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a  b  s  t  r  a  c  t

We  present  an  updated  taxonomy  and  faunal  distribution  of  the micromammal  fossil  record
from the Aragonian  and  Lower  Vallesian  of the  Calatayud-Montalbán  Basin.  The  analysed
record includes  the  orders  Rodentia,  Eulipotyphla,  and  Lagomorpha.  The  pattern  of  species
turnover shows  seven  major  faunal  events,  which  are  correlated  with  major  climate  changes
based  on  marine  stable  oxygen  and  carbon  isotope  records.  Episodes  �18O Mi-2  and  Mi-3  are
significantly  correlated  with  major  micromammal  turnover  at the  boundaries  between  the
Lower  and  Middle  Aragonian  and  the Middle  and  Upper  Aragonian,  respectively.  Our  results
support  the existence  of  a selective  turnover  during  the Aragonian  and  Lower  Vallesian.

© 2015  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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r  é  s  u  m  é

Ce  travail  actualise  la  taxonomie  et  la  distribution  faunique  du  registre  fossile  des  petits
mammifères  du  bassin  de  Calatayud-Montalbán  de  l’Aragonien  au  Vallésien  inférieur.  Les
ordres  Rodentia,  Eulipothyphla  et  Lagomorpha  sont  inclus  dans  l’étude.  Le modèle  de
renouvellement  faunique  est analysé  et expliqué  en  relation  avec  les  changements  cli-
matiques  globaux.  Sept  événements  fauniques  principaux  ont  été  reconnus  et  corrélés
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aux  changements  climatiques  majeurs,  grâce  aux enregistrements  isotopiques  marins
(oxygène  et  carbone).  Les  événements  �18O Mi-2  et Mi-3  sont  significativement  corrélés
aux renouvellements  fauniques  qui  touchent  les  micromammifères,  respectivement  aux
limites  de l’Aragonien  inférieur/moyen  et moyen/terminal.  La  présente  analyse  corrobore
l’existence  d’un  renouvellement  faunique  sélectif  au  cours  de  l’Aragonien  et du  Vallésien
inférieur.

émie  d

for the Lower and Middle Aragonian. Fig. 2 summarizes
©  2015  Acad

1. Introduction

The Calatayud-Montalbán Basin (North Central Spain;
Fig. 1) has yielded a rich and comprehensive Lower to Upper
Miocene mammal  record which forms the basis of the Ram-
blian (Daams et al., 1987) and Aragonian (Daams et al.,
1977) continental stages, and the widely used local zona-
tion that has been defined in this basin (Daams et al., 1999a;
Van der Meulen et al., 2012). The area owes its importance
to a number of factors. First, there is the sheer multitude
of small mammal  localities. In the northern part of the
basin, in the vicinity of the villages of Villafeliche, Daroca,
and Nombrevilla, over 150 small mammal  assemblages
have been collected from alluvial fan and shallow-lake
deposits. These localities have been found in superposi-
tion in a series of sections, allowing good stratigraphic
control. The stratigraphic span of these localities ranges
from the Uppermost Ramblian (∼ 17 Ma)  to the upper-
most Lower Vallesian (∼ 10 Ma)  (Daams et al., 1999a; Van
Dam et al., 2014). The second important characteristic of
the area is its suitability for magnetostratigraphy, since
most of the sections preserve a good palaeomagnetic sig-
nal (Garcés et al., 2003; Krijgsman et al., 1994, 1996; Van
Dam et al., 2014). In combination with the superposition
of localities and the biostratigraphy, the magnetostratig-
raphy provides excellent time control for the major part
of the sequence. This allows straightforward correlations
and the building of palaeobiogeographical hypotheses at
the European scale (Álvarez-Sierra et al., 2013; Oliver and
Peláez-Campomanes, 2013, 2014a; Van den Hoek Ostende
et al., 2015; Van der Meulen et al., 2011).

The study of the basin also included analyses involv-
ing the long-term evolution of micromammal communities
along wide temporal periods (e.g., Daams et al., 1999c;
Van der Meulen and Daams, 1992), which have started to
increase especially over the last decade (e.g., Hordijk, 2010;
Peláez-Campomanes et al., 2015; Van Dam et al., 2006; Van
der Meulen et al., 2005).

This brings us to the third important characteristic of
the sequence, which is the homogeneity of depositional
environments. Because all localities are from alluvial fan
and shallow-lake deposits with similar sedimentation rates
(see Daams et al., 1999a for details on the sedimentology
of the studied area), the taphonomic bias is reduced to
a minimum, allowing direct comparison of assemblages.
Although a certain degree of bias cannot be excluded (e.g.,
accumulation by different types of raptors), we  can safely
assume that these will not influence the major patterns

in community changes observed in the sequence (Van der
Meulen et al., 2005). Additionally, the sampling coverage
of the sequence was calculated by Van der Meulen et al.
es  sciences.  Publié  par  Elsevier  Masson  SAS.  Tous  droits  réservés.

(2005) using the number of upper and lower first and sec-
ond molars of rodents from 96 localities of the studied area.
The cumulative curve of sample sizes of the temporally
ordered localities yields a good fit with the linear regres-
sion line (R2 = 0.98), indicating that the sections have been
sampled quite evenly (Van der Meulen et al., 2005: fig. A1).

Recent studies, dealing with different aspects of the
Calatayud-Montalbán Basin, have resulted in the propo-
sition of more refined biostratigraphic scale and new
numerical ages for the succession of fossil localities (Van
der Meulen et al., 2012; Fig. 2). All these new interpreta-
tions are based on an increased number of localities studied
(Álvarez-Sierra et al., 2003; López-Guerrero et al., 2011),
new magnetostratigraphic information (Garcés et al., 2003;
Van Dam et al., 2014), and recent important revisions
on micromammal groups recorded in the basin (García-
Paredes, 2006; García-Paredes et al., 2009, 2010; Hordijk,
2010; López-Guerrero, 2014; López-Guerrero et al., 2008,
2013, 2014a, 2014b; Oliver, 2015; Oliver and Peláez-
Campomanes, 2013, 2014b; Van den Hoek Ostende and
Furió, 2005; Van den Hoek Ostende et al., 2009, 2012; Van
der Meulen et al., 2003).

Here, we use all new information to present an updated
framework for the evolution of the Aragonian and lower
Vallesian faunas in the Calatayud-Montalbán Basin and to
identify possible global environmental factors that may
have triggered faunal changes.

2. The small mammal  fossil record from the
Aragonian and Vallesian of the
Calatayud-Montalbán Basin

The fossiliferous localities included in this study come
from three main areas (Fig. 1); starting from the north-
western margin of the basin: the Armantes area (near
Calatayud), the Villafeliche-Manchones area, and the
Daroca-Nombrevilla area (Daams and Freudenthal, 1988;
Daams et al., 1999a, 1999b; De Bruijn, 1967; López-
Guerrero et al., 2011; Van Dam et al., 2014; Van der Meulen
et al., 2012).

Since the last synthesis by Daams et al. (1999a), which
involved the rodents exclusively, the published informa-
tion on the small mammals from the Aragonian and Lower
Vallesian of the Calatayud-Montalbán Basin has increased
considerably. In this way, Van der Meulen et al. (2012) pro-
vided an important update in the taxonomical information
the most recent taxonomical and biostratigraphical infor-
mation published on the Aragonian and Lower Vallesian
from the Calatayud-Montalbán micromammal fossil record
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Fig. 1. Geographical situation and synthetic geology of the Calatayud-Montalbán Basin, indicating the main areas included in this study (Armantes,
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illafeliche-Manchones, and Daroca-Nombrevilla).
ig. 1. Situation géographique et géologie synthétique du bassin de Calata
illafeliche-Manchones et Daroca-Nombrevilla).

Álvarez-Sierra et al., 2003; García-Paredes, 2006; García-
aredes et al., 2009, 2010; Hordijk, 2010; López-Guerrero,
014; López-Guerrero et al., 2011, 2013, 2014a, 2014b;
liver, 2015; Oliver et al., 2009a, 2009b; Oliver Pérez et al.,
008; Van Dam et al., 2006, 2014; Van den Hoek Ostende
nd Furió, 2005; Van den Hoek Ostende et al., 2009, 2012;
an der Meulen et al., 2003).
The increase on the palaeontological information was
ccompanied by new magnetostratigraphical data, provid-
ng new numerical ages for this period (Garcés et al., 2003;
an Dam et al., 2014).
ntalbán, avec les principales régions incluses dans cette étude (Armantes,

2.1. The Lower Aragonian

Since its redefinition by Daams et al. (1987), the Lower
Aragonian includes the Biozones B and C (∼ 17.00 Ma,
∼ 15.93 Ma). It is characterized by high relative abundance
and species richness of glirids combined with the pres-
ence of representatives of the eomyid genus Ligerimys.

Compared to the previous stage, the Ramblian, there is
not a strong faunal rupture; most of the rodent genera
recorded from Ramblian localities persist in the lower Arag-
onian (only Melissiodon and Palaeosciurus are absent in the
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Fig. 2. Stratigraphic ranges of the most characteristic Upper Ramblian and Aragonian micromammal taxa from the Calatayud-Montalbán Basin, including
rodents (Cricetidae, Sciuridae, Gliridae, Eomyidae, and Castoridae), lagomorphs, and insectivores. Circles with numbers indicate main faunal events (Fe)
discussed in the text.

ssin de 

insectiv

Fig. 2. Distribution stratigraphique des taxa les plus caractéristiques du ba
(Cricetidae, Sciuridae, Gliridae, Eomyidae et Castoridae), lagomorphes et 

événements fauniques (Fe) discutés dans le texte.

Aragonian faunas from the Calatayud-Montalbán Basin).
The main difference is the regular occurrence of the so-
called “modern” cricetids in the Aragonian assemblages
(Daams et al., 1998, 1999a; Van der Meulen et al., 2012).

Within the Lower Aragonian, three different migration
events involving cricetids are clearly recognized and have
been used to define its local biozonation (Van der Meulen
et al., 2012). The first regular occurrence of Democricetodon
is used to define the base of the Aragonian and its low-
est biozone (Zone B). The Zone Ca is recognized by the
presence of the genus Megacricetodon combined with
Democricetodon decipiens. In this zone, the progressive
depletion of glirid species started, which continues across
the Lower Aragonian (Praearmantomys crusafonti,  Arman-
tomys jasperi,  and Simplomys robustus). Most of these taxa
had survived the Ramblian-Aragonian boundary, and their
association is typical for Iberian Early Miocene faunas.
Across Zone Cb, the decrease in glirid species continues.
The cricetids increase in species richness with the entrance
in the basin of a second lineage of Democricetodon of small
size (D. franconicus) and the genus Eumyarion.  The arrival

of these cricetids, which present affinities with the central
European representatives, co-occur with the first occur-
rence of a second Prolagus lineage (P. vargasensis). Across
the zones Ca and Cb there is a momentary occurrence of
Calatayud-Montalbán pour le Ramblien terminal et l’Aragonien. Rongeurs
ores sont pris en compte. Les cercles numérotés indiquent les principaux

the heterosoricid shrew Heterosorex. For the first time dur-
ing the Early Aragonian, the assemblages are dominated
by eomyids (Ligerimys ellipticus) and cricetids instead of
eomyids and glirids.

2.2. The Middle Aragonian

The Middle Aragonian includes the Zones Da to E, from
∼ 15.93 Ma  to ∼ 13.78 Ma,  (Daams et al., 1999a; Van der
Meulen et al., 2012). In central Spain, it represents a period
of low richness in rodent species, with cricetids as the
most abundant group, while the genus Ligerimys, dom-
inant during the Ramblian and Lower Aragonian, went
extinct. At the same time, the Talpidae, represented since
the Ramblian by the genus Desmanodon, disappear from
the area, as does the small gymnure Galerix symeonidisi.
The glirids show low relative abundances; Microdyromys
increases in relative abundances compared to the glirids
of simpler dental pattern, which were dominant through
the Early Miocene in the Iberian Peninsula. The begin-
ning of the Middle Aragonian includes a period of high

turnover with quick replacement of species, some of them
with very short distributions. This rapid substitution of
species is reflected in the short duration of the two
first biozones, Da and Db, from ∼ 15.93 Ma  to ∼ 15.60 Ma
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Van der Meulen et al., 2012). Both, and especially
one Db (∼ 15.85 Ma,  ∼ 15.60 Ma), include rodent species
ith affinities with central European taxa, such as
egacricetodon vandermeuleni or Prodryomys (Oliver and

eláez-Campomanes, 2013 and García-Paredes, 2006,
espectively). Zone Dc (∼ 15.60 Ma,  ∼ 14.82 Ma) includes
he last occurrence of Atlantoxerus blacki and Spermophili-
us besanus. Microdyromys is for the first time represented
y three species in the area (García-Paredes et al., 2010).
one Dd (∼ 14.81 Ma,  ∼ 14.75 Ma)  contains impoverished
aunas with a strong dominance of cricetids. Across all Zone
d, there are three species of Microdyromys,  although the

pecies changed through time, leading to a more-complex
ental pattern at the end of the biozone (García-Paredes
t al., 2010). The upper part of Zone Dd is also charac-
erized by an increase in the diversity of glirids with the
rst occurrence of Pseudodryomys rex,  Tempestia ovilis and
uscardinus thaleri.  For a short period of time, Keramidomys

s recorded in the basin. This genus was a common repre-
entative in Middle Aragonian faunas from central Europe
Kälin and Kempf, 2009; Van der Meulen et al., 2011).
he end of the Middle Aragonian includes the extinc-
ion of a high proportion of the most characteristic taxa
or the Early and Middle Aragonian. In this way, dur-
ng the Zone E (∼ 14.75 Ma,  ∼ 13.78 Ma), Pseudodryomys
bericus, Simplomys simplicidens, Microdyromys legidensis-
oenigswaldi, and the lineage Democricetodon hispanicus-D.
acombai have their last occurrences in the basin. The bio-
one includes the first occurrence of Cricetodon (Cricetodon
oriae) and Heteroxerus grivensis, which represents the third
eteroxerus species co-occurring in this biozone.

.3. The Upper Aragonian

As pointed out by Van der Meulen et al. (2005), the
odent faunas from the Upper Aragonian represent a dif-
erent community to that previously recorded in the area.
here are new important taxa that characterize this time
nterval and have their first occurrences. The cricetids are
till the dominant group with relative abundances usu-
lly higher than 75%. Across the Upper Aragonian, the
pecies richness of glirids increases, although their rela-
ive abundance remained low. The biostratigraphy of this
eriod is mainly based on the evolutionary degree of the
egacricetodon ibericus lineage combined with the pres-

nce of representatives of small-sized Megacricetodon. In
ddition to the Megacricetodon evolution, López-Guerrero
t al. (2013, 2014a, 2014b) have recently showed the
mportance of the evolution of the representatives of the
ribe Cricetodontini for the biostratigraphy. In this way,
he Zone F (∼ 13.78 Ma,  ∼ 13.62 Ma)  can be recognized
y the presence of Megacricetodon rafaeli and Cricetodon
ansaniensis. The representatives of the M.  ibericus lineage
n Zone G1 show the same evolutionary degree than in the
revious zone. However, Zone G1 (∼ 13.62 Ma,  ∼ 13.27 Ma)
an be easily recognized by the presence of Megacricetodon
inor and Cricetodon jotae, a smaller and more advanced

ricetodontini (López-Guerrero et al., 2014b). The next

ocal biozone, Zone G2 (∼ 13.27 Ma,  ∼ 13.00 Ma), maintains
he same micromammal structure as the previous one, con-
inuing the increase of species of glirids present and the
vol 15 (2016) 781–789 785

sporadic presence of the eomyid Eomyops. The first occur-
rence of the insectivore Turiasorex pierremeini is within this
zone. The cricetids are very abundant, with Megacricetodon
crusafonti as the most characteristic and abundant taxon.

Approximately the second half of the Upper Aragonian
corresponds to the Zone G3 (∼ 13.00 Ma,  ∼ 11.26 Ma). This
long zone represents a transition towards the Vallesian
faunas. In the basin, common taxa such as Armantomys,
Paraglirulus, Lagopsis, and Galerix went extinct during this
biozone. There are noticeable morphological changes in
the Democricetodon and Megacricetodon lineages that have
been used to recognize different species. Also notable is
the achievement of the ‘Hispanomys evolutionary degree’
in the representatives of the tribe Cricetodontini. Although
this tribe is not very abundant across this biozone, its
representatives had an important turnover involving four
species (López-Guerrero, 2014; López-Guerrero et al.,
2014a, 2014b). Zone G3 also includes the re-entry of the
castorids in the Calatayud-Montalbán Basin, after a time
interval of absence spanning ∼ 7 Ma  (Álvarez-Sierra et al.,
2003; López-Guerrero et al., 2007), and the first appear-
ance of the gymnure Parasorex.  Álvarez-Sierra et al. (2003)
pointed out that representatives from other northern Span-
ish basins enter in the upper half of the Zone G3. These
results, indicating a decrease in isolation among differ-
ent basins, have been further supported by López-Guerrero
et al. (2008) studying the Cricetodontini and, also, by Abella
et al. (2012) with carnivores.

2.4. The Lower Vallesian

Zone H was defined by Daams and Freudenthal (1988)
based on the presence of Megacricetodon ibericus. Álvarez-
Sierra et al. (2003) informally used the co-occurrence of
latter species and Hispanomys to define Zone H. Never-
theless, López-Guerrero et al. (2008, 2014b), demonstrated
the presence of Hispanomys representatives already in G3
localities. Therefore, Van Dam et al. (2014) implicitly mod-
ified that informal definition of the Zone H using, as lower
boundary, the first occurrence of Hispanomys nombrevillae.
According to Van Dam et al. (2014), the age of the lower
boundary of Zone H could be older than 11.2 Ma,  imply-
ing that it was  about 500 ky before the first Hippotherium
record in the basin at the Nombrevilla classic locality. This
new way to define the Zone H therefore implies, as pre-
viously pointed out by Álvarez-Sierra et al. (2003), that
the change towards ‘Vallesian’ micromammal faunas was
already achieved in the upper part of the Aragonian.

The upper parts of the sections in the Daroca-
Nombrevilla area correspond to the Zone I. The faunas of
this period show strong differences with previous ones by
the absence of members of the Megacricetodon ibericus lin-
eage (the most abundant and characteristic lineage of the
Upper Aragonian) and the presence of Cricetulodon. The
glirid Ramys has also been considered as a typical genus for
Zone I in the Calatayud-Montalbán Basin. However, after
the study of the material available from the Cañada local-

ities, a recently published stratigraphic section near the
Carrilanga one, this taxon has been recorded associated
with H. nombrevillae, indicating that its first occurrence
in the basin predates the replacement of the Hispanomys
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forms (López-Guerrero et al., 2011). Around the same time,
moles, now represented by Desmanella, also return to the
basin (Van den Hoek Ostende et al., 2012). The uppermost
part of this biozone contains the first occurrence of the
murid Progonomys, the regular presence of which defines
the lower boundary of the Upper Vallesian (10 Ma,  Van Dam
et al., 2014).

3. Micromammal turnover in Miocene of the
Calatayud-Montalbán Basin and their correlation to
global climatic changes

3.1. Tripartite division of the Aragonian

An extensive discussion on the tripartite division of
the Aragonian and the history of the different definitions
were summarized by Daams et al. (1999a). These authors
justified the division used till now by the short duration
of some of the biozones, which indicated a high replace-
ment of species. In this way, they placed the boundary
between Lower and Middle Aragonian at the base of Zone
Da (∼ 16 Ma), and the boundary between Middle and Upper
Aragonian at the base of Zone F (∼ 13.8 Ma). Therefore, in
the Calatayud-Montalbán Basin, the three important faunal
intervals recognized (Fig. 2) are:

• the Early Aragonian, characterized by a high diversity
and relative abundance of endemic Spanish glirids, com-
bined with the progressive presence of modern cricetids
coming from the east;

• the Middle Aragonian, characterized by the decline of
glirids and the rise of cricetids, with communities that
are relatively poor in micromammal species;

• the late Aragonian, characterized by an increase in
species richness but still with a clear dominion of
cricetids (Van der Meulen and Daams, 1992; Van der
Meulen et al., 2005).

Thus, the two limits on the Aragonian subdivisions
correspond to two of the major changes. The first one corre-
sponds to the start of the cricetid dominion over the glirids
and eomyids (Fe 2 on Fig. 2), and the second one to the
community reorganization (Fe 5 on Fig. 2) pointed out by
Van der Meulen et al. (2005).

Three characteristic global climatic conditions, based
on stable isotopes (Fig. 3), have been proposed for the
period equivalents to Aragonian and Early Vallesian ages
(Cramer et al., 2009; Miller et al., 1991, 1998; Zachos et al.,
2001). The Miocene Climatic Optimum (MCO), an interval
between 17 and 15–14.5 Ma  (Mudelsee et al., 2014; Zachos
et al., 2001) characterized by high temperatures and, in
general, more humid environments (Zachos et al., 2001).
The Middle Miocene Climate Transition (MMCT), between
15–14.5 Ma  and ∼ 13.8 Ma  (Holbourn et al., 2007; Mourik,
2010; Mourik et al., 2011; Mudelsee et al., 2014), represents
the beginning of the cooling trend of the Neogene (Mourik

et al., 2011). The end of the MMCT  marks the onset of the
so-called “Icehouse”, a cold period during which an expan-
sion of the Antarctic ice volume took place (Holbourn et al.,
2007; Zachos et al., 2001).
evol 15 (2016) 781–789

The beginning of the Aragonian (Fig. 2, Fe 1) coincides
with the onset of the MCO  around 17 Ma  (Mudelsee et al.,
2014; Zachos et al., 2001). At that time, glirids were an
important quantitative component of the rodent associa-
tions (García-Paredes, 2006; Van der Meulen et al., 2005).
The components of these communities are residents, which
appear to be predominantly open country dwellers (Daams
et al., 1999c; Van der Meulen et al., 2005). Hordijk (2010)
pointed out that, in the Calatayud-Montalbán Basin, Zone B
is dominated by herbivores, especially Lagopsis penai. Their
dominance could indicate the presence of open landscapes
at that time, as was  also noted by Van der Meulen and
Daams (1992).

The faunal change that occurred between the Lower and
Middle Aragonian (Fig. 2, Fe 2), involving the beginning of
the dominion of cricetids over the eomyids and glirids, is
included within the MCO  and the Monterrey Carbon Excur-
sion (Fig. 3). It corresponds approximately with the Mi2
Oxygen isotope zone of Miller et al. (1991) that represents
a relative cooling period within the warm conditions of the
MCO  (Fig. 3).

The strongest taxonomical turnover is marked by the
collapse of the Early and Middle Aragonian community
(Fig. 2, Fe 5) and their replacement by a new community
(Daams et al., 1999a, 1999c; Hordijk, 2010; Van der Meulen
and Daams, 1992; Van der Meulen et al., 2005). In the gen-
eral context, this corresponds approximately with the end
of the MMCT  (Fig. 3), marked by the Mi-3 of Miller et al.
(1991), which is a major step in the Middle Miocene cli-
matic cooling (Mi-3b in Abels et al., 2005). The new Upper
Aragonian community is defined by the presence of a new
set of sciurids and cricetids together with glirids associ-
ated to woodlands replacing the old resident open-land
dwellers (Van der Meulen et al., 2005).

3.2. Correlation between climatic changes and local
biozonation

Van Dam et al. (2006) studied this relationship between
climate and rodent turnover, detecting turnover cycles of
2.4–2.5 and 1.0 over a long record of more than 20 Myr
based on the rodent record from the Spanish central basins.
They calculated the statistically significant rodent turnover
peaks and related them to the major marine benthic sta-
ble oxygen isotope events and with the predicted time of
rodent turnover based obliquity and eccentricity cycles.
Hordijk (2010), at a lower scale and including lagomorphs
in the analyses, explained changes in the structure of the
small mammal  community based on their relationship with
the local effects of global changes in climate.

The refined taxonomic and stratigraphic information
available allows us to propose the correlation of smaller
faunal turnover corresponding to biostratigraphic zonal
boundaries with several global climatic changes. The dis-
cussion is not only based on the quantitative aspects, num-
ber of originations and extinctions, of the micromammal
turnover (Van Dam et al., 2006), but also on the qualitative

ecological preferences of the taxa (Van der Meulen et al.,
2005), which help us to interpret the patterns of change.

The first of these smaller faunal turnovers that could
be correlated with climatic changes is at the base of Zone
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Fig. 3. Simplified scheme of global climatic conditions based on stable isotopes for the period equivalents to Aragonian and Early Vallesian ages. Circles
with  numbers indicate main faunal events (Fe) discussed in the text.
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odified after Cramer et al. (2009) and Mourik (2010).

d (Fig. 2, Fe 3), and approximately corresponds to the
i-2a at the beginning of the MMCT  and the carbon iso-

ope decrease (Cramer et al., 2009) shown on Fig. 3. This
as the onset of a presumably dryer period in the basin,

eading the extinction of common taxa that where gener-
lly frequent in environments considered as more humid,
uch as Spermophilinus and Eumyarion (Casanovas-Vilar
nd Agustí, 2007).

Another important faunal turnover, but more gradual
han the one discussed above, is that occurring across the
nd of Zone Dd and the beginning of Zone E (Fig. 2, Fe 4). The
eneral climatic trend is towards colder temperatures and
his could promote the migration of northern representa-
ives that enter the central Spanish basins for the first time.
he transition between Dd and E faunas can be related to
he oxygen isotopic zone Mi-3a (Fig. 3) correlated to the
ase of the chron C5.Acr (Abels et al., 2005). This event
ould not be differentiated by Van Dam et al. (2006) from
he turnover detected at the end of the Middle Aragonian
ue to the coarser taxonomical resolution of the data.

As discussed above, Zone G3 shows important commu-
ity changes although there is not a high turnover rate
estricted to a shorter period (Fig. 2, Fe 6). There are two
mportant events within this zone such as the re-entry of
he castorids into the basin after more than 7 Ma  of absence
Álvarez-Sierra et al., 2003; López-Guerrero et al., 2007)

nd the entrance of northern species of Hispanomys and
arnivores into the basin (Abella et al., 2012; Álvarez-Sierra
t al., 2003; López-Guerrero, 2014). The latter turnover
vent could be related to Mi-5 at the base of chron C5r.2r.
ques aux périodes équivalentes à l’Aragonien et au Vallésien basal. Les
ans le texte.

Finally, there is an important turnover between Zones
H and I, as pointed out by Álvarez-Sierra et al. (2003) and
Van Dam et al. (2014), characterized mainly by the replace-
ment of the large representatives of Democricetodon and
Megacricetodon by the new immigrant Cricetulodon. This
replacement may  be correlated to Mi-6 (Fig. 3), situated at
the lower part of chron C5N (Miller et al., 1998) with an
approximate age of 10.45–10.35 Ma  (Van Dam et al., 2006).

4. Final remarks

The seven intervals of faunal turnover detected in the
small mammal succession in the Calatayud-Montalban
Basin, based on quantitative calculations of origination
and extinction of taxa (Van Dam et al., 2006) and the
qualitative ecological preferences assigned to the different
taxa recorded (Van der Meulen and Daams, 1992; Van der
Meulen et al., 2005), are confidentially correlated to main
features in the stable marine oxygen and carbon isotope
records. This correlation indicates that, even though inter-
actions between community members are theoretically
very important for the establishment of the community
structure and turnover, the strongest changes in the micro-
mammal  turnover pattern are explained by the local effects
of global changes in climate.

The analyses carried out on the assemblages from the

Calatayud-Montalbán Basin have shown the existence of a
selective turnover during the Aragonian and Lower Valle-
sian, as pointed out already by Van der Meulen and Daams
(1992) and Van der Meulen et al. (2005). As discussed
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throughout this work, there is a correspondence between
the direction of the climatic changes and the associated
taxa that originate or went extinct in the basin.

In addition to the major changes in community com-
position, the revised taxonomy of many micromammal
groups has shown a progressive morphometric change
in many lineages; such as, the lineages Democricetodon
hispanicus-D. lacombai and D. franconicus-D. crusafonti,
which show size increase and parallel evolution during
their stratigraphical range (Van der Meulen et al., 2003), the
glirid genus Simplomys across the Lower and Middle Arag-
onian (García-Paredes et al., 2009), also with changes in
size and morphology, or the lagomorph Lagopsis (Hordijk,
2010).

Apart from the turnover of species, most of these global
climatic changes also induced important morphological
and metrical changes of micromammal taxa (Peláez-
Campomanes et al., 2015; Van der Meulen et al., 2003).
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(Province of Zaragoza, east Central Spain). C. R. Palevol 11,
495–506.

Van den Hoek Ostende, L.W., Mayda, S., Oliver, A., Madern, A.,
Hernández-Ballarín, V., Peláez-Campomanes, P., 2015. Aliveri revis-
ited, a biogeographical appraisal of the Early Miocene mammals from
the eastern Mediterranean. Palaeobiol. Palaeoenv. 95, 271–284.

Van der Meulen, A.J., Daams, R., 1992. Evolution of Early-Middle Miocene
rodent faunas in relation to long-term palaeoenvironmental changes.
Palaeogeogr. Palaeoclimatol. Palaeoecol. 93, 227–253.

Van der Meulen, A.J., Peláez-Campomanes, P., Daams, R., 2003. Revision of
medium-sized Cricetidae from the Miocene of the Daroca-Villafeliche
area in the Calatayud-Teruel basin (Zaragoza, Spain). In: López-
Martínez, N., Peláez-Campomanes, P., Hernández Fernández, M.  (Eds.),
En torno a Fósiles de Mamíferos: Datación, Evolución y Paleoambiente.
Coloq. Paleontol. Vol. Extr. 1, 385–441.

Van der Meulen, A.J., García-Paredes, I., Álvarez-Sierra, M.A., Van den
Hoek Ostende, L.W., Hordijk, K., Oliver, A., López-Guerrero, P.,
Hernández-Ballarín, V., Peláez-Campomanes, P., 2011. Biostratigra-
phy  or biochronology? Lessons from the Early and Middle Miocene
small Mammal  Events in Europe. Geobios 44, 309–321.

Van der Meulen, A.J., García-Paredes, I., Álvarez-Sierra, M.A., Van den Hoek
Ostende, L.W., Hordijk, K., Oliver, A., Peláez-Campomanes, P., 2012.
Updated Aragonian biostratigraphy: small mammal distribution and
its  implications for the Miocene European Chronology. Geol. Acta 10,
159–179.

Van der Meulen, A.J., Peláez-Campomanes, P., Levin, S.A., 2005. Age struc-

ture, residents, and transients of Miocene rodent communities. Am.
Nat. 165, E108–E125.

Zachos, J.C., Pagani, M.,  Sloan, L., Billups, K., Thomas, E., 2001. Trends,
rhythms, and aberrations in global climate 65 Ma  to present. Science
292, 686–693.

http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0125
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0130
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0135
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0140
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0145
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0150
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0155
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0160
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0165
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0170
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0175
dx.doi.org/10.1029/2010PA001981
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0185
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0190
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0195
dx.doi.org/10.4202/app.00099.2014
dx.doi.org/10.4202/app.00099.2014
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0205
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0210
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0215
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0220
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0225
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0230
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0235
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0240
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0245
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0250
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0255
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0260
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0265
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0270
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0275
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0280
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290
http://refhub.elsevier.com/S1631-0683(15)00217-1/sbref0290

	The Aragonian and Vallesian high-resolution micromammal succession from the Calatayud-Montalbán Basin (Aragón, Spain)
	1 Introduction
	2 The small mammal fossil record from the Aragonian and Vallesian of the Calatayud-Montalbán Basin
	2.1 The Lower Aragonian
	2.2 The Middle Aragonian
	2.3 The Upper Aragonian
	2.4 The Lower Vallesian

	3 Micromammal turnover in Miocene of the Calatayud-Montalbán Basin and their correlation to global climatic changes
	3.1 Tripartite division of the Aragonian
	3.2 Correlation between climatic changes and local biozonation

	4 Final remarks
	Acknowledgements
	References


