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1.1 The Order Lagomorpha

The European rabbit (Oryctolagus cuniculus, 
Linnaeus 1758) is a mammal belonging to the 
order Lagomorpha.

Lagomorphs are such a distinct group of  
mammalian herbivores that the very word ‘lago-
morph’ is a circular reference meaning ‘hare-
shaped’ (Chapman and Flux, 1990; Fontanesi 
et al., 2016). A unique anatomical feature that 
characterizes lagomorphs is the presence of  
small peg-like teeth immediately behind the up-
per-front incisors. For this feature, lagomorphs 
are also known as Duplicidentata. Therefore, 
instead of  four incisor teeth characteristic of  
rodents (also known as Simplicidentata), lago-
morphs have six. The additional pair is reduced 
in size. Another anatomical characteristic of  the 
animals of  this order is the presence of  an elong-
ated rostrum of  the skull, reinforced by a lattice- 
work of  bone, which is a fenestration to reduce 
the weight (Chapman and Flux, 1990; Rose, 
2006). The herbivorous diet and the terrestrial 
mode of  life are the primitive conditions of  this 
order (López-Martínez, 1985). All lagomorphs 
are also characterized by a specific feeding 
behaviour known as caecotrophy, that is the 
re-ingestion of  soft cecal-derived faeces needed 

to assure essential vitamin uptake, the digestion 
of  the vegetarian diet and water reintroduction 
(Hörnicke, 1981).

The order Lagomorpha was recognized as a 
distinct order within the class Mammalia in 
1912, separated from the order Rodentia within 
which lagomorphs were originally placed (Gidely, 
1912; Landry, 1999). Lagomorphs are, however, 
considered to be closely related to the rodents 
from which they diverged about 62–100 million 
years ago (Mya), and together they constitute 
the clade Glires (Chuan-Kuei et al., 1987; Benton 
and Donoghue, 2007). Lagomorphs, rodents and 
primates are placed in the major mammalian 
clade of  the Euarchontoglires (O’Leary et al., 2013).

Modern lagomorphs might be evolved from 
the ancestral lineage from which derived the 
†Mimotonidae and †Eurymilydae sister taxa, 
following the Cretaceous-Paleogene (K-Pg) bound-
ary around 65 Mya (Averianov, 1994; Meng et al., 
2003; Asher et al., 2005; López-Martínez, 2008).

The systematics of  the order are not com-
pletely clear yet and currently under revision 
by the International Union for Conservation of  
Nature and Natural Resources (IUCN), Species 
Survival Commission (SSC), Global Mammal 
Assessment, and Lagomorph Specialist Group 
(LSG). The order is divided into two families 
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(Fig. 1.1; Hoffmann and Smith, 2005; Chapman 
and Flux, 2008; Fontanesi et al., 2016): (i) Ochoto-
nidae (the pikas), with 26 teeth, and (ii) Leporidae 
(the jackrabbits and hares, and the rabbits), with 
28 teeth. According to the most accepted taxonomy, 
these two families account for a total of  92 living 
species (Chapman and Flux, 1990; Fontanesi 
et al., 2016; Melo-Ferreira and Alves, 2018).

Fossil and molecular estimates are not 
completely in agreement in the identification of  
the evolutionary split between these two extant 
families. Fossil data seem consistent in indicat-
ing that the divergence period occurred before 
42 Mya (Ruedas et al., 2018) even if  molecular 
estimates based on mitochondrial and nuclear 
genome sequences have placed this family split in 
a more recent period (about 30 Mya; Matthee 
et al., 2004). Merging fossil data and molecular 
estimates, the differentiation time has been 
placed around 50 Mya (Meredith et al., 2011).

The list of  all recognized extant lagomorph 
species is reported in Table 1.1. The family 
Ochotonidae comprises 29 species of  small 
(70–300 g) egg-shaped mammals with distinct 
rounded ears and no visible tail. All species have 
been assigned to the genus Ochotona. They have 
hind legs not much longer than the fore legs. 
Most of  these species are vocal. There are two 
major groups of  pikas (Smith, 1988; Smith et al., 
1990; Lissovsky, 2014): (i) those that live in 
rocks or talus have low reproductive rates and 

are generally long-lived; they are territorial 
either as individuals or pairs and have extremely 
low rates of  social interaction; and (ii) those that 
live in meadow or steppe habitat and burrow; 
they have high reproductive rates and are gener-
ally short-lived; these species form extended 
families and are highly social. These groups have 
been divided into five subgenera (Alienauroa, 
Conothoa, Lagotona, Ochotona, and Pika), 
commonly recognized mainly considering their 
distribution (Hoffmann and Smith, 2005; Lisso-
vsky, 2014). A recent phylogenomic analysis 
recognized four subgenera of  extant pikas 
(Alienauroa, Conothoa, Ochotona and Pika), with 
the mountain group Conothoa being the sister 
group of  all other pikas (Wang et al., 2020).

The family Leporidae comprises 32 species of  
hares (genus Lepus) and 31 species of  rabbits (Fig. 
1.1; Table 1.1). The hares are the largest lago-
morphs (2–5 kg), having long ears and hind legs. 
Of  the group of  rabbits, 18 species belong to the 
genus Sylvilagus whereas the remaining species 
are mainly included in monotypic genera (Fig. 1.1; 
Table 1.1), some of  which are Evolutionarily Dis-
tinct and Globally Endangered (EDGE) species 
(Verde Arregoitia et  al., 2015). The rabbits have 
also somewhat long ears, but not as long as the 
hares, and present a more rounded body type. 
Other rabbits include a variety of  unique forms 
found around the world: for example, the Riverine 
rabbit (Bunolagus monticularis) in South Africa; the 

Lagomorpha
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Amami Rabbit Pentalagus (1)
Pronolagus (4)
Romerolagus (1)
Caprolagus (1)
Oryctolagus (1)
Sylvilagus (18)
Brachylagus (1)
Bunolagus (1)

Poelagus (1)

Nesolagus (2)

Rock Hares
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Hispid Hare
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Fig. 1.1. Schematic representation of systematics of the order Lagomorpha (number in parenthesis 
indicates the number of species within the genera). (Modified from Fontanesi et al., 2016)



 Evolution and Domestication of the European Rabbit 3

Table 1.1. List of lagomorph species. (From Chapman and Flux, 1990; Fontanesi et al., 2016; Melo-Ferreira 
and Alves, 2018)

Family/genus Species Common name

Ochotonidae
Ochotona O. alpina Alpine Pika

O. argentata Helan Shan Pika
O. cansus Gansu Pika
O. collaris Collared Pika
O. coreana Korean Pika
O. curzoniae Plateau Pika
O. dauurica Daurian Pika
O. erythrotis Chinese Red Pika
O. forresti Forrest’s Pika
O. gloveri Glover’s Pika
O. hoffmanni Hoffmann’s Pika
O. hyperborea Northern Pika
O. iliensis Ili Pika
O. koslowi Koslov’s Pika
O. ladacensis Ladak Pika
O. macrotis Large-eared Pika
O. matchurica Mantchurian Pika
O. nubrica Nubra Pika
O. opaca Kazakh Pika
O. pallasii Pallas’s Pika
O. princeps American Pika
O. pusilla Steppe Pika
O. roylei Royle’s Pika
O. rufescens Afghan Pika
O. rutila Turkestan Red Pika
O. syrinx Qinling Pika
O. thibetana Moupin Pika
O. thomasi Thomas’s Pika
O. tutuchanensis Turuchan Pika

Leporidae
(the rabbits) Brachylagus idahoensis Pygmy Rabbit

Bunolagus monticularis Riverine Rabbit
Caprolagus hispidus Hispid Hare
Nesolagus netscheri Sumatran Striped Rabbit
Nesolagus timminsi Annamite Striped Rabbit
Oryctolagus cuniculus European rabbit
Pentalagus furnessi Amami Rabbit
Poelagus majorita Bunyoro Rabbit
Pronolagus crassicaudatus Natal Red Rock Hare
Pronolagus randensis Jameson’s Red Rock Hare
Pronolagus rupestris Smith’s Red Rock Hare
Pronolagus saundersiae Hewitt’s Red Rock Hare
Romerolagus diazi Volcano Rabbit

Sylvilagus S. aquaticus Swamp Rabbit
S. audubonii Desert Cottontail
S. bachmani Brush Rabbit
S. brasiliensis (sensu stricto) Tapetí, Andean Cottontail, Rio de 

Janeiro Dwarf Cottontail
S. cognatus Manzano Mountain Cottontail
S. cunicularius Mexican Cottontail
S. dicei Dice’s Cottontail
S. floridanus Eastern Cottontail

Continued
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Hispid hare (Caprolagus hispidus) of  the Terai 
region of  India and Nepal; the black Amami Island 
rabbit (Pentalagus furnessi) that occupies isolated 
islands in the far south of  Japan; the Annamite 
striped rabbit (Nesolagus timminsi) of  south-east 
Asia; the Volcano rabbit (Romerolagus diazi) that 
lives at high elevations on volcanoes surrounding 
Mexico City; and the European rabbit (Oryctolagus 
cuniculus) that originally occupied the Iberian 

Peninsula and that was subsequently spread in 
many other regions.

1.2 The European Rabbit  
(Oryctolagus cuniculus)

The European rabbit (Oryctolagus cuniculus) in-
cludes both wild and domesticated animals. 

Family/genus Species Common name

S. gabbi Gabb’s Cottontail
S. graysoni Tres María Cottontail
S. insonus Omiltemi Rabbit
S. mansuetus San José Brush Rabbit
S. nuttallii Mountain Cottontail
S. obscurus Appalachian Cottontail
S. palustris Marsh Rabbit
S. robustus Davis Mountains Cottontail
S. transitionalis New England Cottontail
S. varynaensis Venezuelan Lowland Rabbit

Lepus L. alleni Antelope Jackrabbit
L. americanus Snowshoe Hare
L. articus Arctic Hare
L. brachyurus Japanese Hare
L. californicus Black-tailed Jackrabbit
L. callotis White-sided Jackrabbit
L. capensis Cape Hare
L. castroviejoi Broom Hare
L. comus Yunnan Hare
L. coreanus Korean Hare
L. corsicanus Corsican Hare
L. europaeus European Hare
L. fagani Ethiopian Hare
L. flavigularis Tehuantepec Jackrabbit
L. granatensis Iberian Hare
L. habessinicus Abyssinian Hare
L. hainanus Hainan Hare
L. insularis Black Jackrabbit
L. mandshuricus Manchurian Hare
L. nigricollis Indian Hare
L. oiostolus Woolly Hare
L. othus Alaskan Hare
L. peguensis Burmese hare
L. saxatilis Cape Scrub Hare
L. sinensis Chinese Hare
L. starcki Ethiopian Highland Hare
L. tibetanus Desert Hare
L. timidus Mountain Hare
L. tolai Tolai Hare
L. townsendii White-tailed Jackrabbit
L. victoriae African Savanna Hare
L. yarkandensis Yarkland Hare

Table 1.1. Continued.
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Oryctolagus cuniculus is also the only domesticated 
species of  the order Lagomorpha and the only 
example of  an animal domestication process that 
occurred exclusively in western Europe. Its dis-
tribution has been largely expanded and modified 
from its ancestral area (Flux, 1994), mainly rec-
ognized in the Iberian Peninsula, where the species 
might have been emerged in the mid-Pleistocene 
(López-Martínez, 2008). The subsequent geograph-
ical expansion of  this species and the consequent 
successful colonization of  a large variety of  regions 
and ecosystems are mainly human-derived and 
occurred during historical times (Thompson 
and King, 1994). This species has also the most 
within-species phenotypic diversity due to hu-
man-driven artificial directional selection that 
produced many different breeds and lines, as a 
consequence of  its domestication.

The wild original forms are mainly distrib-
uted in its native and contiguous regions (the 
Iberian Peninsula and the south of  France). Feral 
forms, derived by repeated human-mediated 
dispersal of  domesticated rabbits into the wild 
(and, in some cases, together with dispersal of  
wild forms), are present in many islands and 
continents, including Australia and New Zealand 
(Flux, 1994), often with devastating consequences 
for native flora and fauna and the agricultural 
system, leading some countries to fight the prob-
lem with drastic methods (Fenner and Ross, 
1994; Williams et  al., 1995; Vere et  al., 2004; 
Cooke et al., 2013; Pedler et al., 2016).

Nowadays, the European rabbit is con-
sidered one of  the most widespread species glo-
bally even if  it was not able to colonize most of  
Africa and the north of  America (Thompson 
and King, 1994). Despite attempts of  introduc-
tion in these continents, probably the competi-
tion with other leporid species that exist in these 
territories and/or the potential natural control 
that might have been derived by the sensitivity 
of  O. cuniculus to coexisting lagomorph patho-
gens could explain the incapacity of  the Euro-
pean rabbit to spread into these areas (Cooke 
et al., 2018).

The evolutionary history, domestication 
and expansion of  the European rabbit can be in-
ferred from fossil and archaeological records, 
molecular information and historical documents, 
which together can contribute to reconstructing 
remote and more recent events that shaped 
this species and contributed to its successful 

(fortunate or unfortunate) colonization of  the 
globe and its shift to a domesticated species.

1.2.1 The evolutionary history of the 
European rabbit: fossil records

Fossil records indicate that the Iberian Peninsula 
is the most probable ancestral area of  the Euro-
pean rabbit. The oldest fossils attributed to the 
modern Oryctolagus cuniculus species identified 
in this peninsula resulted from the Middle 
Pleistocene, around 0.6 Mya (Donard, 1982; 
López-Martínez 1989, 2008). This is in some 
ways in contrast to the ~2 Mya estimated by mo-
lecular data that traced back the divergence of  
two morphologically similar rabbit populations 
coexisting in different parts of  the Iberian Penin-
sula (Branco et al., 2000).

The first recorded Oryctolagus species 
(†O. laynensis) was from Middle Pliocene (about 
3.5 Mya) from Spain and possibly from the 
South-east of  France (López-Martínez, 2008). 
Despite the fact that the biogeographical origin 
of  Oryctolagus seems confirmed by several evi-
dences, the phylogenetic origin of  the genus is 
not completely clear. Precursors of  Oryctolagus 
in its ancestral area and its surroundings were 
the widespread Leporinae †Alilepus and after 
†Trischizolagus, the latter being proposed as the 
direct ancestor of  the Oryctolagus and Lepus gen-
era (López-Martínez, 2008). Phylogenetic ana-
lyses based on mitochondrial DNA sequences 
gave other contradictory results, linking Oryc-
tolagus either to Lepus, Bunolagus or Caprolagus 
(Halanych and Robinson, 1999; Matthee et al., 
2004). From the fossil records, Oryctolagus and 
Lepus did not share a common ancestral area, al-
though both might be related to their ancestor 
genera †Alilepus and †Trischizolagus. No transi-
tional forms are known between †O. laynensis 
and the modern O. cuniculus. Other Oryctolagus 
species, †O. lacosti (recorded between 2.5 and 
0.6 Mya in Spain, France, Italy and in some iso-
lated sites in Hungary and Greece) and †O. burgi 
(described in Middle Pleistocene of  Italy) have 
more differences than that between †O. laynensis 
and the modern O. cuniculus (López-Martínez, 
2008). In the Middle Pleistocene of  the central 
Iberian Peninsula and in France, two subspecies 
or separated groups, contemporaneous with the 
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large-sized lineage †O. lacosti-†O. burgi, have 
been recorded: †O. c. lunelensis and †O. c. grenal-
ensis. Only the modern rabbit survived in the late 
Pleistocene, spreading to northern Europe and 
peri-Mediterranean areas. Then, during the 
maximum glacial period and Early Holocene, 
the European rabbit returned to be confined 
to the Iberian Peninsula and southern France 
(López-Martínez, 2008).

1.2.2 The evolutionary history of the 
European rabbit: molecular data

The first studies that applied molecular data to 
obtain information useful to analyse the evolu-
tionary dynamics of  O. cuniculus were based on 
biochemical markers (Coggan et al., 1974; Rich-
ardson et al., 1980; Arana et al., 1989; Ferrand 
and Rocha, 1992; Peterka and Hartl, 1992). 
These markers and the designs of  the related 
studies were partially informative and could pro-
vide first-hand information on the variability 
present in the different rabbit populations that 
preliminarily suggested the partition of  the exist-
ing diversity within the European rabbit species.

Subsequent studies that analysed the mito-
chondrial genome in wild European rabbits 
identified two mitochondrial DNA (mtDNA) lin-
eages (clades A and B) with about 4.5% nucleo-
tide divergence (Ennafaa et al., 1987; Biju-Duval 
et al., 1991; Monnerot et al., 1994). These ma-
ternally derived genetic lineages were reported 
to overlap to two subspecies (O. c. algirus and O. c. 
cuniculus) distinguished by slight phenotypic dif-
ferences in size and cranial morphology (Shar-
ples et  al., 1996), also matching preliminary 
genetic partitioning determined by nuclear poly-
morphic loci (van der Loo et  al., 1991, 1999). 
These two subspecies are distributed parapatric-
ally: O. c. algirus, originally localized in the 
south-west of  the Iberian Peninsula; and O. c. 
cuniculus, originally localized in the north-east 
of  the Iberian Peninsula and south of  France 
(Biju-Duval et al., 1991; Monnerot et al., 1994; 
Branco et  al., 2000, 2002). The O. c. cuniculus 
population from the south of  France shares the 
type B mitochondrial lineage with the popula-
tion in north-east Iberia but with a reduced level 
of  genetic diversity that is consistent with a 
bottleneck effect derived by the subsequent 

expansion of  this Iberian subspecies in the close 
France region (Monnerot et  al., 1994; Branco 
et al., 2000, 2002; Carneiro et al., 2014a).

The two subspecies of  the European rabbit 
(Oryctolagus cuniculus) provide a window into 
the early stages of  speciation. This phylogeo-
graphical pattern suggests that two groups of  
European rabbits were isolated for a certain 
time, creating the conditions for independent 
evolutionary trajectories. The separation might 
be derived by the retreat into glacial refugia dur-
ing Quaternary ice ages. Later, these isolated 
groups expanded and partially overlapped when 
barriers were eliminated over the post-glacial 
period that recreated the possibility for a recol-
onization of  the Iberian Peninsula (Branco et al., 
2000). Therefore, throughout the Pleistocene, 
these two subspecies likely experienced multiple 
events of  isolation and contact following cli-
matic change dynamics. Mitochondrial DNA 
data suggested a history of  large and stable 
populations associated with clade A, allowing 
the diversification and maintenance of  many 
sub-haplotype variants. A history of  small or 
fluctuating and possibly more fragmented popu-
lations is explained by the phylogeographical 
pattern observed for the sub-haplotypes of  clade B 
(Branco et al., 2000, 2002).

The O. c. cuniculus population from the 
South of  France shares the type B mitochondrial 
lineage with the population in the north-east 
Iberia but with a reduced level of  genetic diver-
sity that is consistent with a bottleneck effect 
caused by the subsequent colonization of  clade B 
Iberian subspecies of  the close French region 
(Branco et al., 2000; Carneiro et al., 2014a). The 
lower levels of  genetic diversity identified in the 
south of  France compared to that of  the other 
side of  the Pyrenees (reported using both mtDNA 
and microsatellite markers) indicate that rabbit 
populations in that region could have experienced 
a few cycles of  extinction and recolonization, 
probably derived by recurrent climatic modifica-
tions in this area (Hardy et  al., 1995; Queney 
et al., 2001; Ferrand, 2008; Alves et al., 2015). 
This colonization process led to about 12%  
reduction of  genetic diversity estimated using 
microsatellite data (Alves et al., 2015).

The current contact and natural overlap-
ping zone between the two mtDNA lineages, fur-
ther confirmed by analyses of  nuclear genome 
variability, including Y and X chromosome 
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markers (Geraldes et al., 2006, 2008; Carneiro 
et  al., 2009, 2010, 2013), bisects the Iberian 
Peninsula along a diagonal that goes from 
north-west to south-east (Fig. 1.2). This ‘hybrid 
zone’ has been well characterized at the level of  
DNA variability, indicating some contrasting 
patterns of  differentiation at multiple loci and 
according to the types of  investigated markers 
(i.e. mtDNA, nuclear genome markers in sex 
chromosomes or close to centromeres; Branco 
et al., 2000; Geraldes et al., 2006, 2008; Carnei-
ro et al., 2009, 2010, 2013; Alda and Doadrio, 
2014). This picture suggests that the differences 

between the two subspecies are maintained by a 
balance between dispersal and natural selection 
against hybrids (Carneiro et al., 2013).

Carneiro et  al. (2014b) analysed extensive 
nuclear genome variants distributed on all rab-
bit chromosomes (about 300 k polymorphic 
sites) and reported low to moderate overall levels 
of  differentiation between the two subspecies. 
Only ~200 genomic regions, dispersed through-
out the genome, showed high differentiation, 
consistent with a signature of  reduced gene flow 
between the two subspecies (Carneiro et  al., 
2014b). Differentiated chromosome regions had 

IX-X centuries

XI-XII centuries

XII-XIII centuries

From the XIV centrury
and later

O. c. cuniculus

O. c. algirus

Fig. 1.2. Map of the original distribution of the rabbit and of the Medioeval dispersal in western Europe. 
The pale green area indicates the natural range of the rabbit derived by the constraints that occurred 
during the Last Glacial Maximum, with the approximate areas of the two subspecies indicated (O. c. 
algirus and O. c. cuniculus), divided by the two dashed lines, which border the overlapping region. The 
dark green areas indicate the putative refugial areas for the two main populations. The arrows indicate 
both natural and human-mediated diffusion. The coloured dots summarize the information on the 
historically and archaeologically documented appearance and transfer of the western Europe. (Adapted 
from information reported in Ferrand and Branco, 2007; Ferrand, 2008; Irving-Pease et al., 2018a, and 
other literatures cited in the text)
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small size and usually were smaller than 200 kb 
and contained very few genes. Regions of  high dif-
ferentiation were enriched on the X-chromosome 
and near centromeres. This picture was com-
pleted by a subsequent study that analysed whole 
genome-resequencing data of  the two subspe-
cies that display partial reproductive isolation 
(Rafati et  al., 2018). Geographic cline analysis 
was able to identify about 250 genomic regions 
characterized by steep changes in allele fre-
quency across the natural geographic region 
of  contact of  the two subspecies (Rafati et  al., 
2018). These chromosome portions included 
genes that might cause some reproductive dys-
functions in the hybrids raising the hypothesis 
that incomplete reproductive barriers are deter-
mined by the effects of  many loci and that regu-
latory variants (and not large chromosomal 
rearrangements) are likely the primary factors 
that determine reproductive incompatibilities 
(Rafati et al., 2018).

This original geographic distribution in the 
Iberian Peninsula of  the two subspecies has been 
in part altered as a consequence of  very recent 
human activities (in the 1980s and 1990s) car-
ried out by hunters and conservationists that 
translocated rabbits of  lineage A in several local-
ities within the distribution area of  lineage B, 
and vice versa (Delibes-Mateos et al., 2008).

1.2.3 The domestication process  
of the European rabbit

All definitions of  animal domestication indicate 
a relationship between humans and target 
animal populations (Zeder, 2006). Animal do-
mestication can be considered a long-term and 
multi-stage process that gradually has led to 
morphological, biological and behavioural 
changes in the animal populations by means of  
directional selection, introgression and admix-
ture and by starting from the wild ancestral 
counterparts (Larson and Burger, 2013). Not all 
animal species followed the same trajectory in 
this process. Three domestication pathways have 
been described (Zeder, 2012): the commensal 
pathway, when wild animals habituated to hu-
mans after being attracted by their waste; the 
prey pathway, when animals were initially hunted 
and then managed by humans; and the directed 

pathway that does not involve the preliminary 
steps of  habituation or management and begins 
with the capture of  wild animals with the aim to 
control their breeding and reproduction. This 
pathway took place over much shorter time-
frames and was accompanied by a bottleneck. 
The domestication process of  the European rab-
bit probably followed the directed pathway (Larson 
and Burger, 2013; Irving-Pease et  al., 2018a). 
The European rabbit is a burrowing species and 
this hiding characteristic probably facilitated the 
possibility to tame some of  these animals while a 
superficially similar species like a hare, which 
depends on speed for escape, could not be easily 
tamed, and this aspect could explain why it was 
not targeted for domestication despite its similar-
ities with the rabbit (Clutton-Brock, 2012).

The domestication process of  the European 
rabbit can be described at the molecular level. 
The case of  the European rabbit is unique among 
all domestic animal species as the ancestral wild 
population from which the domestication pro-
cess derived is still alive and it can be compared 
in parallel to the domesticated populations. As 
the process occurred in historical time, zooar-
chaeological discoveries and historical sources 
can complement molecular information. The 
first waves of  spread in Europe of  the European 
rabbit can also be considered, at least in part, to 
be elements of  this process.

1.2.3.1 Molecular evidences

The domestication of  the European rabbit was 
based on the genetic pool that originally colon-
ized the south of  France (up to the river Loire) 
and that subsequently expanded in the north of  
France and the north of  Europe by means of  
human translocation activities that occurred 
mainly during the Middle Age (Callou, 1995, 
2003). The domestication process led to a se-
cond subsequent reduction of  genetic diversity, 
after that which occurred when the south of  
France wild populations were derived from the 
Iberian populations.

All rabbits of  domestic breeds belong to the 
B mitochondrial lineage (Biju-Duval et al., 1991; 
Monnerot et  al., 1994; Queney et  al., 2002). 
Mitotypes identified in the domestic rabbits are a 
subset of  the B haplotypes identified in the 
north-east Iberian wild rabbits and then identi-
fied in the south-west of  France supporting that 
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the domestication occurred from the genetic 
material that colonized France (Monnerot et al., 
1994; Hardy et al., 1995; Queney et al., 2002). 
The most frequent mitotype in the current Euro-
pean domestic populations is B1, followed by a 
few other haplotypes (Queney et  al., 2002). 
Similar patterns have also been observed in 
breeds and domestic populations of  China, Egypt 
and Kenya, confirming that they share the same 
root of  European domestication and subsequent 
exportation from Europe (Long et  al., 2003; 
Emam et al., 2016; Owuor et al., 2019).

The reduction of  genetic diversity observed 
at the mitochondrial DNA level was also evi-
denced using protein markers and other nuclear 
genome markers, i.e. microsatellites and single 
nucleotide polymorphisms (Queney et al., 2002; 
Ferrand and Branco, 2007; Carneiro et  al., 
2011, 2014a; Alves et al., 2015). Microsatellite 
data estimated that the initial domestication 
process accounted for losses of  about 20% of  the 
pre-existing levels of  genetic diversity in the 
French wild population (Alves et  al., 2015) 
whereas sequencing data estimated a much lar-
ger reduction that was about the double of  that 
estimated with microsatellite markers (Carneiro 
et al., 2011, 2014a). This discrepancy might be 
due to different statistical properties of  the two 
methods used to estimate genetic diversity, to the 
higher mutation rate of  microsatellites in com-
parison with nucleotide substitutions that en-
abled a faster reconstitution of  genetic diversity 
levels in domestic rabbits and to different num-
bers of  domestic animals that were investigated 
in the two studies (that could or could not have 
captured a real picture of  the genetic variability 
available in the domestic populations) (Alves 
et al., 2015). The reduction of  genetic diversity is 
compatible with the small effective population 
size that might be derived by the fact that the 
early rabbit domestication occurred in a geo-
graphically and temporally defined region and 
period (i.e. France in the Middle Age and close to 
the monasteries or castles) (Zeuner, 1963; Cal-
lou, 2003) and that subsequent recurrent back-
crosses with the wild ancestors (described fre-
quently in other domestic animals, i.e. pigs and 
dogs) might not have been very frequent in rab-
bits (Alves et al., 2015). Recurrent backcrosses 
with wild rabbits would have limited the genetic 
distance between the wild and domestic popula-
tions. There is also no clear evidence for a highly 

unequal contribution of  males and females to 
the domestic rabbit gene pool (Carneiro et  al., 
2011) even if  this matter has not been studied 
into detail.

However, estimating the exact time of  do-
mestication would require sampling the wild 
population from which domestic rabbits arose 
(which is not obvious in case of  unclear popula-
tion divergence during the domestication pro-
cess) and the conversion of  molecular time 
estimates into precise temporal periods would 
require robust mutational rates that are difficult 
to calculate. Therefore, molecular dating ap-
proaches to domestication should be critically 
evaluated considering other evidences and the 
domestication process as a gradual and continu-
ous selective process (Irving-Pease et al., 2018a).

Whole-genome resequencing analysis has 
shown that very few loci have gone to complete 
fixation in domestic rabbits compared to the wild 
ancestors and none of  the fixed variants is in 
coding sites or at non-coding conserved sites 
(Carneiro et al., 2014a). Allele frequency shifts 
in the domestic gene pools, however, were de-
tected at many loci spread across the genome. 
Almost all domestic alleles (indicated in this way 
because of  their higher frequency in the domestic 
rabbits) were also found in wild rabbits, im-
plying that directional selection events associ-
ated with rabbit domestication are consistent 
with polygenic and soft-sweep modes of  selec-
tion that primarily acted on standing genetic 
variation in regulatory regions of  the genome 
(Carneiro et  al., 2014a). Many of  the domestic 
alleles are in regulatory regions of  genes affect-
ing brain and neuronal development. This indi-
cation is consistent with the view that the most 
critical phenotypic changes during the initial 
steps of  animal domestication probably involved 
behavioural traits that allowed animals to toler-
ate humans and the environment humans 
offered and involved adaption of  the reproduc-
tion cycles to the new production systems 
(Carneiro et  al., 2014a; 2015). The paucity of  
specific fixed domestication genes in rabbits can 
be interpreted in the direction that no single gen-
etic change was either necessary or sufficient for 
the domestication of  this species. This is also in 
line with the current view that the tame behav-
iour has a complex genetic component and that 
the domestication of  the rabbit occurred as a 
consequence of  the effect of  many mutations of  
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small effects, rather than by changes at only a 
few loci with large effects. This conclusion might 
serve as model for the domestication of  other 
species (Carneiro et  al., 2014a). Changes in 
brain architecture were probably the results of  
this genetic shift that occurred during the do-
mestication process. High-resolution brain mag-
netic resonance imaging showed that domesti-
cation reduced amygdala volume and enlarged 
medial prefrontal cortex volume, supporting 
that areas driving fear have lost volume while 
areas modulating negative effect have gained 
volume during the domestication of  the rabbit 
(Brusini et al., 2018).

Another reduction of  genetic diversity of  
about 20% was derived by the process of  breed 
formation (this estimate is averaged across 
breeds; Alves et al., 2015) after or concurrent to 
the domestication of  the rabbit. This high level 
of  reduction (similar to reduction of  genetic 
diversity occurring during the first step of  do-
mestication) might be due to the fact that the 
constitution of  breeds is usually an extreme pro-
cess that includes strong founder and bottleneck 
effects, artificial selection and, again, reduction 
of  effective population size (Alves et al., 2015). 
Considering that the domestication of  the rabbit 
occurred in historical time, combining historical 
records with molecular data it is tempting to 
consider that both domestication and breed 
formation might have been continuous and un-
separated processes in the domestication history 
of  this species. However, domestic rabbits exhibit 
a clear and detectable genetic substructure cor-
responding to the breeds which are genetically 
well differentiated mainly due to changes in 
allele frequencies (Alves et al., 2015). This might 
be derived by the short generation interval and 
the high selection pressure that can be applied in 
this species and that can quickly modify allele 
frequency structures in rabbit populations. Simi-
lar levels of  genetic diversity observed across 
breeds (Queney et al., 2002) are consistent with 
historical records which indicate that the most 
modern rabbit breeds have also been derived by 
crossbreeding between pre-existing varieties or 
morphs and that outcrossing has been fre-
quently used for introgression of  desirable coat 
colour variants into other varieties (Whitmann, 
2004; Alves et al., 2015).

Important molecular signs of  domestica-
tion can be considered to be the occurrence and 

spread of  coat colour mutations that constitute 
the most important distinctive morphological 
trait (i.e. coat colour) of  most rabbit breeds (see 
Chapter 6).

1.2.3.2 The first waves of rabbit  
distribution in Europe: archaeological  

and historical sources

As mentioned, the natural range of  O. cuniculus 
derived by the constraints that occurred during 
the Last Glacial Maximum was the Iberian Pen-
insula and south-west France. This is well sup-
ported by fossil and zooarchaeological records 
(Donard, 1982; Callou, 1995; López-Martinez, 
2008). This area is regarded as the only land 
occupied by the European rabbit until Classic 
Antiquity when, as a consequence of  transpor-
tation by men, this species was first spread in the 
west and central Mediterranean basin, in a large 
part of  Europe and in several other regions of  
the globe (Flux and Fullagar, 1992; Flux, 1994).

A few issues should be considered for the in-
terpretation of  zooarchaeological records that 
identify European rabbit specimens: in most 
cases they are incomplete and should be re-
garded with caution, particularly if  they would 
be the only elements useful to construct histor-
ical trajectories; the burrowing behaviour of  this 
species could complicate the identification based 
only on stratigraphy records; European rabbit 
bones could be easily misclassified as derived 
from hares, complicating the interpretation of  
the reports of  several sites; and excavation strat-
egies could systematically miss the presence of  
rabbits if  sieving for small bones is not applied 
(Callou, 2003; Irving-Pease et al., 2018b). More-
over, few ancient DNA studies have been carried 
out to link zooarchaeological information with 
molecular data, leaving some doubts and un-
clarified questions on the presence of  European 
rabbit bones in explored sites (Hardy et  al., 
1994a, 1994b, 1995; Monnerot et al., 1994).

Analysis of  bone remains from excavations 
throughout Iberia showed that this lagomorph 
was a crucial part of  the diet of  Anatomically 
Modern Humans but was relatively under- 
utilized during the Mousterian, when Neander-
thals were present. Game biomass from this 
small mammal that was abundant in this region 
contributed to feed hunters in a period of  dra-
matic loss of  large mammalian fauna (Fa et al., 
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2013). Remains from the oldest Epipalaeolithic 
sites (11500–9300 cal bc) of  the Iberian Penin-
sula demonstrated that hunting activity was 
based specifically on capturing European rabbits 
that were represented by more than 90% of  the 
total number of  identified specimens in 74% of  
the explored sites (17 out of  23) (Saña, 2013). It 
seems that in this period there could be some sig-
nificant regional differences related to hunting 
strategies in Iberia and that rabbit hunting was 
more frequent in the eastern peninsula. Analysis 
of  Mesolithic remains (9300–5700 cal bc) 
showed a significant drop in the number of  sites 
specialized in rabbit hunting in this peninsula 
and only five out of  19 (26%) could be classi-
fied according to this specialized hunting strat-
egy (Saña, 2013). The trend of  decreasing ex-
ploitation of  rabbits from the Epipalaeolithic to 
the Mesolithic period has also been documented 
in the south-west and south-east of  France (Co-
chard and Brugal, 2004). This decrease also 
continues in all the Iberian Neolithic sites 
(5700–2500 cal bc) indicating that in this period 
there was a consolidation of  the shift towards a 
greater exploitation of  animal domestic re-
sources, i.e. on pigs and cattle (Saña, 2013).

Excavations undertaken in France did not 
show any rabbits in all deposits of  the Holocene 
(or earlier) in the regions north of  the Loire, 
whereas rabbit bones were abundant in Charente 
Maritime, Gironde, Haute Garonne, Hérault, 
Bouches-du-Rhône, Ain, Dordogne, Corrèze and 
Ardèche (Donard, 1982; Rogers et  al., 1994) 
some of  which were used for ancient DNA ana-
lyses (Hardy et al., 1994a, 1994b; 1995).

It is not completely clear what roles Phoeni-
cians, and later the Romans, played in the early 
distribution of  the European rabbit in the 
Mediterranean area even if  several scholars re-
ported that these peoples might have largely 
contributed to the first waves of  colonization 
over the first millennium bc and a few centuries 
later. The earliest reported introduction of  Euro-
pean rabbits in a Mediterranean island was esti-
mated to occur around the 14th–13th century 
bc as suggested by bones identified in the Men-
orca island (Balearic Archipelago) (Reumer and 
Sanders, 1984). This introduction might be 
derived by ancient settlers from the Iberian 
mainland, at the time of  the Talayotic culture, 
the settlers that lived on the island before the 
Romans (Reumer and Sanders, 1984; Sanders 

and Reumer, 1984). The Romans conquered the 
archipelago around 1100 bc and might have 
contributed to the introductions in these Medi-
terranean islands. The introduced rabbits were 
suggested to be of  the O. c. algirus subspecies 
(morphologically classified in another subspe-
cies, i.e. O. c. huxleyi, that is not distinct at the 
molecular level and thus not recognized), also 
indicated to be widely distributed by the Phoeni-
cians in the Mediterranean basin (Zeuner, 1963; 
Robinson, 1984; Gibb, 1990). Analysis of  mtD-
NA of  modern European rabbits of  another Ba-
learic island (Mallorca) indicted that they be-
longed to the mitochondrial clade B, therefore 
the O. c. algirus subspecies is not currently pre-
sent in this island (Seixas et  al., 2014). Nine 
haplotypes were found among the modern Ma-
llorcan rabbits (already identified in wild rabbits 
from Spain and in France) suggesting a complex 
dynamic of  introductions that may reflect recur-
rent waves of  faunal replacements induced from 
repeated man-mediated translocations (Seixas 
et al., 2014).

Archaeological reports in these islands 
showed that rabbits were present much earlier 
than the date indicated by historical sources that 
reported the presence of  rabbits in the same is-
lands. Strabo, a Greek geographer and historian 
(64–63 bc – 20–25 ad), in his work Geography 
(Γεωγραφικά – 14–23 ad), reported the intro-
duction in a Balearic Island of  a pair of  rabbits 
from the opposite continent (i.e. Spain). Accord-
ing to what he reported (Volume III, Chapter V), 
the rabbit population that derived from this 
introduction became so numerous that it im-
pacted negatively on the vegetation and stability 
of  the houses by burrowing beneath and the in-
habitants were forced to request the support of  
the Romans. A similar tale was also reported in 
the same volume (Chapter II) indicating the 
damage that rabbits infesting the whole of  
Iberia, reaching Marseilles and several islands. 
In this text it was indicated that ‘formerly the in-
habitants of  the Gymnesian islands [Mallorca 
and Menorca] sent a deputation to the Romans 
soliciting that a new land might be given them, 
as they were quite driven out of  their country by 
these animals, being no longer able to stand 
against their vast multitudes’.

This story is also reported by the Roman au-
thor Gaius Plinius Secundus, known as Pliny the 
Elder (23–79 ad), in his encyclopedic Naturalis 
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Historia [Volume VIII, Chapter 81 (55)]. He 
wrote about a species of  hare, in Spain, which is 
called coney (rabbit, cuniculus) ‘that is ex-
tremely prolific and produced famine in the Ba-
learic Islands, by destroying the harvests’. The 
inhabitants of  these islands begged the Emperor 
Augustus Caeser the aid of  Roman soldiers to 
counter the too-rapid increase of  these animals. 
In his text, he mentioned the use of  ferrets to 
catch the rabbits in their burrows and also the 
laurices, considered a delicate food based on 
the young rabbits (‘either when cut from out of  
the body of  the mother, or taken from the breast, 
without having the entrails removed’). Evidence 
of  the strong association between Spain and rab-
bits during the Roman period is also deduced 
from the Roman coins under the Emperor 
Hadrian (117–138 ad) in which Hispania (the 
Latin name of  Spain) is written in the face 
together with a rabbit and a woman holding an 
olive branch, as symbols of  fertility and of  this 
country.

In the central Mediterranean basin, zooar-
chaeological remains date the presence of  the 
European rabbit in a period that ranged from the 
Bronze Age to the 2nd –3rd century ad (Massetti 
and De Marinis, 2008). Remains were identified 
to be related to this time window in a few islands: 
the site of  Mursia in the Pantelleria island (Sicil-
ian Channel) dated back to the late Bronze Age 
(Wilkens, 1987); the sanctuary of  Juno at Tas 
Silg on Malta (1st century bc– 1st century ad); 
the archaeological sites of  the islands of  Nisida 
and Capri in the Gulf  of  Naples and of  the island 
Zembra in Tunisia (Barrett-Hamilton, 1912; 
Vigne, 1988; Albarella, 1992; Massetti and De 
Marinis, 2008).

Ancient DNA analysis of  European rabbit 
remains excavated in Zembra (200–600 cal ad) 
and mtDNA analysis of  modern European rab-
bits sampled on the same island agreed on the 
presence of  only B haplotypes of  the O. c. cunicu-
lus subspecies in the two periods, i.e. late Roman 
Empire time and present time (Ennafaa et  al., 
1987; Hardy et al., 1994a, 1994b, 1995; Mon-
nerot et al., 1994), matching what was reported 
for the modern samples of  the Mallorca island. 
Therefore, multiple evidences agreed to support 
that the spread of  European rabbits in the Medi-
terranean area was based on O. c. cuniculus sub-
species, despite what was previously supposed 
(Zeuner, 1963; Robinson, 1984; Gibb, 1990; 

Flux, 1994). More recent introduction or re-
introduction events could also have happened 
and/or escapes from domestic stocks might 
also have occurred together with recorded 
events of  extinctions in the Mediterranean 
regions (Flux and Fullagar, 1992; Massetti and 
De Marinis, 2008).

An interesting match between zooarchaeo-
logical records and a classical historical source is 
also available for the presence of  the rabbits in 
the island of  Nisida (mentioned above). Athe-
naeus, a Greek author who lived at the end of  
the 2nd and the beginning of  the 3rd century ad, 
in his Deipnosophistae (Δειπνοσοφισταί; IX, 63) 
mentioned that voyagers ‘have seen a great 
many [κούνικλος, rabbit] in …[a] voyage from 
Dicæarchia to Naples…there is an island not far 
from the mainland, opposite the lower side of  
Dicæarchia [Nisida], inhabited by only a very 
scanty population, but having a great number 
of  rabbits’.

The European rabbit was also imported in 
other eastern Mediterranean islands in the last 
period of  the Roman Empire and at the begin-
ning of  the Middle Ages (Massetti and De 
Marinis, 2008). The fact that Classical Greek 
authors like Xenophon (c.430–354 bc) and 
Aristotle (384–322 bc) did not mention rabbits 
in their writings has been interpreted as an indir-
ect demonstration of  the fact that these animals 
were not known in this region at that time and 
support a later introduction (Zeuner, 1963).

Other Classical sources mentioning the 
presence of  the European rabbit in the Mediter-
ranean basin are from: (i) a doubtful citation of  
Polybius (c.200–118 bc) who in his Histories 
(ʽIστορίαι, vol. XII, 3.8–4.6) reported in Corsica 
the presence of  a type of  hare (kyniclos, trans-
lated as rabbit) that could more plausibly be 
identified as the extinct Prolagus sardus, which 
was probably the only lagomorph present in this 
island and in Sardinia at that time (Massetti and 
De Marinis, 2008); (ii) the report of  Marcus Ter-
entius Varro (a Roman scholar; 116–27 bc) who, 
in his history of  agriculture De Re Rustica (Vol. 
III), wrote instructions on how to keep rabbits 
(conies) in the leporaria, that are considered the 
precursors of  the medieval warrens (Zeuner, 
1963); (iii) the poet Gaius Valerius Catullus 
(86–40 bc) who linked rabbits to the Iberian 
country and people (Poem XXXIX); (iv) the De Re 
Coquinaria, a compiled collection (dated from the 
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3rd to the 4th century ad) of  Roman cookery 
recipes attributed to Marcus Gavius Apicius (a 
wealthy Roman gourmet – who lived in a period 
across the 1st century bc and the 1st century ad), 
that includes dishes made of  rabbit.

Subsequent historical sources are from the 
Medieval period from which a few anecdotes 
were then reported with misinterpretation of  
their general meaning (Nachtsheim, 1949; 
Zeuner, 1963; Rogers et al., 1994). One of  them 
is related to the consumption of  laurices (men-
tioned in a writing, dated c.584 ad, attributed to 
St Gregory of  Tours, 538–594 ad) that would 
have been admitted in the Lent period because it 
was not considered as meat. No other reports re-
lated to this potential use appeared before or 
later than this writing, confirming that this fact 
cannot be interpreted as the event that would 
have initiated the domestication of  the European 
rabbit by French monks. There is no historical 
document supporting the reason for which 
monks started to breed rabbits in this period and 
would have been to obtain animal proteins with-
out infringing religious rules. However, it seems 
plausible to suppose that practices to keep rab-
bits in warrens might also have been continued 
in the high Medieval period in France where wild 
rabbits were naturally present and that French 
monasteries between the 6th and 10th centuries 
ad could have attempted to breed these animals 
to secure meat (Zeuner, 1963). However, no his-
torical documents are available in this period to 
testify this practice. The exploitation of  the Euro-
pean rabbit as meat source in the high Middle 
Age in Spain and probably in France might have 
been mainly based on hunting as also deduced 
from the encyclopaedia of  the Spanish arch-
bishop, theologian and encyclopaedist Saint Isi-
dore of  Seville (c.560–636 ad), who explained 
the etymology of  the name cuniculus (rabbit) as 
being derived from caniculus because dogs (canis) 
were used for hunting these animals from their 
holes (Etymologiae, Vol. XII).

The first archaeological evidence of  the 
presence of  European rabbits in the north of  
France is dated to the 9th century ad after which 
archaeological remains appear more frequently 
(Callou, 2003). This suggests that a second wave 
of  spread towards the north of  Europe started in 
this period probably driven by contacts between 
monasteries as deduced from a letter of  1149 ad 
from the Abbot Wibald of  Corvey (a Benedictine 

monastery on the Wesser, Germany) to Abbot 
Gerald of  Solignac (France) who asked for two 
pairs of  rabbits and archaeological records from 
monastic sites with rabbit remains dated from 
the 11th–12th (site of  Charité-sur-Loire in 
France; Audoin-Rouzeau, 1984) to the 12th–13th 
centuries (Belgian sites of  Ename Abbey and 
Dune Abbey; Gautier, 1984; Ervynck et  al., 
1999). It is not clear how the frequency and in-
tensity of  this distribution in Europe was, as just 
a few documents from this period are available. 
Starting from monastic centres, European rab-
bits were subsequently and more frequently as-
sociated with the secular elite (Sykes and Curl, 
2010) and garennae, the corresponding of  war-
rens (probably not only linked to rabbits in this 
period but also associated with a landscape for 
hunting a variety of  small game animals), be-
came important parts of  the seigneurial culture 
in the North of  France starting from the 11th 
century (Gautier, 2007; Sykes and Curl, 2010). 
It has been suggested that the way of  keeping 
rabbits in warrens might not have facilitated 
selection for tameness and for this reason this 
practice cannot be considered as a first step 
towards domestication (Zeuner, 1963).

Subsequently, European rabbits were re-
ported to arrive in the island of  Amrum in the 
North Sea around the year 1230, transported by 
King Valdemar I of  Denmark (Nachtsheim, 
1949). European rabbits were mentioned to be 
usually sold in markets or were part of  intense 
commercialization as reported in the book of  the 
12th-century Conejeria de Toledo (the Rabbitries 
of  Toledo) and the despatch of  6000 pelts from 
Castile to Devon in 1221 (Delort, 1984). In the 
13th–14th centuries, rabbits were then found in 
The Netherlands, in Belgium and in Germany 
(Thomson, 1951; Van Damme and Ervynck, 
1988; Lauwerier and Zeiler, 2001).

The earliest records on the arrival of  the 
European rabbit in England described the estab-
lishments of  warrens (or introductions) on sev-
eral islands, including Drake’s Island, Devon, in 
1135, Isles of  Scilly, Cornwall, in 1176, Lundy 
Island in 1274 and Stockholm Island in 1324 
(Thompson, 1994), and in the mainland with 
the Dartmoor warren (known from a deed dated 
to between 1135 and 1272), the cunicularium 
mentioned in the grant of  land by Simon le Bret 
to the canons of  Waltham in Essex (1187–1194) 
and the reference in the Close Rolls (1235) 
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which reports the donation of  King Henry III of  
10 live rabbits obtained from his park at Guild-
ford (Veale, 1957; Henderson, 1997; Bartlett, 
2000; Sykes and Curl, 2010). Archaeological 
excavations of  the Royal Palace at Guildford 
confirmed that in this period (c.1230–1268; 
Sykes et al., 2005) rabbits increased their pres-
ence and several other evidences indicated that 
in the first half  of  this century (from 1230 to 
1250) warrens quickly spread in mainland Brit-
ain and arrived by 1264 in Scotland (Veale, 
1957; Gilbert, 1979). Despite the rise in the 
number of  warrens that mainly started in this 
period, it should be considered that the establish-
ment of  rabbit colonies was quite difficult and 
expensive and that at the beginning it was 
mainly driven by the elite that wanted to secure 
the source of  luxury meat. Therefore, rabbits 
and warrens were usually associated with castles 
and monasteries and became symbols of  lord-
ship (Bailey, 1988; Sykes and Curl, 2010). The 
relevance and value of  rabbit meat increased 
during the 14th century and became part of  the 
menus of  great banquets like that of  the coron-
ation of  King Henry IV (1399). Hunting of  rabbits 
in warrens was not considered as true hunting 
and it could be an acceptable activity for men of  
the cloth (for whom hunting was not allowed) 
and for ladies. This is evident in the iconography 
of  that time in which women are frequently de-
picted in the acts of  catching rabbits. The most 
famous example is found in a few scenes of  the 
Queen Mary's Psalter (c.1315) where two ladies 
are depicted rabbiting with the help of  ferrets, 
cages and clubs. For seven centuries from their 
first introduction to Britain, rabbits were con-
stantly bred in warrens for meat production and 
fur (Thompson, 1994). The economic relevance 
of  the warren-based production system lasted 
till the second half  of  the 19th century when the 
import of  carcases and fur from Australia and 
the development of  more efficient agricultural 
systems contributed to the abandonment of  the 
wild rabbit production (Thompson, 1994). Mo-
lecular evidence from modern wild rabbits indi-
cated that the colonization of  Britain derived 
from O. c. cuniculus having the B mitotype (Mon-
nerot et al., 1994).

Rabbit hunting was probably common in 
France in the 13th–14th centuries as evidenced 
by the iconography and by several documents, 
including the famous medieval book on hunting, 

Livre de Chasse (1387–1389) written by Gaston 
III, Count of  Foix (known as Phoebus or Fébus) 
with a scene of  rabbit hunting depicted with rab-
bits of  pale and brown coat colour varieties. 
Warrens became quite frequent also in France in 
that period. The monarchy attempted to restrict 
the rights on the creation of  new warrens and 
on the enlargements or re-establishment of  old 
ones with the ordinance of  King John II (1336) 
and of  King Charles VI (1413). In the 17th 
century the prime minister of  King Louis XIV 
ordered the destruction of  rabbits in the royal 
forests as these animals became numerous and 
damaging. This ordinance was then cancelled 
during the French Revolution that annulled also 
the privilege of  the gentry to control the warrens 
even if  rabbits continued to be enclosed and con-
trolled in France till the Empire of  Napoleon III 
(Rogers et al., 1994).

In the 13th–14th centuries, wild rabbits 
were quite common in central and south Italy 
and were usually hunted, as evidenced by the 
numerous archaeological sites in which rabbit 
bones were identified (Callou, 2003; De Venuto, 
2009; Rizzo et al., 2012). The use of  wild rabbits 
was very frequent in Sicily where many remains 
were identified in the Medieval site of  Brucato 
(Bresc, 1980). Mitochondrial haplotypes of  the 
B lineage have been the only mitotypes identified 
in modern wild rabbits sampled in Sicily (Valvo 
et  al., 2017) in line with previous evidences of  
the spread of  O. c. cuniculus in Europe. Despite 
the reported presence of  hunted rabbits in Ital-
ian Medieval archaeological sites, rabbit meat 
was absent in Italian Middle Age recipes, sug-
gesting that this species was not a common com-
ponent of  the diet in most parts of  Italy in that 
period, probably due to the incomplete distribu-
tion in this Peninsula (Piccinni, 1982). How-
ever, its use for fur production increased. The 
painting of  the Madonna of  the Rabbit (c.1530) 
by Titian (Tiziano Vecellio) produced in Italy and 
now at the Louvre Museum is the first document 
on the appearance of  the white coat colour vari-
ant in this species.

Other coat colour varieties were reported 
by the French-Dutch philologist and historian 
Joseph Justus Scaliger (1540–1609) who men-
tioned black, yellow, blue, piebald and, again, 
white rabbits. Olivier de Serres, a French agricul-
tural scientist, in his Le Théâtre d'Agriculture 
(1606) distinguished rabbits into a few races 
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according to the type of  coat: le lapin commun 
(normal grey), le lapin riche (with grey-black- 
silver coat colour) and le lapin Angora. He also 
distinguished rabbits according to their origin or 
raising methods that give different flavour to the 
meat: warren rabbits (from the garenne) and do-
mestic rabbits; hutched rabbits and wild rabbits. 
Darwin (1868) cited Gervaise Markham who in 
1631 described coat and fur features in the rab-
bit suggesting that selection and breeding for 
fur production was already established at that 
time in England. In the same text, Darwin cited 
Aldrovandi who in 1637 described larger races. 
Van Leeuwenhoek, the inventor of  the micro-
scope, reported on the practice of  crossbreeding 
white varieties with wild rabbits to obtain coloured 
furs (more requested at that time) and arrived to 
demonstrate dominance in rabbits by using coat 
colours much earlier than Mendel’s law was  
developed (Sirks, 1959; Zeuner, 1963). This period 
might be considered the beginning of  the forma-
tion of  rabbit breeds and the consolidation of  the 
domestication of  the European rabbit.

1.2.4 World distribution of the European 
rabbit and genetic perspectives

The world distribution of  the European rabbit 
depended largely on human activities (Flux, 
1994). Both domestic and wild-type European 
rabbits have been transported in many parts of  
the world (including more than 800 islands) for 
many purposes, depending on the historical 
period in which the transfer occurred and on 
who carried out these actions: for sport, to farm 
for meat or fur production, as food for other 
animals or bait for lobster pots, to control vege-
tation, amuse tourists, and even to conserve 
representative populations from myxomatosis 
(Flux and Fullagar, 1992; Flux, 1994).

Following the early introductions in Britain 
and the development of  the warren system, wild 
rabbits slowly proceeded north to Scotland 
where they arrived in 1793 (Barrett-Hamilton, 
1912). Many other successful introductions 
contributed to the spread of  European rabbits in 
northern, central and eastern European coun-
tries, including Germany, a few islands of  Nor-
way, the south part of  Sweden, Poland, a spot in 
Lithuania and areas in the Czech Republic, 

Slovakia, Hungary, Romania, Italy and Ukraine 
and in a few Croatian islands (Flux, 1994). 
Other attempts, however, failed for several 
reasons, some of  which are unknown.

Most of  the introductions in other contin-
ents were from the O. c. cuniculus subspecies, as 
genetic stocks from this lineage were used to col-
onize Europe, which constituted the genetic reser-
voirs (of  wild, feral or domestic origin) used for 
the colonization of  many regions of  the world, 
including Australia, New Zealand and some re-
gions of  South America. However, direct evidence 
of  that is not always available as molecular gen-
etic studies have been carried out in a few popula-
tions (Zenger, 1996; Long et  al., 2003; Zenger 
et al., 2003; Emam et al., 2016; Brajkovic et al., 
2017; Valvo et al., 2017; Owuor et al., 2019).

An interesting exception in the history of  
rabbit introduction is the colonization of  the 
Portuguese Atlantic islands of  the Madeira, 
including the Porto Santo island, mentioned by 
Darwin (1868), Azorean and Canary archipel-
agos. In these islands, wild rabbits were from the 
O. c. algirus subspecies as first deduced from mor-
phological and then from molecular data, using 
polymorphisms at antibody loci, microsatellite 
and mitochondrial DNA markers (Franca, 1913; 
Gibb, 1990; Esteves, 2003; Fonseca, 2005; Fer-
rand and Branco, 2007). The introduction of  
wild rabbits in the Porto Santo island is dated 
back to the year 1418 by Bartolomeo Perestrello, 
a Portuguese navigator and explorer of  Italian 
origin (considered the first to discoverer this 
island), even if  earlier introductions probably 
occurred in the 14th century (Trouessart, 1917; 
Flux and Fullagar, 1992). The story reports that 
a single pregnant doe was released in the island 
and from it in a few years this land was populated 
by a large number of  rabbits which completely 
devastated the vegetation and led to the collapse of  
the Portuguese settlement. Darwin (1868) erro-
neously described the Porto Santo rabbit popula-
tion as an example of  speciation that occurred 
since the first introduction in historical time (de-
rived by the isolation and by the local selection 
pressure). His error was due to the fact that he 
compared the Porto Santo animals with the Eng-
lish wild rabbits, which actually derive from the 
O. c. cuniculus subspecies, and not with wild rab-
bits from the south of  Iberia.

The most explosive and damaging expansion 
of  the European rabbit occurred in Australia. 
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The first five domestic rabbits, probably silver- 
grey, were released in 1788 around Sydney. 
After, a few other importations were based on 
domestic varieties. In 1859, the release of  20 
wild rabbits imported from England at Geelong 
(Victoria) was much more effective with an 
explosion of  the number of  rabbits in the subse-
quent period and the beginning of  the geo-
graphic expansion that, after other releases that 
continued around 1870, reached an estimated 
rate of  125 km/year in New South Wales and 
300 km/year along the drainage channels in the 
Simpson Desert (Flux, 1994; Myers et al., 1994; 
Williams et  al., 1995). The expansion of  the 
European rabbit is well documented in Australia 
and followed different rates, according to the en-
vironmental conditions that this pest encoun-
tered. The economic damage that the European 
rabbit has been causing to Australia is difficult to 
estimate as this pest impacts on the endemic 
wildlife flora and fauna and on the agricultural 
economy at different levels but it could be around 
several hundreds of  millions of  dollars per year 
(Williams et al., 1995). Therefore, different counter 
actions have been experimented. The introduc-
tion of  myxomatosis in 1950 as a weapon for 
biological control drastically reduced the Aus-
tralian rabbit population that re-emerged after a 
few years from the virus outbreaks (Fenner and 
Ross, 1994; Williams et  al., 1995). The subse-
quent introduction of  rabbit haemorrhagic 
disease virus (RHDV) in 1995 caused a rapid 
decrease in the Australian rabbit population 
that then recovered (Mutze et al., 1998).

The effects of  the potential bottlenecks and 
the results of  the rabbit population dynamics in 
Australia have been genetically investigated by 
a few authors with contrasting interpretations 

that might be derived by the complexity and the 
overlapping of  events and conditions on the dif-
fusion of  the European rabbit in this country 
(Fuller et al., 1996, 1997; Zenger et al., 2003; 
Schwensow et al., 2017a; Iannella et al., 2019). 
The absence of  reduced genetic diversity ob-
served with microsatellite data analysed in Aus-
tralian populations was indicated to be derived 
by a rapid population expansion at the time of  
the establishment in Australia (Zenger et  al., 
2003). Genome-wide population analyses 
supported a history of  multiple independent 
introductions across the continent, as also dem-
onstrated by historical records, followed by re-
gional dispersal. The resulting genetic structure 
and sub-structure, with evidence for RHDV-driven 
selection, may contribute to variation across 
the country in rabbit resistance to the viral bio-
controls (Schwensow et al., 2017a, b; Iannella 
et al., 2019). The natural experimental designs 
created by the occurrence of  RHDV and myx-
omatosis made it possible to compare genome 
features of  wild rabbits that survived the infec-
tion waves against that of  wild rabbits that died 
and it was possible to obtain information of  the 
genetic mechanisms determining virus disease 
resistance (Schwensow et  al., 2017a; Alves 
et al., 2019).

Population genetic structures of  wild and/
or feral European rabbits distributed in many 
parts of  the world (Ziege et  al., 2020) and the 
possibility to track back the origin of  the Euro-
pean rabbit introductions by using DNA infor-
mation can open interesting avenues for future 
investigations that could see this generalist col-
onizer as a model in a variety of  natural environ-
mental and genetic experimentations (Thulin 
et al., 2017).
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