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a  b  s  t  r  a  c  t

Fossil  mammal  assemblages  found  in  various  localities  of  the  Italian  Peninsula  provide
significant  information  to create  a detailed  biochronological  framework  for  the  middle–late
Villafranchian  and  Epivillafranchian  of Europe  and  to  reconstruct  the  evolution  of  early
Pleistocene  terrestrial  ecosystems,  when  the earliest  dispersal  of  Homo  in  Europe  occurred.
Here,  we  provide  an  updated  critical  overview  on  three  Italian  sites  that  in the  last  few
years  have  provided  the most  interesting  information  on  this  crucial  time  interval:  Coste
San Giacomo  (Latium;  about  2.1 million  years,  Ma),  Pantalla  (Umbria;  about  1.9–1.7  Ma),
and Pirro  Nord  (Apulia;  about  1.6–1.3  Ma).
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r  é  s  u  m  é

Les  assemblages  de mammifères  fossiles  trouvés  dans  différentes  localités  de  la pénin-
sule  Italienne  fournissent  des  informations  significatives  permettant  de  créer  un cadre
biochronologique  détaillé  pour  la  période  du  Villafranchien  moyen–supérieur  et  de
l’Épivillafranchien  d’Europe,  ainsi  que de  reconstituer  l’évolution  des  écosystèmes  ter-
restres au Pléistocène  inférieur,  lors  de  la  dispersion  la  plus  précoce  de l’Homo  en  Europe.

Nous  apportons  ici une  vue  d’ensemble  critique  à jour  sur  trois  sites  italiens  qui,  ces
dernières  années,  ont  fourni  les  informations  les  plus  intéressantes  sur  cet  intervalle  de
temps crucial  :  Coste  San  Giacomo  (Latium,  environ  2, 1 Ma),  Pantalla  (Ombrie,  environ
1,9–1,7  Ma)  et Pirro  Nord  (Apulie,  environ  1,6–1,3  Ma).
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1. Introduction

Since 1991, when direct evidence of the presence of
Homo was discovered in the Caucasus, at Dmanisi (Geor-
gia) (Dzaparidze et al., 1989), the timing and pattern of
Homo dispersal and earliest occupation of Europe is the
focus of an ongoing scientific debate. Recent discoveries
in Italy, France and Spain, and the consequent increase
of available evidence suggest that humans dispersed into
western Europe during the early Pleistocene. The Italian
fossil record is of special interest for the reconstruction of
terrestrial ecosystems during this time span and also for
providing a detailed biochronological framework in which
the dispersal events of Homo and of other taxa can be
placed.

The study of the Italian Plio-Pleistocene mammal  faunas
was one of the important scientific focal points of the inter-
nationally renowned palaeontologist Augusto Azzaroli
(1920–2015).

The record from the Upper Valdarno Basin (Tuscany,
central Italy) (Fig. 1) is the basis for the taxonomic
definition of many Plio-Pleistocene (early to late Vil-
lafranchian) species and genera, as well as for the
definition of biochronological subdivisions of the continen-
tal biochronological scale that formed the bulk of Azzaroli’s
research (Azzaroli, 1977; Azzaroli et al., 1982; Azzaroli
et al., 1988). The vertebrate record from the Upper Val-
darno is unique, both in terms of amount of the fossil
remains, as well in terms of historical significance for
the impressive number of collections, built up along the
last 500 years (Rook et al., 2013). Besides the historical
collections, the fossil documentation from the Upper Val-
darno Basin considerably increased in the last decades
with the discovery of important faunal assemblages, like
those of Casa Frata in the early 1980s and Poggio Rosso
in the 1990s (Borselli et al., 1980; De Giuli and Masini,
1983; De Giuli and Masini, 1986; Napoleone et al., 2003).
Although the Upper Valdarno Basin stratigraphic sequence
also yielded small local faunal assemblages referable to
the early and middle Villafranchian (Gaville–Santa Barbara
and Montecarlo, respectively), the bulk of the collections
is referred to the early late Villafranchian, i.e. Olivola and
Tasso Faunal Units (FUs). As a matter of fact, the type local-
ity of the Tasso FU itself is located in the Upper Valdarno
Basin (“Il Tasso”, near San Giovanni Valdarno) (Rook et al.,
2013).

Recently, new data from early Pleistocene sites of the
Italian Peninsula (Fig. 1) became available thanks to the
revision of historical collections and new excavations and
field surveys. Although an early occurrence of humans has
been suggested for the karst filling deposit of Monte Peglia
(Umbria, central Italy), where an Epivillafranchian local
fauna was recorded together with a few and debatable
Mode 1 lithic tools (one chopper and four flints) (Piperno,
1972; Piperno et al., 1984), the absence of a clear strati-
graphic position of the artefacts and the uncertainty of their
attribution did not provide a clear evidence for the scien-

tific community. These artefacts and the fossil bones were
considered as coeval based on the occurrence of a ferro-
manganese patina on both of them (Piperno, 1972; Piperno
et al., 1984).
l 17 (2018) 287–295

The faunal assemblage found at Monte Peglia is referred
to the Colle Curti FU (early Biharian–Epivillafranchian),
because of the occurrence of Microtus (Allophaiomys)
nutiensis and Microtus (Allophaiomys) burgondiae (Gliozzi
et al., 1997; Sala and Masini, 2007; Van der Meulen, 1973).
Piperno et al. (1984) provide the following faunal list:
Macaca florentinus,  Felis cf. lunensis, Panthera cf. toscana,
Homotherium crenatidens, Canis cf. etruscus, Canis cf. arnen-
sis, Ursus cf. etruscus, Lepus terrarubrae, Leptobos sp., Cervus
cf. perrieri, and Hemitragus sp. among the mammals and
Falco antiquus, Corvus pliocaenus,  and Perdix palaeoperdix
among the birds. The vertebrate remains from Monte
Peglia need to be revised in detail; only the sabertooth
cat Homotherium latidens has been recently described and
discussed (Sardella and Iurino, 2012).

The earliest clear occurrence of humans in Italy is
documented at Pirro Nord (Apulia, South Italy), where
lithic artefacts have been found together with a diversified
late Villafranchian vertebrate assemblage dated around
1.6–1.3 Ma.  The Pirro Nord assemblage shares similarities
in age and composition with those from Monte Argen-
tario (Tuscany) and Pietrafitta (Umbria), referred to the
Farneta FU, where no evidence of human presence has been
documented up to now. Older faunal assemblages (approx-
imately between 2.1 and 1.6 Ma)  from Italy have been
investigated in recent years. An increasing number of data
became available from new excavations in central Italy at
Coste San Giacomo (Latium) and Pantalla (Umbria), where
diversified and well-preserved vertebrate faunas have been
found.

2. Before Homo

2.1. Coste San Giacomo (Anagni Basin, central Italy)

The site of Coste San Giacomo (CSG) was discovered
in 1978 by the archaeologist Italo Biddittu during a sur-
vey in the Anagni Basin (Fig. 1). After the discovery and
following several field seasons led by the Italian Institute
of Human Palaeontology (IsIPU) in the ensuing years, an
exploratory trench was dug in August 1990 (Bellucci et al.,
2012). A new research phase on CSG started in 2009 with a
scientific collaboration between IsIPU and the Earth Sci-
ence Department of Sapienza University of Rome. For a
better understanding of the stratigraphy and to establish
the lateral extension of the fossiliferous beds, four test
pits were dug in the same position as the previous trench.
In addition, a 46 m-deep core was drilled in 2009, a few
meters from the 1990 exploratory trench (Bellucci et al.,
2012). The fossiliferous horizon was detected in the core
at about 5 m below the ground surface. The new sedi-
mentological and palaeoecological data allowed to define
a palaeoenvironment mainly ascribable to an alluvial
plain, characterized by a marsh evolving into a floodplain
with overbank deposits and a sand-bed fluvial channel.
A multidisciplinary research was  carried out combining
palaeomagnetic data, pollen, and small vertebrate analy-
ses with the updated list of the large vertebrates (Anancus

arvernensis, Mammuthus meridionalis, Stephanorhinus sp.,
Equus aff. senezensis stelini, Eucladoceros sp., Pseudodama
cf. lyra, Croizetoceros cf. ramosus, Leptobos sp., Gallogoral
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eneghini,  Gazellospira torticornis,  Gazella borbonica,  Sus
trozzii, Hippopotamus sp., Pliocrocuta perrieri, Ursus cf. etr-
scus, Canis sp., Vulpes cf. alopecoides, Homotherium sp.,
acaca sylvanus) (Fig. 2) and ostracod analysis to better

epict the evolution of the alluvial plain in the surround-
ng landscape (Bellucci et al., 2014; Palombo et al., 2017;
trani et al., 2015). Magnetostratigraphy, pollen, and small

ammal  biochronological data have confirmed the posi-

ion of the Coste San Giacomo FU in a reversed phase
efore the base of the Olduvai Subchron, suggesting a pos-
ible age of the mammal  assemblage around 2.1 Ma.  The
d early Pleistocene sites of Italy.

éistocène inférieur d’Italie sélectionnés.

diversified CSG small mammal  assemblage has been stud-
ied in detail (Bona et al., 2015) and the following taxa
have been identified and described: Mimomys pliocaeni-
cus, Mimomys gr. tigliensis–tornensis, Apodemus sp., Sciurus
cf. warthae, Castor fiber, Hystrix refossa, Prolagus italicus,
Sorex cf. minutus, Talpa minor, Talpa sp. and Galemys kor-
mosi. The occurrence of the large vole M. pliocaenicus has

important biochronological significance. The CSG small
mammal  assemblage has provided the largest collection
in Europe of M. pliocaenicus and, for this reason, it can
be considered as a reference. Moreover, the occurrence of
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Fig. 2. Selection of vertebrate remains from Coste San Giacomo. a–h: Gazella borbonica 56692 in lateral (a) and mesial (b) views, CSG80 in lateral (c) and
mesial (d) views, CSG11-44 in lateral (e) and mesial (f) views, 981127 in lateral (g) and mesial (h) views; i–j: Mammuths meridionalis 56642 in occlusal
view; k: Canis cf. C. etruscus 931153 in buccal view. Scale bars: 2 cm.

omo. a–
), 98112
2 cm.
Fig. 2. Sélection de restes de vertébrés en provenance de Coste San Giac
vues  latérale (c) et mésiale (d), CSG11-44 en vues latérale (e) et mésiale (f
occlusale ; k : Canis cf. etruscus 931153 en vue buccale. Barres d’échelle : 

the subfamily Desmaninae is reported for the first time
in Italy.

Analyses of tooth wear patterns of ungulates from CSG
have been recently carried out (Strani et al., 2015, 2017) in
order to obtain additional palaeoenvironmental data. The
results show that the CSG area was composed by a mosaic
of steppe and woodland/wetland biomes. Evidence of such
heterogeneity is provided by the wide spectrum of feeding
behaviours found among the numerous ungulate herbi-
vores, with cervids (Pseudodama cf. lyra, Croizetoceros cf.
ramosus, and Eucladoceros sp.) exhibiting browsing-based
diets, most of the bovids (Gazella borbonica, Leptobos sp.,
and Gallogoral meneghinii)  being intermediate feeders, and
the equid Equus aff. senezensis stehlini (following Palombo
et al., 2017) showing a strict grazing behaviour. Fur-
ther taxonomical and palaeoecological analyses on CSG
and Olivola ungulates are in progress. Despite the two

assemblages share many similarities in faunal composition,
differences in taxonomy (e.g., stenonoid equids, with Equus
aff. senezensis stehlini at CSG and a large Equus stenonis at
Olivola) (Palombo and Alberdi, 2017; Palombo et al., 2017)
h : Gazella borbonica ; 56692 en vues latérale (a), mésiale (b) CSG80 en
7 en vues latérale (g) et mésiale (h) ; i–j : Mammuths meridionalis en vue

and in palaeocology (mesowear and microwear analyses,
Strani personal communication) suggest that they should
be referred to distinct time intervals and environmental
conditions.

The studies on CSG support the hypothesis that Europe
was  strongly affected by climatic deterioration during the
early Pleistocene; the substitution of browser and mixed
feeder species by open habitat grazers, was  probably a
gradual process. The palaeoenvironments of central Italy
during the early Pleistocene (Gelasian) show similarities
in climate with localities from the fossil record of France
(as Saint-Vallier) and were characterized by more wooded
areas and more humid climatic conditions than those of
coeval eastern Mediterranean assemblages (as Sesklo in
Greece) (Strani et al., 2015).

Moreover, the discovery of a single Hippopotamus sp.
fragmentary incisor coming from the 1980s field collec-

tions at CSG pre-dates to the middle Villafranchian the
arrival of this large ungulate in Europe, suggesting that
this would be only one of multiple dispersal events that
occurred during the Pleistocene from Africa into Europe.
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he incisor from CSG was  not collected during a system-
tic excavation but it comes, together with many others
solated teeth and fragments of equids and antelopes,
rom the exposed deposit bearing all the fossils of the
970–2000 campaigns. In Europe, the occurrence of Hip-
opotamus in early Pleistocene (Gelasian) sites has been
ebated in literature (Mazza and Bertini, 2013) and previ-
us discoveries of hippo remains at Senéze (France) (Mazza
nd Rustoni, 1994) and at Ellis (Greece) (Athanassiou
nd Bouzas, 2010; Reimann and Strauch, 2008; Thenius,
955) were considered with great caution because of
heir unclear stratigraphic position. Recently, Pandolfi and
etronio (2015) briefly described mandibles of hippos com-
ng from the Chiusi Basin (Tuscany, central Italy) (Cuscani
oliti, 1966). The faunal assemblage of the Chiusi Basin has
ot been studied in detail yet, but the presence of cervids
nd Gazella sp. suggests a possible attribution to the Coste
an Giacomo or Olivola FUs. Further studies will clarify the
axonomic and chronological position of the Chiusi Basin
aunal assemblage. The available data suggest that hippo
ossils are very rare in deposits around 2.0 Ma,  while it
ecomes a relatively common taxon in the European late
illafranchian (Rook and Martínez-Navarro, 2010).

.2. Pantalla (Umbria, Tiber Basin, central Italy)

The site of Pantalla was discovered in 1994 and two
alaeontological excavations were carried out in 1995 by
he “Soprintendenza per i Beni Archeologici dell’Umbria”
SBAU), with the scientific supervision of the University
f Perugia. These excavations allowed recovering about
ighty mammal  fossils in excellent state of preservation,
ncluding almost complete crania and mandibles of car-
ivorans (Fig. 3) and artiodactyls.

The site is located about 30 km south of Perugia (Fig. 1),
n the southwestern branch of the Tiber Basin, a wide exten-
ional intermontane basin that was filled mainly by clastic
lacustrine, palustrine, and fluvial) deposits since the late
liocene (Basilici, 1997). The basin encompasses approxi-
ately 1800 km2 and extends from Sansepolcro to Terni

nd Spoleto describing an “upside-down Y” shape, split-
ing in a southeastern and a southwestern branch south of
erugia. The Pantalla mammal  fauna was recovered from

 15-m-thick stratigraphic succession referred to the early
leistocene Santa Maria di Ciciliano subsyntheme. Mam-
al  remains occurred within two different levels (Gentili

t al., 1997). The first is a silty sand level interpreted
s a crevasse-splay deposit located in the middle part of
he succession. Several carnivore (Fig. 3) and herbivore
emains–especially skulls–were recovered from this level,
ainly concentrated in a very small area of about 2 m2. The

aphonomic features of this assemblage suggest that bones
ere winnowed and accumulated by fluvial transport. The

econd mammal-bearing level (about 2 m above the previ-
us one) is a drained palaeosol where plant remains (roots,
eaves, and charcoal), terrestrial gastropods, and scanty

ragmented postcranial bones of herbivore mammals were
ound. The absence of fluvial transport is evident and the
mosaic” pattern of the cracks on the bone surface suggests

 pedogenetic origin of the accumulation.
l 17 (2018) 287–295 291

The following mammal  species are identified at Pan-
talla (fossils from the two  stratigraphic levels have been
considered as belonging to the same faunal assemblage):
Apodemus cf. dominans,  Canis etruscus, Vulpes sp., Lynx
issiodorensis valdarnensis, Acinonyx pardinensis, Sus strozzii,
Pseudodama nestii, Leptobos merlai, Equus sp., Mammuthus
cf. meridionalis (Cherin et al., 2013a; Cherin et al., 2014a;
Cherin et al., 2014b; Cherin et al., in press). Of particular
relevance is the occurrence of a large-sized otter referred
to Lutraeximia umbra (Cherin et al., 2016), the type mate-
rial of which represents the only early Pleistocene Lutrinae
cranium in the Mediterranean area. The above faunal com-
position allows referring the Pantalla assemblage to the
Olivola/Tasso FUs (Gentili et al., 1997).

The taphonomic and ecological features of the site are
still under investigation. Cherin et al. (2013b) empha-
sized that despite the excellent preservation and richness
of fossils discovered, the assemblage seems to lack some
important elements of the late Villafranchian carnivore
palaeoguild such as hyaenids, possibly reflecting a reduced
prey biomass and/or diversity in respect to other Italian
sites. Surprisingly, some preliminary analyses of bite marks
identified on three crania of medium-sized carnivores
(Canis and Lynx) seem to be due to Acinonyx pardinen-
sis,  thus highlighting a very interesting case of carnivore
intraguild predation (Cherin and Iurino, 2014), which is still
under study.

3. Homo arrival in Europe: Pirro Nord (Gargano,
southern Italy)

The fossiliferous site of Pirro Nord is located in the
municipality of Apricena (Foggia, Apulia, southern Italy)
(Fig. 1) on the northwest of the Gargano Promontory and,
in the literature of the 1980s and 1990s, is known also as
Cava Pirro or Cava Dell’Erba. The site is part of a complex
interconnected karst system which includes palaeontolog-
ical and archaeological deposits (Pirro 13) exposed in huge
quarries exploiting limestones of the Mesozoic Calcari di
Bari Formation (Arzarello et al., 2007, 2012; Pavia et al.,
2012). A marine succession, composed of carbonate to sili-
ciclastic sediments (ramp to shelf sediments spanning from
the latest early Pliocene to the early Pleistocene) lies in
unconformity on the Mesozoic limestones. The marine suc-
cession is comprised between two karst cycles that are
represented, at the base, by the residual Terre Rosse with
the well-known late Miocene to early Pliocene “Mikrotia
fauna” and, at the top, by the sandy-clayey fossiliferous
deposits of the early Pleistocene Pirro FU (Pavia et al., 2012).
The early Pleistocene vertebrate assemblage comes from
the siliciclastic sedimentary filling of the karst fissure net-
work and fossils have been collected since the late 1960s
(Pieri collection, University of Bari) and reported in scien-
tific papers since the 1970s/1980s (Abbazzi et al., 1996;
Arzarello et al., 2007, 2009; De Beaumont, 1976; De Giuli
and Torre, 1984; De Giuli et al., 1986; Freudenthal, 1971;
Pavia et al., 2012). The fossil assemblage includes more than

one hundred vertebrate species.

The late Villafranchian elements of the mammal  fauna
indicate an early Pleistocene age. The geomagnetic polarity
of the sediments (Napoleone et al., 2003; Pavia et al., 2012)
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Fig. 3. Selection of carnivoran crania from Pantalla. a–c: Canis etruscus SBAU337646 in dorsal (a), ventral (b), and lateral (c) views; d–f, Acinonyx pardinensis
SBAU337624 in dorsal (d), ventral (e), and lateral (f) views; g–h, Lynx issiodorensis valdarnensis SBAU337653 in dorsal (g) and ventral (h) views; i–j :
Lutraeximia umbra SBAU337654 in dorsal (i) and ventral (j) views. Scale bar: 5 cm.

 Canis et
érale (f)
entrale 
Fig. 3. Sélection de crânes de carnivore en provenance de Pantalla. a–c :
Acinonyx pardinensis SBAU337624, en vues dorsale (d), ventrale (e) et lat
ventrale (h) ; i–j : Lutraeximia umbra SBAU337654 en vues dorsale (i) et v

further suggests a chronology preceding the Jaramillo Sub-
chron.

The assemblage is characterized by the occurrence of
the vole Allophaiomys gr. ruffoi (López-García et al., 2015;
Masini et al., 1998), a species that is indicative of the early
Biharian (micro-) Mammal  Age (Sala and Masini, 2007). The
fossil assemblage is considered one of the latest Italian Vil-
lafranchian faunas, and Cava Pirro has been designated as
the type locality of the Pirro FU (Gliozzi et al., 1997; Rook
and Martínez-Navarro, 2010; Torre et al., 2001).

The most important bioevents characterizing the Pirro
FU are the first occurrence of Equus altidens, Bison (Eobison)
degiulii and, among carnivorans, of the wild dog Xenocyon
lycaonoides, the badger Meles meles, and the weasel Mustela
palaerminea. Moreover, the Pirro FU represents the last
occurrence in Italy for some taxa of earlier origin, such
as the dirktooth cat Megantereon whitei,  the giant cheetah
Acinonyx pardinensis, and the porcupine Hystrix refossa.
Pirro Nord is peculiar also for the abundance of carnivo-
rans, both in taxon diversity and specimen number (from
the Pirro 10 site, 14 carnivoran taxa have been found)
(Pavia et al., 2012; Petrucci et al., 2013). The sabertooth
cat Homotherium latidens can be considered the best repre-
sented carnivoran at Pirro Nord, followed by the canid Canis
mosbachensis and the giant hyena Pachycrocuta brevirostris.

The Pirro 13 karst fissure (Cava dell’Erba) shows a signif-
icant vertebrate assemblage (Fig. 4) associated with lithic
artefacts attributable to Mode 1. The Pirro 13 fissure was

excavated in 2007 and 2008 by an interdisciplinary team
composed by researchers from the Universities of Ferrara,
Torino and Sapienza of Rome. Since 2012, the excavations
are carried out by a team of archaeologists of the University
ruscus SBAU337646 en vues dorsale (a), ventrale (b) et latérale (c) ; d–f,
 ; g–h, Lynx issiodorensis valdarnensis SBAU337653, en vues dorsale (g) et
(j). Barre d’échelle : 5 cm.

of Ferrara and the analysis of the lithic tools is in progress
(Arzarello et al., 2012; Arzarello et al., 2014). The lithic
assemblage is characterized by a high degree of oppor-
tunism and by the exclusive presence of debitage reduction
sequences.

The Pirro Nord vertebrate assemblage shares simi-
larities with other early Pleistocene Italian sites such
as Pietrafitta (Umbria) and Monte Argentario (Tuscany),
referred to the Farneta FU. In particular, the analysis of
the micromammal remains suggests that the Pirro Nord
and Monte Argentario sites could be very close in their
biochronology and, in general, that the differences between
the Farneta and Pirro FUs could be due more to geograph-
ical and ecological factors than to chronological changes
(Siori et al., 2014).

4. Concluding remarks

The early Pleistocene vertebrate assemblages from Italy
(Fig. 5) have a historical importance for the definition
of a biochronological framework for the Mediterranean
region, as well as for other Eurasian areas. Terms like Vil-
lafranchian and Galerian come from Italian sites and are
still widely used by vertebrate palaeontologists interested
in the Old World terrestrial faunas. The Italian territory
thanks to its geographical position, has represented, at least
from the Plio-Pleistocene transition, a crossroad between

Europe and Africa, East and West. Therefore, the Italian
fossil record can be considered of special interest for the
study of the Plio-Pleistocene terrestrial ecosystems, in par-
ticular at the time of the earliest dispersal of humans from
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Fig. 4. Selection of vertebrate remains from Pirro Nord. a: Homotherium latidens in lateral view; b–c: Stephanorhinus cf. hundsheimensis in occlusal (b) and
lateral (c) views; d–e: Pachycrocuta brevirostris G106 in right lateral (d) and left lateral (e) views; f: Praemegaceros obscurus PU 106772 in occlusal view.
Scale  bar: 5 cm.
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ig. 4. Sélection de restes de vertébrés en provenance de Pirro Nord. a, H
ues  occlusale (b) et latérale (c) ; d–e : Pachycrocuta brevirostris G106 en v
n  vue occlusale. Barre d’échelle : 5 cm.

frica to Eurasia. Evidence of the early Pleistocene occur-
ence of humans in Italy has been found at Pirro Nord,
nd in recent years an increasing number of coeval sites
rom the Mediterranean region and western Europe have
een discovered. In addition, the study of new sites and
he reappraisal of pre-existent collections provide further
ata about the terrestrial ecosystems before and after the
arliest dispersal of Homo in Europe.

The occurrence at CSG of a single hippo tooth could be
elated to an early dispersal event of large mammals from
frica around 2 Ma  ago. Moreover, the rich fossil record
iscovered at Pantalla is providing valuable information
n the taxonomy and ecology of many different species
carnivorans in particular). The transition before and after
he dispersal of Homo into Europe is well represented in
taly by the ungulate guild, with the middle and early
ate Villafranchian antelopes-Eucladoceros–Leptobos being
eplaced by the late late Villafranchian-Epivillafranchian
vibovines-Praemegaceros–Bison assemblages. The envi-
onmental context at CSG, as stated by Strani et al. (2015) (a
osaic environment with steppe and woodland/wetland

reas) is different from that reported for other similarly-

ged eastern Mediterranean localities (as Sesklo in Greece),
nd seems to be more similar to that testified by the French
ossil record (as Saint-Vallier) in this time period. The hip-
odonty and mesowear analyses on ungulate teeth from
rium latidens en vue latérale ; b–c : Stephanorhinus cf. hundsheimensis en
ale droite (d) et latérale gauche (e) ; f, Praemegaceros obscurus PU106772

Olivola suggest clear differences both in chronology and in
feeding behaviours with the CSG sample (Strani personal
communication). At Olivola, the first occurrence of Pachy-
crocuta brevirostris,  a very significant bioevent (Sardella
and Palombo, 2007), is documented together with the last
occurrence of Anancus and antelopes (Bellucci and Sardella,
2015; Sardella and Palombo, 2007). Among ungulates, dur-
ing the Olivola-Tasso transition, antelopes became extinct
and ovibovines spread, despite their remains are rela-
tively scanty in the Italian fossil record. In western Europe,
Antilopini were replaced by Ovibovini, such as Praeovi-
bos and the rare brachyodont Soergelia, better adapted to
the harshening of environmental conditions that became
evident during both cooler and warmer phases. In the
Italian Peninsula, the first record of Ovibovini is docu-
mented in the site of Casa Frata (Upper Valdarno) in the
Tasso FU (around 1.7 Ma), where De Giuli and Masini
(1983) described postcranial remains attributable to cf.
Praeovibos and Soergelia can be considered an important
biochronological marker for the second half of the early
Pleistocene in Europe. Soergelia minor is documented at
Dmanisi (Georgia) and Venta Micena (Spain), and Soergelia

brigittae at Apollonia (Greece) (Martínez-Navarro et al.,
2012, with references therein). The occurrence of Soergelia
at Monte Argentario (Tuscany) testifies the dispersal
in Italy.
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Fig. 5. Cadre biochronologique

Acknowledgments

The authors wish to thank the organizers of XIV EAVP
Meeting (6–10 July 2016, Haarlem, The Netherlands) and
are indebted to Bienvenido Martínez-Navarro and an
anonymous reviewer for the very useful comments on the
manuscript. This research has been supported by grants
from “Ricerca Universitaria 2015”, Sapienza University of
Rome (resp. R. Sardella).

References

Abbazzi, L., Benvenuti, M.,  Boschian, G., Dominici, S., Masini, F., Mezz-
abotta, C., Piccini, L., Rook, L., Valleri, G., Torre, D., 1996. The Neogene
and Pleistocene succession, and the mammal  faunal assemblages of
an  area between Apricena and Poggio Imperiale (Foggia, Italy). Mem.
Soc. Geol. Ital. 51, 383–402.

Arzarello, M.,  Marcolini, F., Pavia, G., Pavia, M.,  Petronio, C., Petrucci, M.,
Rook, L., Sardella, R., 2007. Evidence of earliest human occurrence in
Europe: the site of Pirro Nord (Southern Italy). Naturwissenschaften
94,  107–112.

Arzarello, M.,  Marcolini, F., Pavia, G., Pavia, M.,  Petronio, C., Petrucci, M.,
Rook, L., Sardella, R., 2009. L’industrie lithique du site Pléistocène
inférieur de Pirro Nord (Apricena, Italie du Sud) : une occupation
humaine entre 1,3 et 1,7 Ma.  L’Anthropologie 113, 47–58.

Arzarello, M.,  Pavia, G., Peretto, C., Petronio, C., Sardella, R., 2012. Evidence

of an early Pleistocene Hominin presence at Pirro Nord (Apricena,
Foggia, southern Italy): P13 Site. Quat. Int. 267, 56–61.

Arzarello, M.,  Moncel, M.H., Peretto, C., 2014. The Pirro Nord site (Apri-
cena, FG, Southern Italy) in the context of the first european peopling:
convergences and divergences. Quat. Int. 389, 255–263.
 the Italian selected localities.

alités italiennes sélectionnées.

Athanassiou, A., Bouzas, D.,2010. Aristotle University of Thessaloniki
Proceedings of the XIX CBGA Congress. In: New Hippopotamid finds
in  Eurotas Valley (Laconia Greece). Sci. Ann., Sch. Geol., Thessaloniki
Greece, pp. 57–62.

Azzaroli, A., 1977. The Villafranchian stage in Italy and the Plio-Pleistocene
boundary. Giornale di Geologia 41, 61–79.

Azzaroli, A., De Giuli, C., Ficcarelli, G., Torre, D., 1982. Table of stratigraphic
distribution of terrestrial mammalian faunas in Italy from the Pliocene
to the early middle Pleistocene. Geogr. Fis. Din. Quat. 5, 55–58.

Azzaroli, A., De Giuli, C., Ficcarelli, G., Torre, D., 1988. Late Pliocene to early
mid-Pleistocene mammals in Eurasia: faunal succession and dispersal
events. Palaeogeogr. Palaeoclimatol. Palaeoecol. 66, 77–100.

Basilici, G., 1997. Sedimentary facies in an extensional and deep-lacustrine
depositional system: the Pliocene Tiberino Basin, central Italy. Sedi-
ment. Geol. 109, 73–94.

Bellucci, L., Mazzini, I., Scardia, G., Bruni, L., Parenti, F., Segre, A.G., Naldini,
E.S., Sardella, R., 2012. The site of Coste San Giacomo (early Pleistocene,
central Italy): palaeoenvironmental analysis and biochronological
overview. Quat. Int. 267, 30–39.

Bellucci, L., Bona, F., Corrado, P., Magri, D., Mazzini, I., Parenti, F., Scardia,
G.,  Sardella, R., 2014. Evidence of late Gelasian dispersal of African
fauna at Coste San Giacomo (Anagni Basin, central Italy): early Pleis-
tocene environments and the background of early human occupation
in  Europe. Quat. Sci. Rev. 96, 72–85.

Bellucci, L., Sardella, R., 2015. The last Antilopini bovids in Italy. Quat. Int.
357, 245–325.

Bona, F., Bellucci, L., Sardella, R., 2015. The Gelasian (Late Villanyan-MN17)
diversified micromammal assemblage with Mimomys pliocaenicus
from Coste San Giacomo (Anagni basin, central Italy), taxonomy
and comparison with selected european sites. Hystrix 26 (2),

141–151.

Borselli, V., De Giuli, C., Ficcarelli, G., Mazzini, M.,  1980. Casa Frata: Una
località fossilifera del Villafranchiano superiore presso Terranuova
Bracciolini (Arezzo) nel Valdarno Superiore. Boll. Soc. Paleont. It. 19,
254–258.

http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0005
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0010
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0015
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0020
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0025
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0030
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0035
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0040
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0045
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0050
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0055
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0060
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0065
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0070
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0075


. Palevo

C

C

C

C

C

C

C

C

D

D

D

D

D

D

F

G

G

L

M

R. Sardella et al. / C. R

herin, M.,  Iurino, D.A.,2014. XII EAVP Meeting. In: Terrestrial carnivore
intraguild interactions: evidence from the early Pleistocene site of
Pantalla (Italy). Abstract Book, Torino, p. 41.

herin, M., Bertè, D.F., Sardella, R., Rook, L., 2013a. Canis etruscus (Canidae,
Mammalia) and its role in the faunal assemblage from Pantalla (Peru-
gia, central Italy): comparison with the late Villafranchian large
carnivore guild of Italy. Boll. Soc. Paleontol. It. 52, 11–18.

herin, M., Iurino, D.A., Sardella, R., 2013b. New well-preserved mate-
rial of Lynx issiodorensis valdarnensis (Felidae, Mammalia) from the
early Pleistocene of Pantalla (central Italy). Boll. Soc. Paleontol. It. 52,
103–111.

herin, M.,  Bertè, D.F., Rook, L., Sardella, R., 2014a. Re-defining Canis etr-
uscus (Canidae, Mammalia): a new look into the evolutionary history
of  early Pleistocene dogs resulting from the outstanding fossil record
from Pantalla (Italy). J. Mammal. Evol. 21, 95–110.

herin, M.,  Iurino, D.A., Sardella, R., Rook, L., 2014b. Acinonyx pardinen-
sis (Carnivora, Felidae) from the early Pleistocene of Pantalla (Italy):
predatory behavior and ecological role of the giant Plio-Pleistocene
cheetah. Quat. Sci. Rev. 87, 82–97.

herin, M.,  Iurino, D.A., Willemsen, G., Carnevale, G., 2016. A new otter
from the early Pleistocene of Pantalla (Italy), with remarks on the evo-
lutionary history of Mediterranean Quaternary Lutrinae (Carnivora,
Mustelidae). Quat. Sci. Rev. 135, 92–102.

herin, M.,  Masini, F., D’Allestro, V., in press. New Bovid Remains from
the early Pleistocene of Umbria (Italy) and a Reappraisal of Leptobos
merlai. J. Mamm. Evol., 10.1007/s10914-017-9421-x.

uscani Politi, P., 1966. Resti di ippopotami provenienti dalla zona di
Chiusi. Atti Acc. Fisiocr. Siena (12), 1–44 [sezione agraria, serie 2].

e Beaumont, G., 1976. Note sur quelques carnivores (Mammifères) du
Quaternaire ancient de la provincie de Foggia (Italie). Bull. Soc. Vau-
doise Sci. Nat. 74, 217–226.

e Giuli, C., Masini, F., 1983. A new element of the late Villafranchian
(Tasso unit) faunas of Italy: occurrence of Ovibovini (Bovidae, Artio-
dactyla, mammalia) in the fauna of Casa Frata (Upper Valdarno,
Tuscany). Boll. Soc. Paleont. Ital. 22, 271–280.

e Giuli, C., Torre, D., 1984. A microfauna with Allophaiomys pliocaenicus
from Gargano (Southern Italy). Palaeontogr. Ital. 73, 116–128.

e Giuli, C., Masini, F., 1986. The latest Villafranchian faunas of Italy. The
Casa Frata local fauna (Upper Valdarno, Tuscany). Palaeontogr. Ital. 74,
1–9.

e Giuli, C., Masini, F., Torre, D., 1986. The latest Villafranchian faunas of
Italy: the Pirro Nord fauna (Apricena, Gargano). Palaeontogr. Ital. 74,
51–62.

zaparidze, V., Bosinski, G., Bugiabisbili, Gabunia, L., Justus, A., Klop-
tovskaja, N., Kvavazde, E., Lordkinapizde, D., Majsuradze, G., Mgeladze,
N., Nioradze, M., Pavnelisvili, E., Schmincke, H.U., Sologasvili, D.,
Tusabramisvili, D., Tvalcrelizde, M.,  Vekua, A., 1989. Der Altpaläolithis-
che Fundplatz Dmanisi in Georgien (Kaukasus). In: Jahrbuch des
Romisch-Germanischen Zentral Museums Mainz., pp. 67–116.

reudenthal, M.,  1971. Neogene vertebrates from the Gargano Peninsula,
Italy. In: Scripta Geologica., pp. 1–10.

entili, S., Ambrosetti, P., Argenti, P., 1997. Large carnivores and other
mammal  fossils from the early alluvial plain of the Tiberino Basin
(Pantalla, Central Italy). Preliminary reports. Boll. Soc. Paleont. It. 36,
233–240.

liozzi, E., Abbazzi, L., Argenti, P., Azzaroli, A., Caloi, L., Capasso Barbato,
L.,  Di Stefano, G., Esu, D., Ficcarelli, G., Girotti, O., Kotsakis, T., Masini,
F.,  Mazza, P., Mezzabotta, C., Palombo, M.R., Petronio, C., Rook, L., Sala,
B., Sardella, R., Zanalda, E., Torre, D., 1997. Biochronology of selected
mammals, molluscs and ostracods from the Middle Pliocene to the
late  Pleistocene in Italy. The state of the art. Riv. Ital. Paleontol. S. 103,
369–388.

ópez-García, J.M., Luzi, E., Berto, C., Peretto, C., Arzarello, M.,  2015.
Chronological context of the first hominin occurrence in southern
Europe: the Allophaiomys ruffoi (Arvicolinae, Rodentia, Mammalia)
from Pirro 13 (Pirro Nord, Apulia, southwestern Italy). Quat. Sci. Rev.

107, 260–266.

artínez-Navarro, B., Sardella, R., Rook, L., Bellucci, L., Ros-Montoya,
S.,  2012. First occurrence of Dzaparidze Soergelia (Ovibovini, Bovi-
dae, Mammalia) in the early Pleistocene of Italy. Quat. Int. 267,
98–102.
l 17 (2018) 287–295 295

Masini, F., Abbazzi, L., Lippi, P., Sala, B., Torre, D., 1998. Review and new
finds of Microtus (Allophaiomys) (Rodentia, Arvicolidae) from the early
Pleistocene of the Italian Peninsula. In: Martin, R.A., Tesakov, A. (Eds.),
The  Early Evolution of Microtus, 2, pp. 78–90 [Paludicola].

Mazza, P., Bertini, A., 2013. Were Pleistocene hippopotamuses exposed to
climate-driven body size changes? Boreas 42 (1), 194–209.

Mazza, P., Rustoni, M., 1994. The fossil bear from Senèze (Southern France).
Rend. Fis. Acc. Lincei 9 (5), 17–26.

Napoleone, G., Albianelli, A., Azzaroli, A., Bertini, A., Magi, M.,  Mazzini, M.,
2003. Calibration of the upper Valdarno basin to the Plio-Pleistocene
for correlating the Apennine continental sequences. Il Quaternario 16,
131–166.

Palombo, M.R., Alberdi, M.T., 2017. Light and shadows in the evolution of
South European stenonoid horses. Fossil Imprint 73 (1–2), 115–140.

Palombo, M.R., Alberdi, M.T., Bellucci, L., Sardella, R., 2017. An intriguing
middle-sized horse from Coste San Giacomo (Anagni Basin, central
Italy). Quat. Res. 87, 347–362.

Pandolfi, L., Petronio, C., 2015. A brief review of the occurrences of Pleis-
tocene Hippopotamus (Mammalia, Hippopotamidae) in Italy. Geologia
Croatica 68 (3), 313–319.

Pavia, M., Zunino, M.,  Coltorti, M.,  Angelone, C., Arzarello, M.,  Bagnus,
C., Bellucci, L., Colombero, S., Marcolini, F., Peretto, C., Petronio, C.,
Petrucci, M.,  Pieruccini, P., Sardella, R., Tema, E., Villier, B., Pavia, G.,
2012. Stratigraphical and palaeontological data from the Early Pleis-
tocene Pirro 10 site of Pirro Nord (Puglia, southeastern Italy). Quat.
Int. 267, 40–55.

Petrucci, M., Cipullo, A., Martinez-Navarro, B., Rook, L., Sardella, R., 2013.
The late Villafranchian (Early Pleistocene) carnivores (Carnivora,
Mammalia) from Pirro Nord (Italy). Palaeontogr. Abt. A. 298, 113–145.

Piperno, M.,  1972. The Monte Peglia lithic industry. Quaternaria 16, 53–65.
Piperno, M.,  Segre, A.G., Segre, Naldini, E., 1984. Catalogue I primi abitanti

d’Europa. De Luca Ed, Monte Peglia, Umbria, pp. 115–119.
Reimann, C.K., Strauch, F., 2008. Ein Hippopotamus-Schädel aus dem

Pliozän von Elis (Peloponnes, Griechenland). N. Jb. Geol. Palaeont. Abh.
249, 203–222.

Rook, L., Martínez-Navarro, B., 2010. Villafranchian: the long story of a
Plio-Pleistocene European large mammal biochronologic unit. Quat.
Int.  219, 134–144.

Rook, L., Croitor, R., Delfino, M., Ferretti, M.P., Gallai, G., Pavia, M.,  2013.
The Upper Valdarno Plio-Pleistocene vertebrate record: an historical
overview, with notes on palaeobiology and stratigraphic significance
of some important taxa. Boll. Soc. Geol. It. 132 (2), 104–125.

Sala, B., Masini, F., 2007. Late Pliocene and Pleistocene small mammal
chronology in the Italian peninsula. Quat. Int. 160, 4–16.

Sardella, R., Palombo, M.R., 2007. The Pliocene-Pleistocene boundary:
which significance for the so called “Wolf Event”? Evidences from
western Europe. Quaternaire 18 (1), 63–69.

Sardella, R., Iurino, D.A., 2012. The latest early Pleistocene sabertoothed
cat Homotherium (Felidae, Mammalia) from Monte Peglia (Umbria,
central Italy). Boll. Soc. Paleont. It. 51, 15–22.

Siori, M.S., Boero, A., Carnevale, G., Colombero, S., Delfino, M.,  Sardella,
R.,  Pavia, M., 2014. New data on Early Pleistocene vertebrates from
Monte Argentario (Central Iitaly) and biochronological implications.
Geobios 47, 403–418.

Strani, F., DeMiguel, D., Sardella, R., Bellucci, L., 2015. Paleoenviron-
ments and climatic changes in the Italian Peninsula during the early
Pleistocene: evidence from dental wear patterns of the ungulate com-
munity of Coste San Giacomo. Quat. Sci. Rev. 121, 28–35.

Strani, F., DeMiguel, D., Sardella, R., Bellucci, L., 2017. Resource
and niche differentiation mechanisms by sympatric early Pleis-
tocene ungulates: the case study of Coste San Giacomo. Quat. Int.
[https://doi.org/10.1016/j.quaint.2017.08.064].

Thenius, E., 1955. Hippopotamus aus dem Astien von Elis (Peloponnes).
Ann. Geol. des Pays Hellenique 6, 206–212.

Torre, D., Abbazzi, L., Bertini, A., Fanfani, F., Ficcarelli, G., Masini,
F.,  Mazza, P., Rook, L., 2001. Structural changes in Italian late

Pliocene–Pleistocene large mammal assemblages. Boll. Soc. Paleont.
It 40, 303–306.

Van der Meulen, A.J., 1973. Middle Pleistocene smaller mammals from the
Monte Peglia (Orvieto, Italy), with special reference to the phylogeny
of  Microtus (Arvicolidae, Rodentia). Quaternaria 17, 1–144.

http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0090
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0080
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0085
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0095
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0100
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0105
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0110
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0115
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0120
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0125
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0135
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0130
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0140
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0145
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0150
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0155
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0160
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0165
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0170
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0175
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0180
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0185
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0190
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0195
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0200
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0205
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0210
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0215
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0220
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0225
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0230
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0235
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0240
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0245
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0250
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0255
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0260
https://doi.org/10.1016/j.quaint.2017.08.064
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0290
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0275
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280
http://refhub.elsevier.com/S1631-0683(17)30119-7/sbref0280

