (Oryctolagus cuniculus) is considered a key species of 
Mediterranean ecosystems, to which it is native. In 2019, the IUCN reassessed the status of the 
species to that of threatened in the Iberian Peninsula due to the decline that had experienced its 
populations during the last decades. Paradoxically, the species has increased its presence in some 
Iberian areas, being considered a "plague" for damaging crops and infrastructures. Thus, there is 
debate among managers, farmers and hunters regarding the objectives of rabbit management 
(i.e., for population control or increase). A plausible hypothesis to explain this paradoxical 
situation is the existence of two independent evolutionary units recognized by the IUCN as two 
subspecies (O.c.cuniculus and O.c.algirus). They present well-defined geographical distributions 
as well as genetic and morphological differences that even led Darwin to consider them different 
species. In fact, increasing research indicates that both genetic groups are in an advanced process 
of speciation, suggesting the need to establish different management measures for each one. The 
general objective of this doctoral thesis is to develop scientific knowledge to understand the 
situation of the rabbit and its subspecies in the Peninsula and provide optimal management 
recommendations for this species in its various contexts. To do this, it pays simultaneous 
attention to two aspects that have barely been explored in the scientific literature to date: the 
rabbit subspecies and the study of the social dimension related to its management. In general, an 
interdisciplinary approach is used for this purpose, combining both ecological and sociological 
studies. The results highlight the existence of notable differences between the rabbit subspecies, 
which can support an independent management framework and may help to guarantee the 
conservation of the O.c.algirus. In addition, the results of this doctoral thesis also suggest an 
apparent disconnection between the social perception of rabbit problems and research-based 
knowledge, which emphasizes the need to involve all parties in charge of rabbit management in 
the construction and communication of knowledge. Such an approach can reduce existing 
conflict and polarization in the management of the species. Regardless of future decisions about 
where to draw the boundaries between rabbit subspecies, this study emphasizes the need to 
understand the social and ecological factors under which the species is managed. In addition, this 
research on subspecies and the social aspects associated with their management, as well as the 
practical recommendations offered, could be extended to any other species in similar 
circumstances. 
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RESUMEN 

El conejo europeo (Oryctolagus cuniculus) es considerada una especie clave de los 
ecosistemas mediterráneos, de los que es autóctona. En 2019, la UICN reevaluó el estatus de la 
especie al de amenazada en la Península Ibérica como consecuencia del declive que han 
experimentado sus poblaciones en las últimas décadas. Paradójicamente, la especie ha 
aumentado su presencia en algunas zonas de cultivo ibéricas, siendo considerada una "plaga" por 
dañar cultivos e infraestructuras. Existe pues un debate cada vez mayor entre los gestores, 
agricultores y cazadores con respecto a los objetivos de gestion del conejo (es decir, para el 
control o aumento de la población). Una hipótesis plausible para explicar esta paradójica 
situación es la existencia de dos unidades evolutivas independientes reconocidas por la UICN 
como dos subespecies (O.c.cuniculus y O.c.algirus). Presentan distribuciones geográficas bien 
definidas así como diferencias genéticas y morfológicas que incluso llevaron a Darwin a 
considerarlas especies distintas. De hecho, cada vez más investigaciones señalan que ambos 
grupos genéticos se encuentran en un proceso avanzado de especiación, lo que sugiere la 
necesidad de establecer diferentes medidas de gestión para cada uno. El objetivo general de esta 
tesis doctoral es desarrollar conocimiento científico que ayude a comprender la situación del 
conejo y de sus subespecies en la Península con el fin de proporcionar recomendaciones de 
gestión óptimas para esta especie en sus diversos contextos. Para ello, presta atención simultánea 
a dos aspectos escasamente explorados en la literatura científica hasta la fecha: las subespecies 
des de conejo y el estudio de la dimensión social relativa a su gestión. En general, con este fin se 
emplea un enfoque interdisciplinar que combina estudios tanto ecológicos como sociológicos. 
Los resultados destacan la existencia de diferencias notables entre las subespecies de conejo, lo 
que puede apoyar la necesidad de un manejo independiente que garantice la conservación de 
O.c.algirus. Además, los resultados de esta tesis doctoral también sugieren una aparente 
desconexión entre la percepción social que se tiene sobre los problemas del conejo y el 
conocimiento basado en la investigación, lo que enfatiza la necesidad de involucrar a todas las 
partes encargadas de la gestión del conejo en la construcción y comunicación del conocimiento. 
Tal enfoque puede reducir el conflicto existente y la polarización en la gestión de la especie. 
Independientemente de las decisiones futuras sobre dónde trazar los límites entre las subespecies 
de conejo, este estudio enfatiza la necesidad de comprender los factores sociales y ecológicos en 
los que se gestiona la especie. En general, las investigaciones sobre las subespecies y los 
aspectos sociales asociados a su gestión, así como las recomendaciones prácticas que se ofrecen, 
podrían extenderse a cualquier otra especie en circunstancias similares. 
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“(…) dicen que es allá la tierra 
(lo que por acá es el suelo) 

muy abundante de minas 
porque lo es de conejos; 

que andaban, los naturales, 
desnudos por los desiertos, 

pero que ya andan vestidos, 
si no es el que se anda en cueros (…)” 

 
L. de Góngora y Argote (1585) Escuchadme un rato atentos 

1.- The European rabbit in the Iberian Peninsula: General considerations 

1.1.- Taxonomy, origins and geographical distribution 

The European rabbit (Oryctolagus cuniculus, Linnaeus, 1758) is one of the 63 lagomorph 
species in the family Leporidae and the only one in the genus Oryctolagus (Smith et al., 2018). 
The fossil record suggests that this genus appeared before any other living leporid genus 6 Ma. 
First record of an Oryctolagus specimen is reported from 3,5 to 2,5 Ma in Spain suggesting that 
the species was likely originated in the Iberian Peninsula (IP), and naturally expanded to 
southern France and northern Africa (Geraldes et al., 2006). Several studies have used a variety 
of genetic markers and genomic information to infer the evolutionary history of the species, and 
two subspecies have been described, O. c. cuniculus (Occ, Linnaeus, 1758) and O. c. algirus 
(Oca, Loche, 1858), which present well differentiated natural geographical distributions: Oca 
occurs in the south and west IP; Occ is present in the north-east; and both subspecies 
distributions overlap in a middle region that crosses the IP from north-west to south-east, and is 
defined as a natural contact zone (Branco et al., 2000; Geraldes et al., 2006; Díaz-Ruiz et al., 
2023; Fig. 1). 

 
Figure 1- Geographical distribution of the European rabbit subspecies in the Iberian Peninsula according to 

Díaz-Ruiz et al. (2023; Chapter 1.1). Light and dark grey zones indicate the range of O. c. algirus (Oca) and O. 
c. cuniculus (Occ), respectively, and the fringe in between represents the putative contact zone (see Chapter 1). 

Occ 

Oca 
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Several authors have hypothesized that differences between rabbit subspecies emerged as 
a consequence of the spatial isolation events that occurred in the IP approximately two Ma, 
during the glacial and interglacial periods of the late Pleistocene (Branco et al., 2000; 2002). 
Branco et al. (2002) suggested that Oca population would have expanded from the south of the 
IP through two main routes: the first occurring northward, and the second north-eastward. 
According to these authors, Occ would have been isolated in the east and the north-east of the IP 
from where it would have spread westward leading to a well separated distribution (see above; 
Branco et al., 2002). Despite all the available information about the geographical distribution of 
rabbit subspecies in the IP, there are questions about its historical biogeography that are still 
unsolved. For example, a biogeographical assessment of the afore-mentioned hypotheses about 
the subspecies geographical expansion have never been conducted yet, as well as an explicit 
delimitation of their isolation areas.  

The spatial isolation has determined genetic mechanisms that minimize their 
hybridization (e.g., Geraldes et al., 2008; Carneiro et al., 2010, 2013; Rafati et al., 2018), 
although humans have modified the allopatric distribution of both subspecies through 
repopulation to feed rabbit predators or for hunting (e.g., Delibes-Mateos et al., 2008), seriously 
interfering with these mechanisms. However, either directly due to genetic differences or due to 
thousands of years of isolation, the two subspecies exhibit subtle morphological differences, 
which even led Darwin to consider them as distinct species (Darwin, 1868). In addition, there are 
indications of reproductive differences between subspecies (smaller litter size for the smaller 
subspecies, Oca), as well as variations in cranial and post-skeletal morphology (also smaller in 
Oca) (e.g., Gonçalves et al., 2002; Sharples et al., 1996; Callou, 2003). The increasing evidence 
suggests that both genetic groups are on an advanced stage of speciation process making 
subspecies status source of discussion (e.g., Delibes-Mateos, 2018a). This notable number of 
differences reported to date, however, has not considered yet other biological aspects such as 
epidemiology, growing, phenology or behavior, which could help to clarify the status of rabbit 
subspecies. 

1.2.- Historical abundance and species status  

Historically, European rabbits reached very high numbers both in their native range and in 
areas where the species was introduced. First introductions referred to the subspecies Occ in the 
Balearic Islands by Neolithic settlers as early as BCE 1400- BCE 1300 being the only example 
of early domestication process occurring in Europe (Alves et al., 2008). After these first 
introductions the species was recorded by authors like Strabo (BCE 63/64– BCE 24) and Pliny 
the Elder (CE 23/24 - CE 79) as fairly abundant and problematic because of the damages it 
caused to crops and cities both in the IP and Balearic Islands: “There is also a species of hare in 
Spain, which is called the rabbit; it is extremely prolific, and produces famine in the Balearic 
Islands, by destroying the harvests” (Bostock & Riley, 1855; pp.55).   

 
Despite this, Phoenicians and Romans continued spreading the species all around 

Mediterranean Europe as rabbits were appreciated for meat and fur. Wild rabbits were captured 
and kept in a leporarium, a vast enclosure surrounded by stone walls, ancestor of Middle Age’s 
proper enclosures. Animals kept in such leporarium were allowed to reproduce freely. The 
domestication process, linnked to the raising oof the species on specific enclosures was not 
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properly set until Middle Ages, when rabbit gardens and warrens were built and kept in 
monasteries, first in France and then in Britain and Germany (Rogers et al., 1994). Subsequently 
new multiple introductions resulted in the slowly spread of feral rabbits worldwide. The 
subspecies Occ has been established in all continents, except Antarctica, as well as in 800 islands 
worldwide. In contrast, the only places where Oca subspecies was successfully introduced were 
the archipelagos of Azores and Madeira (Fig. 2; Villafuerte & Delibes-Mateos, 2019). Naff & 
Craig (2012) have suggested that the reproductive capacity, burrowing behavior, herbivorous 
diet and high adaptability to a diverse range of climates of the feral forms of O. cuniculus have 
contributed to compensate its small size, appeal to predators, and lack of natural defenses 
promoting that unusual ubiquitous of the species after human introductions into non-native 
habitats. 

Figure 2- Map of current worldwide distribution of the European wild rabbit. Dark areas and arrows point 
locations where the species has been reported (Based on Tablado, Revilla & Palomares, 2009). 

It is not well known how rabbit populations fluctuated until the 20th century, when the first 
rabbit monitoring efforts were launched. Nevertheless, most evidence suggests that, for 
centuries, the species was abundant in many European regions (Delibes-Mateos et al., 2022). For 
example, records of the number of game animals harvested at the beginning of the 20th century 
indicate that rabbits were still abundant across European countries (e.g., Rogers et al., 1994; 
Thompson & King, 1994; Aebischer et al., 2011). However, from early 1900’s to the late 1950’s, 
before the arrival of myxomatosis, rabbit decline was allegedly caused by habitat loss and 
fragmentation (Delibes-Mateos et al., 2010 and references there in). In the IP, as throughout the 
rest of Europe, economic growth and rural exodus contributed to changes in the agrarian 
structure (Fernández-Alés et al., 1992). These changes favored the appearance of large mono-
specific homogeneous patches, of either scrubland or crops, causing the loss of Mediterranean 
mosaics that characterized the traditional Iberian agricultural landscapes (e.g., Romero-
Calcerrada & Perry, 2004), which was rabbit’s most preferred habitat (Moreno & Villafuerte 
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1995; Calvete, 2006). Subsequently, the advent of two viral diseases (myxomatosis and rabbit 
haemorragic disease or RHD) during the second half of the 20th century together with the 
continued changes in land use and natural habitat loss devastated most rabbit populations across 
Europe. 

The arrival of myxomatosis during the 1950’s caused a sharp rabbit decline in Spain and 
Portugal populations. This disease, firstly detected in South America, was introduced in France 
in 1952 as a measure for rabbit control and spread rapidly across Europe. In the IP it was 
detected for the first time in 1953 (Muñoz, 1960). Although the information on the initial effect 
of the disease on Iberian rabbit populations is scarce, it probably had an immediate and accused 
effect on rabbits’ numbers, as occurred in England or France, where the disease killed nearly 
99% of rabbits when it firstly arrived (Fenner & Fantini, 1999). Following this initial outbreak, 
mortality rated due to myxomatosis started to decline as the degree of resistance to the disease 
increased (Abrantes, 2010). Still, to date, myxomatosis continues representing a strong mortality 
factor playing a role in the rabbit population dynamics (Villafuerte et al., 2017; Camacho-Sillero 
et al., 2022).  

Just when Iberian rabbit populations seemed to be recovering after the crash caused by 
myxomatosis, RHD greatly impacted rabbits again. This viral disease was firstly described in 
China in 1984, and spread throughout Europe between 1986 and 1989, largely transmitted due to 
trade in domestic rabbits. After its first report in Italy (Cancelloti & Renzi, 1991), RHD virus 
quickly expanded being detected in Spain in 1986 (Argüello et al., 1988), where it caused initial 
mortalities of 55-75% (Peiró & Seva, 1991; Villafuerte et al., 1994), devastating most Iberian 
rabbit populations. Recovery efforts aimed at providing species-friendly habitats, reducing 
hunting, and removing generalist predators that may impact rabbit populations, but did not 
completely succeed to restore previous population levels. Five years after the arrival of RHD, it 
was estimated that Iberian rabbit populations were 50% below the abundance levels registered 
before the initial outbreak of this disease (Blanco & Villafuerte, 1993; Alves et al., 1997). As a 
consequence, in 2008, the International Union for Conservation of Nature (hereafter IUCN) 
assessed the rabbit as “Near Threatened” throughout its native range (Smith & Boyer, 2008). 
Similarly, by then, categories of Vulnerable and Near Threatened were attributed in specific Red 
Lists of Spain (Villafuerte & Delibes-Mateos, 2007) and Portugal (Cabral et al., 2005), 
respectively.  

In the early 2010s, a new decline, estimated as 20% of the population per year in Portugal 
and Spain (Monterroso et al., 2016), was caused by a second variant of RHD (commonly known 
as GI.2/RHDV2/b and hereafter GI.2). After its emergence, GI.2 recombined with pathogenic 
and non-pathogenic forms, and currently, several RHDV recombinants are cocirculating in the 
wild (Lopes et al., 2015; Dalton et al., 2015). The outbreaks of this new virus have caused 
important economic losses in rabbitries (Dalton et al., 2014) and have affected negatively the 
conservation of rabbit-sensitive predators (e.g., Delibes-Mateos et al., 2014ª). The reassessment 
of the species as Endangered by the IUCN in 2019 reflected the impact caused by GI.2 on 
Iberian rabbit populations (Villafuerte & Delibes-Mateos, 2019). However, it also seems 
puzzling since the species has been also evidenced to still reach high numbers in some Iberian 
regions (e.g., Delibes-Mateos et al., 2018b), suggesting that to the main impact of GI.2 additional 
factors may be contributing to the long-term Iberian rabbit population trends. While some of the 
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factors driving rabbit population trends have been widely studied -e.g., diseases (e.g., 
Monterroso et al., 2016) or predation (Moreno et al., 2007)- others have received little attention 
in the literature. These would include, among others, climate change or the existence of two 
rabbit subspecies with marked differences at multiple levels (see Chapter 2).   

1.3.- Values attributed to the European rabbit  

Multiple values and categories have been assigned to the European rabbit as a 
consequence of its worldwide distribution, the high numbers it can reach, and its adaptability to 
many different environments as well as its ability to modify such environments. Apart from the 
value of the European rabbit as food and fur supply or as game species (see below for details), 
both domestic and wild rabbits have been managed historically for a variety of alternative 
reasons (e.g., introduced as food for predators, or to graze the vegetation) (Flux & 
Fullagar,1992). It has also played a symbolic role for many societies, including the Iberian. In 
recent decades, some of those historical uses and meanings have undergone a transformation, 
and while some have been replaced, others have emerged. For example, rabbit’s role as 
companionship at home or as experimentation model in scientific research. Such shift may be 
seen as part of new trends and conceptualizations of animals-humans’ relationships on a global 
scale (Leroy & Petracci, 2021; Manfredo et al., 2020; Fig. 3).  

While most of wild rabbit material values can be perceived in general as positive by 
human population (with the exception of the impacts of the species on agriculture and 
infrastructures), rabbit symbolic values have historically maintained a position rather complex 
and ambiguous within the anthrozoological record (DeMello, 2012; Leroy & Petracci, 2021). 
This peculiar ambivalent identity, combining “utility” and “damage” as well as slippery notions 
of “nature” and “wilderness”, can be typified as what is called a pharmakon: something that is 
both useful and harmful in a superimposed manner. In general, this concept has been suggested 
to be useful for all livestock species (Leroy, 2019). However, it becomes particularly striking in 
the rabbit; representations of the species both as desirable and despised are present in all times, 
but increased since the 19th century (see Petracci et al., 2018; Leroy & Petracci, 2021). 

Remarkably, the potential meanings associated with the rabbit do not relate to the species 
per se, but rather to human interpretation, and consequently the position of the species in societal 
practices and its accompanying narratives (Scully, 2002). Instrumental value is the value that 
something has as a means to a desired end and it is always conditional on the value of something 
else. Therefore, it fluctuates based on changes in the desirability of the end to which it is a means 
and whether alternative, more efficient, means are available. It is uncontroversial that ecosystems 
and species hold a wide variety of instrumental values (e.g., recreational value, spiritual value, 
natural resource value, etc.). What is contested (e.g., Elliot, 2005; Sarkar, 2005) is whether 
ecosystems and species have non- instrumental value, that is to say, intrinsic value or value in 
themselves and as an end (Sandler, 2012). In this sense, the intrinsic value concept has been 
considered as a poor basis for biodiversity conservation by several authors (but see e.g., Maguire 
& Justus, 2008; Justus et al., 2009; Rea & Munns, 2017).  

Therefore, this PhD focuses on European rabbit’s values exclusively in terms of instrumental 
concern. Inspired by Leroy & Petracci (2021)’ approach, it is attempted to describe these 
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potential meanings traditionally attributed to the rabbit, differentiating three periods or epistemes 
along the history of the IP. A first period of Prehistory that ranges from first described evidences 
to ancient history, a second one identified as a Domestic Era ranging from ancient history to the 
19th century, and a third referred to as Post-Domestic Era, which comprises from the 19th 
century to present times (Fig. 3). All categories attributable to the species apart from their 
material sense, when cautiously interpreted, may also provide information about the symbolic 
dimension. Both material and symbolic means may provide this way deeper insight about 
collective representation of the species in the Iberian society of each period of time, although 
some symbolic means may be more explicit in some roles (e.g., the iconographic value) than 
others (e.g., value as game species). Two main sources can be used for the analysis of the more 
explicit means: written and iconographic, even being in some cases both sources inextricably 
linked (Morales Muñiz, 1996). According to such sources, the rabbit may have one symbolic 
meaning or several. So, while it may allude to a decorative intention or can be the result of 
copying any previous reference, the inclusion of a rabbit in artwork often is not casual, and may 
obey to specific purposes based on the communicative intention of the creator.  

 
Figure 3- Societal roles played by the European rabbit throughout the history (breakdown in three epistemes or 
periods: The Prehistory, the Domestication era. and the current Post-Domestic era). Dark squares refer to 
especially prominent values on a certain period. Dashed lines refer to labels that decrease in a particular era, or 
for which there is scarce information (Based on Leroy & Petracci, 2021). 

1.3.1- Rabbit attributable values in the Prehistory 

From a prehistoric perspective, first rabbit uses can be linked to its consumption as meat 
and source of skin and fur in the Paleolithic era (e.g., Brown et al., 2011; Fa et al., 2013). Fossil 
evidences suggest a wider distribution of the rabbit in south-west Europe between the Ice Ages, 
and that rabbits were harvested 120,000 years ago in the south of France. The few fossils from 
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North Africa date only from the late Paleolithic or Neolithic and might represent trade or an early 
introduction; rabbits were valued for their fur, sinews and bones (for making needles) from 4800 
to 4000 BC (Flux & Fullagar, 1992). In addition, the high protein level and bioavailability of 
micronutrients of rabbit meat has been hypothesized to be an important supplement to the 
ancestral Mediterranean diet (e.g., Blasco et al., 2013; Martínez-Polanco et al., 2017).  

 
Furthermore, rabbits may have played some other important social roles in hunter-

gatherer culture (e.g., as totem animal), although very little is known about this fact (Leroy & 
Petracci, 2021). Some examples are the few representations of rabbits that are found in cave 
paintings in the Torcal de las Bojadillas (Albacete, Spain) and Le Gabillou in Dordogne, France 
(García del Toro, 1984). Additionally, the discovery of small objects, such as amulets and 
zoomorphic statuettes, suggests a potential religious use of rabbits related to the cult of fertility. 
Several examples of objects of that type have been attested in both Portuguese and Spanish sites 
(García del Toro, 1984). However, the fact that all lagomorphs are morphologically similar 
makes difficult the distinction between representations of rabbits and hares during this era and 
subsequent ones (Naff & Craig, 2012). 

1.3.2- Rabbit attributable values in the Domestic Era 

It is thought that the rabbit could have started its domestication and inclusion included as 
livestock (i.e., cuniculture) in the settling communities of the Neolithic (Petracci et al., 2018; 
Carneiro et al., 2014a). However, true domestication would not have started until the end of 
Romans times and subsequently in the Middle Ages. During this period, values related to the 
material role of the species as meat or fur were again important, but also other symbolic values 
taken from iconography and texts can be referenced and linked to the IP of the classical world 
onwards. Rabbits were generally represented in a naturalistic way, although with formal 
differences in terms of technique and style. Although some representations may be interpreted as 
just decorative others may be set with a clear symbolic intention depending the contexts in which 
the references appear. The main symbolic meaning given to the species in the IP is extensible to 
all lagomorphs and is also found in other regions. Lagomorphs were associated with 
cosmological phenomena and often identified with the moon, and were linked to abundance and 
multiplication. However, there is also ambivalence on symbolic rabbit representations of this 
period and therefore the species can be also identified as auspicious or unfavorable sign, even a 
taboo (Callou, 2003). 

 
During the Domestic era, several periods can be differentiated. In what specifically 

concern the ancient history, for example, rabbits (and in general lagomorphs) were generally 
considered a symbol of sexual desire and carnal love, as Aristotle reflected (Book IV, 33). Even 
the gift of rabbits and hares was considered a sign of love. Likewise, leporids were consecrated 
to Aphrodite, Eros and Hermes. In addition, they were associated with the myth of Artemis, 
often being represented in Greco-Roman art accompanying the deity with which they are 
associated. Among other meanings attributed to lagomorphs, rabbits were seen as a symbol of 
vigilance due to the belief that they slept with their eyes open. Of cowardice due to their shyness, 
rabbits were associated with the passing of life due to their agility and speed. Also, their habit of 
living in burrows made that ancient people related rabbits to Mother Earth (Rodríguez Peinado, 
2011). 
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Testimonials by Greek and Roman authors who visited Hispania very often showed the 

great proliferation of rabbits and hares. The oldest literary evidence of the Iberian rabbit is the 
name that the Phoenicians gave to the country: i-shepan-im (coast of hyrax), which responded to 
the resemblance of the Iberian rabbits to the most similar species they knew, the hyrax. This 
name was then transformed by the Romans into His-span-ia (Cuisin & Petter, 1977). Polybius in 
CE 133 described the species by noting its resemblance from afar to a small hare, but he stated 
that “a great difference is noted when held in the hand, both in its appearance and in its taste. But 
it almost always lives underground”. Also, as it was previously mentioned, Strabo (BCE 63- CE 
23) referred to rabbits when he pointed out about Baetica stating that “there are no more harmful 
animals except those that dig the earth” (García del Toro, 1984). Other iconographic references 
appeared in alternative media as mosaics and in objects of daily use such as vessels, brooches or 
coins (García del Toro, 1984). In relation to this, during the time of Emperor Hadrian the rabbit 
appeared as a symbol of the territory accompanying the anthropomorphic figure of Hispania. 
Many of the ancient Greek and Roman coins showed rabbits or hares. Many ancient Greek cities 
adopted mythical animals as badges or totems; rabbits were already imprinted on the reverse of 
some coins during the emperor’s Hadrian tenure, and the species was even used as the symbol of 
Spain by the poet Catullus (Rogers et al., 1994). 

 
During the Middle Ages there were references to rabbits in written testimonials: Saint 

Augustine considered the rabbit and the hare as the oldest symbols of lust, main meaning with 
which the species passed to medieval art. It was also considered a lunar animal due to its 
nocturnal habits, which even led to the interpretation of the spots on the star as the silhouette of a 
leporid. In a unique way, the personification of the moon is represented riding on this animal in 
the book of Astromagia of the Alfonsí scriptorium (Vatican Library), considered to be the result 
of the influence of the Indian tradition of astral magic. Likewise, in medieval bestiaries, the hare 
was seen as a shy animal characterized by its agility, and it was considered hermaphrodite. These 
documents took as a reference the previously mentioned Pliny the Elder, who in his Natural 
History alluded to rabbit’s qualities, considering the rabbit a species of hare typical of Hispania 
and characterized by its voracity or excessive fertility (Rodríguez Peinado, 2011).   

 
Additionally, rabbits are sometimes represented adopting human attitudes in some 

marginalia of medieval moralizing books. Such scenes have been hypothesized to respond to 
humoristic or even criticism intentions (Callou, 2003). Rabbits were also represented in the 
Middle Ages in objects through all kinds of media and techniques. Due to their decorative and 
moralizing nature, rabbits were frequent in architectonic elements, such as the miniatures of the 
codices, in sculpture forming the decoration of capitals, corbels of eaves, and in the decoration of 
choir stalls. They were also frequent in sculptures and painting as part of hunting scenes or 
integrated into the landscape, which is in fact extensible to the following period. Representations 
of the rabbit were also found in the art of areas outside the IP. 

 
Subsequently, from the Modern era to the 19th century, there are also references to the 

species. For example, in the fables different meanings were given to rabbits (Rodríguez Peinado, 
2011). The genre, which has always been a public instruction and moralizing instrument favored 
by the context of the time, was specially developed in the 18th century. Alternatively, rabbits’ 
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representations are also well documented in other sources such as poems (e.g., references in 
Cervantes and Góngora texts), traditional Spanish and Portuguese proverbs or paintings. 

1.3.3.- Rabbit attributable values in the Post-Domestic Era 

As previously mentioned, although ambivalent meanings of the rabbit are constant 
throughout the history, they were exacerbated during the Post-Domestic era. In this period, an 
epistemic change began worldwide with a profound influence on the type of human-animal 
interaction, which is perceived as necessary to be abolished, developed or maintained (Leroy & 
Praet, 2017; Leroy & Petracci, 2021). Concomitantly, problems caused by rabbit introduction 
and overabundance are increasingly reported in places outside the IP, such as Australia. This 
coincides with a generalized and persistent rabbit decline in the IP. Paradoxically, the species is 
also regarded as a pest in some farmland areas in the IP (Delibes-Mateos et al., 2011), where 
rabbits have significantly increased their numbers exponentially (e.g., Fernández, 2005; Barrio et 
al., 2010). As such, the wild rabbit is considered both as threatened and pest species, depending 
of the setting (Lees & Bell, 2008). In those places where the rabbit is broadly considered to be 
harmful for agriculture, the perception of the species as a threat to human interests have been 
observed to increase significantly over the last 50 years (Ríos-Saldaña et al., 2013). This could 
have important management consequences as for example, stakeholders may find it difficult to 
accept that a keystone species currently labeled as “endangered” should be controlled in a 
manner appropriate for a pest (Delibes-Mateos et al., 2011). Several investigations have revealed 
that increasing rabbit population mostly occur in agricultural areas. Rabbit damage to crops is 
often reported in farmland areas where natural vegetation is scarce, where main railways and 
highways are present offering refuge to the species, and where environmental conditions are 
generally favorable for rabbit populations to proliferate (Delibes-Mateos et al., 2008b; 2018b). 
Apart from damage to agricultural crops, rabbits may impact plant nurseries, cause soil erosion 
through burrowing, and detrimentally affect native flora and fauna through grazing, direct 
competition, hyperpredation or indirectly through habitat degradation (Barrio, 2010).  

 
Remarkably, rabbits have become increasingly marginal for the production of meat and fur. 

Rabbit meat has been evidenced to have a long-standing legacy in the IP (Petracci & Cavani, 
2013). Although rabbit meat was highly valued by consumers (Geyzen et al., 2012), its 
consumption and associated storytelling have sustainably declined since the 1980’s. Industrial 
rabbit farming began in IP between the late 1960s and early 1970s. Until then, breeding rabbits 
for their meat was an eminently rural and family activity linked to self-consumption and short 
distribution circuits. Official statistics showed a notable increase in the production and 
consumption of rabbit meat in Spain during the 1970s, followed by a stabilization in the 1980s. 
Such increase in the 1970s was not exclusive to rabbit meat, but common to general meat 
production, and so a reflection of an increase in the population’s standard of living (Tarafa, 
1990). Subsequently, rabbit meat consumption started a slow reduction in the 1990s, which has 
continued to present. This is well exemplified by the fact that the average annual per capita 
rabbit consumption in Spain remained above 2 kg up the late 1990’s, while it is currently under 
1,5 kg, which impairs the development of this subsector (González-Redondo & Rodríguez-
Serrano, 2012). In 2020 a new drop of 1,84% was registered in average rabbit meat consumption 
compared to 2019 (MAPA, 2021). This has led to the establishment of Iberian campaigns with 
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the aim of making consumers aware of recently recognized benefits of eating rabbit meat (CAP, 
2022).  

 
Similarly, per capita consumption of rabbit meat has undergone a continuous decline across 

Europe over recent decades. This trend is also extensible to the fur industry, which is nowadays 
conceived in Spain mostly as a by-product of scarce impact versus what happens in other 
countries such as China (Dr. Joan Rosell com pers.). Rabbit production has a strong cultural 
component as rabbit meat is only consumed in a few EU countries. Despite the afore-mentioned 
decline in rabbit meat consumption, which may be linked to changes in consumer habits towards 
convenience foods and the increased perception of the rabbit as pets (see below), Spain and 
Portugal are still among the countries with a notable production of rabbit meat, being Malta the 
one with highest consumption (>3 kg/person) (European Commision, 2018). 

 
It is also worth mentioning that rabbits have been increasingly used as laboratory animal for 

scientific research or as pet species. The various superimposed roles of rabbits as cuniculture, 
game species, pest, laboratory animal or pet have been suggested to exert an influence in these 
recent trends in the consumption of rabbit meat (Leroy & Petracci, 2021). In this sense, we now 
seem to be facing an epistemic turn that increasingly looks to animal foods along moralistic lines 
(Leroy, 2019), and anthropomorphist sense (Manfredo et al., 2020). As an example, it has been 
hypothesized by Leroy & Petracci (2021) that perceived cuteness may be contributing to a 
changing position of rabbit meat within Western Post-Domestic foodscapes in the sense that it 
can lead to emotional responses that are hard to reconcile with the sensitivities of the Post-
Domestic paradigm. Such effects may compromise the acceptability of rabbit meat in 
contemporary Western societies, which are typified by problematic human-animal interactions 
and disconnected from the food chain. In particular, young and urban populations seem to have 
difficulties facing the notion that food production requires the killing of animals. As a result, a 
traditional food source like the rabbit may be becoming irrelevant despite its high nutritional 
value, and potential for sustainable meat production, due to reasons that are emotive rather than 
rational (Petracci et al., 2018; Leroy & Petracci, 2021).  

 
The wild rabbit has been traditionally one of the most important game species in Spain 

and Portugal in terms of the number of individuals killed. It is hunted across most of the IP; over 
30,000 private hunting areas, covering more than 87% of the Spanish territory (Villafuerte et al., 
1998), are devoted to rabbit hunting (Angulo & Villafuerte, 2004). Therefore, this lagomorph 
represents a highly game managed species and an intensively harvested one, even in regions 
where the species is not so abundant (Piorno, 2006). Noticeably, it was estimated that rabbit 
hunting generated around an annual 900 million euros income in the 1990s (Villafuerte et al., 
1998). Such economic revenue estimate came mainly from hunting licenses, number of animals 
shot and sold for meat consumption, restocking actions, and so on. Rabbit hunting is still very 
important in Spain. This is well exemplified by the fact that, in 2019, the total number of small 
game mammals killed in Spain was about 6.6 million of which 91% were rabbits; i.e., almost 6 
million rabbits are killed annually in Spain (MITECO, 2019). However, this value is immersed 
in the context of a general decline of hunting activity, illustrated by a constant decrease in the 
number of hunting licenses from one million in 2010 to about 750,000 in 2019, the lowest figure 
of the last 20 years).  
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As regards the Post-Domestic representations of the rabbit in the culture, multiple 
references have been preserved both in poems and paintings, being almost all these referenced 
linked to the gastronomy or rural reality. Nowadays, it seems that the wild rabbit symbolic value 
is mainly linked to rural communities and practices (e.g., hunting culture). In contrast, domestic 
representations of the species tend to be part of the broader and more general epistemic trends. 
Representations of the rabbit in the art are closer, for example, to its domestic new position as 
well as to more empathic and ecological concerns. Rabbit’s ecological value (see below) stems 
directly from a contemporary paradigm, assuming a recent resignification of the species that is 
part of a culture of conservation in which a preponderant value is assigned to the natural 
environment. The ecological value attributed to the rabbit is generally recent. First ideas about 
the conservation of nature in Spain and Portugal can be found in the eighteenth-century, although 
such ideas did not come to form a structured discourse with a global scope. It was not until the 
end of the nineteenth-century or beginning of the twentieth-century that a concern for public and 
modern conservation began to take hold (Santamarina Campos, 2019). The ecological concerns 
about the rabbit starts even latter, and it could be placed during the second half of the 20th 
century, when rabbit populations collapsed and started to be more investigated (Ferreira, 2012).  

As a result of such research efforts, a large body of knowledge about the rabbit has been 
generated and this includes the recognition of its important roles as ecosystem engineer and 
keystone prey species. Indeed, rabbits are consumed by more than 40 predator species in the IP 
(Delibes-Mateos et al., 2008a), mostly in the distribution area of Oca. These include a number of 
predator species of conservation concern such as the endangered Iberian lynx (Lynx pardinus) 
and Spanish Imperial eagle (Aquila adalberti), both endemic to the Iberian Mediterranean 
ecosystem, and considered as rabbit-specialist predators; they preferentially consume this prey 
(Ferrer & Negro, 2004; Delibes-Mateos et al., 2008a). In addition, European rabbits act as 
ecosystem engineers in the Mediterranean region because they modify vegetation through 
grazing, act as dispersers for seeds of many plant species, creating open areas and contributing to 
plant species diversity, and rabbit burrows provide shelter for several vertebrate and invertebrate 
species (Gálvez-Bravo et al., 2009) and rabbit latrines have an important effect on soil chemical 
fertility and plant growth and provide feeding resources for different invertebrate species 
(Galante & Cartagena, 1999). Through these multiple roles, reviewed in Delibes-Mateos et al. 
(2008a), rabbits affect ecosystem structure and functioning in the Mediterranean area of the 
Iberian Peninsula, which includes the majority of the range of Oca, and which these authors 
termed “the rabbit’s ecosystem”.  

2.- Wild rabbit research in the Iberian Peninsula: State of the art 

The scientific literature about the European rabbit in the IP is vast and increasing, as 
illustrated by previous bibliographic reviews (e.g., Ferreira, 2012; Gilcrease, 2013). In Europe, 
until 2012, the main contributors to the increasing body of knowledge about this species were 
found in Spain, Portugal and France. In her review, Ferreira (2012) evidenced that Iberian rabbit 
literature mainly focused on six general aspects (Table 1). 
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Table 1- main topics addressed in the Iberian wild rabbit literature until 2012 according to Ferreira (2012). 
 

(1) Basic ecology Research about the species basic requirements that usually incur in 
management recommendations for rabbit sustainable harvesting. 

(2) Diseases The impact of viral diseases, myxomatosis and RHD, the effectiveness 
and usefulness of vaccination campaigns against these two diseases. 

(3) Predator conservation The association between the management of the wild rabbit and its 
top-order predators, such the Iberian Lynx. 

(4) Management for game 
and/or conservation 

As a means to investigate and improve effectiveness of specific 
conservation actions. 
 

(5) Genetics The study of phylogeography of any of the two recognized rabbit 
subspecies. 

(6) Population trends Regional and national assessment of population trends. 
 

On an attempt to update previous reviews, and explore possible changes and trends in rabbit 
research in the IP during the last decade, peer-reviewed articles published between 2012 and 
2021 were searched using three comprehensive databases of scientific publications (ISI Web of 
Science, SCOPUS and Google Scholar). Due to the high number of articles returned using 
Google Scholar searches a complete screening was not feasible. So, I followed typical protocols 
for systematic reviews that screen the first 50 to 100 search records within Google Scholar 
(Haddaway et al., 2015) and I only considered the first 100 results. Similarly, I followed 
previous Ferreira’s (2012) proceeding as well as general PRISMA 2020 authors’ guidelines for 
the publication of systematic reviews (Page et al., 2021). To be included, a journal article’s title, 
abstract or keywords had to contain at least one of the terms that stemmed from the following 
words, in the following combinations: (“rabbit” or “Oryctolagus” or “leporid” or “lagomorph”) 
and (“Iberian Peninsula” or “Spain” or “Portugal” or “Mediterranean”). These terms were 
strategically selected after reviewing a subset of articles on the topic. The list of articles 
generated by each search was further scrutinized following specific exclusion criteria:  

 
(1) Following protocols used in similar review articles (e.g., Krafte Holland et al., 2018; Zenni 

et al., 2023), only publications written in English language were retrieved. 
(2) Only studies performed on Iberian wild rabbits were included; therefore, scientific studies 

published within the Iberian Peninsula that referred to domestic specimens or whose origin 
was doubtful were excluded from this review. 

(3) Only studies that provided a new contribution for wild rabbit research in the IP were 
considered, which automatically excluded articles that, e.g., discussed rabbit population 
status in Iberia for a review purpose, but presented no new data on European rabbit 
populations. 

(4) Non-peer reviewed or “grey” literature such as popular articles, technical reports or 
alternative peer-reviewed scientific publication forums (see Ferreira, 2012) were excluded 
because (a) there was no consistent means to assess the scientific rigor of these 
publications, and (b) there was no systematic method for retrieving this literature. As stated 
previously by Ferreira (2012), there are other major scientific peer-reviewed publication 
forums in Iberia (mostly written in Spanish) known by Iberian researchers not traditionally 
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included in the search engines used here and so, such journals were not considered in this 
review either. 

(5) Similarly, PhD thesis, master or degree studies, books or conference proceedings were not 
included in this analysis to avoid data duplication and because most of these sources were 
not shown in SCOPUS, ISI Web of Science (here after WOS) or Google Scholar. 

 
The list of articles generated by the search in each of these engines (n= 512 and n= 741 in 

WOS and SCOPUS respectively; Fig. 4) was further scrutinized. Overall, the searches returned 
176 WOS articles and 184 SCOPUS articles, respectively. Abstracts were examined and a quick 
screening on the article was made to confirm an appropriate focus on the topic. Google Scholar 
search provided results ordered by relevance. Of first 100 publications, 28 fitted criteria 
inclusion, and only 11 of those were not detected through previous WOS and SCOPUS searches. 
The total sample included 210 articles after removing duplicates. For easiness of comparison, 
interpretation and discussion of the results, only articles that fitted into the pre-defined categories 
by Ferreira (2012) were finally considered. Although some of the preliminary selected articles 
dealt with rabbit in the terms defined by exclusion criteria, they were removed from the final 
database as they could be categorized at different topic areas (e.g., archaeology studies included 
into the database, would have represented a 12% of the total literature production between 2012 
and 2021). Thus, after simplification the total number of articles considered was 210 (Fig. 4; 
Appendix S1). 

 
Figure 4- Stages of PRISMA systematic review process with the number of records form WOS, SCOPUS 

and Google Scholar searches at each step. 
 
According to the results, the number of articles published in the last decade was much 

higher than that published in previous decades: 210 in last decade vs 298 in the 3 previous ones 
(Fig. 5).  
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Figure 5- Number of peer-reviewed publications on the European wild rabbit (Oryctolagus cuniculus) in the 

Iberian Peninsula between 2012 and 2021. 
 

During the period 2012-2021 a slight peak of publications was noticed during 2013 and 
2014, when the publications on Management and Disease dimensions increased likely as a 
consequence of GI.2 emergence.  This pattern may be explained by the emergence and 
consequent interest of the RHDV-b in the early 2010s. The number of studies about rabbit 
diseases increased from 20% in 1978-2011 period to 32% between 2012 and 2021, becoming the 
main area of research during this last decade (Fig. 6); it was the third in the first period after 
Basic Ecology and Predator Conservation studies. Complementarily, Basic Ecology studies 
decreased from 31% to a 21% between both periods (Fig. 6). Predator Conservation studies 
maintain pretty similar proportion values (23% and 20%, respectively; Fig. 5), which may 
suggest that the interest on the species as subordinated of predators is still relevant. Although not 
included in this review, some topics, such as climate change (n=1), rabbit subspecies (n=7) or 
social sciences approaches (n=2), are overlooked in rabbit literature, which suggests that these 
are sustained gaps in rabbit research.  

 
Figure 6- Percentages of wild rabbit scientific literature in the Iberian Peninsula by topic between 

1978-2011 (Ferreira, 2012; n=298 studies) comparing 2012-2021 (this review, n=210 studies). 
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It is worth mentioning that, as previously stated, there are other major scientific peer-

reviewed publication forums in Iberia (mostly written in Spanish or Portuguese) that have not 
been considered in this review. These sources, together with grey literature, comprise many 
reference studies on the species in the IP. Nevertheless, because their appearance was sporadic 
and highly random (for example, not all the articles from these journals containing those 
keywords showed up in the searches), these studies were not included in this bibliographic 
review (see for more details on the methods Ferreira, 2012). This, however, calls the attention to 
the reliability of searches performed using these web engines, since ultimately varying sources 
provide different volumes of information and of distinct quality, an impairment already 
ascertained by other authors (e.g., Alcaraz & Morais, 2012). However, regardless of any 
potential limitation, the results of this review point out to an increasing publication trend about 
the species in the IP and help to identify notable gaps in the literature. Importantly, these gaps 
concern to interesting aspects such as the rabbit subspecies biology or the social dimension of the 
management and conservation of the species. A further examination of the literature reveals that 
there is still a smaller amount of scientific production dedicated to the Oca subspecies than to the 
Occ subspecies. 

3.- Research hypothesis, justification 

3.1.- Research hypothesis  

Overall, the IP is the region of the world in which the European rabbit currently plays more 
diverse and even paradoxical roles being at the same time appreciated and despised in close areas 
(but see Lee & Bell, 2008). This paradox raises serious management and conservation problems 
(Delibes-Mateos et al., 2011). In particular, rabbit populations have sharply declined in natural 
areas causing negative effects on ecosystems (Delibes-Mateos et al., 2008a), but have increased 
in some farmland areas damaging crops and human infrastructures (e.g., Delibes-Mateos et al., 
2018b). Therefore, it benefits from threatened conservation status as well as an over-abundant 
species management consideration, which determines opposite rabbit management leading to 
frequent tensions between stakeholders (Delibes-Mateos et al., 2014b). 

 
Nowadays, there is a great debate between official agencies members, farmers and 

hunters in relation to the opposite rabbit management actions that frequently take place in very 
close areas for both rabbit control or conservation. A plausible hypothesis that may help to 
explain this paradoxical situation is the existence of the two independent evolutionary units with 
a well-defined geographic pattern, currently recognized by the IUCN as its subspecies (Smith & 
Boyer, 2008). However, Oca and Occ have been so separated in space and time that they have 
developed mechanisms, at least genetic, to avoid their hybridization (Geraldes et al., 2008), 
although with repopulations (for conservation or hunting), humans seriously interfere with these 
mechanisms (Delibes-Mateos et al., 2008c; Delibes-Mateos et al., 2014b), and modify the 
allopatric distribution of both (Branco et al., 2022).  

Either directly due to genetic differences, or due to thousands of years of isolation, the 
two subspecies exhibit subtle morphological differences (Ferreira et al. 2015), even leading 
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Darwin to consider them as distinct species (Cockerell, 1921). Increasing research starts to show 
how both genetic groups are in an advanced process of speciation (e.g., Carneiro et al., 2010; 
2014a; 2014b; Rafati et al., 2018), although, to the best of our knowledge, there are no scientific 
studies that review them in depth and many other differences have not been fully explored. If so, 
this could help to understand the aforementioned paradoxical situation of the rabbit in its region 
of origin, and suggest the need to establish different management measures for each subspecies. 
Furthermore, this hypothesis, together with the socioeconomic importance of the rabbit, 
emphasize the need to approach such research not only from an ecological perspective but also 
from a sociological perspective. Such an approach would also contribute to reducing the notable 
gap in the works that address the species (see above). Likewise, despite the growing evidence 
that points to a possible value of the subspecies in management, it has not been evaluated 
whether the subspecies are perceived and valued in management by the different actors involved 
in it.  

3.2.- Interdisciplinarity as an approach  

The hypothesis of rabbit subspecies may play a role in the paradoxical situation of the 
species in the IP, together with the socioeconomic importance of the rabbit and the evidenced 
infra representation of research addressing the social dimension on rabbit management, 
emphasize the potential value of addressing rabbit research not only from an ecological 
perspective, but also under a sociological perspective. The importance of tackling complex 
environmental problems through integrating knowledge and across disciplinary boundaries has 
been increasingly emphasized by the scientific community (e.g., Klein, 1990). However, together 
with the interest that this area of research has aroused there is not much consensus on what 
interdisciplinarity means and an intrinsic difficulty on it for its study is widely recognized 
(Haapasaari, Kulmala & Kuikka, 2012). In general terms, interdisciplinarity is frequently used 
both to denote any collaboration between disciplines, and as a certain form distinguished from 
other modes in collaboration such as multidisciplinarity and transdisciplinarity (Klein 1990, 
Huutoniemi et al., 2010). But on a more specific sense, interdisciplinarity may be defined as the 
integration of data, methods, theories, concepts, or models that build on interaction (Huutoniemi 
et al., 2010).  

3.3.- Why studying the social dimension for rabbit management  

Exploring the human dimension plays a critical role in species management. Examining 
aspects such as stakeholder’s perception, knowledge and attitudes are necessary for effective 
implementation of control and conservation strategies as they can foster social and political 
support. Many studies have shown that management is as much a social issue, encompassing 
political and human factors, as it is a scientific one (Hrubes & Ajzen, 2001). Therefore, beyond 
its biological aspects, rabbit management may constitute a social problem that requires 
considering the existence of cultural constructions such as attitudes, perceptions and awareness, 
conveyed by different discourses, which shape actions and policies with different social and 
environmental consequences (e.g., Escobar, 1996; Bäckstrand & Lövbrand, 2006; Costanza et 
al., 1997; Karnad et al., 2014).  
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Although attitude, perception and awareness are terms that are used interchangeably 
(Fishbein & Ajzen, 1975), in social science context, attitude can be defined as a psychological 
tendency of an individual or some aspects of an individual’s world, such as a physical object, a 
behavior, a policy or a belief, which refer to a probability to generate outcomes which could be 
favorable or unfavorable (Milfont et al., 2010; Milfont & Duckitt, 2010). On the other hand, 
perception is the knowledge of an individual or community, based on their awareness about their 
surrounding environment or about a specific object (Efron, 1969); whereas knowledge refers to a 
theoretical or practical understanding of a subject. It can be implicit, as with practical skill or 
expertise, or explicit, as with the theoretical understanding of a subject (Oxford English 
Dictionary). Knowledge is closely related to belief: all knowledge is a belief, as people believe 
what they know, but not all belief is knowledge, as beliefs may or may not be accurate (Vaske & 
Manfredo, 2012). In human-wildlife conflict, an assessment of local knowledge about how to 
prevent wildlife damage, for example, may be relevant for managers and decision makers (e.g., 
Glikman et al., 2012).  

 
Moreover, it has been suggested that examining how the future is handled by actors involved 

in the present may be useful. This approach is based on the view that the future is socially 
constructed in the present (Anderson, 2008) and shaped by our visions and statements about it 
(Sardar, 1999; Lindahl & Westholm, 2012) and may have important implication when addressed 
tasks such as species management. Change is inherent to all social and natural systems, but the 
degree of change that societies actively seek, and are capable of creating, differs considerably 
(Adam & Groves, 2007; Sardar, 2010) and number of global developments and dynamics are 
expected also to influence general biodiversity conservation in the near future (Sutherland et al., 
2008) and so, also rabbit ones. Information and evidence to support important policy decisions 
concerning biodiversity conservation may not be available at the right time for several reasons. 
Some issues occur suddenly and unexpectedly, so delays before science catches up may be 
unavoidable. The basic limitation in futures studies is the absence of an empirical research field 
(Amcoff & Westholm, 2008). On an attempt to solve this and investigate about future one option 
is to link history to the future by exploring the drivers of change embedded in the perceptions 
and strategies in contemporary society. Thus, examining how rabbit future is perceived today by 
the main actors involved in rabbit management may be expected to influence future strategies 
and so provide useful information to researchers and policy-makers. 

4.- Objectives and structure of the thesis 

The general objective of this thesis project is the development of scientific elements that 
contribute to a better understanding of the European rabbit as well as its Iberian context, and 
thereby to improve future management strategies for the species. This is intended to be done by 
paying simultaneous attention to two aspects little explored in the literature to date: the rabbit 
subspecies and the social dimension combining a mixed research methodology. It has been 
analyzed how and what kind of interdisciplinarity between natural scientists and social scientists 
grew from the need to better understand the complexity related to European rabbit in the IP, and 
how data from these conceptually different fields were integrated. Thus, the scope of this PhD 
dissertation is to bring new aspects to the discussion on rabbit situation in the IP through an 
interdisciplinary approach and the combination of ecological and social procedures to be detailed 



21 
 

in each thematic chapter. In general, both secondary data sources and primary data are used, as 
well as both quantitative and qualitative techniques (Fig. 7). 

 
Figure 7- Graphic representation of the both theoretical and methodological approaches used for this 
PhD project. Chapters 1 and 2 focus on ecology of the subspecies and Chapter 3 on the social 
dimension of the rabbit management in the IP. 

This general objective is broken down in turn into a series of specific research objectives 
and structured into three thematic chapters (Table 2). The greater specificity of some of these 
subobjectives with respect to others justifies the different extensions in which each of them 
materializes. Namely, first thematic chapter is dedicated to examine thoroughly the historical 
biogeography of the rabbit subspecies in the Iberian Peninsula through a biogeographical 
modelling approach (Chapter 1.1), and explore the recent population trends of the species 
throughout the IP (Chapter 1.2).  Chapter 2 is dedicated to review and synthesize the literature on 
the differences between European rabbit subspecies. For that purpose, it is carried out a scientific 
systematic literature review in ISI Web of Science, SCOPUS and Google Scholar search engines 
of the peer-reviewed articles published up to December 2021 focusing on European rabbit 
subspecies. A complementary snowball sampling search within the reference lists of all selected 
articles of the initial literature selection is also carried out in order to fill any possible literature 
gap due to the specify of the topic and intrinsic keywords searches limitation. Chapters 3.1 and 
3.2 are dedicated to explore the social dimension of recent IUCN 2019 reassessment of rabbit 
subspecies by different groups involved in the management of the species in the Iberian 
Peninsula. To this end, a total of 42 semi-structured interviews were conducted to a range of 
actors representing the main groups involved in rabbit management and conservation in the 
Peninsula. The data were then subjected to thematic and discourse analysis in order to explore 
the arguments each actor used and possible links between them. The final section provides a 
general discussion of the main results within a wider theoretical framework. In addition, some 
lines for further research are proposed and key conclusions are listed. Some results presented in 
chapters one and two have been already published in scientific journals (i.e., Vaquerizas et al., 
2020; Vaquerizas et al., 2021; Díaz-Ruiz et al., 2023), while others remain under preparation for 
submission to journal (Chapter 3). Therefore, all sections retain some extent the structure of a 
scientific paper, although more detailed information has been generally included within the text 
in order to fill in possible gaps missing in the space-limited published papers. 

 

Chapter 1 
Chapter 2 

Chapter 3 
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Table 2- Relationship between each thematic chapter and the objectives of this PhD 

 OBJECTIVES  

1 How is the current distribution pattern of the rabbit subspecies in the 
Iberian Peninsula? Chapter 1.1 

 How are the current trends of the rabbit populations in the Iberian 
Peninsula? Chapter 1.2 

2 How different are the rabbit subspecies from each other? Chapter 2 

3 

 How is perceived the last IUCN 2019 reassessment by the 
stakeholders involved in rabbit management?  

How is the social perception of the rabbit subspecies in the Iberian 
Peninsula? 

Chapter 3.1 

Chapter 3.2 
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CHAPTER 1- Geographical distribution and recent trends of the rabbit subspecies in 
the Iberian Peninsula 

CHAPTER 1.1.- Unravelling the historical biogeography of the European rabbit 
subspecies in the Iberian Peninsula through genetics and fuzzy logic* 

ABSTRACT 

This research proposes a robust and advanced spatial biogeographical modelling approach based 
on the favorability function and developed under a fuzzy logic framework as a reliable method to 
unravel several issues of the historical biogeography of different genetic lineages of a particular 
wildlife species. Rabbit subspecies was assessed for 4348 rabbits from 201 populations 
distributed throughout the IP, using different diagnostic loci located on mitochondrial and 
nuclear DNA. Only populations in which all surveyed rabbits belonged to one of the subspecies 
were considered in the modelling procedure; populations including rabbits of both subspecies 
were used for validating the results of the models. We modelled rabbit subspecies distribution 
separately for both DNA molecule types (i.e., mitochondrial and nuclear DNA. The modelling 
procedure was based on a trend surface analysis developed by logistic regressions, applying the 
favourability function and fuzzy logic operations. Our approach allowed the identification of the 
expansion cores from which both rabbit subspecies expanded after being isolated during the last 
glaciations. In addition, our findings reveal the apparent existence of competitive exclusion 
between both rabbit subspecies, which would have prevented their further expansion. Finally, 
our study provides an update of the distribution of the rabbit subspecies in the IP, with Oca 
distributed in north-western areas previously attributed to Occ. The consistence of our results 
using a widely-studied species makes us confident that our methodological approach may be 
useful to unravel the historical biogeography of other wildlife species, not only from the point of 
view of the knowledge of its evolutionary history, but also as a key aspect for those species and 
territories subjected to stronger conservation and management challenges.  

 

Keywords: trend surface analysis, favourability function, competitive exclusion, parapatric 
distributions, glacial refugia, Oryctolagus cuniculus. 
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1.- INTRODUCTION 

To date, many different approaches have been used to infer wildlife species evolutionary 
history. For example, the combination of phylogenetic and spatial data in the so-called 
phylogeographical studies has been demonstrated to be a powerful tool to assess how wildlife 
species have evolved in time and space (Avise, 2000). Phylogeography is considered as a part of 
historical biogeography, the latter aiming to explain the geographic distribution of organisms 
according to their evolutionary history (Sanmartín, 2012).  

 
Different approaches have been followed to infer the historical biogeography of wildlife 

species, presenting each of these different limitations (Sanmartín, 2012; Quintero et al., 2015). 
For example, the identification of a genetic lineage through the analysis of different genomic 
compartments may result in different geographical distributions (Ferrand, 2008). Also, there may 
be limitations associated with the difficulty of attributing a geographic location to a particular 
taxonomic category (Quintero et al., 2015), even sometimes historical biogeography is inferred 
without explicit reference to an underlying statistical process model (Sanmartín, 2012). In this 
sense, the integration of biogeographical analytical procedures into a fuzzy logic framework 
provides great flexibility to address different ecological and biogeographical issues (Acevedo & 
Real, 2012). Such framework is of quite recent development, but has clearly proved to be, in 
such a brief period of time, applicable to many disciplines including the natural sciences (Zadeh, 
1965; Bojadziev & Bojadziev, 1995). When it is specifically applied to assess biogeographical 
issues, such as species distribution patterns, the fuzzy logic methodology relies on the concept of 
favourability (Real et al., 2006), which reflects whether the conditions of a geographical area are 
good and auspicious for a target species (Real et al., 2006; Acevedo & Real, 2012).  

 
Favorability models allow combining several models in different ways by fuzzy logic 

operations, overcoming some of the above-mentioned limitations of other methodologies 
employed to study historical biogeography (Acevedo & Real, 2012). Indeed, an increasing 
number of studies have used the favorability function under a fuzzy logic framework to assess 
questions related to species distribution and macroecology issues (e.g., Cheung et al., 2005; 
Acevedo et al., 2012a; Chamorro et al., 2021). A detailed knowledge of the geographical and 
ecological species historical distribution can be useful to understand the determinants of the 
current spatial configuration of such organisms, as well as to predict their possible future patterns 
(Acevedo et al., 2012b). Furthermore, a deep understanding of historical biogeography of 
wildlife is essential for the designment of evidence-based conservation and management plans of 
such species (Elith et al., 2006; Muñoz & Real, 2006).  

 
Despite the study of historical biogeography may be useful for any species and any location, 

it becomes even more important for those species and territories subjected to stronger 
conservation and management challenges. One of these species is the European wild rabbit, 
Oryctolagus cuniculus, which is native to the Iberian Peninsula (IP) and is considered as a 
multifuncional keystone species in the Iberian Mediterranean ecosystem (Delibes-Mateos et al., 
2007). Historically abundant in the IP, rabbit populations have sharply declined during the last 
decades as a consequence of habitat loss and the impact of viral diseases. This decline has been 
so pronounced that the IUCN recently classified the European rabbi as Endangered (Villafuerte 
& Delibes-Mateos, 2019).  
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There are two rabbit genetic lineages that have been linked to two different subspecies: 
Oryctolagus cuniculus algirus (hereafter Oca) and O.c.cuniculus (hereafter Occ) (Branco et al., 
2000; 2002). These lineages differ according to multiple genetic markers (Branco et al., 2000; 
Ferrand, 2008; Geraldes et al., 2008). Although Occ spread widely across the world as a result of 
human-mediated introductions (Corbet, 1994; Ferrand, 2008), it is only in the IP where both 
rabbit subspecies coexist naturally. Molecular studies conducted in the 1990s-2000s revealed 
important differences in the geographical distribution of rabbit subspecies in the IP: Oca would 
inhabit all over the south and west peninsular area; Occ would occur in the northeast; and both 
subspecies distributions would overlap in a middle region that crosses the Peninsula from north-
west to south-east and is defined as a natural hybridization zone (Branco et al., 2000; Geraldes et 
al., 2008). 

 
Differences between rabbit subspecies emerged as a consequence of the historical spatial 

isolation in the IP approximately two million years ago, during the glacial and interglacial 
periods of the late Pleistocene (Branco et al., 2000; 2002). Branco et al. (2002) hypothesized that 
Oca populations expanded from the south of the IP through two main routes: the first occurring 
northward and the second northeastward. According to these authors, Occ would have been 
isolated in the east and the northeast of the IP from where it would have spread westward 
(Branco et al., 2002; Fig. 1). Despite all of this available information about the geographical 
distribution of the wild rabbit subspecies in the IP, there are still questions to be answered about 
its historical biogeography. For example, a biogeographical assessment of the previous 
hypotheses about the subspecies geographical expansion and competitive interactions has never 
been done yet, as well as an explicit delimitation of isolation areas. 

 

 
Figure 1- Historical contact zone between rabbit subspecies (white shaded lines) delimiting the distribution of 

Oryctolagus cuniculus algirus (Oca) and O. c. cuniculus (Occ) in the Iberian Peninsula proposed by Geraldes et al. 
(2008). Shaded areas represent putative glacial refugia and black arrows represent dispersal routes hypothesized by 
Branco et al. 2002. Location of the Iberian Peninsula in Europe is highlighted (grey) in the bottom-right corner. 
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This research proposes a robust and advanced spatial biogeographical modelling approach 
based on the favorability function and developed under a fuzzy logic framework as a reliable 
method to unravel different issues of the historical biogeography of different genetic lineages of 
a particular wildlife species (e.g., the delimitation of glacial refugia or biogeographical transition 
areas between linages distributions). For this, we selected as a case study the geographical 
distribution of wild rabbit subspecies in the IP, a widely-studied topic that allows us to contrast 
and validate the results of our methodological approach. In addition, our study proposes the 
revision of the rabbit’s historical biogeography using a larger sample size and broader spatial 
coverage than in previous studies (e.g., Branco et al., 2002; Geraldes et al., 2008). In order to 
reach our general goal, several partial objectives were set: 1) to explicitly delimit the transition 
zone between both historical subspecies distributions, 2) to identify the expansion cores from 
which both rabbit subspecies would have expanded after their isolation during the glacial and 
interglacial periods of the late Pleistocene and, 3) to evaluate their spatial interactions during the 
expansion process.  

2.- METHODS 

2.1.- Data collection and molecular assessment of rabbit subspecies  

We collected data from 201 rabbit populations located across the species native distribution 
range in the IP. Most of these populations (185) were sampled by our research team between 
1989 and 2011 within the framework of several research projects (e.g., Ferreira et al., 2015; 
Villafuerte et al., 2017). Additionally, we used data from other 16 populations available in 
previous scientific publications. The average number of animals sampled per population was 22 
(range: 4-102), and a total of 4348 individuals were surveyed. Most sampled rabbits were killed 
by hunters during the legal hunting season. In other cases, rabbits were captured alive by hunters 
using ferrets (Mustela putorius furo) and nets and traps either to reduce crop damage or for rabbit 
translocation to areas of lower rabbit abundance. Therefore, our sample collection was basically 
opportunistic. Nevertheless, additional rabbits were captured alive for our scientific purposes in a 
few study areas; e.g., in National Parks and Nature Reserves where hunting was not allowed 
(Villafuerte et al., 2017). In those cases, rabbits were immediately released after data collection. 
Tissue or blood samples were obtained from each rabbit and preserved for further DNA 
extraction. 

 
Both animal handling and biological sample collection were conducted according to the 

standards and procedures promulgated by the European Union and Spanish regulations on animal 
experimentation and animal welfare (see below). All rabbits were assigned to one of the 
subspecies by means of genetic analyses conducted either specifically for this study or in 
previous ones. At least one of the three diagnostic loci located on cytochrome b (mitochondrial 
DNA; mtDNA) and/or on the X and Y chromosomes (nuclear DNA; nucDNA) was used. Full 
descriptions of molecular methodologies are found in Branco et al. (2000) and Geraldes et al. 
(2006; 2008). 

 
Under natural conditions, the current observed distributional range of any species is 

determined by its past distribution and population dynamics. However, human-induced 
translocations of wildlife may affect the distribution of involved species or subspecies. In the 
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case of European rabbits, over the past few decades thousands of individuals have been 
translocated annually for both hunting and/or the conservation of rabbit-dependant predators 
(Carro et al., 2019). Importantly, rabbits from one subspecies are often released in the 
distribution area of the other and vice versa, likely contributing to obscure the original 
distribution of both rabbit subspecies in the IP (Delibes-Mateos et al., 2008).  

 
To avoid this potential effect of translocations, modelling procedures were based exclusively 

on rabbit populations in which all sampled individuals belonged to one of the subspecies. In 
other words, we only used “pure populations” for our modelling exercise assuming that those 
populations best reflect the original geographic subspecies distributions, as has been suggested in 
previous studies (Branco et al., 2000; Geraldes et al., 2006; 2008). Populations with 
simultaneous presence of Occ and Oca rabbits, which may also contain Occ*Oca hybrid 
individuals, (hereafter “mixed populations”), were subsequently used to validate the predictions 
of the spatial distribution models (see below). For analysis purposes, we used Universal 
Transverse Mercator (UTM) 10 x 10 km grid squares as territorial units (n = 6041 squares in IP). 
Each rabbit population (pure or mixed) was assigned to its correspondent UTM square. The work 
reported in this paper complies with the standards and procedures laid down by the Spanish 
legislation. All the corresponding permits were issued by the Committees on Animal Research 
and Ethics from Castilla-La Mancha University or Consejo Superior de Investigaciones 
Científicas. Register Projects: PAI06-0170, PEII09-0097-436, CGL2009-11665), and CGL2013-
43197-R.  

2.1.1.- Spatial distribution modelling 

Based on purely spatial variables (i.e., latitude and longitude), and their polynomial 
combinations, the Trend surface analysis (here after TSA) delimits the geographical universe, 
which reflects the history of the ecological interactions of the species (Legendre, 1993; Real et 
al., 2003), or subspecies in our case study. Thus, this spatial structure pattern can be associated 
with the historical events and subspecies population dynamics, which reflects the historical 
distribution of subspecies once any ecological factor is excluded from analyses. We followed a 
third-degree TSA approach, a flexible approximation recommended to explore ecological 
phenomena occurring at the same scale of the study area (Legendre & Legendre, 1998). The 
TSA was based on X and Y average UTM coordinates and their third order polynomial 
combinations for each 10 x 10 km square and was applied independently for each rabbit 
subspecies. Relationships between rabbit subspecies presence/absence data and the set of spatial 
variables were examined through backward stepwise logistic regression models, using a 0.05 
significance threshold for the inclusion of the variables and 0.10 for their exclusion (Acevedo et 
al., 2012a).  

 
The IP geography overlaps with three UTM zones (29, 30 and 31), which implies different 

coordinate values and therefore potential biases in TSA results if coordinates from only one 
UTM zone were used. Accordingly, we fit a logistic regression model for each UTM zone (i.e., 
for each population, we obtained the corresponding coordinates values of each UTM zone to 
develop TSA), DNA molecule type and rabbit subspecies. In other words, we fit a total of six 
logistic regression models for each subspecies: three mtDNA models (i.e., UTM zones 29, 30 
and 31) and three nucDNA models (i.e., UTM zones 29, 30 and 31). Each of these models 
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provided a value of logistic occurrence-probability (P) in each 10 x 10 km square. Finally, for 
each subspecies-molecule combination, we assembled a single model by choosing, for the 
squares of a given UTM zone, the P values provided by the model based on coordinates of that 
UTM zone.   

 
Additionally, to the TSA we applied the Favourability Function to turn logistic probabilities 

into favourability values (F, ranging 0-1), which are independent of sample prevalence (Real et 
al., 2006; Acevedo & Real, 2012):  

𝐹 =
𝑃

1 − 𝑃
/(

𝑛1
𝑛0

+  
𝑃

1 − 𝑃
) 

where n1 and n0 are, respectively, the number of presences and absences with regard to 
populations of the modelled rabbit subspecies and P is the logistic probabilities of occurrence.  

 
Unlike probability, favourability values can be regarded as the degree of membership of the 

localities to the fuzzy set of sites with conditions that are spatially favourable for the species. 
This allows direct comparisons and/or combinations between more than one model under a fuzzy 
logic framework (Acevedo & Real, 2012). In a first step, for each subspecies, we applied the 
fuzzy union to combine, in a single map, the spatial favourability models obtained independently 
for each DNA molecule. Both maps were used to conduct some analyses in order to identify the 
historical boundaries of subspecies distribution and their cores. These analyses are based on 
different fuzzy logic concepts applied to biogeography and are detailed below. 

 
Favourability models’ assessments were based on classification and discrimination 

capacities. Classification capacity was evaluated by the correct classification rate (CCR), 
sensitivity, specificity (Fielding & Bell, 1997), under-prediction rate (UPR), overprediction rate 
(OPR; Barbosa et al., 2013) and Cohen’s kappa (Cohen, 1960), using the favourability value of F 
= 0.5 as classification threshold. Discrimination capacity was evaluated using the area under the 
curve (AUC) of the receiver operating characteristic (ROC) (Lobo et al., 2008), which takes into 
account all possible favourability thresholds. 

 
In order to validate the predictions of spatial favourability models conduced for each rabbit 

subspecies, we used the “mixed” rabbit populations. We used simple regression models to assess 
the relationship between the proportion of individuals belonging to each subspecies at the 
population level (hybrid individuals were excluded from these analyses) and the spatial 
favourability value estimated for its corresponding UTM square. These relationships were tested 
at the DNA molecule level for each subspecies. 

 

2.2.- Transition zone between rabbit subspecies distributions 

We used the concept of “fuzzy difference” between fuzzy distributions to objectively identify 
the transition zone between the distributions of both rabbit subspecies (Olivero et al., 2013). In 
particular, we used an adaptation of the concept “symmetric difference” (see Alsina & Trillas, 
2005) to create fuzzy biotic boundaries. This adaptation was developed by Olivero et al. (2013) 
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to identify the biogeographic transition zone (BTZ) between two neighbouring regions, which is 
calculated as follows: 

 
BTZOGUi = 1- |μBR1 (OGUi) - μBR2 (OGUi)| 

 
where BTZ is the degree of membership of each distribution to this transition zone, the OGUi 

refers to the operational geographic units used (i.e., 10 x 10 UTM Km squares in our study) and 
BR1 and BR2 refers to the neighbouring regions (i.e., both rabbit subspecies favourability maps 
in our study, excluding the area where favourability values are below 0.2 for both subspecies). 
We set a threshold value of BTZ ≥ 0.8 as a high degree of membership of both subspecies 
distributions to BTZ. According to this threshold, squares where BTZ < 0.2 represent spatially 
favourable regions for only one subspecies. These thresholds are frequently set to define high 
and low favourability areas (F≥ 0.8 and F< 0.2 respectively; e.g., Muñoz & Real, 2006; 
Chamorro et al., 2021). Therefore, BTZ would be analogous to the natural contact zone between 
both rabbit subspecies defined in previous studies (e.g., Geraldes et al., 2008).  

2.3.- Historical population cores  

We defined the historical population cores (HPCs) as the regions without any interference 
from the distribution of one subspecies over the other. This would be equivalent to the glacial 
refugia in which rabbit subspecies were isolated, i.e., areas where there was no gene flow 
between rabbit subspecies during the Pleistocene, and identifies as the expansion cores (Branco 
et al., 2000; 2002). We applied the absolute values of symmetric difference between both 
subspecies’ distributions estimated by the expression: 

 
μBR1∆BR2 (OGUi) = |μBR1 (OGUi) − μBR2 (OGUi)| 

 
which measures the degree to which a certain OGUi is a member in one region more than in 

the intersection between both regions (Olivero et al., 2013). Accordingly, higher values for this 
expression identify regions “free” from interferences from the other subspecies, i.e., this 
symmetric difference matches with our definition of HPCs. We considered a threshold value of 
0.75 for the absolute value of symmetric difference, which is mathematically analogous to the 
high favourability threshold value of 0.8 (e.g., Muñoz & Real, 2006; Chamorro et al., 2021). 

2.4.- Competitive exclusion between rabbit subspecies 

We calculated the fuzzy intersection (∩) between rabbit subspecies’ spatial favourability 
(i.e., the minimum favourability value for the two subspecies at any given location; Zadeh, 1965) 
to identify the fuzzy set of areas simultaneously favourable for them (Acevedo et al., 2010). In 
particular, fuzzy intersection values were grouped into three categories of shared favourability: 
unfavourable areas for at least one subspecies (∩ ≤ 0.2), intermediate favourability areas for at 
least one subspecies (0.2 ≥ ∩ ≤ 0.8) and high favourability areas for both subspecies (i.e., shared 
high favourability) (∩ ≥ 0.8).  
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We established the following theoretical assumptions in order to identify areas where 
competitive exclusion would occur more likely (Acevedo et al., 2010; Chamorro et al., 2021): 
First, we expected no interaction between rabbit subspecies in unfavourable areas, where spatial 
self-exclusion would occur. On the contrary, coexistence was only expected in areas of shared 
high favourability. Therefore, competitive exclusion would only occur in areas where at least one 
subspecies finds intermediate favourability values, and the direction of spatial exclusion would 
be determined by the most favoured subspecies (Acevedo et al., 2010; Chamorro et al., 2021). In 
those areas, we defined two ranges of exclusion probability based on the absolute value of spatial 
favourability difference (|SFD|) between both rabbit subspecies. This means that the competitive 
exclusion probability would be higher where |SFD| > 0.2 (i.e., the dominant subspecies have 
spatial favourability values > 0.2 while the other subspecies has values < 0.2), and lower where 
|SFD| < 0.2 (i.e., both subspecies have spatial favourability values < 0.2 but one of the subspecies 
has slightly higher values than the other). 

 
We used the statistical software SPSS 23 (SPSS Inc., Chicago, IL, USA) to calculate the 

logistic regression models of the TSA, to make simple regressions, and to convert logistic 
probabilities into spatial favourability. Maps were generated using the open-access software Qgis 
3.4.8 (QGIS Development Team, 2019; https://www.qgis.org). 

3.- RESULTS 

Near 60% of the sampled populations presented individuals belonging to the two rabbit 
subspecies. This figure was similar for populations in which mtDNA was analysed (56%), and 
those in which nucDNA was considered (60%). Analysis of mtDNA revealed 23 and 52 
populations with only Oca rabbits and Occ rabbits, respectively, while nucDNA analysis showed 
22 “pure” populations of Oca and 26 of Occ. Oca populations were located in southwestern 
Iberia while Occ occurred in northeastern areas (Fig. 2). These 123 populations were used to 
develop spatial favourability models based on TSA. 

 
Figure 2- Geographic distribution of surveyed rabbit populations for which all the individuals belonged 

exclusively to one of the subspecies. Oryctolagus cuniculus algirus (Oca) populations are shown in red and 

https://www.qgis.org/
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O.c.cuniculus (Occ) in blue. Diamonds and circles represent populations in which mitochondrial DNA markers and 
nuclear DNA markers were analysed, respectively. Population IDs are shown in white font. Populations in which 
both DNA molecules were analysed are highlighted by ID* and represented by diamonds overlapping circles. 
 

According to Hosmer & Lemeshow (2000), favourability models for both rabbit subspecies 
had “excellent” discrimination values (AUC ≥ 0.8). The classification power of the models was 
acceptable, as Cohen’s kappa values were positive and CCR values higher than 0.5 and UPR 
values <0.002. Simple regressions showed a significant positive relationship between the 
proportion of individuals belonging to each subspecies and the spatial favourability for the 
corresponding subspecies independently of the type of DNA molecule considered (Oca: mtDNA: 
R2 = 0.69, p < 0.001, nucDNA: R2 = 0.59, p < 0.001; Occ: mtDNA: R2 = 0.67, p < 0.001, 
nucDNA: R2 = 0.61, p < 0.001; Fig. 3). 

 

 
Figure 3- Linear regressions between the favourability of each rabbit subspecies (Oryctolagus cuniculus 

algirus in the upper panel and O.c.cuniculus in the lower) and the percentage of rabbits that belonged to each 
surveyed subspecies according to the DNA molecule analysed. Populations in which all sampled rabbits were 
exclusively from one subspecies (i.e., “pure” populations) were not included in this analysis since they were used 
to build favourability models. 
 
The BTZ width ranges between 67 and 144 km and presents a sigmoid shape. It runs 

obliquely across the IP from northernmost central region to the southernmost eastern region (Fig. 
4). The BTZ delimits the spatially favourable areas for each rabbit subspecies, which 
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corresponds to the potential historical distribution of both subspecies; Occ occurs in the eastern 
region and Oca in the western region (Fig. 4). 

 

 
Figure 4- Historical biogeographical distribution of European rabbit subspecies in the Iberian Peninsula 

obtained by the symmetric difference of their spatial favourability models. Grey squares represent the 
biogeographical transition zone (BTZ) between the historical distributions of Oryctolagus cuniculus algirus 
(shaded black squares) and O.c.cuniculus (shaded white squares). Historical population cores (HPC) are 
represented by highlighted black (O.c.algirus) and white (O.c.cuniculus) squares in their respective historical 
distributions. Current Guadalquivir and Ebro River streams are represented with blue lines. Sampling units are 
10 x 10 km UTM-squares. 

 
The Historical Population Cores (HPC) of each rabbit subspecies within their historical 

distribution areas were associated with the current lower sections of two great Iberian rivers and 
their mouth, bordering coastal areas (Fig. 4). In particular, the HPC of Oca was found at the 
bottom of the valley of the Guadalquivir river, in the south of the Iberian Peninsula, while that of 
Occ HPC was linked to the lower section of the valley of the Ebro river in northern Spain. 

 
Intermediate favourability areas for the fuzzy intersection (i.e., 0.2 ≥ ∩ ≤ 0.8) delimited a 

large area located in central-southern IP where a gradual competitive exclusion between both 
rabbit subspecies would have occurred (Fig. 5). The competitive exclusion area included most of 
the BTZ area (only the northernmost region of BTZ is excluded, as it is spatially unfavourable 
for both subspecies; Fig. 5), where the probability of exclusion would have been lower (|SFD| < 
0.2), and two bordering bands where the probability of exclusion of one subspecies over the 
other would have been higher (|SFD| > 0.2; Fig. 5). The competitive exclusion area where Oca 
would have excluded Occ was higher than the area where Occ would have excluded Oca (Fig. 5). 
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Figure 5- Competitive exclusion areas between rabbit subspecies obtained using the fuzzy intersection (∩) 

between the two rabbit subspecies spatial favourability models and the absolute value of their difference (|SFD|). 
Competitive exclusion probability is higher where |SFD| > 0.2 and lower where |SFD| < 0.2. Sampling units are 10 x 
10 km UTM-squares. Oca refers to Oryctolagus cuniculus algirus and Occ to O.c.cuniculus. Transparent red squares 
delimit the area of the BTZ where spatial self-exclusion could have occurred for both subspecies 

4.- DISCUSSION 

The framework used here based on spatial analysis (TSA), the favourability function and the 
use of fuzzy operations (Real et al., 2006; Acevedo & Real, 2012; Olivero et al., 2013) allowed 
us to combine the results regarding the spatial distribution of two different DNA molecules into a 
single distribution map, which was not feasible in previous approaches (Ferrand, 2008; Geraldes 
et al., 2008). This not only contributes to improve our knowledge of several issues of the 
historical biogeography of the European rabbit in the IP, but also provides new findings 
including the identification of the glacial refugia of both rabbit subspecies or the understanding 
of the role of competitive exclusion in the expansion process (see below for a detailed 
discussion). Importantly, our findings show that the correlation between rabbit subspecies’ 
spatial favourability and the prevalence of each subspecies at the population level was positive 
and significant, regardless of the DNA molecule considered. This means that rabbit populations 
in which one of the subspecies predominated over the other were located in UTM squares of 
higher favourability for the former subspecies. These results support the predictions of our 
spatial models, conferring great reliability to the different results obtained through the fuzzy 
operations (see below). 

4.1.- Identifying the transition zone of both subspecies  

Delimiting the transition zone between rabbit subspecies distributions is shown as an 
objective approximation of explicitly delimiting the historical distribution of both subspecies. 
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Our results are highly coincident with the distribution map proposed by Geraldes et al. (2008), 
which was the most accepted to date in previous studies on rabbit subspecies (e.g., Ferreira et al., 
2015; Carneiro et al., 2013; Rafati et al., 2018), supporting the validity of our methodological 
approach. Nevertheless, our results place the northernmost extreme of the transition zone 
between both subspecies displaced ~100 km to the west (Fig. 4) in comparison to previous maps. 
This suggests that the historical distribution range of Oca would include a wider area in north-
western IP than previously described (Geraldes et al., 2008). Most populations analysed recently 
in the north-western corner of Spain (data from this study) included both Oca and Occ rabbits 
with a general predominance of the former. However, the occurrence of Occ rabbits in that area 
is very likely a result of rabbit translocations for hunting purposes as Piorno et al. (2015) 
demonstrated.   

 
The postglacial dispersion followed by each rabbit subspecies may also support these 

findings. Oca seems to have followed two main expansion routes from southernmost region of 
the IP: northward to central IP and northwestward to the northwestern corner of the IP following 
the western coastal region (Branco et al., 2002). This second route would have allowed Oca to 
colonize the most northwestern region of the IP as there are not strong geographic barriers that 
may have prevented its expansion. Conversely, Occ would have found more difficulties to reach 
the northwestern corner because of the presence of Cordillera Cantabrica Mountains, an 
inhospitable region for rabbits that could have acted as a strong barrier to rabbit genetic 
exchange between the northwest and the northeast regions (Branco et al., 2002). This also 
strongly supports our results regarding the location of the natural contact zone, just in this 
mountainous region, which is more displaced to the east than previously suggested (Geraldes et 
al., 2008). 

 
In addition, our results also confirm that the recent occurrence of rabbits from one subspecies 

in the historical distribution of the other is not infrequent, although each subspecies still 
predominates in its respective historical distribution range defined in our study (Fig. 3). The 
common practice of rabbit restocking across the IP, both for hunting and conservation purposes 
has been proposed as a plausible explanation for this pattern out of the natural contact zone 
(Branco et al., 2000; Moreno et al., 2004; Delibes-Mateos et al., 2008; Ferrand, 2008). Natural 
contacts between both subspecies would be more likely in localities close to the natural contact 
zone, especially in central IP where genetic differentiation is lower at genome level and follows a 
genetic clina (Carneiro et al., 2013; Rafati et al., 2018). 

4.2.- Glacial refugia (Historical Population Cores) 

Our biogeographical approach explicitly identified for the first time two glacial refugia where 
both subspecies would have persisted. This suggests that our approach could useful for the 
identification of similar refugia of other species. Our findings partially agree with Branco et al. 
(2000; 2002), who hypothesized that those glacial refugia would be located in wide areas in the 
northeast and the Mediterranean coast of the IP for Occ and in the southwest for Oca, resembling 
traditional refugia areas described for other taxa (Gómez & Lunt, 2007). The degree of similarity 
between the refugia described in this study and those hypothesised by Branco et al. (2000) is 
higher for Oca (Fig. 1, 4). Glacial refugia identified in this study share two common features. On 
the one hand, they were located near coastal areas and associated with river lower sections and 
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mouths basins, which would have been climatically more stable than other areas, allowing the 
persistence of temperate taxa during more extreme climatic conditions (O´Regan, 2008). On the 
other hand, both glacial refugia show a remarkable continuity with the continental shelf of the 
eastern (Mediterranean) and western (Atlantic) coasts (Fig. 4). It is known that large areas of this 
continental shelf were emerged due to sea level fluctuations associated with glaciations, allowing 
suitable conditions for the dispersal events and contributing to the persistence of lagomorphs 
(Laplana et al., 2015). 

4.3.- Competitive exclusion as a biological barrier for expansion 

Our study differentiated two areas in the natural contact zone in which the expansion process 
would have been halted due to different reasons. Our competitive interaction analysis suggests 
that the interaction between both rabbit subspecies might have never occurred in the 
northernmost region of the natural contact zone defined in our study naturally, and that a spatial 
self-exclusion could have occurred due to the long distance to the expansion cores together with 
the strong geographical barriers existing in that area (see above). In contrast, contact between 
subspecies most likely occurred in the wide area that overlaps with the described natural contact 
zone towards the southeast of the IP, supporting that the major patterns of dispersal were towards 
central Iberia (Branco et al., 2002). This wide area partially includes the natural contact zone 
described in this study and two parallel bands (Fig. 5), where the probability of competitive 
exclusion between subspecies increases with the distance to the central line of the contact zone. 
Additionally, our results on the spatial interaction between both rabbit subspecies show a 
potential distribution broader than observed if competitive exclusion had not occurred (Fig. 4), 
being greater for Occ than for Oca (Fig. 5).  

 
This is compatible with the asymmetric genetic introgression between rabbit subspecies: the 

integration of Occ on Oca is greater than vice versa (Branco et al., 2000; Carneiro et al., 2013; 
Alda & Doadrio, 2014). This could be due to different contraction and expansion processes 
occurred throughout the Pleistocene, in which there would have been different contact zones 
between both subspecies before secondary contact occurred (Branco et al., 2002). Accordingly, 
each subspecies would have acted as a biological barrier that prevented the expansion of the 
other in this area where both subspecies interacted. Several studies have evidenced a selection 
against hybridization between both rabbit subspecies throughout their evolutionary history 
(Geraldes et al., 2008; Carneiro et al., 2010; 2013; Rafati et al., 2018). The contact zone would 
be maintained by a balance between dispersal and natural selection against hybrids (Carneiro et 
al., 2013), and this would mainly occur in the competitive interaction area identified in this 
study.  

 
Altogether, these evidences would explain why one subspecies did not displace the other or 

why hybrids did not spread across the IP. Recently, a lower viability of hybrid populations has 
been suggested due to a decrease in the reproductive potential and survival probability of hybrid 
individuals that increases over generations (Blanco-Aguiar et al., 2011; Rafati et al., 2018). This 
could be due to a combination of genetic, behavioural and ecological factors acting 
synergistically as barriers between both rabbit subspecies that would be immersed in an 
advanced speciation process (Rafati et al., 2018). 
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5.- CONCLUSIONS  

Historical biogeography is a field in continuous development in which new methodological 
approaches are being incorporated in order to dealing with some limitations (Ebach et al., 2017). 
In this sense, our methodological approach allows to combine the information from different 
genetic compartments for the study of the historical distribution of different lineages in a uniform 
and synthetic way and reconstruct historical distributions that currently have been artificially 
altered by human activities. In the particular case of European rabbits, our study is highly 
relevant for the management and conservation of rabbit subspecies (Delibes-Mateos et al., 2008; 
Piorno et al. 2020; Vaquerizas et al., 2020), and particularly for the conservation of Oca which 
shows a more restricted worldwide distribution and a stronger population decline in the IP 
(Vaquerizas et al., 2020). In addition, our study highlights the usefulness of the combination of 
genetics and biogeographic models based on fuzzy logic for the study of the historical 
biogeography of wildlife species lineages. The consistence of our results using a well-studied 
species case, the European wild rabbit subspecies in Iberia, makes us confident that our approach 
can be applied to other case studies. This approach may be useful to unravel the historical 
biogeography of other taxa, not only from the point of view of the knowledge of its evolutionary 
history, but also as a key aspect for those species and territories subjected to stronger 
conservation and management challenges. 
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CHAPTER 1.2.- The paradox of endangered European rabbits regarded as pests in 
the Iberian Peninsula: subspecies differences in trends matter* 

ABSTRACT 

The European rabbit (Oryctolagus cuniculus) faces a paradoxical situation in its native range, the 
Iberian Peninsula. While many populations have declined sharply due to a new variant of the 
rabbit haemorrhagic disease virus (RHDV-b), others remain healthy. The latter populations, 
which flourish mostly in farmland, are even causing significant crop damage. We explored if this 
difference could be related to the existence of the two rabbit subspecies (O. c. algirus and O. c. 
cuniculus) that allopatrically coexist in the Iberian Peninsula. Potential differences in population 
trends between rabbit subspecies may also be relevant in assisting the conservation of 
endangered rabbit-dependent predators which mainly occur in the distribution area of O. c. 
algirus. To test this, we assessed rabbit trends after the outbreak of RHDV-b by an online 
questionnaire to the senior administrative officers of all the provincial official game departments 
throughout peninsular Spain (n = 47). A generalized negative trend was reported by officers in 
the distribution area of O. c. algirus, while a more stable or even positive trends were reported in 
the distribution area of O. c. cuniculus. We point to the need for establishing a long-term rabbit 
population monitoring program in the Iberian Peninsula to further confirm the observed patterns, 
but also to contribute to evidence-based management decision-making. Our results suggest that 
there is a need to apply different management systems for each rabbit subspecies.  

 

Keywords: Management strategies, Oryctolagus cuniculus algirus, Oryctolagus cuniculus 
cuniculus, Peninsular Spain, Questionnaire survey, RHDV-b 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*This chapter has been published in Endangered Species Research, 43: 99102 (2020).  
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1.- INTRODUCTION 

A variety of factors such as environment, competition and disease affect the dynamics of 
animal populations. Closely related allopatric taxa may exhibit contrasting population 
trajectories if the limiting factors affect each taxonomic unit differently. Here, we explore 
whether the population trends of the two known subspecies of the European rabbit: Oryctolagus 
cuniculus cuniculus and O. c. algirus (here after Occ and Oca respectively) in the Iberian 
Peninsula (IP) differ significantly (Delibes-Mateos et al., 2018b). These rabbit subspecies 
originated in the IP following isolation during glacial refuges in the late Pleistocene (Branco et 
al., 2002). The subspecies are allopatric, separated only by a narrow contact zone where both 
subspecies coexist. Hybrids are present in low frequency, suggesting some degree of 
reproductive isolation (Geraldes et al., 2008). Diverse studies have shown significant ecological, 
morphological and molecular differences between the two subspecies (e.g., Ferreira et al., 2015). 

 
According to the International Union for Conservation of Nature (IUCN), the European 

rabbit is currently considered Endangered in its native range (Villafuerte & Delibes-Mateos, 
2019). This new status is underpinned by a reduction in population size of ≥ 50% between 2009-
2019 (IUCN criterion A2), mainly as a consequence of the 2011, and ongoing, outbreaks of a 
new variant of the rabbit haemorrhagic disease virus Lagovirus europaeus/GI.1 or RHDV-b 
(Delibes-Mateos et al., 2014a, Monterroso et al., 2016). This reassessment may seem puzzling 
since the species often reaches very high numbers and is considered one of the most harmful 
vertebrate pests where it has been introduced- e.g., Australia (Thompson & King, 1994).  

 
Despite the rabbit on the IP being generally considered threatened, in some regions in 

Spain crop damage caused by rabbits has increased in recent years (Delibes-Mateos et al., 
2018a), with some farmers strongly opposed to classifying the rabbit as endangered in its native 
range. An important farmers’ association in northern Spain claimed recently that “the rabbit is a 
real pest that risks crops and human health” (Alba, 2019). Using questionnaires throughout all 
provinces in Peninsular Spain we assessed whether recorded population trends differ in areas 
where each rabbit subspecies is found, as well as in the contact zone between both. Our data can 
allow conservation and game managers to adapt their strategies in line with the situation of each 
subspecies. 

2.- METHODS 

We assessed rabbit trends through a questionnaire survey carried out in 2016, five years 
after the initial outbreak of RHDV-b in Spain (Dalton et al., 2012). We distributed these surveys 
to the senior administrative officers of official game departments in the 47 provinces in 
peninsular Spain. These officials are responsible for the approval of management plans for all 
hunting estates under their authority. Each estate must produce a plan every 4-5 years based on 
abundance estimates of game species (Ríos-Saldaña et al., 2013) and report game bag records at 
the end of each hunting season. In addition, in some of the provinces, rabbit population surveys 
are carried out by the environmental agencies of the regional governments (Piorno et al., 2020). 
Rabbit trends in this study are based on abundance information collated by the provincial game 
office.  
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We initially contacted all provincial game officers by phone or email to explain the 
objectives of our study. After agreeing to participate, the questionnaire was sent by e-mail and 
followed-up with those who did not respond after a certain time. All officers (n=47) completed 
the questionnaire. The questionnaire was part of a larger project that investigated how rabbit 
hunting management had varied since the 1990s in relation to abundance changes (Piorno et al., 
2020). In this study, we only consider the question that referred to rabbit trends between 2011 
and 2016. We asked officers to rank rabbit trends in their province using a 5-point scale from 
marked decline (1) to marked increase (5). We then assigned each Spanish province to either of 
the rabbit subspecies distribution areas (Occ= 29 provinces; Oca= 10 provinces) or to the contact 
zone (8 provinces) when > 50% of its surface was located in one of these three regions, as 
previously described (Geraldes et al., 2008) (Fig. 1). We compared the values of the 5-point 
scale obtained for each province by employing a Kruskall-Wallis test, and used Wilcoxon tests 
for subsequent pairwise comparisons. 

3.- RESULTS & DISCUSSION 

Most officers (75.9%, 22 out of 29) in the Occ distribution area considered that rabbit 
populations were stable or had increased since the initial RHDV-b outbreak in 2011 (stable: 41.4 
%, increase: 34.5%; Fig. 1). Only one officer in this area considered rabbit populations to have 
markedly declined. In the distribution area of Oca, all officers (10) responded that rabbits had 
declined after the initial RHDV-b outbreak, with 70% considering that declines were marked 
(Fig. 1). In the contact zone, 1 out of 8 officers suggested that rabbit populations were stable, all 
others that they had declined during the study period; most officers (62.5%) considered the 
decline as moderate (Fig. 1). Values attributed to rabbit trends varied significantly among the 
three areas (Kruskal-Wallis chi2 = 22.71, df = 2, p < 0.001); two-by-two comparisons showed 
differences between Occ-Oca distribution areas (p < 0.001) and Occ-contact zone (p = 0.016), 
but not Oca-contact zone (p= 0.13). 

 
Figure 1- Map of the Iberian Peninsula showing the current distribution of Oryctolagus cuniculus algirus, 

Oryctolagus cuniculus cuniculus and contact zone areas (Geraldes et al., 2008). Solid colors of each Spanish 
province indicate recent rabbit trends according to the questionnaire responses. 
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Although questionnaire surveys may be affected by some degree of subjectivity, we are 

confident that in our study bias is likely to be small. Spanish senior administrative game officers 
are generally experienced in wildlife management, and possess the best available information to 
answer our relatively simple question on rabbit population trajectories (Piorno et al., 2020). As a 
result, we gathered an unprecedented volume of data on rabbit population trends across mainland 
Spain, and use these to compare and contrast between subspecies. These data are particularly 
significant since most monitoring of rabbit populations has been linked to the conservation of 
rabbit-dependent predators which are mainly found in the O. c. algirus distribution area (e.g., 
Real et al., 2009). Nevertheless, we point to the need for establishing a long-term rabbit 
population monitoring program in the Iberian Peninsula to further confirm the observed patterns, 
but also to contribute to evidence-based management decision-making. 

4.- CONCLUSIONS 

Our results clearly show that there is a divergent trend in the populations of the two rabbit 
subspecies, with an intermediate situation in the contact zone of both subspecies. Explanation for 
these differences is unknown and deserve further investigation, but we suspect is primarily 
driven by socioecological differences (e.g., environmental conditions, diversity and abundance of 
predators, or hunting pressure) between the distribution areas of both subspecies alongside 
intrinsic differences between them (e.g., differences in social behavior and disease impacts). 
Regardless of the causes, the observed contradictory population trends point to a different 
management system being adopted for each subspecies i.e., the reduction of crop damage caused 
by Occ and the conservation of Oca. The protection of Oca is paramount since the subspecies 
only occurs on the IP and on a few islands in the Mediterranean and Atlantic. Such a 
management framework would also help reduce existing conflicts over rabbit management 
between hunters, farmers and conservationists on the IP (Delibes-Mateos et al., 2014b).  
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CHAPTER 2- Same or not? A review of the currently recognized differences 
between European rabbit subspecies and new insights for their recognition 

ABSTRACT 

The European wild rabbit (Oryctolagus cuniculus) is a species of lagomorph widely 
distributed across the globe with significant social interest wherever it is present. The Iberian 
Peninsula (IP) is where the two rabbit subspecies O.c.cuniculus (Occ) and O.c.algirus (Oca) 
naturally occur as a result of two million years of isolation and maintain a fairly allopatric 
geographic distribution. Over the last decades, the species has been facing a complex scenario in 
the IP, due to the marked population declines and increases experimented respectively by each 
rabbit subspecies. A plausible explanation for this paradoxical situation is the differentiation 
between both rabbit subspecies as noticeable differences have been reported between them, 
raising the question of whether Oca and Occ are nascent or already well-separated species. This 
contribution offers the first systematic review of the currently available scientific knowledge 
about the differences between rabbit subspecies. In addition to the best-known differences, which 
include biological, genetic or morphological aspects, we report also other lesser-known 
differences through the analysis of parameters of reproduction, growth or population trends of 
both subspecies. Finally, we discuss the repercussion that such differences between subspecies 
could have on the current rabbit management model including the potential consideration of 
different management frameworks for each subspecies.  

 
Keywords: Speciation, Oryctolagus cuniculus algirus, Oryctolagus cuniculus cuniculus, 
Management, Iberian Peninsula 
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1.- INTRODUCTION 

The European wild rabbit (Oryctolagus cuniculus) is a species of lagomorph widely 
distributed across the globe with significant social interest wherever it is present. Over the last 
decades, the species has been facing a complex scenario in its native area within the Iberian 
Peninsula (hereafter IP), due to the fact that different population trends (both marked declines 
and increases) have been observed. The rabbit decline has been mainly caused by two viral 
diseases and habitat loss (Delibes-Mateos et al., 2009) and led the International Union for 
Conservation of Nature (IUCN) to recently reassess the conservation status of the species to 
“Endangered” (Villafuerte & Delibes-Mateos, 2019). In contrast, rabbit populations in some 
agricultural areas have experienced population growth causing considerable crop damage. In 
fact, requests for rabbit control as a consequence of crop damage have increased in some 
farmland areas where, historically, rabbits were not very abundant (Barrio et al., 2010). In this 
context, the rabbit is currently intensively managed with opposite objectives even in neighboring 
areas: 1) to increase its population for hunting or as food for threatened predators that prey upon 
rabbits, and 2) to control the damage it causes to crops. 

 
A plausible hypothesis to explain this paradoxical situation of the species in the Peninsula 

is the existence of two rabbit subspecies: O.c.cuniculus (Linnaeus, 1758; hereafter Occ) and 
O.c.algirus (Loche, 1858; hereafter Oca). Differences between rabbits from both subspecies 
were already noticed by Darwin in Porto Santo (Cockerell, 1921). In 1914, the Spanish naturalist 
Cabrera already described the Oca subspecies as “the one typical from the Mediterranean region, 
and which exists in our fauna”. Since then, multiple genetic evidences have been reported 
indicating that they evolved independently approximately two Ma, during the Quaternary 
glaciations (Alves et al., 2008). Differences in isolation refugia resulted in current different 
geographical ranges of both subspecies (Geraldes et al., 2008; Díaz-Ruiz et al., 2023) and 
noticeable other differences in terms of parasitology, behavior, reproduction and morphology 
(see below). These evidences, together with recent observations of genomic incompatibilities and 
partial reproductive isolation, have raised the question of whether Oca and Occ are nascent or 
already well-separated species (Delibes-Mateos et al., 2018).  

 
However, although there are increasing studies that directly or indirectly point out 

differences between rabbit subspecies and their potential role in explaining the current status of 
the species in IP, to date there are no thorough reviews compiling such differences (but see 
Ferreira et al., 2015). The lack of attention to rabbit subspecies in research together with the fact 
that most existing rabbit studies focus on Occ -which is the subspecies present in most areas 
worldwide- may suggest that direct applications for management are not entirely adequate or 
efficient where Oca is present. Studying and making visible the particularities of Oca could help 
to better attend to the particularities of the species in each place and thereby guarantee an optimal 
investment in resources and management means. Accordingly, this study intends to review for 
the first time the scientific publications that have reported differences between both rabbit 
subspecies. For that purpose, a systematic review of scientific was conducted using ISI Web of 
Science, SCOPUS and Google Scholar search engines. An additional search of key literature was 
carried out through a snowballing sampling of the publications generated in the first step.  
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2.- METHODS 

Systematic literature reviews have emerged as a way of synthesizing evidence and 
ultimately reach a joint understanding of the status of a research area. They are conducted on a 
sample of publications and generally commence through keyword searches, often restricted to 
certain domains, which produce a set of candidate publications. These publications and the 
bibliometric relationships between them are treated as the dataset (Lecy & Beatty, 2012). 
Accordingly, in this study It is carried out a scientific literature review to quantify the number of 
studies focusing on European rabbit subspecies, published up to December 2021. I searched in 
ISI Web of Science, SCOPUS and Google Scholar search engines scientific contributions 
containing at the title, abstract or key words at least one of the terms that stemmed from the 
following words, in the following combinations: (“rabbit “or “Oryctolagus”) and (“subspecies”). 
These keywords were strategically selected after reviewing a subset of contributions on the topic. 
All results yielded by searches conducted in Web of Science and SCOPUS were included in this 
review. On the contrary, due to the large number of publications yielded by this search engine 
and following other authors proceeding (Krafte Holland et al., 2018), It was only considered the 
first 100 results obtained using Google Scholar. I then scanned the titles and abstracts of all the 
contributions considered for evidences of quantitative differences between rabbit subspecies. 
Selected publications that met the following proposed exclusion criteria were downloaded for 
further review: 

(1) At first screening only publications in English language were considered (e.g., Krafte 
Holland et al., 2018). On the subsequent snowballing sampling language criteria was 
not applied -but extended also to Spanish, Portuguese and French contributions- in 
order to fill any potential gap of the previous step.  

(2) I focused on studies performed on wild rabbits; therefore, scientific studies published 
that referred only to domestic specimens or whose origin was doubtful were excluded 
from this review. Studies that focused on domestic rabbit were only considered when 
compared to wild Oca populations and so, proxy for an Occ population. 

(3) Studies that tested for differences between both subspecies (regardless their reported 
significant differences or not).  

(4) Following previous Ferreira (2012) proceedings for systematic review, contributions 
such as popular articles or technical reports were in general excluded because (a) 
there was no consistent means to assess the scientific rigor of these publications and 
(b) there was no systematic method for retrieving this literature. Similarly, PhD 
thesis, master or degree studies or conference proceedings were in general excluded 
in order to avoid any data duplication. Only peer-reviewed contributions such as book 
chapters and articles (both new contributions and reviews) were considered. 

 
For each of the selected publications I initially recorded the title, authors, year of publication, 

doi, and journal name. The abstracts of the selected contributions were then examined and a 
quick screening on the document was made to confirm an appropriate focus on the topic. The list 
of contributions generated by the search in each of these engines was further scrutinized in order 
to remove duplicates. Moreover, as keyword’s searches in databases can be misleading because 
keywords are not used consistently across publications, especially when topics are novel or have 
been scarcely investigated (Wohlin, 2014). For this reason, I made a complementary search to 
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ensure that key literature was not missed after the initial searches. This consisted of a snowball 
sampling, which used the reference list of each contribution to identify additional ones (Wohlin, 
2014). Accordingly, I examined the reference lists of all selected contributions of the initial 
selection (Appendix S2). With so, some complementary contributions were included to the initial 
dataset. Here the initial language criteria exclusion was also not applied being extended to 
Spanish and French in order to maximize filling of potential publication gaps. I carried out a 
constrained snowball sampling to a first-round examination of the previously recorded 
contributions as snowballing sampling can grow at an exponential rate making also potentially 
decrease the relationship of the results to the original topic (Lecy & Beatty, 2012).  

3.- RESULTS 

3.1.- General results 

The initial WOS search yielded a total of 525 contributions using “rabbit” and 
“subspecies” search combination and 99 contributions using “Oryctolagus” and “subspecies” 
search combination; the scrutinization of these contributions resulted in a total of 33 
contributions that met the criteria considered. Similarly, initial SCOPUS search resulted into a 
total of 342 contributions using from “rabbit” and “subspecies” search combination and 127 
results using “Oryctolagus” and “subspecies” search combination; these numbers were reduced 
to 37 suitable results after further examination. Similarly, Google Scholar search yielded a total 
of 24 suitable results using “rabbit” and “subspecies” search combination and 44 results for 
“Oryctolagus” and “subspecies” search combination, which were reduced to 49 contributions 
after a careful check. The combination of the three searches provided a final database that 
included 52 publications. Subsequent snowball search increased this number from 52 to 60 
research items; most of the new contribution were book chapters (Appendix S2). 

 
Results could be grouped into different categories depending on the type of difference 

between rabbit subspecies considered (Table 1). Most of the reviewed studies provided 
information on Genetics or Inmunogenetics. This way divergence between both subspecies was 
observed to have been recurrently detected at genomic levels. However, the categorization by 
subspecies in the wild rabbit is also based on a large number of alternative characteristics, 
including differences at the morphological, reproductive or parasitic levels (Table 1).  
 

Table 1- Categories and corresponding percentage of contributions about European rabbit 
subspecies obtained after literature systematic search and complementary snowball proceeding.  

Category Nº Publications  % Publications  
Genetics/Inmunogenetics 36 60 
Morphology 6 10 
Reproduction 1 2 
Growth 2 3 
Parasites/Diseases 10 17 
Others 5 8 
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3.2.- Genetics and Inmunogenetics 

A total of 36 contributions were identified within this category. These contributions 
revealed a variety of genetic markers and genomic information that may help to infer the 
evolutionary history of the European rabbit. In particular, it is stressed the existence of two 
molecular independent rabbit lineages, which derived from a common ancestor approximately 
two My ago with notable levels of differentiation, providing a good example of evolutionary and 
speciation processes in mammals (Delibes-Mateos et al., 2022). The apparent narrow and stable 
hybrid zone between the two subspecies, which crosses the IP from NW to SE, is also an indirect 
confirmation of the validity of reproductive isolation between the two taxa (Geraldes et al., 2008; 
Carneiro et al., 2013; Rafati et al., 2018).  

 
During the last decades the exhibited polymorphism between the rabbit subspecies has 

been reported to extent to aspects such as mtDNA (Hajer et al., 1987; Biju-Duval et al., 1991; 
Branco, Ferrand & Monnerot, 2000), the number and composition of different enzyme systems 
(Peterka & Hartl, 1992), Acid Phosphatases (Branco & Ferrand, 1998), Peptidases A, B, C and D 
(Branco, Machado & Ferrand, 1999), Carbonic Anhydrases I and II loci (Branco & Ferrand, 
2003), VH and other several protein loci (Esteves et al., 2004; Ferrand & Branco, 2007) as well 
as to haemoglobin a-chain (Campos, Storz & Ferrand, 2008, 2012), the TRIM5α gene (de Matos 
et al., 2011), the genetic diversity of the toll-like receptor 3 (Abrantes, Areal & Esteves, 2013) or 
Inmunoglobulins G, E and M (Pinheiro, Almeida & Esteves, 2015, 2019). In addition, it has been 
suggested in the literature that differences on the long-term effective population size among taxa 
may play a substantial role in determining rates and patterns of these species protein evolution 
(Carneiro et al., 2012) existing several statistical methodologies supporting a widespread role for 
adaptive protein evolution in rabbit’s subspecies. 

 
The analysis of several genomic regions has found differentiation patterns among 

subspecies loci, suggesting that some of them could be linked to sites of genomic 
incompatibilities causing the observed partial reproductive isolation (Carneiro et al., 2009; 
2010). Among these loci it has been reported a high level of differentiation in the Y chromosome 
between the two subspecies on either side of Iberian subspecies contact zone. Y chromosome 
lineages were also largely subspecies-specific, which suggests a role for the Y chromosome in 
subspecies reproductive isolation (Geraldes & Ferrand, 2006; Ferrand, 2008; Geraldes et al., 
2008; 2010; Payseur, 2009). More recent empirical and theoretical studies have also investigated 
the patterns of genetic variability and gene flow at loci linked to chromosome X within and 
between the subspecies. Results suggest that regions of restricted recombination play an 
important role in the formation of new species (Geraldes, Ferrand & Nachman, 2006; Carneiro et 
al., 2009, 2010). Carneiro et al. (2014) also found low to moderate overall levels of 
differentiation between rabbit subspecies; most differentiated regions were smaller than 200 Kb 
and contained very few genes being enriched on the X-chromosome and near centromeres.  

 
Sousa et al. (2013) inferred that gene flow between rabbit populations was asymmetric. In 

the direction of Occ to Oca there was a clear difference between the migration rates of the two 
groups of loci, with loci in a first group indicating high gene flow and loci in a second group 
indicating reduced gene flow. This suggests that some loci in their data set may be likely 
associated with hybrid incompatibilities only in the Oca background and hence prevent 
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introgression from Occ into Oca. One explanation was that barriers to gene flow would be 
stronger in this direction, so that more loci would be effectively linked to sites of incompatibility. 
Similarly, when exploring the spatial genetic structure of the rabbit across its native distribution 
range, Alda & Doadrio (2014) evidenced that northern populations of Occ showed more spatial 
genetic structure and differentiation than Oca. These authors hypothesized that this could be due 
to local geographic barriers, limited resources, soil type and/or social behavior limiting 
individuals’ dispersal.  

 
More recently, Rafati et al. (2018) investigated the genetic basis of these incipient stages of 

speciation. They identified a catalog of regions likely to be enriched for loci implicated in 
reproductive barriers and reported that signatures of steep allele frequency change were common 
across the genome and proteins encoded by genes located within these loci interacted more than 
expected by chance. Moreover, these authors reported: 1) that protein-coding changes were rare 
within candidate regions suggesting that regulatory changes are likely to contribute 
disproportionately more to reproductive isolation, 2) that structural rearrangements were 
uncommon between subspecies, and 3) that a large number of genes were differentially 
expressed and mis-regulated in the testis of rabbits that occur on both subspecies’ natural hybrid 
zone. Subsequently, Hamilton & Miller (2018) quantified phenotypic expression of the 
previously proposed incompatibilities assessing gene expression of experimental crosses. 

 
In some studies, no apparent differences between both rabbit subspecies have been 

observed. That is the case of Carmo et al. (2006) who observed that CCR5 protein of O. 
cuniculus differs markedly from all those known from other species. but no differences in that 
protein between rabbit subspecies were found. All European rabbit populations seem to have 
fixed this altered CCR5 gene, indicating that the conversion event occurred early in the 
Oryctolagus lineage, possibly before the speciation of O. cuniculus. In addition, Esteves et al. 
(2006) observed that in the European rabbit the genetic variation at the Immunoglobulin Heavy 
Gamma Gene (IGGH) hinge region was limited to a single nucleotide substitution, with amino 
acid changes occurring at same positions and no diversity at the two intron regions was detected 
between both subspecies. Campos, Storz and Ferrand (2008) observed that the HBB gene 
exhibited lower than expected levels of population differentiation, consistent with some form of 
spatially uniform selection contrasting to the observation that HBA gene previously stated. 
Patterns of linkage disequilibrium and allele frequency variation did not appear to fit any simple 
model of two-locus epistatic selection. 

  
Furthermore, Muller et al. (2009) examined the phylogenetic analyses based on partial 

VP60 gene sequences, a gene that codifies for a capsid protein of the Rabbit Hemorrhagic 
Disease Viruses (hereafter RHDV). Their results allowed a grouping of these RHDVs genes into 
three Iberian groups clustered separately. Interestingly, no differences were observed in RHDV 
sequences obtained from geographic regions where the rabbit subspecies Oca prevails compared 
with those obtained from the distribution range of Occ. More recently, Van der Loo et al. (2012) 
observed shared deleterious mutations between both rabbit subspecies when the 
pseudogenization of CCL8 chemokine gene was examined. The separation between both 
subspecies about two My ago would imply that the pseudogenization of CCL8 must be relatively 
old and possibly older than the genus. Similarly, Neves et al. (2014) confirmed the presence of 
the mutated stop codon on the Interleukin 6 (IL-6) in both Occ and Oca indicating that the IL-6 
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extension in them occurred also between two and eight million years ago in the ancestral of both 
Oryctolagus subspecies. Ferreira et al. (2016) observed that bitter taste receptors sequences were 
similar between all species of the same genus. 

3.3.- Morphology 

A total of 6 contributions were identified in this category, representing 10% of the total 
results list (Table 1). 

3.3.1.- Biometry 

Ferreira et al. (2015) showed that there are unequivocal biometric differences between 
European rabbit subspecies even when controlling for the effect of body mass: ear length is 
shorter for adult Oca than for adult Occ (average r SD Oca: 72.76 r 5.75 mm; Occ: 78.72 r 4.82 
mm), and hint foot length follows the same pattern (Oca: 56.38 r 3.42 mm; Occ: 59.45 r 3.26 
mm). According to these authors, Oca individuals are on average lighter than those of Occ (Oca: 
1043 r 137 g; Occ: 1234 r 169 g). Additionally, Ferreira et al. (2015) suggested that such 
differences occur not only between rabbit subspecies but also between sexes, as they observed 
the existence of a reversed sexual dimorphism (i.e., females tend to be larger than their 
conspecific males) in the species’ native range. This disagrees with most traditional studies 
which suggested that rabbits are not generally sexually dimorphic (Sharples et al., 1996). 
Reversed sexual dimorphism has been observed also in domestic rabbits as well as in other 
lagomorphs, but such a degree of dissimilarity between males and females is even more 
pronounced in the case of Oca populations. 

3.3.2.- Osteometry and Osteoscopy 

Some studies (i.e., Sharples et al., 1996; Callou, 2003) have reported Oca is generally 
smaller as a consequence of a morphological evolution that depended on the geographical 
location or latitude and its environment. According to that slight differences are detected 
between both rabbit subspecies in cranial measurements (e.g., Oca subspecies present a squared 
general shape of the occipital protuberance, as well as concave lateral and caudal borders and a 
craniopharyngeal canal that frequently presents small numerical openings and straighter dorsal 
iliac spine (Callou, 2003). In the case of Occ, the general shape of the external occipital 
protuberance is generally trapezoidal and have longer palate. The lateral borders are fairly 
straight and the caudal border divided into a corset or V-shape) and post-cranial measurements 
(i.e., Occ have longer humerus and metapodials) 

 
More recently, Watson & Davis (2019) have observed differences in pelvis shape between 

rabbits from France and the Iberian Peninsula that were not merely due to differences in sex and 
age. Although no direct link can be made between pelvis shape and genetic type, a link may be 
made indirectly by association with the same geographical area, but even when two samples 
come from the same locality their composition may differ. In general, the material studied has 
not been sufficient to show clear differences except between the Oca and Occ zones. A strong 
correlation between these cranial and postcranial dimensions and certain geoclimatic variables 
(temperature, precipitation and evapotranspiration) has been reported, with latitude standing out; 



65 
 

in particular, latitude was positively correlated with cranial length and tibia and humerus 
(Sharples et al., 1996). pointing out to a strong link between geographical position and genetic 
type; Oca rabbits are predominant in the SW of Europe and Occ occur in territories further north 
and the size of rabbit increases with latitude. 

3.3.3.- Coat 

Rabbits’ coat exhibit very variable colorations in their domestic forms but also slight 
variations between rabbit subspecies have been reported in the literature (Miller, 1912; Callou, 
2003). According to them, Oca coat is generally greyer and more finely grizzled, with sub-
terminal annulations of the longer hairs slightly paler than in the Occ form. This confers to the 
Occ coat a condition more agouti-like (i.e., grey mixed with ochre, red and black) while the Oca 
coat is darker, almost black (Callou, 2003).  

3.4.- Reproduction 

Although there is a considerable amount of research conducted on the factors influencing 
rabbit reproduction including those leading to variations in breeding success and population 
dynamics of the species (see a brief revision in Delibes-Mateos et al., 2022), the analysis of 
differences in reproduction between rabbit subspecies is scarce, if not mostly inexistent. To our 
knowledge there is only one previous study on this topic: Gonçalves et al. (2002), who tested in 
captivity for differences between rabbit subspecies in litter size, observing how Oca litter size 
(3.90) was similar to the previously reported for this subspecies in populations in southern Spain 
but smaller to the litter size found in several sites for Occ. As suggested by the authors, this fact 
could be linked to the smaller body size of Oca. And reaching sexual maturity at an earlier age 
than Occ (Gonçalves et al., 2002; Soriguer, 1981). Living under different climatic conditions 
may be consistent with the fact that larger females are associated with higher fecundity and with 
lower litter mortality, as it has been documented for the Occ subspecies (Gonçalves et al., 2002; 
Rödel et al., 2009).   

3.5.- Individual growth 

Only two contributions assessing differences between rabbit subspecies in individual 
growth were identified. Ferreira & Ferreira (2014) determined that juvenile body weight growth 
of Oca was lower than that of Occ and that the latter grew for less time than the former. 
However, their analysis of individual growth was based on changes in body weight, which has 
been evidenced as inappropriate after individuals’ sexual maturity. A good alternative to assess 
individual growth may be the use dry weight of the eye lens (hereafter LDW) which has been 
evidenced to describe accurately the relationship with individual growth after reached the sexual 
maturity. In a recent study (Vaquerizas et al., 2021) it was assessed if a unique curve (i.e.,, a 
single set of constants) describes well the relationship between the LDW and the age in the 
European rabbit regardless of the origin of the animals (IP or Australia) or the subspecies (Occ or 
Oca) they belonged to. The results showed that, in the species’ native range, the previously 
published growth curve formula fitted well for Occ but not Oca data, demonstrating the existence 
of differences between the maximum asymptotic (MA) values reached during growth by the 
subspecies. The MA value was near 15% smaller for Oca than for Iberian Occ rabbits, 
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approximately the same percentage of variation between their body weights (average weight 
Oca: 1040 g; Iberian Occ: 1240 g).  

3.6.- Parasites and diseases 

According to this review, differences in parasites and diseases between rabbit subspecies 
were evaluated in ten contributions. Among them, Blasco et al. (1996) reported differences in 
rabbit endoparasites, and in particular in the helminth communities found in Occ and Oca Iberian 
populations. A comparative study of the helminth fauna of populations of both rabbit subspecies 
(represented respectively by a sample of a NE of Spain rabbit population and another from the 
SW of Spain) showed that Leporidotaenia wimerosa and L. cf. wimerosa were only found in SW 
Iberia. Regarding ectoparasites, three out seven flea’s species that are described to infest wild 
rabbit are found exclusively in Oca populations within SW of the Iberian Peninsula: 
Odontopsilys quirosi and Caenopsylla laptevi (ref). Both fleas have two subspecies clearly 
separated geographically. Thus, O. quirosi is divided into O. quirosi quirosi, an Iberian SW 
form, and O. quirosi episcopalis, a form that occurs in Iberian NE and France. Such 
differentiation may testify an ancient separation of the rabbit into two groups according to 
Beaucournu & Márquez (1987). The same hypothesis was formulated for C. laptevi, whose two 
subspecies C. laptevi ibera and C. laptevi relicta present a practically identical distribution to 
that described for the subspecies of O. quirosi (Beaucournu & Launay, 1990). 

There are also examples in the literature of the absence of parasite differences between 
rabbit subspecies. For example, Launay & Beaucournu (1982) observed that, despite 
morphological differences between the ectoparasite Xenopsylla cunicularis (which is located in 
France and central Spain) and its strain species, X. ramesis (studied in southern Portugal), the 
comparison of the distribution of these fleas and that of the rabbit subspecies lacks consistency. 
Thus, for this ectoparasite species the distinction between its subspecies does not seem to 
coincide with that between Occ and Oca. Similarly, Márquez (2010) examined the prevalence 
and distribution of specimens of Bartonella alsatica in rabbits captured alive in the southern 
Spain and belonging to both subspecies and his results evidenced that B. alsatica was largely 
widespread in the natural populations of both wild rabbit subspecies; significant differences in 
infection were not detected in relation with subspecies or sex inter- or intra- subspecies.  

Only four contributions dealing with differences between rabbit subspecies regarding 
diseases were found (Table 1), and none of those studies found apparent variation between them. 
More particularly, Villafuerte et al. (2017) conducted a large-scale characterization of 
myxomatosis seroprevalence based on the immune status of different Oca and Occ rabbit 
populations distributed throughout all Spain, and found similar values of seroprevalence of 
antibodies against myxomatosis between both subspecies (i.e., 49% Oca, 46% Occ and 44% 
hybrids, respectively). Similarly, Muller et al. (2009) determined that no significant 
epidemiological, clinical or pathological differences related to RHD existed between rabbit 
subspecies, suggesting that Oca is as susceptible to RHDV as Occ, and that the virus is equally 
virulent for both rabbit subspecies. Later, the findings of Abrantes, Lopes & Esteves (2012) and 
Abrantes et al. (2012) pointed out in the same direction. 
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3.7.- Others 

3.7.1.- Population trends  

Differences in population trends between rabbit subspecies have been also reported after 
the outbreak of RHDV-b during the early 2010s by an online questionnaire to the senior 
administrative officers of all provincial official game departments throughout peninsular Spain 
(Vaquerizas et al., 2020; see thematic chapter 1.2). A generalized negative trend was reported in 
the distribution area of Oca, while a more stable or even positive trend was reported in the 
distribution area of Occ with an intermediate situation in the contact zone of both subspecies.  

3.7.2.- Rabbit microbiome and deposition rate 

Funosas et al. (2021) reported variations in gut microbiome heterogeneity between wild 
rabbit populations in the distribution areas of both rabbit subspecies. Individuals surveyed in the 
Occ distribution area showed more dissimilar gut communities than those in the Oca distribution 
area. In addition, gut communities in the Oca distribution area were slightly, but significantly, 
different than those found in the Occ distribution area. The same trend was observed when other 
diversity parameters were analyzed. In particular, the microbiota of rabbits from wild 
populations in the distribution area of Oca had, in general, taxonomically and functionally more 
diverse and healthier microbiomes. Accordingly, the authors found a predicted higher functional 
versatility for fiber digestion in field populations in the Oca distribution area. However, such 
differences between rabbi subspecies in gut microbiome were lost when they were tested in 
captivity. 

 
On the contrary, when González-Redondo (2009) examined the deposition rate of Oca 

populations and compared it to the previously reported for Occ populations around the world, he 
observed that Iberian Oca produced daily an average number of faecal pellets similar to the ones 
to the observed for several Occ populations while others Occ rates -corresponding to rabbit 
populations like New Zealand one- remained significantly different. The author concluded that 
differences observed between populations would be more due to geographical differences than 
genetical ones. 

3.7.3.- Meat chemical composition and voluntary food intake 

González-Redondo et al. (2010) revealed that eat of Oca subspecies contained 23.7% crude 
protein, 0.2% crude fat, 74.9% moisture and 1.2% ash, a composition that differed from that 
published for domestic rabbits and for wild rabbits of the subspecies Occ, leaner due to its higher 
protein content and much lower fat value. Genetic differences between both subspecies and the 
lower size of Oca rabbits were proposed as explanatory factor as they may lead to differences in 
the amount of food ingested and therefore in the individual’s deposition rate. In this sense, 
González-Redondo (2013) observed that during the reproductive rest period there was a 
significant association between the weight of the rabbits and the daily food intake; the heaviest 
animals (proxy for Occ) were the ones that consumed more food. However, Despite the fact that 
the explanatory capacity of the subspecies differences is recognized to exert an influence on the 
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phenomenon, other factors are not ruled out, such as the largest thermoregulatory demands due 
to cold climatic conditions. 

4.- DISCUSSION 

Throughout this chapter, and although it possible limitations (e.g., the inability to separate 
the explanatory power of the environment from the potential genetic influence, the reliability on 
domestic Occ specimens as proxy for Occ populations of some contributions, or from a 
methodological perspective the consideration of only English language in the initial searches 
only extended to others languages for the secondary search, or the non-inclusion of grey 
literature or certain sources that could be merely for inclusion) it is emphasized the existence of 
multiple differences, namely in genetics, reproduction, behavior, parasitology morphology, and 
population trends, between the two European rabbit subspecies that supports the separation of the 
rabbit subspecies at least in terms of management.  

 
It is worth noting that differences between subspecies are either subtle or inexistent 

regarding several other aspects, including several genetic features, some parasites, and 
importantly diseases susceptibility (i.e., Abrantes et al., 2012; Abrantes, Lopes & Esteves, 2012; 
Carmo et al., 2006; Campos, Storz & Ferrand, 2008; Esteves et al., 2006; Ferreira et al. 2016; 
Launay & Beaucournu, 1982; Márquez, 2010; Muller et al., 2009; Neves et al., 2014; Van der 
Loo et al., 2012; Villafuerte et al., 2017). These observations are, however, unsurprising given 
the high degree of conservation and million years of generic splits shared by many close species 
of lagomorphs (e.g., Esteves et al., 2006). Thus, this apparent lack of differentiation between 
subspecies may be not incompatible with others aspects evidenced to be different as both 
processes may indicate events occurred early in the Oryctolagus lineage, possibly before the 
speciation of O. cuniculus. These evidences together to other unaddressed features such as 
behavior, thermoregulation, etc. contributing to keep unsolved discussion about subspecies 
putative separation. 

 
However, independently of their level of sufficiency, in our opinion, all reported 

differences to date may be suggestive itself and support the separation of the rabbit subspecies if 
not as different species (as already proposed by authors such as Delibes-Mateos et al., 2018) at 
least as separated entities in what concerns to management as both subspecies meet all the 
criteria to warrant separate management (Delibes- Mateos et al., 2008). This is not a new idea 
and highlights a lack of agreement on the way it is attributed relevancy to the different features 
listed and even how the subspecies concept is being constructed. On the one hand, features like 
distribution, behavior or ecology may be considered not as primary but as supporting evidence, 
as there may be not agreement that such characters are necessarily stable (in the case of 
distribution) or inherent (behavior and ecology) on the contrary to other aspects such as genetics 
or morphology. 

 
On the other hand, subspecies concept can be constructed to cover at least two types of 

entities: a) lineages diverging but not quite far along the continuum of divergence (still having 
significant gene flow with another lineage or lineages) to be judged as species, and b) lineages 
that may well be species but for which not enough evidence is yet available to justify their 
designation as such. Speciation may be understood as a continuum instead of a well limited 
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process (Stankowski & Ravinet, 2021) Overall, what is more “appropriate” is not always 
properly defined and thus, recommendations may be left up to each taxonomist or researcher and 
their professional peers.   

 
Unpublished data suggest that there may be other ecological aspects that would confirm 

such differentiation between rabbit subspecies. Differences between these subspecies include 
body size, sexual maturation and litter size (R. Villafuerte, unpubl. data). However, instead of 
exclusively focusing future work guidelines only on investigating still unexplored features 
regarding subspecies differentiation it is also suggested a necessity of clarifying the way it is 
constructed itself the limits on rabbit subspecies category as well as how we attributed level of 
suitability to each differentiation criteria. As described, current knowledge of the Iberian rabbit 
subspecies focuses on some basic aspects of its biology and ecology but there are still many 
other aspects unexplored to date (e.g., in terms of behavior, thermoregulation, etc.) as well as 
other not furtherly examined like diseases feature. This may undoubtedly contribute to current 
body of knowledge regarding this topic. Beyond these aspects that point to a necessity of more 
investigation for clarifying species separation of both rabbit entities, here it is also emphasized 
how, in more general terms, there may be also necessity of future work in terms of clarifying 
what constitutes “appropriate” criteria and thresholds for such separation.  

 
From the perspective of understanding general speciation processes, researchers are not 

unaware of the power that language and the subsequent boundaries it delimits may exert in 
shaping our thinking (e.g., Harrison, 2012). In those terms, contrary to understanding speciation 
as a discrete event that generates distinct groups- a boundary that marks the transition from 
populations to species- the understanding of speciation as a continuum treats population pairs as 
a “snapshot” of a particular point in the speciation process, and order many pairs in a continuous 
sequence to understand how the process unfolds (Stankowski & Ravinet, 2021). This proposal is 
seen as a conceptual and analytical framework that may inform theory and act as a foundation for 
comparative and experimental studies of speciation and so, may exert an increasingly important 
role guiding species management.  

 
Concerning rabbit case, understanding more in depth these aspects could be helpful to 

typify better threats and assure the conservation of rabbit species, given its current paradoxical 
status. In fact, consideration of different management frameworks may be of critical importance 
for the conservation of Oca subspecies, since its geographic range is restricted to Portugal and 
Southern Spain, and most populations of this subspecies seem to be currently declining (e.g., 
Delibes-Mateos et al., 2014a; Guerrero-Casado et al., 2016; Monterroso et al., 2016; Vaquerizas 
et al., 2020). The differences reported may be relevant in assisting the conservation of 
endangered rabbit-dependent predators which mainly occur in the distribution area of Oca. Such 
a management framework would also help reduce existing conflicts over rabbit management 
between hunters, farmers and conservationists on the IP resulting of their paradoxical abundance 
trends and the less perceived incidence of damage in Oca areas (Delibes-Mateos et al., 2014b; 
Vaquerizas et al., 2020). 
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5.- CONCLUSIONS 

After reviewing and compiling published literature regarding subspecies differentiation it 
is emphasized the existence of notable differences, namely in genetics, parasitology or 
morphology, that supports the separation of the rabbit subspecies at least in terms of 
management. However, there are also notable features where it has not been evidenced to date 
significant differences between both entities as well as there are still unaddressed features such 
as behavior, thermoregulation, etcetera; contributing to keep unsolved discussion about 
subspecies putative separation. Beyond these aspects, and the necessity of more investigation for 
support or rejection of the separation of both rabbit subspecies, here it is also emphasized how, in 
more general terms, it is also suggested a necessity of clarifying the way it is constructed itself 
the limits on rabbit subspecies category as well as how we attributed level of suitability to each 
differentiation criteria- i.e., what constitutes “appropriate” criteria and thresholds for such 
separation- what is not always properly defined. Understanding speciation as a continuum 
instead of a discrete event may play an increasingly important role in understanding rabbit 
evolution and guiding management, becoming far more than just a convenient narrative 
portraying how rabbit– as well as any other population- speciation process might unfold. 
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CHAPTER 3- Exploring the social dimension in the management of the Iberian 
rabbit and its subspecies 

CHAPTER 3.1- The IUCN European rabbit reassessment: A case of research-based 
knowledge use in conservation conflicts 

ABSTRACT 

The European wild rabbit (Oryctolagus cuniculus) is a lagomorph species native to the 
Iberian Peninsula. In this territory, it currently faces important challenges in terms of 
management and conservation. The recent declining trends of the rabbit in most of its native area 
led to its classification as endangered in the 2019 IUCN reassessment. Paradoxically, this species 
has experienced population growth reaching high local abundance in some farmland regions in 
the Iberian Peninsula. This has led to notable economic losses due to crop damage and, as a 
consequence, its consideration by some stakeholders as a threat to human activity. This context 
makes management actions difficult as they often simultaneously address opposite goals (i.e., 
population reinforcement vs population control). Conservation conflicts are often characterized 
by contrasting interests. Such conflicts are created and sustained through discourses, which, in a 
very basic sense, are forms of social interaction. Analysis of these discourses, therefore, provides 
an ideal lens with which to examine the subtler aspects of conservation conflict, such as the 
discursive function of research-based knowledge in arguments over the species management. 
However, to our knowledge no studies have addressed this issue to date. Here we explored 
through 42 interviews the perception of main stakeholders involved in rabbit management across 
Iberia (i.e., farmers, official agency members, hunters, environmentalists and researchers) about 
the rabbit IUCN 2019 reassessment and its possible implications for the management and rabbit 
conflict mitigation in the IP. Our results revealed a clear division between groups in terms of 
acceptance of this scientific reassessment, as well as a selective use of the IUCN reassessment to 
legitimize and reinforce own interest and ideas. These findings emphasize the importance of 
achieving general social acceptance and the necessity of improving the inclusiveness and 
transparency of the research- based knowledge transfer process. As selective interpretation of 
knowledge can exacerbate existing polarization between stakeholders, the improvement of both 
could help to mitigate rabbit conflict in Iberia. 

 
Keywords: Agricultural pest, Endangered species, Human-wildlife interaction, Oryctolagus 
cuniculus, Qualitative research 
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1.- INTRODUCTION 

1.1.- Research-based knowledge use in conservation conflicts:  

Research is frequently used to address environmental problems and so, it is expected to 
provide knowledge that will offer solutions, facilitate decision-making and inform management 
and policy decisions (Allen et al., 2001; Blaikie, 2001; Wesselink, 2009; Krange & Skogen, 
2010). Thus, research-based knowledge is widely understood to be the basis on which 
environmental policy should be built and a prominent feature in debates over environmental 
issues and conservation objectives (Jørstad & Skogen, 2010). However, research is a situated and 
social activity. And so, the social worlds of research and policy interact in the process of 
communicating research-based knowledge. Scientists are influenced by their social surroundings 
and consequently, the way in which they describe the world is not a straightforward 
representation of reality, but an interpretation shaped by their individual perceptions and values, 
as well as through the communication with others (Jørstad & Skogen, 2010).  

Rather than being linear it has been argued that the interface between research and policy 
is a complex social process that influences how knowledge itself is constructed. Thus, there is in 
fact, a co-evolution between research and policy. Such processes allow for the exchange and 
joint construction of knowledge to facilitate decision-making (Jørstad & Skogen, 2010; Fig. 1). 

 
Figure 1- Models of interface between research and policy. Rather than linear, (a) research is not 
translated into policy in its original form, but reconstructed after the process of communicating it to 
society (b) (Based on Jørstad & Skogen, 2010). 

The literature identifies three main typologies of knowledge use: instrumental, conceptual 
and strategic use (Fig. 2; Hodgson et al., 2019). Instrumental use can be defined as “the direct 
use of knowledge (seen as acts) to solve policy problems by filling data gaps or reducing 
uncertainty” (Waylen & Young, 2014). Conceptual and strategic use translate into a broader 
perspective of knowledge use, which is influenced by tacit, informal and experiential knowledge, 
but not simply by explicit technical information (Fig. 2; Hodgson et al., 2019). 

 
Figure 2- Typologies of knowledge use according to Hodgson et al. (2019) on a non-direct model of 
research-based knowledge use where value system and interpretation contribute to inform policy. 

On a simple instrumental knowledge use model, technical information is used directly to 
inform policy and management decisions. However, it has been suggested focusing strongly on 
instrumental use will likely cause feelings of frustration and marginalization amongst 
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stakeholders, who may not rely exclusively on technical data to inform their decisions (Hodgson 
et al., 2019).  In conservation biology, straightforward policy problems are frequently complex 
and so, conceptual and strategic use may be considered as the most relevant modes of knowledge 
use employed by stakeholders (Hodgson et al., 2019).  As most of our conceptual knowledge is 
derived from a cognitive form of contact with the world, the study of perception has always had 
unique significance in philosophy and science. Such information about main stakeholder groups 
can help to increase the efficacy of management strategies. Also, they can provide guidance for 
policy and management decisions, define the nature of species problems, deal with potential 
conflict related to the species and provide baseline information to assess the effectiveness of the 
law (Patankar, 2019).  

 
Scholars have begun to highlight the importance of how research-based knowledge is 

reconstructed and communicated by stakeholders, who may not adopt research in its original 
form, but develop and employ a certain interpretation of the findings (Jørstad & Skogen, 2010). 
The way how different stakeholders reconstruct and communicate research is guided by strongly-
held value systems. Values and value systems may influence what is interpreted as relevant, how 
the research is framed, and who or what is deemed an authoritative source of information 
(Hodgson et al., 2019). As an example, stakeholders involved in conflicts over species 
management frequently hold divergent values regarding these subjects and will (whether 
purposefully or subconsciously) attempt to legitimize and reinforce them.   Research-based 
knowledge is frequently used by actors to reinforce their own values (Dinnie et al., 2015) as well 
as it may be used to delegitimize the claims of opposing stakeholders, or to directly challenge 
dominant discourses on wildlife management, thereby maintaining conflict.  

1.2.- The IUCN Red List and the 2019 wild rabbit reassessment 

Lists of threatened and vulnerable species, or Red Lists, are good examples of internationally 
accepted research-based tools that are applied widely for regulatory and policy purposes in the 
field of biodiversity conservation (Jørstad & Skogen, 2010). One of the most internationally 
acknowledged ways of developing a Red List is through the use of categories and criteria of the 
IUCN (International Union for Conservation of Nature). Within the IUCN Red List system, the 
general aim is to provide an explicit, objective framework for the classification of species 
according to their extinction risk (IUCN, 1994). For that purpose, its categories and criteria are 
intended to be an easily and widely understood system for classifying species at high risk of 
extinction by quantitative, clear cut, and scientifically sound criteria, although it is discussed that 
there are still issues to be addressed when it is to be used at national and other sub-global scales 
(Gärdenfors et al., 2001). 

 
Among the many species submitted to IUCN assessment through this system is the European 

wild rabbit (Oryctolagus cuniculus). The European rabbit is a lagomorph species native to the IP. 
There it faces important challenges in terms of management and conservation. Historically, the 
species reached very high numbers not only in its native range but also in areas where the species 
was introduced (Delibes-Mateos et al., 2022). However, the advent of two viral diseases 
(myxomatosis and rabbit hemorrhagic disease) together with changes in land use and subsequent 
habitat loss devastated most rabbit populations across Europe during the second half of the 20th 
century. More recently, the outbreak of a new variant of rabbit hemorrhagic disease caused a 
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new rabbit decline in the early 2010s maintained to date (Delibes-Mateos et al., 2022). This last 
collapse of rabbit populations led to the change of its conservation status at the IUCN Red List, 
which established that it should be down-listed as Endangered in its native area from the 
previous categories of Near-Threatened and Vulnerable respectively in Portugal and Spain 
respectively (Villafuerte & Delibes-Mateos, 2019).  

 
However, most negative population trends were reported in the distribution area of one of the 

two existing rabbit subspecies, Oryctolagus cuniculus algirus (hereafter Oca), while more stable 
or even positive trends were observed in the distribution area of the other subspecies Oryctolagus 
cuniculus cuniculus, (hereafter Occ) (Vaquerizas et al., 2020). Thus, the IUCN reassessment was 
mostly based on the declining situation of Oca since information about rabbit population trends 
in the native range of Occ was scarce (Villafuerte & Delibes-Mateos, 2019; Vaquerizas et al., 
2020). In fact, and paradoxically, rabbit population growth in some farmland areas has led to 
substantial crop damage and associated economic losses. In those places, rabbits are currently 
seen by some stakeholders as a threat to some human land uses like farming (Delibes-Mateos et 
al., 2014; 2020). This highlights the character of the rabbit as a striking species and a 
conservation paradox for the 21st Century (Lees & Bell, 2008) and makes rabbit management 
actions difficult as it has to simultaneously address opposite management goals (i.e., population 
reinforcement versus population control) within the IP. 

1.3.- Aim of the study 

Hajer (1995) defined a discourse as “a specific ensemble of ideas, concepts and 
categorizations that is produced, reproduced and transformed in a particular set of practices and 
through which meaning is given to physical and social realities”. These forms of social 
interaction cultivated by the preferred interpretations and definitions of certain actors may clash. 
Thus, conservation conflicts may be considered to be influence and sustained through discourses 
(Hodgson et al., 2019). In this context, discourse analysis offers a way to study meaning through 
the exploration of language in its widest sense (including face to face talk, non-verbal 
interaction, images, symbols and documents) (Barnaud et al., 2021).  

More particularly, exploring through discourses the way in which key sources of information 
such as the IUCN research-based knowledge are interpreted and used by stakeholders may 
provide an ideal lens with which to examine the subtler aspects of rabbit conflict and by doing 
so, also potentially influence the outcomes of future management frameworks for the species. To 
our knowledge, there are still no studies addressing this issue. In order to fill this gap here we 
explored the perception of the main stakeholders involved in rabbit management across the IP 
(i.e., farmers, managers, hunters, environmentalists and researchers) about the rabbit IUCN 2019 
reassessment and its possible implications for the management and rabbit conflict mitigation in 
the IP. Different acceptance levels and opinions among stakeholders regarding the 2019 IUCN 
reassessment could be expected. Overall, understanding how the IUCN rabbit reassessment is 
interpreted by the main stakeholders involved in rabbit management and what this means for 
their relationships and conflicts themselves may be important for the development and 
implementation of future strategies that can improve inclusiveness, transparency, trust between 
the stakeholders involved, and thus lead to a more effective management of the species.  
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2.- METHODS 

Our data was obtained through semi-structured interviews conducted with a range of 
representatives of the main stakeholders involved in rabbit management in the IP (Appendix S3). 
Targeted people included farmers, hunters, official agencies members, environmentalists and 
researchers. Interviews thus provided a diversity of perspectives on the studied issue (i.e., the 
European rabbit reassessment by the IUCN). Interviews ranged from 40 min to 1h 50 min, and 
aimed at gathering a comprehensive understanding of the interviewee’s perceptions of different 
rabbit-related topics, such as the recent rabbit population trends or the here explored perception 
of the 2019 IUCN rabbit reassessment. A total of 42 interviews were conducted online between 
February 2021 and January 2022 (Table 1).  

 
Table 1- Number of interviewees according to interviewee’s profile and location according to 
natural Occ and Oca geographical distribution in IP 

 Occ Oca Both Total 
Researchers 4 1 2 7 
Official agency 
members 

8 8 2 18 

Hunters’ 
representatives 

5 4 3 12 

Farmers’ 
representatives 

0 1 2 3 

Environmentalists 0 0 2 2 
Total 17 14 11 42 

 
The procedure used in this study was approved by CSIC Ethics Board (reference number 

177/2020). All participants were informed during the contact phase about safeguarding the 
privacy and confidentiality of all the information they provided in accordance with Spanish data 
protection law. No data that could identify the person interviewed was part of the information 
collected in the interview, the content of the interviews being devoid of any direct and/or indirect 
personal data. The researchers undertook to keep safe the information collected during the 
interview and to use it solely and exclusively in accordance with the objectives of the 
investigation. 

 
The software NVivo was used for the storage and coding of data. All interviews were 

transcribed verbatim and qualitatively analyzed through a common coding procedure (Hilal & 
Alabri, 2013). An initial content analysis was performed on all interviews, whereby the overall 
focus of the interview was derived from common themes within the text, and codes (segments of 
the data carefully read and defined, according to which concept it represents; Hajer, 2005) 
developed from these themes. Subsequently, the emergence of patterns from the data enabled us 
to explore the relationships between them. In cases where the same report was referenced by two 
or more interviewees, a more detailed, line by line analysis was conducted to investigate how it 
was interpreted.  
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3.- RESULTS & DISCUSSION  

According to our results, interviewees’ perception on the 2019 IUCN reassessment varied 
geographically and depending on the stakeholder group. These perceptions can be summarized in 
three groups (Table 2). It is worth mentioning that a few interviewees did not know about the 
reassessment (Appendix S4; quotes 1, 2). These people demonstrated a lower knowledge about 
the species problem and interestingly, all of them expressed agreement with and trust in IUCN 
decision and its potential positive repercussions for rabbit management when the interviewer 
provided them some brief details about the decision (e.g., Appendix S4; quote 3).  

 
By doing so, these interviewees could be included part of a bigger “Pro-reassessment” group 

which was characterized by 1) a general agreement with the decision of changing the rabbit’s 
conservation status to endangered, 2) a perceived potential positive impact of this decision on 
rabbit management, and 3) a high level of trust in the evaluation as capable of influencing policy 
(Appendix S4; quotes 3,4,5,6; Table 2). In general, this perception was more frequent among 
researchers and managers as well as to the Environmentalists’ sample and Portuguese farmers. 
The more proximity to and prior knowledge expressed during the interview about the IUCN 
system and the situation of decline of the rabbit in the Iberian Peninsula, the more likely the 
acceptance of the reassessment decision was expressed. Consequently, this acceptance might 
have been influenced by the researchers’ relative closeness to the reassessment system and 
process and therefore higher levels of trust in the decision and potential positive impacts on 
future rabbit management strategies and policy design. The Pro-reassessment perception could 
be hypothesized to be influenced by their more concern about rabbit decline expressed that leads 
to a main interest on the protection of the species and so higher levels of acceptability on the 
decision.  

 
Table 2- Description of general agreement, perceived impacts on rabbit management and trust in the 
IUCN decision expressed by the main groups observed among interviewees. Three groups (i.e., pro-
reassessment, neutral perception and against reassessment) were identified according to the 
interviewees’ general perceptions of the 2019 IUCN rabbit reassessment. 

 PRO- 
REASSESSMENT 

NEUTRAL  AGAINST 
REASSESSMENT 

General agreement + +/- - 
Perceived impacts + 0 - 

Trust + +/- - 
 

Secondly, we identified a perception about the reassessment that emphasized a neutral 
position regarding this decision. This perspective was characterized by 1) a neutral or no 
expressed opinion in terms of agreement with the reassessment, 2) a perceived lack of potential 
impacts, and 3) no expression of trust on the capacity of the decision on influencing future 
species policy (Appendix S4; quotes 7, 8, 9; Table 2). In general, researchers and 
environmentalists were not represented in this group; while Spanish farmers’ representatives 
adopted this perception. In addition, we observed a notable number of official agencies members 
in this group, although their opinion was in general very diverse and followed all responses 
spectrum from pro-reassessment to more against reassessment position. These findings could be 
influence by their higher levels of disconnection and lack of interest in rabbit that the Spanish 
farmers expressed excepting for the damage and economical losses that the species can produce 
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to their crops and other human infrastructures. The official agencies members might have been 
part of this group as they often adopted the role of a mediator in stakeholders’ tensions 
concerning the rabbit. 

 
The third group encompassed those people who expressed their position against the 

reassessment, and was characterized by: 1) a generally low level of agreement with the 
reassessment, 2) perceptions of potentially negative repercussions of this decision on rabbit 
management, and 3) significant trust in the capacity of the decision to influence future policy and 
decision-making (Appendix S4; quotes 10, 11, 12, 13; Table 2). In general, we observed a higher 
representation of hunters within this group compared to the other two groups, as well as a lower 
representation of managers; the latter were less represented than other stakeholders within the 
“did not know” and “disagreement” groups. Among hunter’s arguments for joining these levels 
of disagreement it was common the expression the worry of being persecuted and prohibited to 
exert their hunting activity as consequence of such decision (e.g., Appendix S4; quotes 10,12). 
They also frequently complained of not being consulted when making the reassessment decision. 
By doing so, they also pointed out to the need of improving the inclusiveness of local actors like 
them on the construction and communication of such reassessment research-based knowledge as 
it may help to mitigate tensions over species management (e.g., Appendix S4; quote 13). This 
way, understanding how IUCN rabbit reassessment is used and constructed may hold important 
implications for how the rabbit conflict itself plays out, especially with regard to the 
relationships between the stakeholders, and their willingness to collaborate and engage with 
future conflict mitigation strategies. As previously stated, it has been suggested that a strong 
focus on instrumental use will likely cause feelings of frustration and marginalization amongst 
stakeholders, who may not rely exclusively on technical data to inform their decisions (Hodgson 
et al., 2019; Fig. 2). 

 
Regardless of their perception on the IUCN reassessment, in general most interviewees 

expressed caution when considering its potential future implications for rabbit management. 
Main arguments supporting their caution were: (1) The reassessment could be used strategically 
as an argument against certain sectors or overprotecting the species. More particularly, the 
reassessment was frequently expressed among representatives of all stakeholders to not consider 
hunting lobby (Appendix S4; quotes 5,10,12,13), potential damages to farming activity 
(Appendix S4; quotes 15,16) as well as reinforce environmentalist interests (Appendix S4; quote 
14). By doing so, it was generally expected that may contribute to maintain preexistent 
stakeholder’s polarization and tensions (Appendix S4; quote 11). (2) The reassessment did not 
consider the rabbit subspecies issue (Appendix S4; quotes 6,13,17) or the geographical 
differences in the population trends (Appendix S4; quotes 18,19). 

 
 Altogether, these observations highlight that in the Iberian rabbit context, the main 

stakeholders involved in the species management do not feel well connected with the IUCN 
reassessment decision. The caution expressed by most interviewees when considering potential 
future implications of the reassessment for rabbit management may suggest that any potential 
future use of the IUCN reassessment by the organizations involved in the rabbit management 
may be not a straightforward process. It was generally perceived by the interviewees that the 
adoption of such a reassessment may play important functions as a tool to justify certain views 
and support a specific line of argumentation, as well as drive actions and policy changes that 
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help these perceptions and goals to become real. Thus, among all stakeholders there was the 
perception that knowledge seems to be interpreted and used in a way that aligns with these 
functions (Hodgson et al., 2019).  

 
Altogether, these observations highlight how in the Iberian context there is not a complete 

understanding of the IUCN rabbit reassessment decision among the main stakeholders involved 
in the rabbit management. The relative objectivity of the IUCN Red listings has made them a 
widely used tool for observing changes in species status over time and is arguably the most 
useful worldwide list of species at risk of extinction (Lamoreux et al., 2003). The Red List has 
been used to raise awareness about threatened species, guide conservation efforts and funding, 
set priorities for protection, measure site irreplaceability and vulnerability, influence 
environmental policies and legislation and evaluate and monitor the state of biodiversity 
(Cardoso et al., 2011). Its usefulness is based on its reliance on a number of objective criteria, 
which are relatively easy to apply when adequate information is available (IUCN, 2012). 
However, as stated before, there are still issues to be discussed and solved in the IUCN Red List 
Criteria.  

 
Alternative proposals for consistent listings are being developed (e.g., Gärdenfors et al., 

2001) but there are still examples when applying the system, a taxonomic or distribution bias 
may be committed (but see Cardoso et al., 2011). However, the observations here presented here 
point to a need of improving the inclusiveness on the construction and communication of IUCN 
research-based knowledge and so our understanding of the research-based knowledge and 
society interface. Understanding the Red List as a social process would imply three dimensions: 
the process of shaping and adjusting scientific knowledge in the policy arena; the use of the Red 
List in regulation and public debate; and different stakeholders’ participation in defining how the 
relationship between science and policy should be understood (Jørstad & Skogen, 2010). 
Moreover, the IUCN listings do not necessarily correspond to conservation measures. The 
assessment of the extinction risk of a species and the setting of conservation priorities are two 
related but different processes. Assessment of extinction risk, such as the assignment of IUCN 
Red List categories, generally precedes the setting of priorities. The purpose of the Red List 
categorization is to produce a relative estimate of the likelihood of extinction of the taxon. On 
the other hand, setting conservation priorities often includes consideration of extinction risk, but 
also considers many other factors, such as availability of funds or personnel to carry out 
conservation actions, legal frameworks for conservation of threatened taxa, or ecological, 
phylogenetic, historical, and cultural preferences for some taxa over others (Gärdenfors et al., 
2001). This together with the intrinsic suitability limitations of the system, may raise to discuss 
on the suitability of this system when wanted to link to actions in the Iberian Peninsula or if not, 
if we should reconsider the use of any alternative tool to call for attention of the rabbit status and 
guide management future frameworks in the Iberian context.  

 

4.- CONCLUSIONS 

Differences in the degree of acceptability of the IUCN rabbit reassessment were identified 
depending on stakeholders’ location and profile. However, regardless of the degree of acceptance 
of the IUCN reassessment and the generalized agreement that for now it has not entailed any 
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particular repercussions, most of the interviewees expressed the need to be cautious when 
anticipating future consequences for the management of the rabbit. Among others, it would not 
be considering the heterogeneous regional reality of the populations of the species and also could 
be used strategically to reinforce certain stakeholders’ interests and so contribute to maintain 
preexistent stakeholder’s polarization and tensions. Altogether, these observations highlight that 
in the Iberian rabbit context there is an apparent disconnection with the IUCN reassessment 
decision among the main stakeholders involved in the species management. The IUCN Red List 
has been proved to be the best tool internationally for ranking species. However, the here 
presented observations points to a need of improving the inclusiveness on the construction and 
communication of IUCN research-based knowledge and so, our understanding of the research-
based knowledge and society interface. A complete understanding the Red List as a social 
process would imply the stakeholder’s participation in defining how the relationship between 
science and policy and these elements seem to have not been reached in the case of the rabbit in 
the Peninsula. Moreover, the fact that IUCN Red List also shows intrinsic suitability limitations, 
may raise the question if we should start reconsidering the use of alternative management tools 
for the case of the rabbit in the Iberian Peninsula.   
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CHAPTER 3.2- Establishing boundaries in wildlife conservation: perceptions of the 
European wild rabbit subspecies in the Iberian Peninsula 

ABSTRACT 

Conservation actions can be defined as boundary-maintaining exercises. Not recognizing 
these boundaries may lead to overlooking the necessity of conserving a certain object. However, 
the definition of the limits is often problematic, particularly in the case of the establishment of 
species boundaries. Species definition has struggled the scientific community for a long time, 
which may have important repercussions once it comes to prioritize actions for the management 
of endangered species, such as the European wild rabbit (Oryctolagus cuniculus) in the Iberian 
Peninsula (here after IP). This species has become a source of debate because of the increasing 
number of differences reported between its two recognized subspecies. Some experts have 
recently proposed splitting both rabbit subspecies into separated species because of their multiple 
differences in genetics and other issues. Such differentiation would likely affect the applied 
management contributing to avoid recent introgression and hybridization. Understanding the 
views on this topic of not only experts but also of the rest of stakeholders involved in rabbit 
management may be crucial to clarify the debate and guide future normative and decision-
making. In fact, some experts have proposed defining independent management models for each 
rabbit subspecies, but although these could be biologically beneficial of the species, it would not 
come to anything without the acceptability of involved stakeholders. In this study we explored 
through semi-structured interviews the discourses about the subspecies of the main 
representatives of each Iberian stakeholder group involved in the species management. Our 
results emphasize how all stakeholders acknowledged the existence of different rabbit entities, 
mostly categorized as subspecies. Their main arguments for such differentiation between the 
rabbit subspecies relied on genetical and morphological arguments, although they are difficult to 
be used in practice to differentiate between both types. Discourses may be based not only on 
objective criteria, but also influenced by both ecological and social factors contextualizing actor 
perception. Accordingly, the attribution of importance to the subspecies for management seemed 
clearly influenced by the level of access to knowledge, which in turn could be characterizable 
through location and actor’s profile. The interviewees who were more concerned about rabbit 
subspecies importance had closer experience with both subspecies, while the more distanced 
ones gave generally scarce or no importance to the subspecies issue for rabbit management. 
Overall, these results stress the need of recognizing the social and ecological factors in which 
rabbit boundaries are defined as well as the need of more research about subspecies potential role 
on management. In addition, we recommend sustained knowledge transfer to and dialogue with 
the different stakeholders involved in management and future decision-making in order to clarify 
the debate and guide the best as possible future management frameworks. 
Keywords: discourse analysis, conservation biology, endangered species, social dimension, 
environmental debates 
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1.- INTRODUCTION 

1.1.- The role of boundaries in conservation biology: The interspecies boundaries 

Taxonomy, understood as the delimitation, naming, classification and documentation of 
species and other taxa is a foundational component of biology and critically important to our 
understanding of and ability to study, manage and conserve biodiversity (Thiele et al., 2021). 
Conservation actions itself can be defined as a boundary definition and as a boundary-
maintaining exercise (Ellen, 1996). As suggested by Milton (2000), there may be three types of 
boundaries in the context of nature conservation: boundaries between species, between ‘natives’ 
and ‘aliens’, and between human and non-human or natural processes. Not recognizing any of 
these boundaries may lead to overlooking the necessity of conservation of a certain object. For 
example, the status of a threatened species is enshrined in legislation and substantial funding is 
provided by governments and international agencies for species-based conservation. So, 
uncertainty as regards species delimitation may present a serious challenge to all biological 
endeavors that are based on this naming and may compromise effective conservation (Isaac, 
Mallet & Mace, 2004).  
 

However, disagreement over the definition of interspecies boundaries has been troubling 
taxonomists for a long time. Two main reasons underpin uncertainty around the definition of a 
species. The first one has to do with the increasing number of proposed species concepts and 
other related terms (Wilkins, 2006; Futuyma, 2013). There are more than thirty species concepts, 
including some historical definitions, such as the Linnean species concept, which relies on 
phenotypic characteristics of individuals to establish boundaries between populations. The more 
recent Evolutionary Species and Unified Species concepts are related with each other and 
emphasize that species are separately or independently evolving population-level lineages. All 
other species concepts or criteria on this view serve to identify these independent lineages by 
showing, for example, that they are reproductively isolated (Biological Species Concept), inhabit 
different ecological niches (Ecological Species Concept), or are reciprocally monophyletic or 
diagnosable distinct (different versions of the Phylogenetic Species Concept), etc. (Zachos, 
2016). 
 

An important aspect of these views is to acknowledge that all species concepts are based 
on biological realities, which means that they may be limited in their applicability. Taxonomic 
groups might be assessed in different ways due to different taxonomic cultures. Some recognize 
entities that others consider trivial and not worthy of bearing a species name (Zachos, 2016). For 
example, ant taxonomists following a campaign to eradicate what is called “infraspecific names” 
generally describe new morphological forms with restricted distributions as separate species. 
This type of approach is more disposed to merge than to divide taxa. In contrast, butterfly 
systematics, influenced by trinomial nomenclature, typically adopt a polytypic species concept 
and describe many local subspecies within widely distributed species. These different taxonomic 
cultures make regional or global species counts of ants and butterflies not comparable (Isaac, 
Mallet & Mace, 2004). Such subjective practices in species delimitation and ranking are notably 
problematic. In fact, current approaches for conceptualizing species have been demonstrated to 
be a source of unresolved discussion and to date no definition of species can be considered to 
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suffice for all the contexts in which a species-like concept is used (Futuyma, 2013; Wang et al., 
2020).  
 

In addition, every definition is a socially constructed convention, and thus influenced by 
values, norms, interests, or policies, which does not only make difficult achieving such 
standardization, but also explains that these terms and their meanings change over time 
(Futuyma, 2013; Milton, 2000). Disagreements over species boundaries may be sometimes 
caused by discrepancies over species concepts, but may also emerge between taxonomists who 
share the same species concept. For example, one taxonomist may decide to draw the boundary 
(the circumscription) of a species widely and in a way that encompasses a fair degree of 
variation, while another may prefer narrower circumscriptions thus delimiting several species, 
each with a smaller amount of variation. Given the complexity of the underlying patterns of 
variation, it cannot be said that any of those taxonomists are right or wrong: they have simply 
made different decisions (Thiele et al., 2021). 
 

If delimiting boundaries at and around the species level is inconsistent, the introduction of 
additional categories such as superspecies and subspecies does not solve the problem because 
these categories face the same or even more problems (Zachos, 2016). Accordingly, many 
examples in the literature show the uncertainty associated with the establishment of interspecies 
boundaries. These include, among others, the cases of Lemur diversity (Mitmeier et al., 2008), 
African elephants (Roca, Georgiadis & O’ Brien, 2004; Gilbert, 2010), carnivoran of genus 
Salanoia (Durbin et al., 2010) or the great apes (Uchida, 1996). Ultimately, such taxonomy 
uncertainty is unlikely to be solved completely by standardization as it is influenced by the 
evolutionary nature of species (Isaac, Mallet & Mace, 2004).  

 
Populations that are acknowledged taxonomically as species or subspecies have often a 

different legal status as regards protection and management - e.g., among others, the European 
Union (EU), with its “Birds” (2009/147/EC, 30 Nov 2009) and “Habitats” (92/43/EEC and later 
amendments) Directives, (almost) exclusively recognizes only this taxonomic rank (Casacci, 
Barbero & Balletto, 2014). The practical relevance of the boundaries debate can therefore hardly 
be overestimated. Species are the most important currency in many disciplines of ecology and 
evolutionary biology. Biodiversity is often quantified by means of species richness resulting in 
conclusions on conservation priority areas, measures of evolutionary diversification and success, 
identification, spatiotemporal delineation, or quantification of extinction events. Depending on 
how species boundaries are drawn, the resulting species may be more or less widespread, more 
or less ecologically plastic and more or less diverse genotypically and phenotypically. Any 
inferences and conclusions drawn from such datasets critically hinge on species taxa being the 
same kind of thing. If they are not the same, and we are far from being sure that they are, many 
of our ecological and evolutionary studies will be flawed or at least biased (Zachos, 2016).  

1.2.- The European rabbit as an example of fuzzy interspecies boundaries 

Among the many examples of species whose boundary definition is seen as problematic, one 
certainly is the case of the European rabbit (Oryctolagus cuniculus). Two rabbit subspecies (O. c. 
cuniculus, Occ, Linnaeus, 1758 and O. c. algirus, Oca, Loche, 1858) have been described as 
coexisting naturally in the Iberian Peninsula (IP), the species’ native area (Branco et al., 2000, 
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Geraldes et al., 2006, Díaz-Ruiz et al., 2023). Genetic evidence indicates that the two rabbit 
subspecies evolved independently, approximately 1,8 Ma ago during the Quaternary glaciations 
(Alves et al., 2008), and they currently occupy different geographical ranges, which makes this 
species an excellent model on evolutionary and speciation processes in mammals (Delibes-
Mateos et al., 2022). Differences between rabbit subspecies in parasitology, behavior, 
reproduction and morphology have been also reported (e.g., Gonçalves et al., 2002; Callou, 
2003; Ferreira et al., 2015; see Chapter 2), although such differences are not useful for diagnosis; 
i.e., identifying in practice the subspecies to which particular specimens belong to.  

 
Such diagnosis frequently relies on morphological and other phenotypic characteristics, even 

though a target specimen can often not be accurately identified given the degree of phenotypic 
similarity (Futuyma, 2013). In fact, such a diagnostic account of species is synonym to the 
classical species or Linnaean species concept, also called “morphospecies” (see Wilkins, 2006). 
In the case of European wild rabbit, as well as in the entire group of lagomorphs whose species 
are all visually very alike, the establishment of boundaries has to be largely based on genetic 
evidence and differences in markers such as asymptotic weights, which are actually difficult to 
use for diagnosis in the field by local actors. Studies have suggested that genes are strongly 
involved in the maintenance of reproductive isolation between both forms of rabbits (Carneiro et 
al., 2010, 2013, 2014; Geraldes et al., 2008; Rafati et al., 2018), which complicates simple 
assessments of the subspecies taxonomic status. The exhibited pattern of mosaic genome 
differentiation that puts the rabbit subspecies in the range of species divergence raises the 
question of whether Oca and Occ are nascent or already well-separated species. This pattern of 
cryptic relationships among the subspecies has begun to emerge as a recurrent theme of 
discussion among scientists and may reflect more fluid species borders (Delibes-Mateos et al., 
2018).  

 
Several authors have suggested that conservation goals in general should be to conserve 

ecological and evolutionary processes rather than to preserve specific phenotypic variants 
(Moritz, 1999). From this perspective, one prominent idea has been the concept of the 
evolutionary significant unit (ESUs) (Fraser & Bernatchez, 2001). This concept designates 
populations that merit separate management and should be set as a conservation priority and 
have been proposed also as an interesting alternative for designation of the rabbit subspecies 
(e.g., Delibes-Mateos et al., 2008) However, despite the increasing interest in ESUs in general 
for species naming and in particular for the rabbit case (Delibes-Mateos et al., 2008), some 
weaknesses of this concept have been also identified (e.g., Fraser & Bernatchez, 2001; Crandall 
et al., 2000). Thus, some authors still argue how certain approaches may work more effectively 
than others depending on the circumstances and how designating ESUs should be done flexibly, 
on a case-by-case basis (Fraser & Bernatchez, 2001; Casacci, Barbero & Balletto, 2014). 
Accordingly, the limits of boundaries definition for the European rabbit are still unresolved 
despite their potential practical impacts. 

1.3.- The hybridization as both an ecological and social threat 

It has been suggested that the lack of regulation could be facilitating the mixing of the two 
rabbit subspecies (i.e., ESUs) in the IP because of deliberate translocations to facilitate hunting 
and meet conservation goals (Delibes-Mateos et al., 2008). Although European (Habitats 
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Directive 92/43/CEE) and Spanish (4/1989 national law and several regional laws) laws intend to 
control the introduction of non-native lineages (Galvez, 2004), no tool exists in the IP to develop 
and implement these laws. For instance, to capture and release rabbits in Spain a governmental 
permit and a rabbit transit permit (to be issued by an authorized veterinary official) are required. 
Both permits tend to be granted after some considerations regarding diseases, whereas no 
questions are asked on the origin of released rabbits or their genetic lineage.  

 
While hybridization between rabbit subspecies occurs where both subspecies historically 

coexist, it may also occur in other areas as a consequence of rabbit introductions by humans. 
Recent studies have demonstrated the existence of hybrids within the area where the lineages 
naturally overlap (Geraldes et al., 2006) but during last decades restocking and translocations of 
rabbits in the IP have been widely applied to increase rabbit abundance in order to hunt or 
increase predator abundance (e.g., Moreno et al., 2004; Delibes-Mateos et al., 2008; Carro et al., 
2019). This has responded to the fact that, although historically European rabbits reached very 
high numbers in their native range in the IP, most rabbit populations were decimated during the 
second half of the 20th century as a consequence of two viral diseases (myxomatosis and rabbit 
hemorrhagic disease) and changes in land use and subsequent habitat loss (Delibes-Mateos et al., 
2009, 2014).  
 

Multiple rabbit introductions have led to the increase in the number of mixture events 
between Oca and Occ peninsular populations. In general, mixture of different ESUs has been 
frequently discouraged (Morales et al., 1997) and, wherever possible, should be avoided as 
contact between lineages Oca and Occ out of its historical hybrid contact zone might have 
serious consequences for their populations and thus for both conservation and hunting. As 
previously stated by Delibes-Mateos et al. (2008), effects of such hybridization on rabbit 
populations remain unknown, but in the long-term hybridization could result in the loss of 
approximately two million years of genetic differentiation and underlying adaptation. Also, as 
the two rabbit lineages occur in regions of contrasting habitats, fitness of resident populations 
might be reduced because of introgression of poorly adapted gene complexes, as hypothesized by 
Delibes-Mateos et al. (2008). Thus, from the point of view of biodiversity conservation, rabbit 
translocations from the area of one subspecies into the other should be avoided wherever 
possible and so, rabbit releases have not been recommended by the IUCN in Portugal and 
southern Spain in order to preserve the genetic identity of both subspecies (IUCN, 1987).  

1.4.- Aim of the study 

Given that social action is guided by the meaning that individuals attach to their actions, 
we must account for this meaning when attempting to understand and explain the action. Yet 
meaning is not only a product of individual constraints and beliefs. Instead, the meanings that 
guide individual actions are, to a large degree, socially produced and shared patterns, which 
highlights the need to account for the individual's viewpoint in order to explain social action and 
policies (Ruiz Ruiz, 2009). That becomes extensible to any environmental claim and debate that 
seem to be largely situated in the domain of ecological science as they are actually underpinned 
by socially constructed discourses (Barnaud et al., 2021). This study aims therefore to explore 
the discourses around rabbit boundaries. I consider here the different ways of thinking about and 
arguing for rabbit boundaries and management as discourses that shape actions and policies with 
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different social and environmental consequences (Escobar, 1996; Bäckstrand & Lövbrand, 
2006). The interest in discourse as a means of understanding social reality is based on the notion 
of the subjective orientation of social action and policies.  

 
In addition, I am also interested in the factors underpinning such discourses, which will 

be unpacked in Section 4 (Discussion). Complementing the ecological conditions and processes, 
which vary across contexts and may, in part, explain the adoption of seemingly opposite 
discourses by different actors, the study identifies the social factors and underlying mechanisms 
that can help explain such discourses. 

 
Based on the conceptual framework of Barnaud et al. (2021), we emphasized the role of 

ideas, interests and institutions on the construction of discourses about rabbit subspecies. 
Through this approach, this study aimed to examine the role of both social and ecological factors 
on the construction and use of these discourses. We hypothesized that construction of discourses 
on rabbit subspecies issue may be influenced by both ecological factors, which depend on the 
conditions of each particular area, and social factors based on interaction of interests, ideas and 
institutions, which may be characterizable through each stakeholder’s occupation profile and 
experience. Overall, we expected that interviewees inhabiting area of Oca’s natural distribution 
as well as profiles closer to rabbit experts, environmental managers or representatives of hunting 
associations and federations would express more knowledge and awareness of rabbit subspecies. 
In addition, stakeholders expressing lower awareness of the subspecies would engender higher 
indifference about the possibility establishment of different management models for each rabbit 
subspecies. Understanding the way on which stakeholders perceive wild rabbit subspecies and 
what guides their boundaries definition may have an important value for guiding management 
efforts in the IP. 

2.- METHODS 

2.1- Theoretical framework 

Discourse analytical studies encompass a broad range of theories, topics and analytic 
approaches for explaining language in use and can assume a variety of forms, ranging from 
highly detailed lexical analysis to more global content analysis (Whetherell, Taylor & Yates, 
2001). A basic proceeding in this method is to identify characteristic thematic structures, 
repetitive patterns of phrasing and clustering of concepts. Discourses may be decomposed into 
various levels or dimensions. A storyline is defined as a condensed statement summarizing 
complex narratives, used by people as shorthand in discussions and that is easily shared by a 
range of actors, even though the actors’ wider visions might diverge (Hajer, 2006). 

 It is widely acknowledged that discourses are built by people with different interests and 
values, through social interactions, within specific contexts. However, although these contextual 
factors and their influence are acknowledged in most discourse analysis studies, they are rarely 
conceptualized in a structured way (Leipold et al., 2019). To address this gap, Barnaud et al. 
(2021) proposed a conceptual framework that illuminates the role of such contextual factors on 
discourses (Fig. 1). In this study, we reworked all the available data and undertook a joint 
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qualitative thematic analysis based on the discourse analysis approach developed by Hajer (1995, 
2006).  

 
Figure 1- Relationships between ecological and social factors and their role on discourse 
construction according to Barnaud et al. (2021) 

 
This framework aims to emphasize the combined role of these social and ecological 

factors in the construction and gaining ground of discourses related to a given environmental 
issue (in our case the perception of wild rabbit subspecies in the IP). For that purpose, it first 
acknowledges the role of ecological conditions and processes related to the environmental issue 
at stake, recognizing that ecological materiality does matter in the emergence of discourses, 
especially in the use of ecological arguments. Then, it is turned to the “3-i” framework to capture 
the role of social contextual factors in the way discourses emerge and interact (Hall, 1997). Such 
framework, developed in comparative policy analysis, holds that policy-making in a given 
context is influenced by stakeholders’ interests and ideas, and by institutions (the 3 ’i’s). 
Advocates of the 3-i framework explain that whilst these three factors are common in social 
sciences they are usually studied separately; the benefit of the framework is, therefore, to 
explicitly consider the connections between those factors (Barnaud et al., 2021).  

The first factor, ideas, refers to the social norms and values that drive collective 
representations about how things should be, and what behaviors are appropriate (Hall, 1997; 
Barnaud et al., 2021). Ideas encompass, for example, the cultural identity of a region, and what 
heritage should be preserved as priority. It is assumed here that the emergence of discourses is 
deeply shaped by these norms. To understand the origin and evolutions of discourses, it is useful 
to assess how such discourses relate to the dominant cultural norms, how they mobilize these 
norms in their arguments to increase their legitimacy, or on the contrary how some discourses 
can be discarded for being too different from others.  

The second factor, interests, broadly refers to how important a stake is for a given 
stakeholder. To assess stakeholders’ interests, it is critical to identify the winners and losers of a 
given project or policy, i.e., who benefits from it, and who bears the costs of it (Barnaud et al. 
2021). When multiple stakeholders have converging interests, they can form alliances to increase 
their power in the pursuit of their interests. 

The third factor, institutions, is defined in the sense of “humanly devised constraints that 
structure political, economic and social interactions” (North, 1991). Institutions are comprised of 
formal rules codified in some way, as well as informal rules-in-practice, such as traditions and 
customs (Barnaud et al., 2021). Informal rules can merge with the concept of ideas (see below) 
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and focus on the formal institutions here, which include legislation and policy instruments 
generating regulations and incentives on land management, the property right regimes, as well as 
any formally constituted market or voluntary based agreements that can influence how land is 
used and managed.  

As we understand, interests may be determined ultimately by ideas and institutions as 
well as ideas and institutions may influence each other (Fig. 1). Ecological materiality and social 
context may be interdependent and influenced by each other also as human beings have the 
capacity of transforming the environment and the environment changes also influence human 
motivations and decisions. 

2.2- Data collection and analysis 

In order to achieve these objectives, the use of qualitative techniques was proposed to 
allow understanding the perspectives and opinions of the main parties involved in the 
management of rabbits. Semi-structured interviews were conducted with a range of 
representatives of the main stakeholders involved in rabbit management and conservation in the 
IP (Appendix S3). More particularly, 42 personal interviews were conducted basing on two 
criteria:  

(1) Targeted people were selected for their experience with the management of the 
species. Five groups represented the key groups associated with rabbit management in the IP. 
Either they were known for having previously worked on projects with us, or they made 
themselves known through other interviewees mouth to mouth. The final sample included those 
responsible for hunting and/or agricultural management in regional governments and 
representatives of associations, federations and hunting groups, researchers, farmers and 
environmentalists (e.g., Delibes-Mateos et al., 2014),  for example, Adena-WWF, Ecologistas en 
Acción, la Real Federación Española de Caza (RFEC), la Fundación Artemisan, la Asociación 
Agraria de Jóvenes Agricultores (ASAJA), or the Asociación de Propietarios Rurales para la 
Gestión Cinegética y Conservación del Medio Ambiente (APROCA). The provincial 
representatives of each group were selected based on ease of access or contact, since most of 
these groups have provincial representation, and their contacts are available at the corresponding 
web pages. Among the interviewees, eight corresponded to scientists with expertise in rabbit 
ecology and management both in the IP and in other non-native areas to gather their knowledge 
and to identify potential knowledge gaps that had to be addressed for the analysis. Due to their 
expertise in and deeper knowledge about rabbit subspecies, this group of people was asked 
explicitly during the interview about the possibility of splitting both rabbit subspecies into 
different species. 

(2) Three differentiated zones according to the distribution of the rabbit subspecies 
described by Geraldes et al. (2008), and sectorized by Vaquerizas et al. (2020): zone 1 for Oca, 
zone 2 for Occ and zone 3 for the contact region between both subspecies that represents a 
narrow band crossing from the northwest to the southeast of Spain. The total number of 
interviews in each study area and for each group was set at between 3 and 4, to the extent that 
this number was expected to be able to saturate the required material.  
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The interviews were carried out following an open, non-directive and conversational 
interview model (Ruiz, 2017). The interview was based merely on a script of topics to be 
discussed and that allows adaptation to the particular characteristics of each participant and the 
specific conditions of development of each interview (Garrido et al., 2020). The driving script 
will address a series of items in order to cover the issues raised in the objectives of the study. 
Among them, by way of example, we can cite: 

1) In relation to the current situation of the rabbit in the area of the interviewee: 
perception of the interviewee about the trend and situation of the rabbit at the present time, 
perception of the problem with the rabbit in the area. 

2) In relation to the management model: how the rabbit is managed in the interviewee's 
area, the interviewee's assessment of the degree of adequacy or success of the measures taken, 
personal opinion about alternative measures or strategies. 

3) In relation to the perception of the existence of two well-differentiated subspecies 
knowledge of the existence of the subspecies, perception of the real need for a different 
management model. 

4) In relation to the recent change in the status of the rabbit to a threatened species in the 
Iberian Peninsula: implications of this fact in the area of the interviewee.  

Interviews provided a diversity of perspectives on the subspecies issue. Interviews ranged 
from 40 min to 1h 50 min. Interviews were conducted between February 2021 and January 2022. 
During this period, work took place in two phases. A first phase aimed at contacting the 
participants and a second one at conducting the interviews themselves. All participants were 
informed during the contact phase about how the privacy and confidentiality of all the 
information they provided would be safeguarded in accordance with Spanish data protection law. 
Interviewees engaged the study voluntarily and they were given the opportunity to resume their 
participation at any moment of the interview. No data that could lead to the identification of the 
person interviewed was part of the information collected, and the content of the interviews was 
devoid of any direct and/or indirect personal data. Likewise, as interviewer I undertook to keep 
the information collected during the interview and to use it solely and exclusively in accordance 
with the objectives of the investigation. The procedure used in this study was approved by CSIC 
Ethics Board (reference number 177/2020). The interviews were conceived to be initially carried 
out through videoconferences from which handwritten notes were taken and the audio was 
recorded for later transcription. All interviews were transcribed verbatim and qualitatively 
analyzed through a common coding procedure using Nvivo software. The data analysis consisted 
of the iterative reading of each text to identify main ideas and themes, seeking a sociological 
understanding and interpretation of the data (Ruiz, 2009; Ruiz & Alonso, 2019).  
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3.- RESULTS 

3.1.- Criteria for boundaries establishment  

According to our results, all interviewees acknowledged the existence of different rabbit 
entities and most of them associated these entities with a subspecies label or category. Only some 
of the interviewees used alternative categories: Farmers’ representatives and some official 
agencies members linked such rabbit entities to “native” and “alien” categories directing the 
attention to historical conceptualizations and ideas held by local farmers (Appendix S5, quote 1). 
Iberian researchers considered such entities as different species or evolutionary units (Appendix 
S5, quotes 2, 3) which contrasts with the view of foreign researchers who that people should be 
cautious about considering them as potential independent species (Appendix S5, quotes 4, 5). In 
addition, most interviewees stated that they were able to point out differences between these 
rabbit entities; only two interviewees expressed that they did not know any difference and thus 
were not able to distinguish between both rabbit subspecies.  

Among those interviewees knowledgeable of rabbit subspecies, different criteria were 
used for the establishment of subspecies boundaries, with arguments related to differences in 
genetic and morphological traits being the most prevalent ones (Fig. 2). Other arguments, such as 
the existence of differences in reproduction or population trends, were also pointed out 
frequently by participants belonging to all profiles (Fig. 2; Appendix S5, quotes 6, 7). 
Interestingly, most of these criteria were somehow abstract and hard to be determined in the 
field, and therefore it is likely that they were passively incorporated into the discourses. In this 
sense, previous contact of participants who were not scientists with rabbit research groups was 
expressed by most of the interviewees to support their arguments (Appendix S5, quote 8).  

The opinion of interviewees regarding the availability of information was heterogeneous 
regardless of their profile and location. Most interviewees considered that to date there was not 
enough research information about the subspecies (Appendix S5, quotes 9, 10, 11). 

 
Figure 2- Main differences identified by interviewees between both rabbit subspecies 

3.2.- Importance attributed to rabbit subspecies 

In regards to the importance attributed to rabbit subspecies; some common features 
emerged among interviewees. Interviewees from all profiles and locations emphasized the need 
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for further investigation to clarify differences between rabbit subspecies (e.g., distribution, 
breeding season, etc.) and their role in rabbit management (Appendix S5, quotes 11, 12). Also, it 
was frequently thought among interviewees that differentiating between rabbit subspecies could 
be useful for a better regulation of rabbit translocations and reintroductions (i.e., avoiding 
releasing rabbits of one subspecies in the distribution area of the other), which would contribute 
to preserve locally adapted forms of rabbits, and thus likely increasing the likelihood of success 
of management efforts based on these practices (Appendix S5, quote 13).  

However, there were also variations between interviewees concerning the importance 
attributed to subspecies. We identified two main types of discourses on wild rabbit subspecies 
which varied depending on interviewees’ profile and location (Fig. 3). The first type of discourse 
emphasized a more pragmatic perspective and translated into a set of storylines that attributed 
relative or scarce importance to rabbit subspecies for the design of management and conservation 
actions. This discourse group was more frequently identified among farmers and interviewees 
from the distribution area of Occ (Fig. 3). The set of storylines corresponding to this group 
recognized that the distinction between rabbit subspecies may be valuable only for particular 
management actions such as translocations or decision-making about hunting periods, but it did 
not acknowledge how subspecies could have a more extended consideration or relevance 
(Appendix S5, quote 14). For example, most interviewees in this group highlighted a more 
relevant role of habitat and regionality in comparison with that of subspecies when talking about 
factors explaining the situation of Iberian rabbits and the design of general management 
strategies (Appendix S5, quote 15). In addition, they did not express interest in the definition of 
independent management models for each subspecies (Fig. 3). 

 
Figure 3- Attributed importance to the rabbit subspecies according to the interviewees profile and their 
location (in circles). White circles refer to participants who exert their professional activity at Oca 
locations; black circles to the ones located in Occ distribution area. Half colored circles refer to participants 
who have worked with both subspecies either in the contact zone or in the whole peninsular territory. 

The second type of discourse recognized subspecies as an element of significant 
importance for decision-making and rabbit management in the IP. This type of discourse was 
more frequently identified among non-farmers and interviewees from the distribution area of Oca 
or who had exerted their professional experience previously in the range of both subspecies (Fig. 
3). Many of the interviewees within this group referred to the importance of preserving rabbit 



101 
 

subspecies in a practical way, namely to improve effectiveness of management actions like 
translocations. Additionally, they stressed often the intrinsic value of rabbit subspecies, as an 
essential part of Iberian biological biodiversity (Appendix S5, quote 16). Also, these 
interviewees pointed out more frequently to a certain relevance of the rabbit subspecies to 
explain current rabbit situation in the IP; for example, in terms of recent population trends 
(Appendix S5, quote 17). Overall, this second type of storylines depicted rabbit subspecies as a 
valuable issue drawing on ecological and social arguments. The value of a potential 
differentiation between subspecies management models was more frequently expressed by these 
interviewees, who generally emphasized how such separated models should be supported by 
institutions (Appendix S5, quote 18) and through a coordinated Iberian management strategy 
(Appendix S5, quote 19). 

4.- DISCUSSION 

4.1.- Ecological and social factors underlying discourses 

Beyond the identification of a clear connection between the discourses in relation to the 
rabbit subspecies and particular management actions, such as translocations, and a lack of further 
clarification of the subject by the scientific community, we observed contrasting discourses on 
wild rabbit subspecies across their distribution areas and depending on interviewees’ profile (Fig. 
3). To further understand the observed divergences, we describe in the next sections how 
discourses were constructed emerging from both ecological and social factors (Table 1). 

 
Table 1- Summary of proposed ecological and social mechanisms that may be influencing boundary 
definitions between rabbit subspecies. 

4.1.1.- Ecological factors 

Observed variations among interviewees can be partially explained by ecological factors 
occurring at each interviewee’s professional experience site. For example, storylines of the first 
type of discourse were exclusive clustered on the distribution area of Occ (Fig. 3). Accordingly, 
the second type of discourse was more frequently identified between interviewees from the 
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distribution area of Oca or who had exerted their activity previously in the range of both 
subspecies (Fig. 3), and therefore had more in-depth knowledge about issues around rabbit 
subspecies.  

The European rabbit has faced a paradoxical situation in the IP over the past decades: 
many populations have declined sharply due to a new variant of the rabbit hemorrhagic disease 
virus (RHDV-b) while others have remained healthy. Vaquerizas et al. (2020) reported recently a 
generalized negative trend in the south-western area of the IP where Oca populations occur 
naturally, but a more stable or even positive trends in the distribution area of Occ. Possible 
ecological causes of this variation in population trends have been suggested, including climatic 
changes, shifts in land use, variations in the impact of rabbit diseases and the spatial genetic 
structure of the rabbit (Real et al., 2009; Vaquerizas et al., 2020). In fact, it has been suggested 
that different genetic characteristics of rabbit populations -that would have derived ultimately 
from their evolution in different biogeographical areas- may be playing a key role in rabbit 
geographical trends as they could have resulted in differential vulnerability to diseases or other 
environmental hazards (Real at el., 2009; Díaz-Ruiz et al., 2023).  

Variation in rabbit population trends across the IP determines different management 
goals. The higher level of interest observed in this study regarding the subspecies issue among 
interviewees from the distribution area of Oca may be influenced by the recent conservation 
actions carried out in this area for the recovery of the species. Accordingly, we observed that 
there were interviewees at Oca sites who expressed high levels of expectation on the rabbit 
subspecies issue as a key explanatory variable for understanding rabbit paradoxical situation in 
the IP (Appendix S5, quote 17; Table 1). On the contrary, interviewees of the Occ sites 
highlighted if no interest of the subspecies (Appendix S5, quote 14) a more relevant role of 
habitat and regionality (Appendix S5, quote 15). 

4.1.2- Social factors: The role of ideas, interests and institutions 

Although ecological factors may influence interviewees’ perception, such factors are not 
enough to explain all observed differences between discourses. Even the nature of regulations, 
public policies and citizenship behavior in relation to conservation issues -that we identified here 
as 3i’s: institutions, ideas and interests- are able to modulate the environment and so to the extent 
that the production of nature is a historical reality (Santamarina Campos, 2019; Table 1). 
Simultaneously, these environment transformations may promote changes in our perception of 
environment and biodiversity. Therefore, it is also necessary to explore how discourses are 
constructed emerging from a social perspective to further understand divergences between 
discourses observed in this study.  

Ideas may be stated as critical in the construction of discourses about rabbit subspecies 
(Table 1). Understanding value orientations and attitudes of stakeholders may help explain 
differences in levels of support for different management strategies. Management actions 
designed to address conservation conflicts may not therefore be accepted unanimously as 
stakeholders may vary in their wildlife value orientations and thus in what actions they deem to 
be acceptable (St. John et al., 2019). Two predominant value orientations can be identified in 
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relation to wildlife: Utilitarianism and mutualism. Previous studies have revealed that utilitarian 
values predominate among people close to land use organizations such as farmers, while 
mutualist beliefs are predominant among pro-wildlife people such as environmentalists or 
researchers (St. John et al., 2019). According to our results, interviewees holding the first type of 
discourse did not assign any apparent value or interest to the rabbit subspecies, indicating low 
levels of knowledge and connection to the issue (Appendix S5, quote 20) and so, more potential 
closeness to Teel & Manfredo (2010) utilitarian value orientations. This type of discourse was 
more frequently among farmers, which suggests their potential higher disconnection and lack of 
interest with the subspecies issue (Appendix S5, quote 14). The observed disconnection to the 
subspecies issue among farmers who held the first discourse could be understood in the light of 
their set of values and their orientation towards the rabbit in general. It could be interpreted that 
they see such a clear utility in the rabbit that an apparently minor matter, such as the subspecies, 
does not interest them. Farmers did not associate the subspecies with pragmatic value or 
immediate interest, but expressed to be more interested in practical issues such as avoiding rabbit 
damage to farming (Appendix S5, quote 21).  Interviewees linked to the second type of discourse 
demonstrated to be in general more concerned about rabbit subspecies, although differences 
among these people were also noticed. A more mutualistic set of values may be extracted among 
these interviewees, particularly among managers, researchers and the representatives of 
environmentalist groups while hunters showed an intermediate position in the utilitarian and 
mutualistic spectrum.  

Regarding interests, the assumption here was that some discourses are being driven (at 
least partially) by stakeholders’ real or perceived interests, and their desire to influence decision-
making processes to achieve their own ends (Barnaud et al., 2021; Table 1). According to our 
interviewee’s answers, the main rabbit-related interest of the stakeholders who held the first type 
of discourse was population control in order to reduce agricultural damage, while they showed 
scarce or none apparent interest in relation to the subspecies issue (Appendix S5, quote 14). The 
main rabbit-related interests among those who held the second discourse group were: 1) 
achieving a balance between management actions for promotion of the species where it is 
decreasing and conservation is a priority, and for population control where the rabbit is abundant 
and causes economic impact to crops (Appendix S5, quote 22), 2) considering the subspecies to 
avoid uncontrolled translocations and repopulation practices (Appendix S5, quote 23), and 3) 
encouraging scientists to improve understanding and clarifying the role of rabbit subspecies 
(Appendix S5, quote 11). As suggested by the cognitive hierarchy theory (Vaske & Manfredo, 
2012), we also found a strong correlation between attitude towards the species and support for 
management options. Some management actions proposed by the interviewees, such as 
controlling rabbit restocking and translocations, a redefinition of the rabbit hunting period or 
improving rabbit monitoring and coordination on a peninsular scale, emerged as common 
management features expressed by people holding both discourses and so, capable of 
beneficiating all interests. 

Regarding institutions, the proposed set of values and interests were also directly crossed 
by regulations and stakeholders’ sectors constraints (Table 1). Changes in land, game and 
conservation policies in the IP have promoted the displacement of many rabbits’ traditional 
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habitats as well as have promoted its emergence in other places. Regarding land regulations, 
intensification of agriculture has led to the decrease in some populations of small-game species 
including the rabbit (Delibes-Mateos et al., 2010). Also, land regulations have promoted the 
conversion of grasslands to forests, which are unfriendly for rabbits (Barrio, 2010). All these 
factors can explain the apparent disconnection of farmers with the species issue beyond the 
possible negative impact rabbit can exert to their economic activity. Likewise, hunting in the IP 
faces important challenges from last decades although it has been traditionally understood as a 
tool for the conservation of the values and natural resources associated with the territory 
(MAPA, 2022). These threats affect the populations of the main small-game species, including 
the rabbit, and so they might also influence the discourses observed among hunters. This together 
with the fact that most urban society show little knowledge of the habits and practices in rural 
areas seem to have determined a marked ideological gap between city and countryside, and a 
poorer social image of the hunting sector. In fact, interviewed hunters expressed their concern 
about the sustainability of their activity and rabbit conservation, particularly at Oca declining 
populations, which they understood to be highly dependent of hunting activity and management 
as occurs with other game species (Appendix S5, quote 24).  

Conservation regulations may have also influenced this perception scenario as these 
impose limitations on all stakeholders’ activities, and thus, may influence at the same time their 
set of values and interests. In the light of our observations, it seems that a certain concern of 
conservation has to some extent permeated behind all stakeholders’ perception. Two centuries of 
historic events and institutions promoting conservation may explain the absence of large 
differences between stakeholders and that all interviewees could be assigned to a certain relative 
middle point at the utilitarian and mutualistic value spectrum. First ideas about the conservation 
of nature in Spain (which are extensible to IP) can be found in the eighteenth-century although 
these did not come to form a structured discourse with a global scope. It was not until the end of 
the nineteenth-century or beginning of the twentieth-century that a concern for public and 
modern conservation began to take hold (Santamarina Campos, 2019). Nowadays, decades after 
the development of these environmentalist policies, the social consensus on the need to protect 
nature is unanimous and set as one issue of critical relevance of international political agenda 
(Europarc, 2017). An example of this is the establishment of conservation as part of the strategic 
lines of the European 2030 Horizon program (European Commission, 2020), which is also 
extensible to IP as the incorporation of Spain and Portugal in 1986 to European Community 
implied the agreement to the set of EU regulations related to fauna protection, hunting, etc.  

4.2.- Implications of boundaries establishment for rabbit management 

 As stated in previous sections, having a taxonomic name, and also whether a population 
is classified as a subspecies or a separate species, can make a difference regarding to its legal 
protection and awareness (Zachos, 2016). However, it is not so clear the degree of impact of the 
taxonomy on conservation (Zachos, 2016). Garnett & Christidis (2007) provided an extensive 
overview on the historic definitions of species or their equivalent for a number of international 
conventions and legislation, such as the Convention on Biological Diversity, the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) and the US 
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Endangered Species Act. They concluded that “most laws and international conventions avoid 
arguments over species’ definitions altogether, thus negating arguments that such definitions 
should be changed to further species’ conservation”. Yet, they also stated that although the legal 
implications of changing species definitions may be surprisingly small, each time the name of a 
species changes, or species boundaries are redefined, a huge bureaucratic process is triggered to 
update schedules, regulations, maps and publications. This has both transaction and opportunity 
costs. Substantial conservation funds are spent administratively negotiating new lists and those 
funds might have been available for genuine on-ground conservation. For the European rabbit 
case it is observed a clear discourse division regarding the importance attributed to the 
subspecies, as well as an apparent consensus among the researchers’ group when they were 
asked if a potential separation between rabbit subspecies could benefit the species management 
through the activation of more adapted legislative conservation mechanisms. However, there was 
no consensus on formal taxonomic change of the subspecies category, while focus distinguishing 
on particular local management practices, the definition of a coordinated Iberian strategy as well 
as its recognition on international forums such as IUCN Red List (Appendix S5, quotes 18, 19, 
22, 23, 25) are expressed to may contribute for reaching Iberian rabbit management goals and 
locally convince national governments of Spain and Portugal.  

 Splitting subspecies into different species has been proved to may bring potential 
negative impacts also on certain taxa. As example, Isaac, Mallet & Mace (2004) coined the term 
“taxonomic inflation” for the increase in species numbers due to the raising of existing 
subspecies to species level, triggering a number of comments, rejoinders and subsequent 
rebuttals. One characteristic of inflation is that taxonomic changes are biased toward certain 
groups. The chance that a species has been described is much greater for large- bodied, wide-
ranging species, such as primates. Furthermore, whether a species is reviewed by taxonomists is 
influenced by subjective aspects such as where it lives, and whether it is charismatic or easy to 
study (Isaac, Mallet & Mace, 2004). With so, the ensuing legal and regulatory ramifications may 
mean that splitting on an attempt to promote greater conservation of biodiversity, can actually 
prevent conservation actions necessary to preserve certain taxa, and thereby result in greater loss 
of existing biodiversity (Zachos, 2016). Moreover, recognizing many species where there was 
previously only one may also have a psychological effect: just like in economy, inflation in 
taxonomy causes devaluation, among scientists and the public, and this will probably be more 
probable if species’ differences are perceived as trivial. This could be discussed to happen on the 
case of the European rabbit in the IP, as some of our interviewees considered the subspecies 
differences a matter lacking of interest (e.g., Appendix S5; 14, 21). 

Altogether, this highlights how taxonomic changes do have consequences on policy and 
that species boundaries are not just of academic interest (Zachos, 2016). Regarding the European 
rabbit, Iberian researchers interviewed in this study considered rabbit entities as different species 
or evolutionary units (Appendix S5, quotes 2, 3). This does not concur with the opinion of non-
Iberian researchers, who were more cautious regarding the potential separation of rabbit 
subspecies as independent species (Appendix S5, quotes 4, 5). Interestingly, main arguments for 
rejecting subspecies reassessment as separated species referred directly to the construction and 
definition of the term “species”, although these interviewees acknowledged that it might have a 
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positive and instrumental value for management (Appendix S5, quotes 4, 5). Remarkably, it has 
been suggested that name changes have the least effect when charismatic organisms are affected: 
“Populations valued by humans, for whatever reason -charisma, beauty, or economic worth -are 
protected regardless of their taxonomic rank” (Zachos, 2016). That may point out not only to the 
apparently relative importance that can also have the category itself, but also the other potential 
strength of alternative approaches for protection of the species. Thinking about rabbit boundaries 
subspecies debate in a domain where utility is co-equal with veracity and the power of 
taxonomic names may be useful to get a conclusion. Classification resides not just in the attempt 
to faithfully represent natural biological patterns, but also in the provision of a utilitarian 
scaffolding, surely may use to understand and explore its complexity (Thiele et al., 2021).  

However, the widely described real-world consequences concerning hybridization and 
genetic introgression should be also evaluated and put into balance to the last described 
constraints. Speciation is a process proceeding from weak to complete reproductive isolation. In 
this continuum, naturally hybridizing taxa provide a promising avenue for revealing the genetic 
changes associated with the incipient stages of speciation (Stanskowski & Ravinet, 2021). While 
natural hybridization is often seen as having a role in speciation, anthropogenic hybridization is 
considered as a pollution potentially compromising the genetic integrity of existing taxa (cf. 
Lorenzini et al., 2014). Conservation biologists and wildlife managers are concerned with 
hybridization as a potential biological threat. Indeed, hybridization could drive species or 
populations to lose specific adaptations and even cause their extinction as a distinct taxon 
(Lescureux, 2018). This concern directly raises the question of boundaries, purity, and pollution. 
It also points out to the relevance of instrumental or practical arguments when raising the debate 
of whether to reconsider the threshold between species when this decision is better understood 
under the label of species than subspecies may imply a benefit for rabbit populations.  

5.- CONCLUSIONS 

Social scientists working on environmental issues are increasingly understanding the 
multidimensional and complex suite of issues beyond conservation debates and policies, which 
include but are not limited to cultural and social norms, interests and attitudes based on past 
events and a wider socio-political context (Hodgson et al., 2022). Here we have explored one of 
these debates basing on the conceptual framework of Barnaud et al. (2021). This approach 
emphasizes the combined role of social and ecological factors in the construction and gaining 
ground of discourses related to environmental debates, such as the one regarding subspecies 
boundaries delimitation. Such framework has aligned with the view of this debate as a process 
with complex histories and multiple facets. Although disagreements can be in general understood 
as an inevitable and arguably healthy characteristic of biological taxonomy, there may be real-
world consequences affecting conservation and management that should be evaluated. In such 
cases, thinking about the debates in a domain where 1) utility is co-equal with veracity and the 
power of taxonomic names and 2) classifications resides not only in their attempt to faithfully 
represent natural biological patterns, but also in the provision of a utilitarian scaffolding, may be 
useful to understand and explore biological complexity (Thiele et al., 2021). In this study we 
have observed a clear discourses division regarding the importance attributed to European rabbit 
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subspecies. Discourses varied according to stakeholders’ experience and closeness to the 
subspecies and so, according to the level of knowledge about them. However, we have also 
noticed an apparent consensus among the researchers’ group when they were asked if the 
separation of rabbit subspecies into two different species could benefit species management. Last 
but not least, our results also suggest a generalized agreement about the lack of complete 
understanding about rabbit subspecies among all main stakeholders involved in the IP species 
management. Therefore, regardless the decision of where to stablish the limits between rabbit 
subspecies, this study contributes to emphasize the need of recognizing the social and ecological 
factors in which rabbit management occurs as well as the need of conducting more research 
about subspecies potential role on management. Additionally, it also points out to the necessity 
of sustained cooperation with stakeholders involved in wildlife management and future decision- 
making in order to clarify the debate and guide the best as possible future management 
frameworks. 
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1.- MAIN OUTCOMES OF THIS PHD AND SOME OVERLOOKED 
ASPECTS 

The objective of this PhD thesis was the development of new scientific knowledge that 
may contribute to better understand the European rabbit situation in the Iberian Peninsula, and 
thereby, help improve future management strategies for the species. This has been done through 
an interdisciplinary approach and addressing simultaneously two aspects that had been little 
explored to date: the rabbit subspecies and the social dimension. In addition, several 
recommendations aimed to improve rabbit status in the future have been underlined. This study 
has attempted to shed some light into grasping unresolved aspects concerning the current status 
of the species in Iberia. Nevertheless, further research is still warranted and many doors are left 
open. In particular, a double remaining research gap has been identified and could be addressed 
in the future. First of all, some biological aspects of rabbit subspecies are still unknown. Second, 
it is unclear whether current existing knowledge about the species is permeating into and being 
used by Iberian society. 

1.1.- Are rabbit subspecies two different species? 

An attempt of quantifying the degree of differentiation of the subspecies on the Peninsula 
has been done throughout the thematic Chapters. The review of scientific literature in Chapter 2 
emphasized the existence of notable differences between rabbit subspecies. Nevertheless, no 
significant differences between them were found in several genetic features, some parasite 
species or diseases susceptibility (but see Chapter 2 discussion for more details). Similarly, some 
unaddressed aspects including behavior and thermoregulation were also detected. The 
biogeographical analysis shown in Chapter 1.1 provided additional evidences of the differences 
between rabbit subspecies. For example, different glacial refugia for both rabbit subspecies were 
identified. In addition, the role of competitive exclusion between subspecies in the expansion 
process was also stressed. As historical distributions of rabbit subspecies have been artificially 
altered by human-made rabbit introductions, findings of this study may be relevant for the 
management and conservation of rabbit. More specifically, such results may be helpful for the 
conservation of Oca, which shows a more restricted worldwide distribution and a stronger 
population decline in the IP. The latter was reported in the survey conducted in Chapter 1.2, 
which took place a few years after the outbreak of RHDV-b.  
 

Altogether, result of Chapters 1 and 2 provide new arguments that may support splitting 
rabbit subspecies into well-separated species (Fig. 1). However, this PhD also emphasizes that, 
besides biological evidences for supporting or rejecting such separation, further research may be 
needed about what constitutes "appropriate" or “enough” for it. And understanding how limits 
between rabbit subspecies are socially constructed is also important (Fig. 1). This knowledge 
could be helpful to address current threats and management challenges of the species. 
Assessment of subspecies boundaries perception conducted in Chapter 3.2 suggested that 
speciation should be understood as a continuum instead of a well limited process. Moreover, the 
analysis of stakeholders’ perception evidenced that the separation may have important and 
positive implications for the species, beyond any epistemological concern or discussion.  
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Figure 1- PhD research question, main aspects addressed and potential advantages and of 
splitting rabbit subspecies into two different species. 

 
Splitting rabbit subspecies into different species would be markedly advantageous because 

it would provide individualized attention to both entities, thus facilitating conservation efforts to 
improve Oca populations (Fig. 1). Such benefits are independent on how this could be done from 
more practical tools like new independent IUCN assessments or more radical ones such as a 
taxonomic one. Also, results emphasize how this separation may potentially contribute to 
improve general trust and social acceptance of recent management decisions. This may help 
reduce potential tensions among stakeholders with opposite management interests (see Chapter 
3.1, Fig. 1). However, it is important to notice also the need of improving communication and 
promoting sustained dialogue and collaboration between them (but see Chapter 3.1 and 3.2 
conclusions). 

1.2.- Some overlooked aspects, future research agenda 

Apart from generating new knowledge on an attempt to resolve the discussion about 
subspecies separation, this PhD also aimed to provide new general insights regarding the 
perception of the species, a research area scarcely investigated to date (but see general 
Introduction). In this sense, this study suggests that, in the Iberian rabbit context, there may be 
not a complete connection or understanding among main stakeholders involved in the species’ 
management on aspects such as the IUCN reassessment or the existence of two rabbit subspecies 
and its implications. This points to the need of improving their inclusiveness on the construction 
and communication of research-based knowledge. This may be essential because, as previously 
stated, science is widely understood to be the basis on which environmental policy should be 
built (but see Chapter 3.1).  

 
Results have pointed to the existence of a social perception of the rabbit and its 

subspecies that is out of sync with what science is discovering, with the implications that this 
may have in the near future. Importantly, this observed disconnection between research and 
society might have historical roots. In addition, it might be based on a sustained 
misunderstanding and marginal position of the species in the IP, which also would worth 
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attention (Leroy & Petracci, 2021; but see also the general Introduction). In the face of sustained 
rabbit decline, projects and legal instruments are beginning to be developed for rabbit 
management, and understanding how people perceives the species is necessary to assess their 
acceptability (and ultimately success) of proposed measures. Despite the clear implications that 
such disconnection between scientific knowledge and society may have in the current context of 
rabbit management, very little is known about the reasons behind them. Therefore, this topic 
deserves attention from scientists in the future.  

 
Societal trends and variations on discourses observed in this PhD suggest that the 

perceived roles played by rabbits (or the emphasis on some of these roles) fluctuate considerably 
over time and may result in a change of attitudes and practices. However, it would be erroneous 
assuming 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 this case, the societal place of rabbits). Instead, there 
seems to be considerable heterogeneity within the Post-Domestic paradigm that would deserve 
more attention by scientists (Leroy & Petracci, 2021). According to that another topic that should 
be addressed by rabbit researchers in the future would be the assessment of attitudes towards the 
species. As stated in chapter 3.2, individual’s view of the world can be organized according to a 
cognitive hierarchy consisting of values, basic beliefs that determine value orientations, attitudes 
and norms, behavioral intentions and behavior (Vaske & Manfredo, 2012; Fig. 2). Understanding 
wildlife value orientations and people’s attitudes towards wildlife helps explain differences in 
levels of support for different management strategies. Management actions designed to address 
conservation issues may not therefore be accepted unanimously as stakeholders may vary in their 
wildlife value orientations and thus in what actions they deem to be acceptable. In chapter’s 3.2 
attitudes assessment was attempted to be done linking our interviewee’s observations with results 
from previous studies on this topic (i.e., St John et al., 2019). However, this analysis was not the 
scope of the study and so, would be deserve more work in the future. Moreover, our sample was 
limited to representatives of the main stakeholders involved in rabbit management and ideally, 
future social research about the species should broaden the profile of interviewees targeting also 
the general public to complete the societal screening of rabbit perception in the IP.  

 

 
 

Figure 2- The cognitive hierarchy consists of general cognitions (values and value orientations) 
and specific cognitions (attitudes and norms) which underpin behavioral intentions and behaviors 
(Adapted from Vaske & Manfredo, 2012). 
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Finally, exploring more deeply aspects such boundaries delimitation tackled in Chapter’s 
3.2 may be also of interest in the future. As stated previously, boundaries establishment may be 
seen to have a major function when organizing and understanding our environment. 
Interestingly, this type of demarcation may lead to recognition of binary and opposite categories, 
where one of them is seen as “dirt” or “pollutant” and the other as positive and prior to conserve. 
In this sense, Spickard (1990) suggested that things that “fit” were tended to be valued 
positively, while things that “fail to fit” may be often treated as holy or taboo. Conservation of 
“dirt” attributed categories may be understood as essentially promoting disorder, while positively 
valued ones may be perceived to promote order. The case of the European rabbit in the IP could 
be illustrated in many ways using this boundary’s perspective due to its condition of pharmakon 
(see general introduction), which may deserve further research in the future. Beyond the 
interspecies boundary examined in this PhD, Milton (2001) proposed distinguishing among other 
typologies of boundary: between native-alien species (native-introduced introduced) or wild-
domestic. this should also be studied in the case of the rabbit where rather than static or well-
defined, these boundaries may be also naturally fuzzy. The fuzzy nature of these boundaries, 
together with the previously stated variability of roles that the rabbit has played historically in 
the IP, raises the question of the relevance of rabbit categories and the boundaries recognized 
between them and employed for management purposes.  

2.- FUTURE RABBIT CHALLENGES & PERSPECTIVES 

The complexity and diversity of perspectives regarding rabbit management are 
emphasized throughout this PhD thesis. Some challenges for the future of rabbit populations in 
IP that have been identified along this study stand out. These include an increased social 
disconnection to the species or the apparent persistence of policies and practices that do not 
adapt to the species and societal change. There are also other challenges that may influence 
future rabbit management but have not been addressed explicitly here, although they have been 
furtherly evidenced outside the IP (Ward, 2005) and in other species worldwide (Sutherland et 
al., 2008). Some of them are the expectation of an increased pressure and intensification of the 
agricultural sector and the continuity of urban expansion or the persistent abandonment of rural 
areas. Other challenges are linked to consequences of climate change, such as the increase and 
unpredictability of extreme weather events, the increasing aridity/desertification or the increasing 
risk of fires. The potential emergence and spread of old/new pathogens are also challenging.  

 
Furthermore, people interviewed in this study expressed an apparent consensus about the 

fact that not all the elements of rabbit puzzle have been found yet. Although they also agree 
about the resilience of the species as one of the main reasons why it continues to thrive. Many 
interviewees demonstrated to be optimistic, although they did so with nuances. Overall, a certain 
duality perception coexisted in most of the interviewees, consistent with the certainly 
paradoxical status of the rabbit. There may not be perception of a perfect recipe for managing 
and conserving the species yet. However, there are good approximations and several specific 
initiatives have been recommended throughout this text to guide future actions on rabbit 
management. If those were successful, they would have wide ecological and economic benefits 
given the diverse roles of this species in the Iberian Peninsula. Briefly speaking, it is 
recommended: that the IUCN conducts separated reassessments for each wild rabbit subspecies, 
identifying research priorities, encouraging the work of scientific researchers in areas most 
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relevant to, and with most potential for, rabbit management in Spain and Portugal, launching an 
Iberian rabbit strategy to increase the planning and coordination of rabbit management in both 
Spain and Portugal, and increasing the political influence and coordination between those 
organizations lobbying on issues relevant to rabbit management. 

None of these recommendations are truly new (see Ward, 2005), and represent only a part 
of the work needed to improve rabbit management interventions (e.g., Delibes-Mateos et al., 
2022). As stated in the Introduction section, Iberian rabbit studies have been increasingly 
conducted since the late 1990s, likely as a repercussion of the declining population trends 
experienced after the initial outbreak of RHD. However, most of this research has been 
conducted locally, which implies that many management recommendations have limited 
applicability to other wider regions (Ferreira, 2012). Therefore, future rabbit research at a wider 
scale is still needed to design management plans that can be applied broadly across the Iberian 
Peninsula (Delibes-Mateos et al., 2022). Additionally, rabbit management had a late start and 
narrow focus due to factors such as its consideration of prior to conserve indirectly and 
independently under the priorities of preserving endangered predators and managing game stocks 
issues (Ward, 2005). Iberian researchers and practitioners have traditionally viewed rabbits as a 
prey species, and thus much less efforts have been done to investigate and put in value other 
rabbit roles and purposes different to predators’ conservation.  

Overall, a better understanding of remaining rabbit questions may be essential for the 
effective management of the species within its native range. Recently, Spanish and Portuguese 
institutions have launched a LIFE project (Iberconejo), funded the European Union, that seeks to 
put into effect some of the recommendations suggested above and aims to implement a 
governance system for rabbit management in the Iberian Peninsula. This promising initiative 
may be benefited by the knowledge generated in this PhD, which thus may be valuable for 
guiding future rabbit management. In particular, it may help design management interventions to 
control rabbits that damage crops, while promoting declining rabbit populations in natural areas 
improving overall, the current species situation in its native range (Delibes-Mateos et al., 2022). 
Finally, such knowledge might be also useful for other species submitted to similar management 
challenges like other lagomorph species including pikas and hares.  
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CONCLUSIONS 

1- The northernmost limit of the transition zone between both rabbit subspecies seems to be 
displaced ~100 km to the west in comparison to other maps previously published in the 
literature. This suggests that the historical distribution range of Oryctolagus cuniculus algirus 
subspecies would have included a wider area in north-western Iberian Peninsula than 
previously described. 

 
2- It is explicitly evidenced the existence of two expansion cores from where wild rabbit 

subspecies would have expanded after being isolated during the last glaciations. Such 
expansion cores would have been located at the lower sections of the Ebro and Guadalquivir 
rivers and their estuaries for Oryctolagus cuniculus cuniculus and Oryctolagus cuniculus 
algirus, respectively. 

 
3- Competitive interaction analysis suggests that the interaction between both rabbit subspecies 

might have never occurred naturally in the northernmost region of their natural contact zone. 
On the contrary, a spatial self-exclusion between them could have occurred due to the long 
distance to the expansion cores together with the strong geographical barriers existing in that 
area. 

 
4- Members of Official provincial game departments in Spain generally reported negative rabbit 

population trends in the distribution area of Oryctolagus cuniculus algirus, while more stable 
or even positive trends were reported by these officers in the distribution area of the 
Oryctolagus cuniculus cuniculus subspecies. 

 
5- A thorough review of the scientific literature regarding rabbit subspecies emphasized the 

existence of notable differences among them, namely in genetics, parasitology or 
morphology. Such differences may suggest that each rabbit subspecies needs a different 
management system.  

 
6- Interviews with the main stakeholders involved in rabbit management showed different 

acceptance of the 2019 IUCN rabbit reassessment as endangered depending on their location 
and profile. Interviews also showed different levels of importance attributed to rabbit subspecies 
depending these factors. 

 
7- Most stakeholders expressed the need to be cautious when anticipating future consequences 

for rabbit management of the 2019 IUCN reassessment. It was also generally expected that 
the reassessment may be used strategically to reinforce certain stakeholders’ interests.  
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8- When informed, an apparent consensus was noticed about the possibility of using different 
management frameworks for each rabbit subspecies, being perceived such separation 
beneficial for management. 

9- It was frequently emphasized the need of improving the inclusiveness of involved 
stakeholders on the construction and communication of rabbit knowledge and guide future 
species management frameworks.  

10- Regardless the decision of where to stablish the limits between rabbit subspecies, findings 
emphasize the need of understanding the social and ecological settings in which rabbit 
management occurs. 
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CONCLUSIONES 

1- El límite más septentrional de la zona de transición entre ambas subespecies de conejo parece 
estar desplazado ~100 km hacia el oeste en comparación con otros mapas previamente 
publicados en la literatura. Esto sugiere que el rango de distribución histórica de la subespecie 
Oryctolagus cuniculus algirus habría incluido un área más amplia en el noroeste de la 
Península Ibérica que la descrita anteriormente. 

 
2- Se evidencia explícitamente la existencia de dos núcleos de expansión desde donde se habrían 

expandido las subespecies de conejo de monte tras ser aisladas durante las últimas 
glaciaciones. Dichos núcleos de expansión se habrían situado en los tramos inferiores de los 
ríos Ebro y Guadalquivir y sus estuarios para Oryctolagus cuniculus cuniculus y Oryctolagus 
cuniculus algirus, respectivamente. 

 
3- El análisis de interacción competitiva sugiere que la interacción entre ambas subespecies de 

conejo podría no haber ocurrido nunca de forma natural en la región más septentrional de su 
zona de contacto natural. Por el contrario, podría haberse producido una autoexclusión 
espacial entre ambas debido a la gran distancia a los núcleos de expansión junto con las 
fuertes barreras geográficas de esa zona. 

 
4- Los representantes de los servicios provinciales de caza en España informaron en general de 

tendencias negativas en las poblaciones de conejo en el área de distribución de Oryctolagus 
cuniculus algirus, mientras que informaron de tendencias más estables o incluso positivas en 
el área de distribución de la subespecie Oryctolagus cuniculus cuniculus. 

 
5- Una revisión exhaustiva de la literatura científica sobre las subespecies de conejo destaca la 

existencia de diferencias notables entre ellas, ya sea en la genética, la parasitología o la 
morfología. Tales diferencias sugieren que cada subespecie de conejo podría necesitar un 
sistema de gestión diferente. 

 
6- Las entrevistas con representantes de los principales grupos de interés involucrado en la 

gestión del conejo mostraron una aceptación diversa de la reevaluación de la UICN de 2019 
según la ubicación y perfil del entrevistado. Tales entrevistados también atribuyeron 
diferentes niveles de importancia a las subespecies de conejos dependiendo de estos factores. 

 
7- La mayoría de las partes interesadas expresaron la necesidad de ser cautelosas al anticipar las 

consecuencias futuras de la reevaluación de la UICN de 2019 en la gestión del conejo. En 
general, también se esperaba que la reevaluación se pudiera usar estratégicamente para 
reforzar los intereses de parte de estos colectivos. 
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8- Al ser informados, los entrevistados expresaron consenso general sobre la posibilidad de 

utilizar diferentes marcos de gestión para cada subespecie de conejo, percibiéndose tal 
separación beneficiosa. 

 
9- Se enfatizó con frecuencia la necesidad de mejorar la inclusión de todos los grupos de interés 

en la construcción y comunicación del conocimiento del conejo y guiar los futuros marcos de 
gestión de la especie. 

 
10- Independientemente de la decisión futura de dónde establecer los límites entre las subespecies 

de conejo, los hallazgos enfatizan la necesidad de comprender los aspectos sociales y 
ecológicos en los que tiene lugar la gestión de la especie. 
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“Este viaje inquieta 
porque no se adelanta a nadie 

porque no se realiza con los pies 
porque desde el principio no se quiere  

llegar adonde se llega 
 

porque cuando la velocidad aminora 
más rápido se avanza 

porque cuanto más escasea el cuerpo de sí 
más consciente se es 

la casa envejecida 
nómadas en el sentirse  

la plata cuestas.” 
 

R. García Marina (2021) Desear la casa 

Reconozco no saber cómo empezar este apartado. Sé que con él cierro la etapa más bonita de 
mi vida hasta la fecha y pensar en ello me provoca a la vez cierto respeto y una emoción infinita. 
No obstante, sucede además que, como si de un manuscrito antiguo se tratara, lo más 
significativo de esta etapa lo he vivido al margen de la tesis propiamente dicha. Es precisamente 
en sus marginalia donde se describen las escenas y sujetos que más me han iluminado y más me 
han hecho crecer. Y aunque a todas luces solo sepa expresarles de manera pobre mi gratitud, 
quisiera dedicarles algunas palabras y ofrecerles un espacio significativo de este manuscrito.  

 
Lo mejor sería organizar los agradecimientos cronológicamente, aunque no estoy segura de 

qué momento debería de marcar como comienzo o primeros pasos hacia esta etapa. De pequeña 
ya recuerdo romantizar la idea de ser “doctora” de mayor. De basar mi trabajo en aprender y 
enseñar. Claramente no tenía ni idea de lo que significaba en realidad, pero me gustaba aquella 
primera imagen mental de la universidad, la investigación y la academia. Empecé la carrera de 
biología con esa motivación interna y lo que ha sido desde entonces un interés real por esta 
disciplina. Y recuerdo el inicio de aquella etapa con una ilusión y curiosidad infantiles que aún 
conservo, pese a que a mi entusiasmo de empezar siguiera la inquietud de terminar. El último 
año de grado lo recuerdo bajo un velo de incertidumbre constante que duró hasta que me crucé 
de manera fortuita con Paqui Castro y Rafa Villafuerte. Y si de algo puedo presumir en toda 
esta historia es de suerte porque con ellos plantee este proyecto de tesis tan bonito y desde 
entonces he continuado guiada por su experiencia y su apoyo permanentes. Gracias a vosotros 
hoy estoy aquí y es por eso que no tengo más que palabras de agradecimiento que dirigiros, sois 
unos segundos padres para mí. 

 
Continuar mis agradecimientos con Miguel Delibes Mateos, porque sin duda todo lo bueno 

que tenga esta tesis habrá sido gracias a él junto a Rafa y Paqui. Y al resto de la familia del 
IESA: al equipo de TRAMAS (Jenny Glikman, Fernando Garrido, Eduardo Moyano, María 
González, Zebensui Morales, Miguel Mesa… y los tantos otros nuevos compañeros que hacen 
crecer el equipo día a día). A todos los compis del team predoctoral. Tanto a aquellos con los 
que compartí la primera época en el CATI (Gema, Rodrigo, Fernando…) como a todos los 
nuevos que han vivido con nosotros estos últimos años de expansión del instituto y el paso al 
local de Barraquer. Y mi agradecimiento también al resto de compañeros del centro, en especial 
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a los de gerencia (Victoria, Paco) por facilitarme tanto las cosas y ayudarme siempre en todo lo 
posible. Todos vosotros hacéis del IESA un espacio privilegiado al que sin duda sería para mí un 
sueño poder regresar en el futuro.  

 
Mi gratitud también a la gente de la Universidad de Córdoba. A Luis Arias de Reyna y 

Pilar Recuerda. Por su infinita ayuda y consejos en las gestiones con la universidad y por los 
cafelitos en el departamento de Zoología a los que tanto cariño guardo. También a los 
compañeros del departamento de Didácticas Específicas de la UCO, tanto profesorado como 
compañeros de secretaría y administración. 

 
A toda la gente que he tenido la oportunidad de conocer durante mis estancias, viajes y 

trabajo de campo: 
 
En primer lugar, a los compañeros del departamento de Biología Animal de la UMA: a 

Paco Díaz, Jesús Olivero, Miguel Ángel Farfán, Ana Luz Márquez, Raimundo Real, Adrián 
Martín...  

 
A todos los doctorandos de otros centros que he tenido la oportunidad de conocer a lo largo 

de esta etapa. Especial mi mención a mi querida Sabine Rocha, así como a Rafa Villafuerte 
Jordán y a Juan Antonio Aguayo. 

 
E igualmente, mi gratitud infinita a Anke Fischer y los compañeros del departamento de 

Environmental Communication de la Swedish University of Agricultural Sciences (SLU) en 
Uppsala, así como a Svetha y su encantadora familia por acogerme durante unos meses que 
nunca olvidaré y brindarme la oportunidad de aprender y vivir una experiencia tan especial y 
enriquecedora. 

 
Pero por encima de todo quisiera expresar mi gratitud a quienes cuidan de mí día a día:  
 
Papá, mamá, es a vosotros y a Nana a quien dedico esta tesis. Sencillamente gracias por 

vuestro amor incondicional. Todo cuanto os ofrezca en correspondencia será siempre 
insuficiente. Os quiero.  

 
A Pablo. Gracias por tu consejo, atención y protección todos estos años. Por servirme de 

referente en muchas cosas. Qué orgullosa me siento de poder decir que eres mi hermano mayor.  
 
A mi abuela, tíos y primos. Gracias por vuestro cariño, vuestra manera de mirarme y de 

sentiros orgullosos de mí pese a la distancia.  
 
A Iranzo y Molinero. Gracias por ofrecerme vuestra amistad todos estos años. Comencé 

esta etapa junto a vosotros y hoy la termino de la misma forma. Sabéis bien cuánto significáis 
para mí. Siempre seremos una familia.  

 
A Paula y Ángel. Gracias por vuestra cercanía y calidez. Cuánto me alegro de haber podido 

contar con vosotros en esta etapa. Y quisiera dedicarte una mención especial a ti, Paula, porque 
contigo mi gratitud es doble. He tenido la oportunidad de descubrir en ti una gran calidad como 
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profesional y compañera, pero también, y por encima de todo, una gran calidad humana. Es una 
suerte tenerte como amiga.  

 
Y a Álvaro y Andrés. Porque aparecisteis al final de esta etapa, pero desde entonces os 

habéis convertido en personas muy importantes en mi vida. A Álvaro, darte las gracias por tu 
amistad sincera y tu cariño. Y a Andrés, por ser un rayito de luz inesperado. O como te dije un 
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APPENDIX 

S1.- List of articles between 2012 and 2021 about wild rabbit research in the Iberian Peninsula. 

YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2012 
Sanchez-
Garcia, C., 
et al. 

An approach to the statistics of wild 
lagomorph captive rearing for releasing 
purposes in spain 

World Rabbit 
Science 20 1 49 56  

2012 Millan, J., et 
al. 

Widespread exposure to Sarcoptes scabiei in 
wild European rabbits (Oryctolagus 
cuniculus) in Spain 

Veterinary 
Parasitology 183 3-4 323 329  

2012 Narce, M., 
et al. 

Landscape ecology and wild rabbit 
(Oryctolagus cuniculus) habitat modeling in 
the Mediterranean region 

Animal 
Biodiversity 
and 
Conservation 

35 2 277 283  

2012 
Blanco-
Aguiar, J.A., 
et al. 

Is the interaction between rabbit 
hemorrhagic disease and hyperpredation by 
raptors a major cause of the red-legged 
partridge decline in Spain? 

European 
Journal of 
Wildlife 
Research 

58 2 433 439  

2012 Sarmento, 
P., et al. 

Occupancy, colonization and extinction 
patterns of rabbit populations: implications 
for Iberian lynx conservation 

European 
Journal of 
Wildlife 
Research 

58 3 523 533  

2012 Moleon, M., 
et al. 

Predator-prey relationships in a 
Mediterranean vertebrate system: Bonelli's 
eagles, rabbits and partridges 

Oecologia 168 3 679 689  

2012 Barrio, I.C., 
et al. 

Can cover crops reduce rabbit-induced 
damages in vineyards in southern Spain? 

Wildlife 
Biology 18 1 88 96  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2012 
Mancilla-
Leyton, M., 
et al.  

The impact of the common rabbit on cork 
oak regeneration in SW Spain Plant Ecology 213 9 1503 1510  

2012 Abecia, L., 
et al. 

Biodiversity and fermentative activity of 
caecal microbial communities in wild and 
farm rabbits from Spain 

Anaerobe 18 3 344 349  

2012 
Perez-
Garcia, 
J.M., et al. 

Distribution and breeding performance of a 
high-density Eagle Owl Bubo bubo 
population in southeast Spain 

Bird Study 59 1 22 28  

2012 Margalida, 
A., et al. 

Long-term relationship between diet breadth 
and breeding success in a declining 
population of Egyptian Vultures Neophron 
percnopterus 

Ibis 154 1 184 188  

2012 Dalton, 
K.P., et al. 

Variant Rabbit Hemorrhagic Disease Virus 
in Young Rabbits, Spain 

Emerging 
Infectious 
Diseases 

18 12 2009 2012  

2012 Abrantes, J., 
et al. 

Complete Genomic Sequences of Rabbit 
Hemorrhagic Disease Virus G1 Strains 
Isolated in the European Rabbit Original 
Range 

Journal of 
Virology 86 24 13886 13886  

2012 
Lopez-
Parra, M., et 
al. 

Change in demographic patterns of the 
Donana Iberian lynx Lynx pardinus: 
management implications and conservation 
perspectives 

Oryx 46 3 403 413  

2012 Tablado, Z., 
Revilla, E. 

Contrasting effects of climate change on 
rabbit populations through reproduction. PLoS One 7 11    



3 
 

YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2012 
Barrientos, 
R., de Dios 
Miranda, J. 

Can we explain regional abundance and 
road-kill patterns with variables derived 
from local-scale road-kill models? 
Evaluating transferability with the European 
polecat 

Diversity and 
Distributions 18 7  635 647 

2012 Mateo, R., 
et al. 

Levels of organochlorine pesticides and 
polychlorinated biphenyls in the critically 
endangered Iberian lynx and other sympatric 
carnivores in Spain 

Chemosphere 86 7 691 700  

2013 Godinho, S., 
et al. 

Effectiveness of habitat management in the 
recovery of low-density populations of wild 
rabbit 

European 
Journal of 
Wildlife 
Research 

59 6 847 858  

2013 Carneiro, 
M., et al. 

Steep clines within a highly permeable 
genome across a hybrid zone between two 
subspecies of the E uropean rabbit 

Molecular 
Ecology 22 9 2511 2525  

2013 Abrantes, J., 
et al. 

New variant of rabbit hemorrhagic disease 
virus, Portugal, 2012–2013 

Emerging 
Infectious 
Diseases 

19 11   1900 

2013 

Dominguez-
Cebrian, I., 
De Miguel, 
F.J. 

Selected factors influencing the spatial 
relationship between latrines and burrows in 
rabbits Oryctolagus cuniculus (L.) in a 
suburban area of Madrid (Spain) 

Polish Journal 
of Ecology 61 4 819 823  

2013 Monterroso, 
P., et al.  

Catch me if you can: diel activity patterns of 
mammalian prey and predators Ethology 119 12 1044 1056  

2013 Barrio, I.C., 
et al. 

Rabbits, weeds and crops: Can agricultural 
intensification promote wildlife conflicts in 
semiarid agro-ecosystems? 

Journal of Arid 
Environments 90  1 4  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2013 
Berto-
Moran, A., 
et al. 

Coccidian and nematode infections influence 
prevalence of antibody to myxoma and 
rabbit hemorrhagic disease viruses in 
european rabbits 

Journal of 
Wildlife 
Diseases 

49 1 10 17  

2013 Moleon, M., 
et al. 

Inferring ecological mechanisms from 
hunting bag data in wildlife management: a 
reply to Blanco-Aguiar et al. (2012) 

European 
Journal of 
Wildlife 
Research 

59 4 599 608  

2013 Kontsiotis, 
V.J., et al. 

Key factors determining the seasonal 
population growth rate of European wild 
rabbits and their implications for 
management 

European 
Journal of 
Wildlife 
Research 

59 4 495 503  

2013 
Rios-
Saldaña, 
A.C., et al.  

Control of the European rabbit in central 
Spain 

European 
Journal of 
Wildlife 
Research 

59 4 573 580  

2013 Rueda, M., 
et al. 

Contrasting impacts of different-sized 
herbivores on species richness of 
Mediterranean annual pastures differing in 
primary productivity 

Oecologia 172 2 449 459  

2013 Planillo, A., 
Maio, J.E. 

Motorway verges: Paradise for prey species? 
A case study with the European rabbit 

Mammalian 
Biology 78 3 187 192  

2013 
Mancilla-
Leyton, 
J.M., et al. 

Effects of rabbit gut passage on seed 
retrieval and germination of three shrub 
species 

Basic and 
Applied 
Ecology 

14 7 585 592  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2013 
Guerrero-
Casado, J., 
et al. 

The short-term effect of total predation 
exclusion on wild rabbit abundance in 
restocking plots 

Acta 
Theriologica 58 4 415 418  

2013 Lozano, J., 
et al. 

Monitoring European wildcat Felis silvestris 
populations using scat surveys in central 
Spain: are population trends related to wild 
rabbit dynamics or to landscape features? 

Zoological 
Studies 52    16 

2013 
Guerrero-
Casado, J., 
et al. 

Restocking a keystone species in a 
biodiversity hotspot: Recovering the 
European rabbit on a landscape scale 

Journal for 
Nature 
Conservation 

21 6 444 448  

2013 

Morgado, 
R., 
Carvalho, 
C.R. 

Iberian Lynx (Lynx pardinus) Conservation 
in Holm Oak Montados of Southeastern 
Portugal: The Identification of New 
Biodiversity-Related Activities in an 
Economically Depressed Rural Area 

Transactional 
Environmental 
Support system 
Design: Global 
Solutions 

  185 189  

2013 Perea, R., et 
al. 

Context-dependent fruitfrugivore 
interactions: partner identities and spatio-
temporal variations 

Oikos 122 6 943 951  

2013 
Guerero-
Casado, 
J.M., et al. 

Factors affecting wild rabbit production in 
extensive breeding enclosures: How can we 
optimise efforts? 

World Rabbit 
Science 21 3  193 199 

2013 Penteriani, 
V., et al. 

Responses of a top and a meso predator and 
their prey to moon phases Oecologia 173 3  753 766 

2013 
Suárez-
Esteban, A., 
et al. 

Unpaved road verges as hotspots of fleshy-
fruited shrub recruitment and establishment 

Biological 
Conservation 167   50 56 
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2013 
Sánchez del 
Rey, V., et 
al. 

Genetic analysis of streptococcus suis 
isolates from wild rabbits 

Veterinary 
Microbiology 165 3-4  483 486 

2013 Abrantes, J., 
et al. 

Insights into the European rabbit 
(Oryctolagus cuniculus) innate immune 
system: Genetic diversity of the toll-like 
receptor 3 (TLR3) in wild populations and 
domestic breeds 

BMC Genetics 14  73   

2013 
Suárez-
Esteban, A., 
et al. 

Barriers or corridors? The overlooked role of 
unpaved roads in endozoochorous seed 
dispersal 

Journal of 
Applied 
Ecology 

50 3  767 774 

2013 Millán, J., et 
al. 

Experimental infection of wild-caught 
European rabbits (Oryctolagus cuniculus) 
with Sarcoptes scabiei from a naturally 
infected wild rabbit 

Medical and 
Veterinary 
Entomology 

27 2  232 235 

2013 
Guerrero-
Casado, J., 
et al. 

European rabbit restocking: A critical review 
in accordance with IUCN (1998) guidelines 
for re-introduction [Repoblaciones de conejo 
europeo: Una revisión crítica según las 
directrices de la IUCN (1998) para las 
reintroducciones] 

Animal 
Biodiversity 
and 
Conservation 

36 2  177 185 

2013 Márquez, 
C., et al. 

Risk mapping of illegal poisoning of avian 
and mammalian predators 

Journal of 
Wildlife 
Management 

77 1  75 83 

2013 Ferrer, M., 
et al. 

Rescue of a small declining population of 
Spanish imperial eagles 

Biological 
Conservation 159  32 36  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2014 Jimenez, 
M., et al. 

Could wild rabbits (Oryctolagus cuniculus) 
be reservoirs for Leishmania infantum in the 
focus of Madrid, Spain? 

Veterinary 
Parasitology 202 3-4 296 300  

2014 Carneiro, 
M., et al. 

The genomic architecture of population 
divergence between subspecies of the 
European rabbit 

PLoS Genetics 10 8   e1003519 

2014 Guil, F., et 
al. 

European Wild Rabbit (Oryctolagus 
cuniculus) Restocking: Effects on 
Abundance and Spatial Distribution 

Wildlife 
Society 
Bulletin 

38 3 524 529  

2014 
Delibes-
Mateos, M. 
et al. 

Ecosystem effects of variant rabbit 
hemorrhagic disease virus, Iberian Peninsula 

Emerging 
Infectious 
Diseases 

20 12   2166 

2014 Carneiro, 
M., et al. 

Rabbit genome analysis reveals a polygenic 
basis for phenotypic change during 
domestication 

Science 345 6200 1074 1079  

2014 Garcia, N., 
et al. 

Evidence of Leishmania infantum Infection 
in Rabbits (Oryctolagus cuniculus) in a 
Natural Area in Madrid, Spain 

Biomed 
Research 
International 

2014    318254 

2014 Guil, F., et 
al. 

Grain sowing aimed at wild rabbit 
Oryctolagus cuniculus L. enhancement in 
Mediterranean environments 

Journal for 
Nature 
Conservation 

22 6 552 558  

2014 Dellafiore, 
C.M., et al. 

Seasonal habitat use by the European rabbit 
(Oryctolagus cuniculus) in a coastal dune 
system in SW Spain 

Animal 
Biodiversity 
and 
Conservation 

37 2 233 242  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2014 Diaz-Saez, 
V., et al. 

High rates of Leishmania infantum and 
Trypanosoma nabiasi infection in wild 
rabbits (Oryctolagus cuniculus) in sympatric 
and syntrophic conditions in an endemic 
canine leishmaniasis area: Epidemiological 
consequences 

Veterinary 
Parasitology 202 3-4 119 127  

2014 
Ferreira, A., 
Ferreira, 
A.J. 

Post-weaning growth of endemic iberian 
wild rabbit subspecies, Oryctolagus 
cuniculus algirus, kept in a semi-extensive 
enclosure: implications for management and 
conservation 

World Rabbit 
Science 22 2 129 136  

2014 Arques, J., 
et al. 

Main ecological gradients and landscape 
matrix affect wild rabbit Oryctolagus 
cuniculus (Linnaeus, 1758) (Mammalia: 
Leporidae) abundance in a coastal region 
(South-East Spain) 

Italian Journal 
of Zoology 81 3 440 450  

2014 Ferreira, 
C.C., et al. 

Experimental study on the effect of cover 
and vaccination on the survival of juvenile 
European rabbits 

Population 
Ecology 56 1 195 202  

2014 
Ruiz-
Aizpurua, 
L., et al. 

High rabbit abundance proves detrimental to 
the population growth rate in european 
rabbit (Oryctolagus cuniculus l.) extensive 
breeding enclosures 

World Rabbit 
Science 22 3 179 186  

2014 
Fernandez-
de-Simon, 
J., et al. 

Role of prey and intraspecific density 
dependence on the population growth of an 
avian top predator 

Acta 
Oecologica-
International 
Journal of 
Ecology 

60  1 6  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2014 Monclus, 
R., et al. 

Context-dependent responses to neighbours 
and strangers in wild European rabbits 
(Oryctolagus cuniculus) 

Behavioural 
Processes 106  17 21  

2014 
Soto, C.A., 
Palomares, 
F. 

Surprising low abundance of European 
wildcats in a Mediterranean protected area 
of southwestern Spain 

Mammalia 78 1 57 65  

2014 Carpio, A.J., 
et al. 

The high abundance of wild ungulates in a 
Mediterranean region: is this compatible 
with the European rabbit? 

Wildlife 
Biology 20 3 161 166  

2014 Duarte, 
M.D., et al. 

New insight into the epidemiology of rabbit 
hemorrhagic disease viruses in Portugal: 
Retrospective study reveals the circulation of 
genogroup 5 (G5) in Azores and discloses 
the circulation of G1 and G6 strains in 
mainland until 2008 

Infection 
Genetics and 
Evolution 

27  149 155  

2014 Tapia, L., et 
al. 

Using remote sensing data to model 
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for cliff-nesting birds 

Restoration 
Ecology 28 6 1541 1550  

2020 
Moreno-
Grua, E., et 
al. 

Marked Presence of Methicillin-
ResistantStaphylococcus aureusin Wild 
Lagomorphs in Valencia, Spain 

Animals 10 7   1109 

2020 Barros, 
A.L., et al. 

Accounting for detection unveils the 
intricacy of wild boar and rabbit co-
occurrence patterns in a Mediterranean 
landscape 

Scientific 
Reports 10 1   6651 

2020 Virgos, E., 
et al. 

Intraguild Predation by the Eagle Owl 
Determines the Space Use of a 
Mesopredator Carnivore 

Diversity-Basel 12 9   359 

2020 
Delibes-
Mateos, M., 
et al. 

Conflict and cooperation in the management 
of European rabbit Oryctolagus cuniculus 
damage to agriculture in Spain 

People and 
Nature 2 4 1223 1236  

2020 Hrynkiewic
z, R., et al. 

Myeloperoxidase and Lysozymes as a 
Pivotal Hallmark of Immunity Status in 
Rabbits 

Animals 10 9   1581 

2020 Jaen-Tellez, 
J. A., et al. 

Acute stress assessment using infrared 
thermography in fattening rabbits reacting to 
handling under winter and summer 
conditions 

Spanish 
Journal of 
Agricultural 
Research 

18 2   e0502 

2020 Izidoro, 
M.A., et al. 

Plasma Metabolic Signature of 
Atherosclerosis Progression and Colchicine 
Treatment in Rabbits 

Scientific 
Reports 10 1   7072 

2020 Carpio, A.J., 
et al. 

The Self-Seeding of Anthemis arvensis L. 
for Cover Crop in Olive Groves under 
Intense Rabbit Grazing 

Agronomy-
Basel 10 9   1412 
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2020 Mattioli, S., 
et al. 

Effect of Feed Supplemented with Selenium-
Enriched Olive Leaves on Plasma Oxidative 
Status, Mineral Profile, and Leukocyte DNA 
Damage in Growing Rabbits 

Animals 10 2   274 

2020 
Czyżewska-
Dors, E., et 
al. 

Detection of porcine circovirus 3 in wildlife 
species in Spain Pathogens 9 5 341   

2020 González, 
J., et al. 

Prevalence of Coxiella burnetii 
(Legionellales: Coxiellaceae) Infection 
among Wildlife Species and the Tick 
Hyalomma lusitanicum (Acari: Ixodidae) in 
a Meso-Mediterranean Ecosystem 

Journal of 
Medical 
Entomology 

57 2  551 556 

2020 Alfaya, P., 
et al. 

Iberian lynx Lynx pardinus temminck, 1827 
(Mammalia: Carnivora: Felidae) in central 
Spain: Trophic niche of an isolated 
population 

Journal of 
Threatened 
Taxa 

12 2  15229 15237 

2020 Emam, 
A.M., et al. 

Status and origin of Egyptian local rabbits in 
comparison with Spanish common rabbits 
using mitochondrial dna sequence analysis 

World Rabbit 
Science 28 2  93 102 

2020 
Gil-
Sanchez, 
M., et al.  

Fragmentation and low density as major 
conservation challenges for the 
southernmost populations of the European 
wildcat 

PLoS One 15 1   e0227708 

2021 
Garcia-
Pereira, S., 
et al. 

Detection of Myxoma Virus DNA in Ticks 
from Lagomorph Species in Spain Suggests 
Their Possible Role as Competent Vector in 
Viral Transmission 

Journal of 
Wildlife 
Diseases 

57 2 423 428  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2021 Remesar, S., 
et al. 

Spatiotemporal monitoring of Cysticercus 
pisiformis in European wild rabbit 
(Oryctolagus cuniculus) in Mediterranean 
ecosystems in southern Spain 

Preventive 
Veterinary 
Medicine 

197    105508 

2021 Gonzalez, 
M.G.et al. 

Seasonal Dynamics of Fleas (Siphonaptera: 
Pulicidae, Ceratophyllidae and 
Leptopsyllidae) on Oryctolagus cuniculus in 
a Meso-Mediterranean Area of Central Spain 

Journal of 
Medical 
Entomology 

58 4 1740 1749  

2021 
Martin-
Sanchez, J., 
et al. 

Role of wild rabbits as reservoirs of 
leishmaniasis in a non-epidemic 
Mediterranean hot spot in Spain 

Acta Tropica 222    106036 

2021 Vaquerizas, 
P.H., et al. 

Keeping an eye on the use of eye-lens 
weight as a universal indicator of age for 
European wild rabbits 

Scientific 
Reports 11 1   8711 

2021 Descalzo, 
E., et al. 

Plasticity in daily activity patterns of a key 
prey species in the Iberian Peninsula to 
reduce predation risk 

Wildlife 
Research 48 6 481 490  

2021 Matias, G., 
et al. 

Wildcat population density in NE Portugal: 
A regional stronghold for a nationally 
threatened felid 

Population 
Ecology 63 3 247 259  

2021 Funosas, G., 
et al. 

Individual fate and gut microbiome 
composition in the European wild rabbit 
(Oryctolagus cuniculus) 

Scientific 
Reports 11 1   766 

2021 
Abade dos 
Santos, F.A., 
et al. 

A Quadruplex qPCR for Detection and 
Differentiation of Classic and Natural 
Recombinant Myxoma Virus Strains of 
Leporids 

International 
Journal of 
Molecular 
Sciences 

22 21   12052 



27 
 

YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2021 
Ferreiro-
Arias, I., et 
al. 

Fine-scale coexistence between 
Mediterranean mesocarnivores is mediated 
by spatial, temporal, and trophic resource 
partitioning 

Ecology and 
Evolution 11 22 15520 15533  

2021 Diaz Cano, 
J.V., et al. 

Effect of Postbiotic Based on Lactic Acid 
Bacteria on Semen Quality and Health of 
Male Rabbits 

Animals 11 4   1007 

2021 Upadhyay, 
R.K. 

Conserving the European Bonelli's eagle in 
spatiotemporal domain: Lesson from its 
feeding pattern 

Computational 
and 
Mathematical 
Methods 

3 5   e1181 

2021 
Martinez-
Abrain, A., 
et al. 

The selection of anthropogenic habitat by 
wildlife as an ecological consequence of 
rural exodus: empirical examples from Spain 

Animal 
Biodiversity 
and 
Conservation 

44 2 195   

2021 Boszormeny
i, K., et al. 

A Bacterially-Expressed Recombinant 
Envelope Protein from Usutu Virus Induces 
Neutralizing Antibodies in Rabbits 

Vaccines 9 2   157 

2021 Cabodevilla, 
X., et al. 

Vineyard modernization drives changes in 
bird and mammal occurrence in vineyard 
plots in dry farmland 

Agriculture 
Ecosystems & 
Environment 

315    107448 

2021 Rueda, C., 
et al. 

Exploratory and territorial behavior in a 
reintroduced population of Iberian lynx 

Scientific 
Reports 11 1   14148 

2021 Rouco C., et 
al. 

Persistence of wild rabbit (Oryctolagus 
cuniculus) latrines and its implication for 
monitoring programs 

Journal for 
Nature 
Conservation 

62  126021   
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PAGE 
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ARTICLE 
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2021 
Aguayo-
Adán J.A., 
et al. 

Lack of evidence for differences in the 
spread of classic (Lagovirus europaeus/GI.1) 
and novel (Lagovirus europaeus/GI.2) rabbit 
haemorrhagic disease viruses in Europe and 
North Africa 

Veterinary 
Record 190 3   e1067 

2021 Armenteros 
J.A., et al. 

Do non-target species visit feeders and water 
troughs targeting small game? A study from 
farmland Spain using camera-trapping 

Integrative 
Zoology 16 2  226 239 

2021 Ferreras, P., 
et al. 

Integrating multiple datasets into spatially-
explicit capture-recapture models to estimate 
the abundance of a locally scarce felid 

Biodiversity 
and 
Conservation 

30 14 4317 4335  
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S2.- List of scientific contributions about differences between rabbit subspecies. 

YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

1912 Miller, G.S. 
Rabbit In: Catalogue of the mammals of western 
Europe (Europe exclusive of Russia) in the 
collection of the British Museum 

   483 495  

1982 
Launay, H., 
Beaucournu, 
J.C. 

Critères taxinomiques et essai de 
paléobiogeographie de deux espèces jumelles, 
Xenopsylla ramesis (Rothschild 1904) et 
Xenopsylla cunicularis (Smit 1957) (Siph. 
Pulicidae): approche biométrique. 

Annales de la 
Societé 
Entomologique de 
France(N.S.) 

18  43 54  

1987 Hajer, E., et al. 
Rabbit mitochondrial DNA: preliminary 
comparison between some domestic and wild 
animals 

Génétique 
sélection évolution 19 3 279 288  

1987 
Beaucournu 
J.C., Marquez 
F.J. 

Caenopsylla laptevi ibera ssp. nova 
(Siphonaptera. Leptopsyllidae) est la Caenopsylla 
inféodée au lapin de garenne dans la Péninsule 
Ibérique. ,  47, 

Revista Ibérica de 
Parasitología 47  93 99  

1990 Gibb, J.A. 
The european rabbit, Oryctolagus cuniculus, In: 
Chapman J.A. & Flux, J.E.C. (eds.) Rabbits, 
Hares and Pikas 

   116 120  

1990 Beaucournu, 
J.C., Launay, H. 

Les puces de France et du Bassin Méditerranéen 
Occidental. Faune de France 76     

1991 Biju-Duval, C., 
et al. 

Mitochondrial DNA evolution in lagomorphs: 
Origin of systematic heteroplasmy and 
organization of diversity in European rabbits 

Journal of 
Molecular 
Evolution 

33  92 102  

1992 Peterka, M., 
Hartl, G.B. 

Biochemical‐genetic variation and differentiation 
in wild and domestic rabbits: On the significance 
of genetic distances, dendrograms and the 
estimation of divergence times in domestication 
studies 

Journal of 
Zoological 
Systematics and 
Evolutionary 
Research 

30 2 129 141  
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YEAR AUTHORS TITLE SOURCE VOLUME ISSUE START 
PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

1996 Sharples, C.M., 
et al. 

Geographical variation in size in the European 
rabbit Oryctolagus cuniculus (Lagomorpha: 
Leporidae) in western Europe and North Africa 

Zoological Journal 
of the Linnean 
Society 

117 2 141 158  

1996 Blasco, S., et al. 
The helminthfauna of Oryctolagus cuniculus 
(Linnaeus, 1758) in the Iberian Peninsula. 
Faunistic and ecological considerations 

Parasite 3 4 327 333  

1998 Branco, M., 
Ferrand, N. 

Genetic polymorphism of rabbit (Oryctolagus 
cuniculus) tissue acid phosphatases (ACP2 and 
ACP3) 

Comparative 
Biochemistry and 
Physiology Part B: 
Biochemistry and 
Molecular Biology 

120 2 405 409  

1999 Branco, M. et al. 
Extensive genetic polymorphism of peptidases A, 
B, C, and D, in wild rabbit (Oryctolagus 
cuniculus) populations from the Iberian Peninsula 

Biochemical 
Genetics 37 7 237 249  

1999 Cooke, B.D. 

Notes on the life-history of the rabbit flea 
Caenopsylla laptevi ibera Beaucournu & 
Marquez, 1987 (Siphonaptera: Ceratophyllidae) 
in eastern Spain 

Parasite 6  347 354  

2000 Branco, M., et 
al. 

Phylogeography of the European rabbit 
(Oryctolagus cuniculus) in the Iberian Peninsula 
inferred from RFLP analysis of the cytochrome b 
gene 

Heredity 85 4 307 317  

2002 Gonçalves, H., 
et al. 

Seasonal variation in the reproductive activity of 
the wild rabbit (Oryctolagus cuniculus algirus) in 
a Mediterranean ecosystem 

Wildlife Research 29 2 165 173  

2003 Branco, M., 
Ferrand, N. 

Biochemical and population genetics of the 
rabbit, Oryctolagus cuniculus, carbonic 
anhydrases I and II, from the Iberian Peninsula 
and France 

Biochemical 
Genetics 41 11 391 404  
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PAGE 

END 
PAGE 
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2003 Callou, C. 
De la garenne au clapier: étude archéozoologique 
du lapin en europe occidentale. Mémoires du 
Muséum National d'Histoire Naturelle 

 189  1 358  

2004 Esteves, P.J., et 
al. 

Allelic variation at the VHa locus in natural 
populations of rabbit (Oryctolagus cuniculus, L.) 

The Journal of 
Immunology 172 2 1044 1053  

2006 Geraldes, A., et 
al. 

Contrasting patterns of introgression at X-linked 
loci across the hybrid zone between subspecies of 
the European rabbit (Oryctolagus cuniculus) 

Genetics 173 2 919 933  

2006 Carmo, C.R., et 
al. 

Genetic variation at chemokine receptor CCR5 in 
leporids: alteration at the 2nd extracellular 
domain by gene conversion with CCR2 in 
Oryctolagus, but not in Sylvilagus and Lepus 
species 

Immunogenetics 58 5 494 501  

2006 Esteves, P.J., et 
al.  

Genetic diversity at the hinge region of the 
unique immunoglobulin heavy gamma (IGHG) 
gene in leporids (Oryctolagus, Sylvilagus and 
Lepus) 

International 
journal of 
immunogenetics 

33 3 171 177  

2006 Geraldes, A., 
Ferrand, N. 

A 7-bp insertion in the 3'untranslated region 
suggests the duplication and concerted evolution 
of the rabbit SRY gene 

Genetics Selection 
Evolution 38 3 313 320  

2007 Ferrand, N., 
Branco, M. 

The evolutionary history of the European rabbit 
(Oryctolagus cuniculus): major patterns of 
population differentiation and geographic 
expansion inferred from protein polymorphism 

Phylogeography of 
southern European 
refugia 

  207 235  

2008 Geraldes, A, et 
al. 

Reduced introgression of the Y chromosome 
between subspecies of the European rabbit 
(Oryctolagus cuniculus) in the Iberian Peninsula 

Molecular 
Ecology 17 20 4489 4499  

2008 Ferrand, N. 
Inferring the evolutionary history of the European 
rabbit (Oryctolagus cuniculus) from molecular 
markers 

Lagomorph 
biology   47 63  
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PAGE 

END 
PAGE 

ARTICLE 
NUMBER 

2008 Campos, R., et 
al. 

Evidence for contrasting modes of selection at 
interacting globin genes in the European rabbit 
(Oryctolagus cuniculus) 

Heredity 100 6 602 609  

2009 Carneiro, M., et 
al. 

Recombination and speciation: loci near 
centromeres are more differentiated than loci near 
telomeres between subspecies of the European 
rabbit (Oryctolagus cuniculus) 

Genetics 181 2 593 606  

2009 Muller, A., et al. 
Evolution of rabbit haemorrhagic disease virus 
(RHDV) in the European rabbit (Oryctolagus 
cuniculus) from the Iberian Peninsula 

Veterinary 
microbiology 135 3,4 368 373  

2009 González-
Redondo, P. 

Number of faecal pellets dropped daily by the 
wild rabbit (Oryctolagus cuniculus) 

Journal of Animal 
and Veterinary 
Advances 

8 12 2635 2637  

2009 Payseur, B.A Y not introgress? Insights into the genetics of 
speciation in European rabbits 

Molecular 
Ecology 18 1 23 24  

2010 Carneiro, M., et 
al. 

Speciation in the European rabbit (Oryctolagus 
cuniculus): islands of differentiation on the X 
chromosome and autosomes 

Evolution: 
International 
Journal of Organic 
Evolution 

64 12 3443 3460  

2010 Geraldes, A., et 
al. 

Extensive gene conversion drives the concerted 
evolution of paralogous copies of the SRY gene 
in European rabbits 

Molecular biology 
and evolution 27 11 2437 2440  

2010 
González-
Redondo, P., et 
al. 

Chemical composition of wild rabbit meat 
(Oryctolagus cuniculus) and viability of its 
prediction by near infrared spectroscopy 
[Composición química de la carne de conejo 
silvestre (Oryctolagus cuniculus) y viabilidad de 
su predictión mediante espectroscopía de 
infrarrojo cercano] 

ITEA Información 
Técnica 
Económica 
Agraria 

106 3 184 196  
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2010 Márquez, F.J. 
Molecular detection of Bartonella alsatica in 
European wild rabbits (Oryctolagus cuniculus) in 
Andalusia (Spain) 

Vector-Borne and 
Zoonotic Diseases 10 8 731 734  

2011 de Matos, A.L., 
et al.  

Study of Sylvilagus rabbit TRIM5α species-
specific domain: how ancient endoviruses could 
have shaped the antiviral repertoire in 
Lagomorpha 

BMC 
Evolutionary 
Biology 

11    294 

2012 Carneiro, M., et 
al. 

Evidence for widespread positive and purifying 
selection across the European rabbit (Oryctolagus 
cuniculus) genome 

Molecular biology 
and evolution 29 7 1837 1849  

2012 Campos, R., et 
al. 

Copy number polymorphism in the α-globin gene 
cluster of European rabbit (Oryctolagus 
cuniculus) 

Heredity 108 5 531 536  

2012 Van Der Loo, 
W., et al. 

Pseudogenization of the MCP-2/CCL8 
chemokine gene in European rabbit (genus 
Oryctolagus), but not in species of Cottontail 
rabbit (Sylvilagus) and Hare (Lepus) 

BMC genetics 13    72 

2012 Abrantes, J., et 
al. 

Rabbit haemorrhagic disease (RHD) and rabbit 
haemorrhagic disease virus (RHDV): a review 

Veterinary 
research 43    12 

2012 Abrantes, J., et 
al. 

Complete genomic sequences of rabbit 
hemorrhagic disease virus G1 strains isolated in 
the European rabbit original range 

Journal of virology 86 24   13886 

2012 Ferreira, 
Catarina; 

European rabbit research in the Iberian Peninsula: 
state of the art and future perspectives 

European Journal 
of Wildlife 
Research 

58 6 885 895  

2013 Carneiro, M., et 
al. 

Steep clines within a highly permeable genome 
across a hybrid zone between two subspecies of 
the European rabbit 

Molecular 
Ecology 22 9 2511 2525  
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2013 Abrantes, J., et 
al. 

Insights into the European rabbit (Oryctolagus 
cuniculus) innate immune system: genetic 
diversity of the toll-like receptor 3 (TLR3) in 
wild populations and domestic breeds 

BMC genetics 14    73 

2013 González-
Redondo, P. 

Feed intake during the reproductive resting period 
in adult cage-bred wild rabbits (Oryctolagus 
cuniculus algirus) 

International 
Journal of 
Agricultural & 
Biology 

15 2 389 391  

2013 Sousa V.C., et 
al. 

Identifying loci under selection against gene flow 
in isolation-with-migration models Genetics 194 1 211 233  

2014 Carneiro, M., et 
al. 

The genomic architecture of population 
divergence between subspecies of the European 
rabbit 

PLoS genetics 10 8   e1003519 

2014 Alda, F., 
Doadrio, I. 

Spatial genetic structure across a hybrid zone 
between European rabbit subspecies PeerJ 2    e582 

2014 Ferreira, A., 
Ferreira, A.J. 

Post-weaning growth of endemic Iberian wild 
rabbit subspecies, Oryctolagus cuniculus algirus, 
kept in a semi-extensive enclosure: implications 
for management and conservation 

World Rabbit 
Science 22 2 129 136  

2014 Neves, F., et al. 
Convergent evolution of IL-6 in two leporids 
(Oryctolagus and Pentalagus) originated an 
extended protein 

Immunogenetics 66 9 589 595  

2015 Ferreira, C.C., et 
al. 

Biometrical analysis reveals major differences 
between the two subspecies of the European 
rabbit 

Biological Journal 
of the Linnean 
Society 

116 1 106 116  

2015 Pinheiro, A., et 
al. 

Survey of genetic diversity of IgG in wild and 
domestic rabbits 

International 
Journal of 
Immunogenetics 

42 5 364 367  

2016 Ferreira, A.M., 
et al. 

Identification of a Bitter-Taste Receptor Gene 
Repertoire in Different Lagomorphs Species 

Frontiers in 
genetics 7  55   
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2017 Villafuerte, R., 
et al. 

Large-scale assessment of myxomatosis 
prevalence in European wild rabbits (Oryctolagus 
cuniculus) 60 years after first outbreak in Spain 

Research in 
Veterinary Science 114  281 286  

2018 Hamilton, J.A, 
Miller, J.M. 

From transects to transcripts: Teasing apart the 
architecture of reproductive isolation Molecular ecology 27 6 1339 1341  

2018 Rafati, N., et al. A genomic map of clinal variation across the 
European rabbit hybrid zone Molecular ecology 27 6 1457 1478  

2019 Pinheiro, A., et 
al. 

Genetic Diversity of IGHM and IGHE in the 
Leporids Revealed Different Patterns of Diversity 
in the Two European Rabbit Subspecies (O. 
cuniculus algirus and O. c. cuniculus) 

Animals 9 11 955   

2019 Watson, J.P.N., 
Davis, S.J.M. 

Shape differences in the pelvis of the rabbit, 
Oryctolagus cuniculus (L.), and their genetic 
associations 

HAL     01918838 

2020 Vaquerizas, 
P.H., et al. 

The paradox of endangered European rabbits 
regarded as pests on the Iberian Peninsula: trends 
in subspecies matter 

Endangered 
Species Research 43  99 102  

2021 Funosas, G., et 
al. 

Individual fate and gut microbiome composition 
in the European wild rabbit (Oryctolagus 
cuniculus) 

Scientific reports 11    766 

2021 

Vaquerizas P.H., 
Santoro S., 
Delibes-Mateos 
M., Castro F., 
Villafuerte R. 

Keeping an eye on the use of eye-lens weight as a 
universal indicator of age for European wild 
rabbits 

Scientific Reports 11 1   8711 
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S3.- List of interviewees attending to their profile and location (rabbit zone) 

Nº PROFILE RABBIT 
ZONE 

1 
Hunter’s 
representative Oca 

2 
Official agency 
member Oca 

3 Environmentalist Both 

4 
Hunter’s 
representative Both 

5 
Official agency 
member Occ 

6 
Official agency 
member Oca 

7 
Hunter’s 
representative Oca 

8 
Official agency 
member Both 

9 Environmentalist Both 

10 
Official agency 
member Occ 

11 
Hunter’s 
representative Occ 

12 
Hunter’s 
representative Occ 

13 
Official agency 
member Occ 

14 
Hunter’s 
representative Both 

15 
Hunter’s 
representative Both 

16 Hunter’s Oca 
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Nº PROFILE RABBIT 
ZONE 

representative 

17 
Official agency 
member Oca 

18 
Official agency 
member Oca 

19 
Farmer’s 
representative Both 

20 
Official agency 
member Oca 

21 
Official agency 
member Occ 

22 
Official agency 
member Occ 

23 
Official agency 
member Occ 

24 
Hunter’s 
representative Occ 

25 
Farmer’s 
representative Oca 

26 
Hunter’s 
representative Oca 

27 
Official agency 
member Oca 

28 
Official agency 
member Occ 

29 
Hunter’s 
representative Occ 

30 
Official agency 
member Occ 

31 
Official agency 
member Both 
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Nº PROFILE RABBIT 
ZONE 

32 
Official agency 
member Oca 

33 
Farmer’s 
representative Both 

34 
Hunter’s 
representative Occ 

35 
Official agency 
member Oca 

36 Researcher Oca 
37 Researcher Both 
38 Researcher Occ 
39 Researcher Occ 
40 Researcher Occ 
41 Researcher Both 
42 Researcher Occ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



18 
 

S4.- Interviewee’s verbatim selection regarding IUCN reassessment views. In brackets it is specified the profile of the 
interviewee and its geographical location. 

Nº PROFILE, LOCATION VERBATIM 
1 Official agency member, 

northeast of Spain (Occ) 
“The truth is that I did not know that it has been 
changed in 2019 and I understand that now it has 
become... in danger of extinction?” 
 

2 Researcher, foreign (Occ) “I know about the status in France which is 
nearly threatened but did not know it’s now 
endangered in the IP” 
 

3 Official agency member, 
northeast of Spain (Occ) 

“It is a wake-up call for managers, for those of 
us who are publicly responsible for the species 
as Natural Heritage, and it should logically be a 
reason for attention. But as I’m telling you, this 
does not mean that where it is abundant it is very 
abundant and really drastic measures have to be 
taken that do not threaten the conservation of the 
species at any time. But in most of the territory it 
is necessary to take some conservation 
considerations” 

4 Environmentalist, all 
Spain (Both subspecies) 

“My personal experience coincides with the 
IUCN appreciations. There is a regression, that 
does not mean that being a very complex species 
in its interaction with the environment and 
interaction with human activities there cannot be 
situations where there may be some conflict” 
 

5 Farmer’s representative, 
Portugal (Oca) 

“It is important to create a general perception at 
the political level, especially for the importance 
of rabbit recovery as it is at the base of the 
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trophic chains of Mediterranean ecosystems. 
That’s why it’s very important. Even as a 
hunting species it is very important on a social 
and economic level. What happens is that this 
type of classification, if it does not have a 
glossary so that what is behind it is perceived, it 
is used by anti-hunting groups to put pressure on 
rabbit hunting and that is happening right now in 
Portugal” 
 

6 Official agency member, 
southwest of Spain (Oca) 

“I think it’s a good thing. Basically, because it 
reflects reality and not admitting that the rabbit 
has problems is fooling ourselves. I understand 
that there may be people who are upset by this. 
Yes, I think as the only nuance that in some way 
this nuance or double tendency should be taken 
into account, that perception that we have 
(probably associated with the type of habitat and 
subspecies) then there are areas in which the 
rabbit does not do badly or there is even a large 
abundance. So, I think it is good that the rabbit 
(or at least a significant part of its populations) is 
considered to be in a situation that deserves that 
IUCN cataloging, but it should be taken into 
account that in other certain areas it can... it has 
There must be some instruments and the 
capacity to manage these populations 
independently of this global consideration of the 
species” 
 

7 Farmer’s representative, 
all Spain (Both 
subspecies) 

“I believe that the change will not necessarily 
imply a model within the management of the 
species, with which it is still an ode to the wind. 
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I wouldn’t know what to tell you…the truth is 
that I don’t know what legal effect it has, I think 
none” 
 

8 Farmer’s representative, 
all Spain (Both 
subspecies) 

“Does this statement repercussions? Well, we 
practically don’t care, here there is no perception 
that it is going to less. We continue to demand 
urgent actions, in fact in Castilla-La Mancha a 
hunting emergency has been declared in various 
areas and what we wanted with the project is to 
find other prevention methods to alleviate this 
population apart from hunting activity, which is 
the usual one” 
 

9 Official agency member, 
northeast Spain (Occ) 

“Well, from a strictly legal and administrative 
point of view, we recognize the IUCN as an 
NGO, as a non-governmental organization, with 
which its decisions, although they may be 
considered by the European institutions as a 
Scientific Advisory Committee, certainly not 
they are binding. The reality is that neither the 
Ministry of Agriculture nor MITECO has 
promoted any inclusion in a catalog of protected 
species or threatened species that could change 
the hunting status of the species” 
 

10 Hunter’s representative, 
southwest of Spain (Oca) 

“I don’t know how binding the IUCN is in order 
to make regulations, if it were a threatened 
species then it could not be hunted. It would be 
necessary to see who has proposed to consider 
this species as threatened and its interest. 
Because it may be that your interest is too 
politicized to prohibit hunting...” 
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11 Hunter’s representative, 

northeast of Spain (Occ) 
“(…) But in these fewer areas the problem is big 
and of course considering it endangered in these 
areas that we have talked about... I think it would 
not be the right thing and it would also cause 
some social confrontations that would surely be 
big” 
 

12 Hunter’s representative, 
Portugal (Oca) 

“It seems very bad to me... because all species 
need to be managed and the one who manages 
hunting is not the government, but the hunters. 
And therefore, if the rabbit were not hunted it 
will be much worse for the species. Completely” 
 

13 Hunter’s representative, 
southwest of Spain (Oca) 

“I don’t see it positive. We, if you search the 
internet, our opinion was negative. It is a 
statement that has been made behind the back of 
a sector. A sector that is the one that contributes 
the most to the recovery of this species (...) And 
although it is true that cataloging is a scientific 
matter, it is true that later the cataloging of the 
Red list serves as an argument for other 
purposes. If the sector had been included or if it 
had been differentiated between subspecies... it 
would be different. So, I’m not especially happy 
with this reassessment” 
 

14 Official agency member, 
southwest of Spain (Oca) 

“Yes, if this is misinterpreted and it can be done 
today, also with the importance that more 
environmental and animal rights associations 
have today, which are often clinging to this type 
of thing to stop actions that may be good for the 
species. And the rabbit is a species that must be 
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managed and sometimes with hunting (and I am 
not a hunter nor do I have any special reason to 
defend hunting although I dedicate myself to 
hunting populations) but I think they are a tool 
that can be managed when used well” 
 

15 Official agency member, 
subspecies contact zone 
(Both subspecies) 

“You don’t talk about protecting the species to 
the farmer, who is having a lot of damage. And 
no matter how hard you try to explain it to them, 
there are areas where there are none and that it 
really is a species that is threatened at a 
European level and it is not an argument. So, it is 
an argument that must be used in certain areas, 
in others what I think we must try (and that is 
where we are) to find solutions that prevent and 
can minimize these damages to farmers and if 
populations could be improved in the rest of the 
region is better” 

16 Farmer’s representative, 
all Spain (Both 
subspecies) 

“So, I tell you that I have not seen yet any 
practical use on declaring the rabbit as a species 
that is at risk, because I have not noticed any 
modification, but I did notice that there is 
misunderstanding from those farmers who suffer 
damages” 
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17 Researcher, foreign (Occ) “In your country the reassessment was made 
primarily on Occ in the north of your country 
and the argument that has been made is that you 
didn’t consider Oca and their trends are 
different. So, Spain and Portugal government 
may take it as an argument that necessarily 
doesn’t need to put the funding in it and then put 
it I don’t know … red deer, fishing, or whatever 
they want to put it because this report down class 
the reality of Oca. I’m aware of your situation 
and I think it would probably be bad because it 
may be used to justify decisions that are not 
going to be good specially for algirus in the 
south” 

18 Official agency member, 
southwest of Spain (Oca) 

“We have to start from the fact that in the 
peninsula the rabbit population is not equal in all 
places. It is that it has nothing to do, with which 
I cannot make such a strict cataloging for 
everything equally. No, we have territories with 
overabundance and other territories with lack” 

19 Official agency member, 
northeast of Spain (Occ) 

“But it is that it is like everything, they are the 
big decisions that do not take regionalisms into 
account, because as you say here, I invite you to 
talk to anyone and tell them that there is not a 
single rabbit left... that is, it is that it is difficult 
to know the situation unless you see it” 
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S5.- Interviewee’s verbatim selection about subspecies perception. In brackets it is specified the profile of the interviewee and 
its geographical location. 

Nº 
STAKEHOLDER 

PROFILE, 
LOCATION 

VERBATIM 
 

1 Farmer’s representative, 
all Spain (Both 
subspecies) 

“There is also an urban legend that un these 
agricultural areas with rabbit damage, it is a 
different rabbit, a bigger one that does not die 
with myxomatosis” (…) “The average farmer is 
clear that it is one that is distinct new species that 
many of them have released” 
 

2 Researcher, foreign 
(Both subspecies) 

“And I was very happy to see there’s interesting 
discussion about the two species of rabbit in the 
Iberian Peninsula, the Oca and the Occ. 
Subspecies or species, whatever…” 

3 Researcher, foreign 
(Both subspecies) 

“Well, yeah, I’m not the one who is really a fan of 
the species or subspecies concept because is 
contradictory to evolution. Therefore, instead of 
talking about the species or subspecies I would 
prefer to call them evolutionary units (…) and 
there are major indicators that there is a need to 
distinguish between these two” 
 

4 Researcher, foreign 
(Occ) 

“From a practical point of view of someone who 
work on conservation biology there would 
absolutely advantages because they could really 
find the status separately and that would truly help 
a lot but on the other hand from the scientific 
point of view you really haw to know that is 
justified because you can’t just do the assessment 
just because they just make some use or they are 
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useful in the context of conservation biology. You 
cannot do that. And I don’t know enough about 
that. It is somehow surprising (…) And subspecies 
are not species level. This has happened for 
example in the hare… suddenly the Iberian hare is 
another subspecies… I cannot say much about that 
because this is not my discipline… my expertise. 
But I see the advantages from a practical point of 
view of course but it should be justified 
scientifically. You can’t split two things just 
because it would be advantageous” 
 

5 Researcher, foreign 
(Occ) 

“If in case you split the two subspecies it would 
beneficiate Oca? Yes, it would. If I think it would 
be done? No, I don’t. We have a definition of 
species. The basic definition of species is two 
animals that do not interbreed and produce 
offspring capable of reproducing. So, we do not 
have it with Oca and Occ. In a basic science 
definition no. They are not separated species.  
They may become, they are diverging. So, in a 
time yes probably (…) but I don’t think they are 
different yet. No, that’s my answer as a scientist 
that tries to look into a definition on a clinical way 
of thinking” 
 

6 Hunter’s representative, 
southwest of Spain (Oca) 

(Talking about Oca) “The reproduction rate is 
lower; diseases attack it much more… I think it is 
quite serious” 
 

7 Official agency member, 
southwest of Spain (Oca) 

“Fundamentally what I think the Occ is, apart 
from, I think it is more prolific, it tends to use 
areas of greater… better optimal habitat for the 
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species” 
 

8 Official agency member, 
southwest of Spain (Oca) 

“Well look, I don’t have much idea about that, 
researchers are the one who knows and they are 
who has focused the most in this aspect of the 
differentiation of subspecies and its implications 
for management. I have seen what I have seen 
what I have seen of their publications, of their 
research…” 
 

9 Researcher, Portugal 
(Oca) 

“There is much lack of information (…) In this 
sense technically and scientifically a big step is 
needed to help us to solve the rabbit problems” 
 

10 Official agency member, 
northeast of Spain (Occ) 

“We haven’t explained this enough to the public 
yet (talking about subspecies). The media… to the 
community to convince other scientists (…) I 
think that is something that should be better 
understood and explained to the community and to 
the world. So, I wasn’t convinced to the argument 
presented on a paper that they were different 
species. It was an argument, ok. But for me no. 
They breed together, basic definition. But there is 
also other information we haven’t seen yet (…)”  
 

11 Official agency member, 
Portugal (Oca) 

“Much is known about rabbit genetics. A lot of 
work has been done and a lot has been studied, but 
from my point of view given by my management 
experience I think it would be good… refining it a 
bit, having more information that perhaps from a 
scientific point of view is less interesting... it will 
not contribute new basic knowledge but will be 
useful for management” 
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12 Official agency member, 

northeast of Spain (Occ) 
“Yes, when we say that different ones (talking 
about subspecies) are discovered, that the two 
variants work differently in terms of their 
ecological behavior, we should apply that 
knowledge to improve the conservation of the 
species, of course, to improve management. 
Currently, I believe that it (knowledge) has not yet 
reached us, certain differences have not reached 
us and we know that I dominate certain scientific 
literature and so I do not appreciate yet how this is 
implemented in changes in management” 
 

13 Hunter’s representative, 
all Spain (Both 
subspecies) 

“What I think is that there is a problem and I say it 
in relation to this subspecies, and that is that we 
have moved (rabbits) without any control and 
there is no specific training for either the hunter or 
the manager (...) and then also that there is also an 
issue of disease transmission and serious problems 
for the species (...) I think that they must be taken 
into account above all because we know that quite 
a lot of barbarity has been done, especially to 
level of repopulation of rabbits” 
  

14 Farmer’s representative, 
all Spain (Both 
subspecies) 

“But well, there is a perception…I think 
subspecies is a matter of biologists…” 
 

15 Environmentalist, all 
Spain (Both subspecies) 

“My feeling is that (population) explosions and 
declines are due more to the habitat than to the 
subspecies (…). For the hunting periods yes, I 
have it very clear (…). But at the development 
level, I basically think that the same thing has to 
be done regardless of the subspecies (…). I don’t 
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know maybe you have to put a fence five cm 
higher for the Occ because it’s bigger, but you 
won’t notice the difference either (...). It’s just that 
I can’t imagine any other difference between the 
one and the other… I don’t know” 
 

16 Researcher, foreign 
(Both subspecies) 

“At a biological and taxonomic level, it is 
important to maintain the two subspecies because 
it is part of our biodiversity (…) Rabbit is a 
keystone species, food source for the Iberian lynx 
(…) The populations of the smaller subspecies are 
important ones because conservation biology is 
especially active for the Iberian lynx populations” 
 

17 Official agency member, 
Portugal (Oca) 

“I also have the impression that this double 
tendency is also somewhat associated with the two 
subspecies and that Oca is the one that has 
suffered the most; or different observed fitness; 
they are stronger in one territory, let’s just say, 
you capture them, you take them to another 
territory and most of them die because, although 
they were indeed healthy and could fight the 
pathogens that existed in that territory, they did 
not fight in the other” 
 

18 Researcher, Portugal 
(Oca) 

“Certainly, some kind of legal recognition is 
required. If that is elevating it to a species or 
keeping it as a subspecies… You know that 
biologically the definition of a species entails 
many things and I do not know if we could 
achieve that… and I don’t think it’s relevant if 
there’s no legal backing. In other words, I think 
that more than elevating them to species is 
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recognizing that there are differences and as such 
they must managed differently” 
 

19 Researcher, Portugal 
(Oca) 

“I think there is something that is seriously failing 
with the rabbit in the Peninsula (…) and is the 
lack of an Iberian strategy for the species”  
 

20 Official agency member, 
northeast Spain (Occ) 

“I don’t have any more information... It doesn’t 
occur to me that the management of one 
subspecies could be different from another...” 
 

21 Farmer’s representative, 
all Spain (Both 
subspecies) 

“Well, the more information we can have, the 
better, but come on, that’s up to the managers. 
The farmer is independent of what type of rabbit. 
The administration has to evaluate the 
management plans and try to solve the problem in 
the face of the farmer, the question he has is that 
he has the rabbit there in his plots and that it is 
having a damage above the usual and that it is not 
a question that it goes less but that we are seeing 
that in recent years the problem and the damage 
have increased” 
 

22 Researcher, foreign 
(Both subspecies) 

“For conservation is important that these 
evolutionary units are recognized by the IUCN in 
the red list assessment. If you want to reach some 
goals in conservation and locally convincing the 
government of Spain for example there’s one 
evolutionary unit that is more under danger than 
the other and it should avoid to put them in the 
same basket for management at least and then of 
course is important to convince politicians or 
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administration that there are two different things 
to handle differently. I think that the assessment of 
the IUCN red list is a very, very important tool to 
convince the outside world that there’s something 
different, not only one species but maybe two” 

23 Researcher, Portugal 
(Oca) 

“I don’t know, I think that’s very necessary. It is 
very necessary to define subspecies from a 
management point of view, of the translocation of 
individuals. So that individuals do not move 
between the distribution areas of the two 
subspecies and even I... at least that there is no 
movement between the distribution areas, and 
probably qualify the subject a bit. Probably 
consider the contact zone as a third zone or even 
some subdivisions based on more detailed genetic 
information, but at a minimum, of course, no 
movement between the two subspecies areas” 

24 Hunter, Southwest Spain 
(Oca) 

“The future of the species? Here… it’s going to 
hell. I guess it will stay from what I’m telling you, 
because of the hunters. Like… rabbit hunting is 
prohibited. I’m very afraid because I already told 
you that those who work for and for the rabbits 
are certain hunters, certain preserves. If it is not 
prohibited and so on, it will continue as before. In 
some areas that work well, are suitable and others, 
then there will continue to be populations. But 
that’s what I’m telling you, they are very small 
areas, small points in Extremadura. And in the rest 
of the community, it will unfortunately remain the 
same. If you don’t work, it will continue the same 
and if it is prohibited, then it will end, it will end” 
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25 Researcher, Portugal 
(Oca) 

“I don’t think it is relevant if there is no legal 
backing. In other words, I believe that more than 
raising them to species, it is recognizing that there 
are differences and, as such, they must be 
managed differently. There is currently a practice 
that puts at risk the integrity and viability of these 
two subspecies, which are important because they 
are adapted to their regional environmental 
contexts and therefore have a very marked 
distribution, and therefore it is important that there 
are legal instruments that somehow protect (...) 
More than changing the species, it would be 
important to make a legal recognition that 
establishes certain rules” 

 




