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A B S  T R A C T 

 
The  corological evolution of the species of the subgenus Iberomys and, specifically, of Microtus cabrerae, 
are described. Iberomys appeared in the Iberian Peninsula during the Lower Pleistocene and then reached 
southern  France and Italy during the Middle Pleistocene. M. cabrerae established itself as  an Iberian 
endemic during the final glacial period and subsequently occupied South-Eastern France. This  latter 
population and those found along the Mediterranean coast survived until the Subatlantic period. Thus, it 
is concluded that Iberomys is endemic to the European sector of the western Mediterranean Basin, but 
once was found over much more of  the Iberian Peninsula, Italy and France. The  Iberian Peninsula is, 
nevertheless, fundamental in its life history as its evolutionary centre and the origin of expansions into 
other areas. On the other hand, it is possible to locate the centre of origin of the subgenus Iberomys at a 
regional scale (the Iberian Peninsula) and adapt its evolutionary cycle to a  Symmetrical  Model. The 
contraction of the range of M. cabrerae during the Holocene is not related to the Subboreal climatic crisis; 
rather, it took place during the Subatlantic and could be  related to the expansion of agriculture, which 
probably destroyed many of its habitats. Thus, this reduction in its range is anthropic in origin and could 
be  corrected by  means of appropriate management and conservation policies. 

 
 
 

1.  Introduction 
 

The appearance during the Pleistocene of refugia and speciation 
centres in the Mediterranean peninsulas, as well as the expansion 
into central and northern  Europe during the Holocene of  taxa 
originating from these areas, is  one  of the main factors that has 
contributed to the configuration of Europe’s extant biota (Blondel 
and Aronson, 1999). To  date, the study via  phylogeography or 
through  palaeontological and  archaeozoological registers, has 
centred on taxa from the North-West and centre of the continent, 
while the Mediterranean peninsulas have generally been consid- 
ered as homogenous units and not as complex systems with local- 
scale refugia (Taberlet et al.,  1998; Sommer and Benecke, 2004, 
2005, 2008). In the Iberian Peninsula this idea is being revised due 
to  studies that are  revealing its  internal phylogeographical 
complexity (Gó mez and Lundt, 2007). Even  so,  and aside from 
regional scale studies (Garrido-Garcı́a, 2008), similar progress has 
not  yet   been  made  in   the  analysis of   palaeontological and 
archaeozoological records. 

M. cabrerae is endemic to  the Iberian Peninsula and is unique 
amongst  the  genus Microtus (monogamy, K-type reproductive 
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strategy, giant X and Y chromosomes with multiple copies of the 
gene SRY; Bullejos et al., 1997; Ventura et al., 1998; Mitchell-Jones 
et al., 1999; Ferná ndez-Salvador et al., 2001). Moreover, phyloge- 
netic studies (Jaarola et al.,  2004) have revealed its  taxonomic 
isolation  from the  other  Palearctic Microtus. This   has   led   this 
species to  be  placed in  a  separate  subgenus  (Iberomys Chaline, 
1974), which is  sometimes even considered as  a separate genus 
from Microtus (Laplana and Cuenca-Bescó s, 1998). The palaeonto- 
logical record indicates that subgenus Iberomys evolved along an 
anagenetic line   composed of  Microtus huescarensis Mazo et  al., 
1985, M. brecciensis Giebel, 1874, and M. cabrerae (Cuenca-Bescó s 
et al., 2010). Today, it is one  of the most threatened of all European 
rodents, classified as Near Threatened on a world scale (Fernandes 
et al., 2008), extinct in France (Pascal et al., 2006) and vulnerable to 
extinction in  Portugal and Spain (Alves  et al.,  2006; Ferná ndez- 
Salvador, 2007). In  some Spanish regions (e.g.,  Andalusia) it is 
critically endangered (Garrido-Garcı́a et al., 2008). 

Our   aim    in   this  paper  is   to   analyse  the  biogeographical 
evolution of  M.  cabrerae during the  Pleistocene and  Holocene, 
and to provide information comparable to that which is available 
for other European mammals (Sommer and Benecke, 2004, 2005, 
2008), thereby contributing to  the knowledge of biogeographical 
changes occurring in  Europe during these epochs. Moreover, our 
intention is  to  review two fundamental questions regarding the 
evolution and origin of  the current conservation situation of  M. 
cabrerae. First,  the evolutionary process in the subgenus Iberomys 
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has  been used as a case-study in general analyses of the location of 
the centre of  origin and the spatio-temporal evolution of  fossil 
lineages (Ló pez   Martı́nez,  2003, 2009). Second, Ló pez   Martı́nez 
(2003) suggested that current problems regarding the conserva- 
tion of this species are  due to  the increased aridity of the Iberian 
Peninsula since the Subboreal period, which has  probably led  to 
the loss  of numerous populations in  southern and eastern Spain 
and intensely fragmented the remaining ones. Nevertheless, the 
data used in  these studies originates from outdated reviews 
(Ayarzagü ena  and  Ló pez   Martı́nez,  1976) and so  it is  vital to 
determine whether these conclusions can  be  maintained if  the 
findings of the last 35  years are  integrated into the analysis. 

 
2.  Material and methods 

 
2.1.  Collect and  classification of data 

 
Archaeozoological and palaeontological studies conducted in 

western Europe were reviewed for  references to  the presence of 
M. cabrerae, M. brecciensis and M. huescarensis. Data interpretation 
was often complicated by  the use  of synonyms since: 

 
• Populations from SE Iberian Peninsula were once considered to 

belong to  a  separate  species (Microtus dentatus Miller, 1910), 
which,  although  rendered  invalid  (Ayarzagü ena  and   Ló pez 
Martı́nez,   1976),  is   still   used  in   some  recent  studies  (Bon 
et al., 1991); 

• It has  been proposed that all members of the subgenus Iberomys 
should be considered as a single species (M. brecciensis) (Delgado 
Castilla et al., 1993; Ruiz  Bustos, 2000); 

• Subgenus Iberomys is  considered  as   a  separate  genus  from 
Microtus, and ‘‘I. brecciensis’’ and ‘‘I. cabrerae’’ are  used by Ló pez- 
Garcı́a (2008). 

 
All collated records were assigned to one  of these three species, 

taking as  a  standard  the  biochronology suggested by  Cuenca- 
Bescó s et al. (2010), who assign M. huescarensis to  the end of the 
Lower Pleistocene (900-700 KyBP), M. brecciensis to  the Middle 
Pleistocene and first half  of the Upper Pleistocene (700-90 kyBP), 
and M. cabrerae to the second half of the Upper Pleistocene and the 
Holocene (90-0 kyBP). As well,  records of M. cabrerae were placed 
in  ‘‘Operational Chronological Units’’  (OCU) which correspond to 
the climatic phases of the Upper Pleistocene and Holocene (Vernet, 
1997; Semah and Renault-Miskovsky, 2004). Given that for many 
fossil deposits  datings  are   indirectly based  on   industrial and 
ceramic remains, we  can  relate these paleoclimatic periods with 
the cultural phases of South-West Europe (Dennell, 1999; Riser, 
1999; Otte, 2002) and thus generate these OCUs (Table 1). 

These OCUs resemble those used by  Sommer and Benecke 
(2004), although the complexity of the Iberian Mesolithic period 
(Montes Ramı́rez,  2007) obliged us  to  group the Preboreal and 
Boreal periods in the same OCU. Likewise, the Subatlantic was also 
considered as a single phase since the lack  of data meant that any 
subdivision would have been inadequate. On the other hand, it was 
possible to distinguish between the Atlantic and Subboreal periods 

due to the clear archaeological differences present in the study area 
(neolithic-argaric cultures vs. Bronze age  cultures; Otte, 2002). 
 
2.2.  Mapping 
 

The geographical location of all the sites with presence of the 
subgenus Iberomys were determined using either bibliographical 
records  or,  whenever  such  records  were  doubtful  or   absent, 
maps (Ministerio de  Defensa, 1997 for  Spain, and Google Maps 
for the rest of Europe). The locations obtained were transformed 
into coordinates of UTM Zone  30 of the European Datum 1950 to 
a resolution of 1 m.  For the distribution maps, UTM 50 × 50  km 
grid  squares were considered to  be  the most appropriate 
resolution for  mapping animal species at continental scale 
(Mitchell-Jones et al., 1999). An Access  database was created in 
which  all  50 × 50   km   squares with  records of  the subgenus 
Iberomys species were entered  using the UTM 1 × 1  m  coordi- 
nates of each square’s central point. For  each square the 
presence/absence   of    M.    huescarensis,    M.    brecciensis    and 
M. cabrerae were indicated, and for the latter species each 
occurrence was also  associated to  an  OCU. For each species or 
OCU a map was generated using the database and a GIS created 
with ArcGIS 9 on  which, in  addition, the current distribution of 
M.  cabrerae was  shown  for comparative  purposes  (Mitchell- 
Jones et  al.,   1999,   updated  with  Ferná ndez-Salvador,  2007; 
Garrido-Garcı́a  et al.,  2008). 
 
2.3.  Analysis  of the  corological evolution of subgenus Iberomys 
 

These maps  were  used  as   a  base for   others in  which the 
mapping unit consisted of the sectors created by dividing the zones 
within the UTM squares into four  subzones (NW, NE, SW and SE). 
The    UTM   subzones   formerly  occupied   by    M.   huescarensis, 
M.  brecciensis and  currently  inhabited  by  M.  cabrerae  in  each 
OCU were counted to create a graph showing the evolution of the 
size  of the distribution area of subgenus Iberomys throughout its 
history. For the OCUs of M. cabrerae, we  began with a hypothesis 
whereby this rodent has  always inhabited its  current range, and 
then added for each period the inhabited area as indicated by the 
remains found in fossil deposits. 
 
3.  Results 
 
3.1.  General characterization of the  biogeographical history of M. 
cabrerae and  the  other species  of the  subgenus Iberomys 
 

Data on subgenus  Iberomys exists from 101  archaeological and 
palaeontological sites  located  in  69   UTM  50 × 50   km   squares 
(Table S1).  Of these, at four   sites and in  four   UTM  50 × 50  km 
squares remains of M. huescarensis have been registered, at 51 and 
in 42 M. brecciensis has  been found, and at 53 and in 38 M. cabrerae 
has  been cited. This latter taxon has  been found in 22 squares and 
15  sites from the Lower Wü rm,  11/10 from the Upper Wü rm,  9/8 
from the Preboreal-Boreal, 19/19 from the Atlantic, 9/9  from the 
Subboreal and 7/7  from the Subatlantic. 

 
 

Table 1 
‘‘Operational Chronological  Units’’ (OCU)  defined for  the Upper Pleistocene and Holocene. 

 

OCU Date  (BP) Archaeologic phase 
Early Wü rm 90.0–15.0 Mousterian, Aurignacean, Solutrean 
Recent Wü rm 15.0–10.2 Magdalenian, Azilian 
Preboreal-Boreal 10.2–7.5 Mesolithic 
Atlantic 7.5–4.5 Neolithic, Cardial, Epicardial, Argaric culture 
Subboreal 4.5–2.8 Bronze Age,  Campaniforme, Los  Millares and Palmela cultures 
Subatlantic 2.8–0.0 Iron Age,  iberic, roman and Middle Age  cultures 



J   
 

 
 

Fig.  1. A. General distribution of the subgenus Iberomys throughout its history. Grey line: northern limit of the distribution proposed by Ló pez Martı́nez (2003). B. Distribution 
of M. huescarensis. C. Distribution of M. brecciensis. D. General distribution of M. cabrerae. For  all  maps, black squares show the distribution of (sub-) fossil remains, and grey 
circles show the present-day distribution of  M. cabrerae. Scale bars: 500 km (A, C), 250 km (B, D). 

 
 

The  remains of the subgenus  Iberomys show that it was only 
found in  the Iberian Peninsula, Italy  and southern half  of France 
(Fig.  1(A)).  Each  Iberomys species has  occupied at various times 
different parts of this range. M. huescarensis appears as  a species 
endemic to the Iberian Peninsula (Fig. 1(B));  M. brecciensis has  the 
greatest range of the Iberomys species (Fig. 1(C)) and, judging from 
the distribution of  its  ancestor, must also   be  Iberian in  origin. 
Finally, M. cabrerae only appears in the French Mediterranean and 
the Iberian Peninsula, although in  this last region fossil remains 
have been found in  some areas from which it is  absent today 
(western half  of the Betic  mountains as  far  as  Gibraltar, coast of 
Valencia, Catalonia, SE France and the east of  the Duero Basin; 
Fig. 1(D)). 

On  a  more detailed scale, M. cabrerae appears as  an  Iberian 
endemic in  the Upper and Lower Wü rm  (Fig.  2(A,  B)) and only 
reaches southern France after the end of  the glacial period 
(Preboreal–Boreal; Fig. 2(C)). From that time onwards, its presence 
in  the  Iberian Peninsula has   been permanent, whereas in  the 
French Mediterranean region it has  only disappeared recently. The 
most abundant records are from the Atlantic (Asquerino and Ló pez, 
1981; Alcalde and Brunet-Lecomte, 1985; Sevilla, 1988; Michaux, 
1993; Ruiz  Bustos, 1995; Guillem Calatayud, 1995, 1999; Martı́n 
Colliga,  2000; Guillem Calatayud, 2001; Mistrot, 2001; Pé rez-Bote 
et al.,  2003; Vigne,   2003;  Arribas, 2004;  Sá nchez et al.,  2005; 
Baquedano and Laplana, 2006; Oms   et al.,  2006; Ló pez-Garcı́a, 
2008; Callou,  2010; Fig. 2(D))  and Subboreal periods (Alcalde and 
Brunet-Lecomte, 1985;  Guillem Calatayud, 1995, 1999, 2001; 
Arribas, 2004; Ló pez-Garcı́a, 2008; Jeannet and Vital, 2009; Callou, 
2010; Fig. 2(E)).  In the Subatlantic period, M. cabrerae is recorded 
from the SE Iberian Peninsula from post-argaric levels at Cabezo 

Gordo (Villena, Alicante province; Morales Muñ iz, 1990), SE France 
(up  to  Roman times; Vigne,  2003; Callou,  2010), Catalonia (Iron 
Age;  Valenzuela et al.,  2009) and the western half  of  the Betic 
mountains (sub-fossil remains less  than 2000 years old; Garrido- 
Garcı́a et al., 2010; Fig. 2(F)).  Although it has  also  been indicated 
from Atlantic-Subboreal levels (Los Millares) in ‘‘Almerı́a’’ (Engels, 
1972;  Ayarzagü ena  and  Ló pez  Martı́nez,  1976; Ló pez  Martı́nez, 
2003), the only reference for  the area obtained during our 
bibliographical review was from Subatlantic levels from the 
aforementioned site of Cabezo Gordo. 
 
3.2.  Biogeographic centre of origin  and  characterisation of the  taxon 
cycle in the subgenus Iberomys, and  origin  of the Holocene process of 
extinction in M. Cabrerae 
 

The   oldest  and  most  primitive  fossils  of   the  subgenus 
Iberomys (M.  huescarensis) and of  M. cabrerae are  found in  the 
Iberian Peninsula. Although the  evidence  is  not so  clear  for 
M. brecciensis, it is undeniable that if M. huescarensis is an Iberian 
endemic and his  ancestor, then the former could only have first 
appeared there as  well. 

On   the  other  hand, Fig.  3  shows that  the  history of  the 
subgenus   Iberomys  has    undergone  an   initial  phase  with  a 
restricted range (M. huescarensis), followed by  an  important 
expansion (M. brecciensis) and then  the contraction  in  its range 
(M.  cabrerae).  If  we   centre  the  analysis on   M.  cabrerae,   we 
observe the same pattern, with an  initial phase with a restricted 
range  (Upper and  Lower Wü rm),   followed  by  a  maximum 
expansion (from the  Preboreal to  the  Subboreal) and then  a 
progressive contraction that culminates in the current situation. 



   
 

 
 

Fig.  2. Distribution of M. cabrerae during the Lower Wü rm (A), Upper Wü rm (B), Preboreal–Boreal (C), Atlantic (D), Subboreal (E), and Subatlantic (F) periods. Same symbols as 
in Fig.  1. Scale bars: 250 km. 

 
 

This  last process started to  become apparent at regional scale 
during the  Subatlantic, with  the  extinction of  M.  cabrerae in 
Catalonia and the south of France. 

 
4.  Discussion 

 
4.1.  Biogeographical history of M. cabrerae and  the  other species  of 
the  subgenus Iberomys 

 
Our  results indicate that the subgenus  Iberomys should not be 

considered endemic to  the Iberian Peninsula and the Mediterra- 
nean coast of  France (Ibero-occitan  province;  Ayarzagü ena and 
Ló pez  Martı́nez, 1976; Cabrera-Millet et al., 1983), since its  wide- 
ranging presence in Italy  and France during the Middle Pleistocene 
means that it is,  rather, endemic to  the European part of  the 

western Mediterranean.  Nevertheless, we  should not ignore the 
importance of the Iberian Peninsula in the evolution of Iberomys, 
given that all members of this subgenus are  found there, and that 
M. huescarensis and M. cabrerae are  both either Iberian or  Ibero- 
occitan endemic species. Moreover, the Iberian Peninsula has  also 
acted as  a  refugium (at  least for  M. cabrerae during the Upper 
Pleistocene) and as  a  departure point for  expansions into other 
areas   of    western   Europe   during   the   Middle   Pleistocene 
(M. brecciensis) and beginning of the Holocene (M. cabrerae). Thus, 
this group replicates the patterns found in other Iberian taxa that 
have subsequently become integrated into the biota of the rest of 
Europe (Taberlet et al., 1998; Gó mez and Lundt, 2007). 

Beyond these general conclusions, two crucial problems remain 
to be solved. On the one  hand, the expansion of M. brecciensis from 
the Iberian Peninsula into the rest of Europe supposedly happened 
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Fig. 3. Changes in the distribution of Subgenus Iberomys at the subzone scale of the UTM squares. The lower graph indicates the number of subzones occupied in each temporal 
phase. 

 

 
during the warm humid interglacial periods of  the Middle 
Pleistocene, as  occurred in  other  taxa (Mania, 1995; Cheddadi 
et  al.,   1998;  Semah  and  Renault-Miskovsky, 2004).  Yet,   the 
mammal communities in  central and North-West Europe were 
very different in  each warm period given that they evolved after 
each glacial period as a result of different faunistic contingents and 
expansion phenomena originating in the Mediterranean Basin  and 
South-West Asia  (Rodrı́guez,  2006). In  such unstable conditions, 
we  do  not believe that M. brecciensis would have been able to 
maintain a  constant distribution for  the  660,000 years of  the 
Middle Pleistocene. By  contrast, this species’ range must  have 
undergone contractions in cold  periods (as occurred in M. cabrerae 

during the Wü rm) and (re)colonisations whose extent would have 
varied in accordance with the capacity of this rodent to  integrate 
itself into the mammal communities present in  each interglacial 
period. 

Another problem occurs with M. cabrerae. This  species lives  in 
grasslands and rush formations and these habitats cannot survive 
if average annual temperatures drop below 8 8C (Lorite et al., 2003; 
Ferná ndez-Salvador, 2007). During the most recent glacial period, 
the average annual temperatures in  the Iberian Peninsula were 
between 9 and 11 8C lower than at present (Peyron et al., 1998), 
and so  the potential distribution of this vole’s  habitats may have 
been severely reduced and fragmented. This would have given rise 



   
 

to  the appearance of  refugia in  which allopatric populations  of 
M.  cabrerae would have generated  a  complex phylogeographic 
structure with crypto-taxa that have not been detected by 
anatomical   studies   (Ayarzagü ena  and  Ló pez   Martı́nez,   1976). 
These phenomena have occurred in  other Iberian taxons (Gó mez 
and Lundt, 2007). 

Both  questions could be  further analysed by  means of a more 
intensive and detailed study of the spatio-temporal distribution of 
the subgenus Iberomys fossil record during the Middle and Upper 
Pleistocene and, in  the case of M. cabrerae, by  means of a 
determination  of  the  phylogeographic structure  of  current 
populations that would enable us  to  situate this species’ refugia 
during the Wü rm. 

 
4.2.  Location  of the  biogeographic centre of origin  and 
characterisation of taxon cycle in the  subgenus Iberomys 

 
Ló pez  Martı́nez (2003, 2009) indicates that: 

 
• It is only possible to determine the place of origin of taxa to a very 

imprecise level (to  that of a continent or  an  ocean); 
• The   expansion of  new taxa occurs much more quickly and 

unpredictably than extinction processes. 
 

Thus,  this author rejects the validity of the Symmetrical Model 
as  a  description of  a  ‘‘taxon   cycle’’  (that is,  an  initially limited 
distribution associated with its  centre of  origin, followed by  an 
expansion that continues until its whole ecological niche has  been 
occupied, and then by  a contraction that ends in  extinction) and 
proposes  an   Asymmetrical Model (the  taxon would reach its 
maximum expansion from its  origin). To support this theory this 
author  cites the subgenus  Iberomys as  an  example and describes 
the evolution of its  distribution area in  three successive phases: 
M. brecciensis, which appears almost simultaneously in the Iberian 
Peninsula, France and north-west Italy  (‘‘1 MA ago’’), M. cabrerae, 
which as  an  Ibero-occitan endemic species that appeared ‘‘6000 
years ago’’ and, finally, the current situation of this taxon, disjoint 
and restricted to the Iberian Peninsula, in what is a mere prelude to 
its  extinction. 

Our  results demonstrate that, actually, the history of  the 
subgenus Iberomys and M. cabrerae fits  the Symmetrical Model 
more closely, with an initial phase with a restricted range followed 
by an expansion and then a later contraction in its range. Moreover, 
if we take the oldest and most primitive fossils as indications of the 
centre of origin of a taxon (Ló pez  Martı́nez, 2003), the centres of 
origin of the subgenus  Iberomys and M. cabrerae are  located in the 
Iberian Peninsula. The  use  of  the subgenus Iberomys to  support 
the hypothesis of the lack  of definition of the centre of origin and 
the Asymmetrical Model is thus erroneous since its  analytic base 
(Ayarzagü ena  and  Ló pez   Martı́nez,  1976;  Cabrera-Millet et  al., 
1983) has been rendered obsolete after the great advances made in 
the knowledge of the fossil record in  the last three decades. 

 
4.3.  The origin  of the  conservation problems in M. cabrerae 

 
The  transition between the Atlantic and Subboreal periods is 

the key  period in the environmental history of the Holocene. At a 
world-wide level,  this period is characterized by the beginning of a 
colder and drier climate than during the Atlantic period, and in the 
western Mediterranean Basin  there was an expansion of semi-arid 
steppes and pine and evergreen oak forests to the detriment of the 
deciduous oak/holly formation that had dominated the landscape 
until then (Borzenkova, 1990; Carrió n et al., 2007). Nevertheless, it 
is not clear whether this change in the dominant plant communi- 
ties was due to  the more arid climate, to  the intensification of 
human activity that caused a diverse response from tree species 

whereby those better adapted to  summer drought and poor soils 
were  favoured, or  a  combination of  both  factors (Qué zel   and 
Mé dail,  2003; Carrió n  et al.,  2007). The  same problem appears 
when trying to  determine the origin of  changes detected in  the 
mammal fauna, the conclusion being that it is  very difficult to 
differentiate processes of anthropic origin from those determined 
by  climate changes (Garrido-Garcı́a, 2008). 

Ló pez   Martı́nez  (2003) suggested that  the reduction in  the 
range of M. cabrerae during the Holocene was due to the Subboreal 
climatic crisis, and considered as a proof the fact  that the extinct 
populations  of   this  rodent  in   the  South-East of   the  Iberian 
Peninsula lie  outside the current bioclimatic niche of this rodent 
(Jijona, Alicante and Almerı́a in Fig. 2(C)), but ignored the fact  that 
most of  the extinct populations that  also   appear on   the map 
(Draguignan,  Montpellier,   Carpentras,   Marseille,  Aix,   Campo 
Mayor, Beja)  were subject to  current climate conditions similar 
to  present-day populations. Therefore, they did  not live  in  areas 
that  currently are   climatically unsuitable  for  the  species. Our 
results show that, moreover, its  area of  distribution at regional 
scale did  not shrink in  parallel with the climatic crisis; rather, 
populations  retracted   much  later   and   were  intact   almost 
constantly until the Subatlantic period (Fig. 3). 

To understand the effect that this climatic crisis could have had 
on   M.  cabrerae,  it is  essential to   make a  finer  analysis of  its 
ecological requirements.  As  in  the other Microtinae, its  diet is 
based on grass stems and leaves (Soriguer and Amat, 1988). In the 
Mediterranean, characterised by an  intense summer drought, 
herbaceous plants are  only a seasonal resource and the few 
Microtinae that live  in these environments have had to adapt and 
exploit trophic resources that survive during this period of scarcity 
(Orsini and  Poitevin, 1984). Thus,   M.  cabrerae has   become an 
edapho-hygrophilous species that  depends on  habitats such as 
permanent grassland and rush communities growing on soils  with 
high groundwater  levels, which in  most cases are  fed  by 
subterranean aquifers (Soriguer et al., 2003; Ferná ndez-Salvador, 
2007; Rosá rio  et al., 2008). These hydrogeological formations are 
very resilient to climate change as the persistence for millennia of 
fossil aquifers in the Sahara desert shows (Edmunds and Wright, 
1979). Thus,  it is unlikely that the increasingly arid climate during 
the Subboreal – less  intense in  the Iberian Peninsula than in  the 
Sahara (Borzenkova, 1990) – would have had the necessary 
intensity to  completely eliminate aquifers and damp grasslands 
and rush formations at a regional scale. 

All these reasons lead us  to  rule out the possibility that the 
reduction and fragmentation of the distribution of M. cabrerae in 
the Upper Holocene could be  related to  the Subboreal climatic 
crisis; instead, this loss can probably be attributed to the expansion 
of agriculture, which remains one  of the principal problems facing 
the  species (Ferná ndez-Salvador, 2007). During the  Subboreal 
period, the first irrigation systems were developed in the Iberian 
Peninsula (Dı́az Herná ndez et al., 2000). This led to a ploughing up 
of  valley bottoms, which reached its  maximum intensity in  the 
Middle  Age  (Bertrand and  Sá nchez Viciana, 2006) and  surely 
resulted in  the destruction of many appropriate habitats for  this 
rodent.  According to  our   proposal, much of  the reduction and 
fragmentation of  the distribution area of  M.  cabrerae has   been 
caused by human activity and not by climatic changes. Therefore, it 
is possible to  prevent further extinctions of populations through 
conservation and management measures. This  is the basis of the 
strategy developed by  our  research group in Andalusia (southern 
Spain), with financial support from the regional government. 
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Bertrand, M.,  Sá nchez Viciana, J.R., 2006. L’irrigation du territoire de Guadix, les 
grandes  acequias de Sierra Nevada: l’Acequia de la  Sierra. In: Cressier, P. 
(Ed.), La maı̂trise de l’eau en Al-Andalus. Paysages, pratiques et techniques. 
Casa de Velazquez, Madrid,   pp. 1–49. 

Blondel, J., Aronson, J., 1999. Biology and wildlife of  the Mediterranean Region. 
Oxford University Press, Oxford. 

Bon,   M.,  Piccoli, G.,  Sala, B.,  1991. I  giacimenti Quaternari  di vertebrati  fossili 
nell’Italia Nord-Orientale. Memorie degli Instituti  di Geologia e Mineralogia 
dell’Universita di Padova 47,  185–231. 

Borzenkova, I.I., 1990. Climatic changes through late glacial and postglacial 16-0 ka 
BP.  In: Zubakov, V.A.,  Borzenkova, I.I.  (Eds.), Global paleoclimate  of  the late 
Cenozoic. Elsevier, New York,    pp. 251–295. 
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Ló pez Martı́nez,  N.,  2009. Time asymmetry in the paleobiogeography history of 
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pp. 145–146. 

Miller, G.S., 1910. Description of six  new European mammals. Annals and magazine 
of  natural history, series 8 10,  459–461. 

Ministerio de Defensa, 1997. Mapa Militar Digital de Españ a v. 1.5. Escala 1:250000 
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bonne-Paris I (unpublished). 

Mitchell-Jones, A.J., Amori, G., Bogdanowicz, W.,  Krystufek, B., Reijnders,  P.J.H., 
Spitzenberger, F., Stubbe, M.,  Thissen, J.B.M.,  Vohralik, V., Zima, J., 1999. The 
Atlas of  European mammals. T&AD Poyser, London. 

Montes Ramı́rez,  L., 2007. El Epipaleolı́tico  reciente o  mesolı́tico  en la  Penı́nsula 
Ibé rica. Estado de la  cuestió n.  Caesaragustana 78,  39–48. 
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interpretació n de las asociaciones de fauna de yacimientos antró picos. Trabajos 
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Soriguer, R.C., Carro, F., Má rquez, F.J., Fandos, P., 2003. Diversidad y abundancia de 
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