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Abstract
Lizards were and still are an important component of the European herpetofauna. The modern European lizard fauna

started to set up in the Miocene and a rich fossil record is known from Neogene and Quaternary sites. At least 12 lizard and

worm lizard families are represented in the European fossil record of the last 23 Ma. The record comprises more than 3000

occurrences from more than 800 localities, mainly of Miocene and Pleistocene age. By the beginning of the Neogene, a

marked faunistic change is detectable compared to the lizard fossil record of Palaeogene Europe. This change is reflected

by other squamates as well and might be related to an environmental deterioration occurring roughly at the Oligocene/

Miocene boundary. Nevertheless, the diversity was still rather high in the Neogene and started to decrease with the onset of

the Quaternary glacial cycles. This led to the current impoverished lizard fauna, with the southward range shrinking of the

most thermophilic taxa (e.g., agamids, amphisbaenians) and the local disappearance of other groups (e.g., varanids). Our

overview of the known fossil record of European Neogene and Quaternary lizards and worm lizards highlighted a

substantial number of either unpublished or poorly known occurrences often referred to wastebasket taxa. A proper study

of these and other remains, as well as a better sampling of poorly explored time ranges (e.g., Pliocene, Holocene), is needed

and would be of utmost importance to better understand the evolutionary history of these reptiles in Europe.
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Introduction

Squamates are by far the most diverse group of reptiles

currently living on Earth, including more than 10,000

extant species of lizards, snake and amphisbaenians (Uetz

et al. 2018). They live on all continents but Antarctica and

encompass a very high diversity in terms of both

morphologies and occupied ecological niches. Among

squamates, lizards account for more than 6000 of the living

species in more than 30 families (Uetz et al. 2018). How-

ever, even though the monophyly of both amphisbaenians

and snakes has been largely confirmed (among others,

Conrad 2008; Hedges and Vidal 2009; Gauthier et al.

2012), this is not true for the lizard group, which is in fact

paraphyletic.

In the recent past, molecular divergence estimates

placed the separation between Squamata and their sister

taxon, Rhynchocephalia, in the Early–Middle Triassic, and

the origin of crown squamates in the Late Triassic–Early

Jurassic (Jones et al. 2013; but see discussion and reference

therein for previous different estimates). However, the

origin of squamates was set at the late Permian by Simões

et al. (2018), who reinterpreted Megachirella wachtleri

Renesto and Posenato, 2003 from the Middle Triassic of

the Italian Alps, Marmoretta oxoniensis Evans 1991 from

the Middle Jurassic of Britain and Huehuecuetzpalli mix-

tecus Reynoso 1998 from the Early Cretaceous of Mexico

as stem squamates. Fossils of rhynchocephalians are found

Editorial Handling: M. R. Sánchez-Villagra.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s13358-018-0172-y) contains
supplementary material, which is available to authorized
users.

& Andrea Villa

a.villa@unito.it

1 Dipartimento di Scienze della Terra, Università degli Studi di
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since the Triassic (e.g., Swinton 1939; Fraser 1982;

Whiteside 1986; Fraser and Benton 1989; Jones et al.

2013), but the oldest undisputed crown squamates known

are only Middle Jurassic in age (Rage 2013). Thus, there is

a large gap in our knowledge of the early evolutionary

history of these reptiles. A possible occurrence of lizards

from the Early Jurassic (Pliensbachian) of North America

is mentioned by Meszoely et al. (1987), but this record

cannot be confirmed due to absence of descriptions and

figures of the specimens. Middle Jurassic squamates were

found in Europe and maybe India (Rage 2013). The age of

the Indian remains is uncertain: different authors dated the

Kota Formation, from which they were collected, to dif-

ferent time ranges, extending from the Early Jurassic to the

Early Cretaceous, and these fossils might, therefore, be

either older or younger (Vijaya and Prasad 2001; Evans

et al. 2002; Prasad and Manhas 2007; Mukhopadhyay et al.

2010). The European remains, on the other hand, come

from a number of localities in England that are well dated

to the Bathonian (Evans 1998; Evans and Milner 1994;

Evans et al. 2006). These remains represent a fauna that is

already diverse, including members of different lizard

clades (Evans 1994, 1998; Evans et al. 2006; Rage 2013)

and potentially crown snakes (Caldwell et al. 2015).

Lizards are, therefore, present in what is now the

European continent since the beginning of what we know

of their evolutionary history. They remained an important

component of the European fauna since then, as is testified

by the high number of fossils found on the continent

documenting a wide variety of different morphologies and

taxa (see e.g., Rage 2013 and reference therein). The

modern European lizard fauna started to set up in the

Neogene, with the first representatives of taxa closely

related to modern ones appearing in the early Miocene

(Čerňanský 2010b; Rage 2013; Čerňanský et al. 2015).

Neogene and Quaternary fossils are, therefore, pivotal to

understand the origin and evolution of the current lizard

assemblage in Europe. They are also important because of

their closer relationships with extant taxa if compared with

Paleogene forms. Given that the distribution of reptiles is

strongly tied to environmental factors (mainly temperature;

Sears and Angilletta 2004; Vitt and Caldwell 2009), these

fossils (Quaternary ones in particular, which are commonly

referred to extant taxa) can help in understanding the

environmental changes that occurred in the past by com-

paring their occurrences with the distribution of closely

related extant taxa for which ecological requirements are

known (among others, Böhme 2003; Agustı́ et al. 2009;

Blain et al. 2009, 2013, 2014a, 2016; Villa et al. 2018a, b).

Lizard palaeontology in Europe dates back to at least the

nineteenth century and numerous extinct species and fossil

assemblages were described since then. However, these

reptiles received far less attention on the whole than other

groups of animals (mammals in particular) in the past. In

many cases, they were either just overlooked or attributed

to wastebasket taxa (see also below). For sure, this was at

least partially due also to a scarce knowledge of the com-

parative osteology of extant lizards, which hindered a clear

recognition of skeletal features potentially useful in the

identification of fossils (Villa et al. 2017a). More recently,

an increased interest in both the comparative osteology of

European lizards (Villa et al. 2017a) and their fossil record

resulted in a rise in the number of fossil lizard assemblages

described. The European lizard fossil record was reviewed

in the past as part of wider accounts that were not focused

directly on them. The classic handbook of Estes (1983) was

meant as an encyclopaedic treatment of the entire fossil

record of lizards in the world. Though exhaustive for the

time, the book is now outdated because of both advance-

ments in lizard taxonomy and new palaeontological find-

ings. More recently, lizards were also largely mentioned in

the review of European fossil squamates by Rage (2013).

Adding to these, recaps of the fossil record of particular

groups are scattered in various papers (e.g., geckos in Daza

et al. 2014; agamids in Delfino et al. 2008, and Blain et al.

2016; chamaeleons in Georgalis et al. 2016a). However, a

detailed, updated and complete summary of the entire

fossil record of lizards in Europe is still missing. To partly

solve this issue, we here provide an overview of the Neo-

gene and Quaternary component of this record. We sum-

marize and discuss the fossil occurrences of each lizard

group that was reported to have lived on the European

continent during the last 23 million years. Worm lizards

(Amphisbaenia) are also included, given that they are often

treated together with lizards in palaeontological works.

Materials and methods

To have a clear and rapidly accessible database of the

Neogene and Quaternary fossil occurrences of lizards and

amphisbaenians in Europe, we created a catalogue gath-

ering all records mentioned in the consulted literature (see

Online Resources 1, 2, 3 and 4). The structure of this

catalogue is based on the Italian Palaeoherpetological

Database created by Delfino (1997a, 2002). Entries are

represented by taxon/locality data (also known as SPLOC

data: SPecies Locality OCcurences), that is each entry is

defined by a taxon and the locality where such taxon has

been found. Other information, such as the previous iden-

tifications of the taxon, the chronological data of the

locality and the referred bibliography, were added, but,

since the catalogue is conceived as a synthetic tool, addi-

tional information was kept to the essential points. The

bibliographic references include all mentions of the related

entry, being those in published papers, conference abstracts
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or online databases. Both published material and simple

mentions were considered, since the exclusion of the latter

might have resulted in the loss of useful information related

to less studied areas as well as important taxonomic com-

ments. It has to be noted, however, that unpublished reports

must be taken with caution given that they cannot be easily

verified and are, therefore, less reliable. This is the case, for

example, for the unpublished records reported in the single

database consulted for the creation of the catalogue:

Böhme and Ilg’s (2003) fosFARbase. Bachelor or Master

degree theses were not considered because they have a very

local distribution and are often difficult to access (in con-

trast to, e.g., PhD thesis, which have a wider distribution

and are often deposited in public repositories). This is,

therefore, mainly a practical issue, rather than being due to

any intrinsic evaluation of this category of documents. The

catalogue is composed of three parts, respectively, devoted

to ‘‘Lacertilia’’, Amphisbaenia and to remains that have

been previously attributed to lizards, but are now consid-

ered not to belong to such group. It has to be noted that the

data included in the catalogue should not be considered

separately from the related references, since only by con-

sulting those references, it is possible to completely

understand the real nature of the identifications and the

possible affinities of the fossil material. This is particularly

true for occurrences referred to extant species, the identi-

fication of which might sometimes be questionable. One of

the main reasons that originate this issue is the trend to

assign fossils from (usually) young localities to extant taxa

based on a biogeographical criterion, assuming that the

species that are currently present in the proximity of the

site could also have been present there in not-so-older

times. This, flanked with misidentifications due to poor

osteological knowledge, might cause erroneous palaeo-

biogeographical reconstructions, such as in the case of the

purported stability throughout the Pleistocene and Holo-

cene of North American herpetofauna (Bell et al. 2010).

The definition of Europe follows that of Arnold and

Ovenden (2002), but excluding Madeira and the Canary

Islands.

Results

Remains of Neogene and Quaternary lizards and amphis-

baenians are rather common across Europe. To our best

knowledge, 376 papers published since 1851 (Lartet 1851;

see Fig. 1 for an account of the papers published per dec-

ade) describe or even only cite 3080 SPLOC data, dis-

tributed in more than 800 localities spanning from the early

Miocene to the Holocene (Fig. 2). A large number of these

data pertain to occurrences dated back to the Miocene,

followed by the Pleistocene ones in terms of abundance

(Figs. 3, 4). Pliocene and in particular Holocene data are

significantly less represented. At least 12 lizard and worm

lizard families are represented in the Neogene and Qua-

ternary fossil record of the continent, including both fam-

ilies that are still present in Europe nowadays and others

that are now locally absent. Taxa with uncertain phyloge-

netic relationships are also reported.

Agamidae

In this paper, we follow the broad definition of Agamidae

reported by Pyron et al. (2013), thus including Agaminae,

Amphibolurinae, Draconinae, Hydrosaurinae, Leiolepidi-

nae and Uromastycinae as subfamilies. Within the herein

considered time period, fossil agamids (Fig. 5a–f) are

reported in Europe since the early Miocene up to the Late

Pleistocene, even though they are distinctly not as common

as other groups of lizards living on the continent. In the

past, the trend was to assign all agamid findings to the

genus Agama in a wide sense (including also Laudakia and

Stellagama), which led to numerous mentions of the genus

across the continent. Even if some tentative attributions to

Laudakia are also known (e.g., in Almenara Casablanca

and Vallirana in Spain; Blain 2005, but later mentioned as

Agamidae indet., as in, e.g., Blain 2009 and Blain et al.

2016), Delfino et al. (2008) underlined that the few char-

acters used to discriminate Agama s.s. and Laudakia s.l.

most probably originated from the study of limited com-

parative material and need to be checked on larger com-

parative samples before being considered valid. More

recently, new characters useful to distinguish Laudakia,

Fig. 1 Graph illustrating the number of papers about Neogene and

Quaternary lizards and worm lizards (total number 376) published per

decade since 1851. The current decade stops at the end of June 2018.

Note that the numbers of papers published in the last 18 years

significantly outnumber those published from 1851 to 1999 (1850: 3;

1860: 2; 1870: 0; 1880: 2; 1890: 3; 1900: 3; 1910: 4; 1920: 1; 1930: 0;

1940: 4; 1950: 6; 1960: 7; 1970: 12; 1980: 47; 1990: 47; 2000: 90;

2010: 145)
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Paralaudakia and Stellagama were proposed by Smith

et al. (2016). The wide sense with which the name Agama

has been used might suggest that most of the European

Neogene and Quaternary remains could be equally referred

to as indeterminate members of the family Agamidae (or

maybe sometimes even of the subfamily Agaminae),

pending a thorough revision based on new osteological

data. It has to be noted, however, that excluding attribution

to some extant genera is sometimes possible, as is the case

for example for the agamids from the Pleistocene of Monte

Tuttavista, in Italy, which are clearly different from

Phrynocephalus and Trapelus according to Delfino et al.

(2008). The absence of detailed comparative studies of

extant and fossil forms, as well as the preservational status

Fig. 2 Neogene and Quaternary fossil lizards occurrences in Europe

Fig. 3 Lizard occurrences by age in absolute numbers (left) and percentage (right). Occurrences from Canal Negre 1 and Punta Nati 3 and 12 are

not included due to high uncertainty in their age

180 A. Villa, M. Delfino



of most of the remains, might have also contributed to the

current absence of extinct species described from the

Neogene and Quaternary of Europe.

The geographical and temporal distribution of agamids

in Europe has been briefly summarized in a recent paper by

Blain et al. (2016) as an update of Delfino et al. (2008). As

shown by the authors, a trend towards a southward shifting

of their distribution probably linked with climate changes

is evident from the Miocene onwards, starting from an

Eocene distribution that reached Belgium in the North.

During the Pliocene and even more during the Pleistocene,

agamids appear to be confined in Mediterranean countries,

Fig. 4 Number of localities with fossil lizards by age in absolute numbers (left) and percentage (right). Canal Negre 1 and Punta Nati 3 and 12

are not included due to high uncertainty in their age

Fig. 5 Agamid and chamalaeonid remains from Europe: left maxilla

(OR H VI 3/1; a–b) and right dentary (OR H VI 3/5; c–d) of Agama

s.l. from Monte Tuttavista, Italy, in lateral (a, c) and medial (b,

d) views (Delfino et al. 2008); right dentary (MGPT-PU 132081; e) of

Agamidae indet. from Verduno, Italy, in medial view (Colombero

et al. 2014); tooth-bearing bone (MGPT-PU 132438; f) of Agamidae

indet. from Moncucco Torinese, Italy, in lateral view (Colombero

et al. 2017); skull roofing bone (UU AL 3501; g–h) of Chamaeleo cf.

C. andrusovi from Aliveri, Greece, in external (g) and internal

(h) views (Georgalis et al. 2016a). Scale bars equal 1 mm
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such as Spain, Mediterranean France, Italy and Greece. The

Italian post-Miocene record is particularly scarce, with a

single occurrence in continental Italy (Early Pleistocene,

MN 17, of Montagnola Senese; Delfino, pers. obs in Del-

fino et al. 2008; note that this locality is incorrectly

included in the Pliocene range in Blain et al. 2016) and a

rather high number of remains from Monte Tuttavista in

Sardinia (Early to possibly Middle Pleistocene; Delfino

et al. 2008; Fig. 5a–d). Agamids then disappeared from

Western Europe by the end of the Early Pleistocene, with a

single dentary from Sardinia possibly representing the only

Middle Pleistocene evidence. However, Delfino et al.

(2008) acknowledged that this isolated find could be an

allochtonous intruder coming from older fissure fillings of

Monte Tuttavista. In spite of a gap in the record between

the end of the Pliocene and the present days, Greece is the

only European country still hosting agamids (namely,

Stellagama stellio) in its extant herpetofauna. The absence

of significant fossils younger than Pliocene in age from the

country, however, hinders the tracking of the origins of the

extant Greek populations, even though it might also sug-

gest a rather recent dispersal from the east or human-me-

diated introduction. Only future findings in the Greek part

of the Aegean region dating back to the Quaternary could

help to solve this issue.

A few remains previously assigned to agamids are now

not considered to pertain to the family anymore. One fossil

fragment coming from the Late Pleistocene of Tokod in

Hungary (Meszoely and Gasparik 2002) was subsequently

reassigned to a cyprinid fish by Gaudant (pers. comm. in

Rage 2013). The same applies to another purported agamid

bone fragment coming from the late Miocene of Ano

Metochi 3 in Greece (Georgalis et al. 2017a). Młynarski

(1956) tentatively identified a possible agamid fragment of

mandible from Wę _ze I (Pliocene of Poland), but later he

retracted this identification (Młynarski 1962). Judging from

the figure reported in his original paper (Młynarski 1956:

Fig. 3), the specimen is indeed different from a standard

agamid dentary in both tooth and overall morphology and

can be, therefore, considered as an indeterminate squamate.

Chamaeleonidae

European fossil chamaeleons are rather important in the

context of the poor fossil record of this family, since this

area is one of the richest worldwide in term of remains

attributable to these lizards (Böhme and Ilg 2003; Bolet

and Evans 2013a; Georgalis et al. 2016a). Central Europe,

in particular, has yielded an unexpectedly high number of

Neogene chamaeleon fossils, if compared with the very

scanty palaeontological record of the family in the rest of

the world (even though this can be caused simply by a less

extensive systematic research activity in Africa and Asia).

This scant nature of the record holds true for the rest of

Europe also, where just very few occurrences are reported

(one from Greece, one from Serbia and two from Spain).

All but one of the occurrences come from early–middle

Miocene localities, spanning from MN 3 to MN 7. The

single post-Miocene occurrence is represented by remains

coming from the Holocene site of Cueva de la Victoria,

near Málaga in southern Spain (Talavera and Sanchiz

1983), and attributed to the extant species Chamaeleo

chamaeleon, still living in the area. Because of the scarce

information given by the fossil record, it is not clear when

and why the Neogene species disappeared from the conti-

nent and when the single autochthonous extant European

species (namely, C. chamaeleon) spread into the country.

Six extinct European species have been described, all of

them belonging to the genus Chamaeleo: Chamaeleo

andrusovi Čerňanský 2010a, Chamaeleo bavaricus Schle-

ich 1983, Chamaeleo caroliquarti Moody and Roček 1980,

Chamaeleo pfeili Schleich 1984, Chamaeleo simplex Sch-

leich 1994 and Chamaeleo sulcodentatus Schleich 1994.

Čerňanský (2010a, 2011) considered both C. caroliquarti

and C. pfeili as nomina dubia, because they are based only

on fragmentary tooth-bearing bones lacking clear autapo-

morphic features allowing the identification of new species.

A similar argument may hold true for C. simplex and

C. sulcodentatus too, which in turn have been described

based on fragmentary remains, but a revision of the type

material is needed to clarify this.

Because of the poor fossil record of European chamae-

leons on the whole, the known geographic range of most of

the described extinct species is scarcely understood. Most

species are known only from one or a few localities very

close to each other. So far, C. simplex has been recorded

only from the type locality, the German site of Randecker

Maar, whereas the occurrences of C. bavaricus, C. pfeili

and C. sulcodentatus are limited to southern Germany

(with the single exception of an unpublished mention of the

latter species from Switzerland; Böhme 2003; Böhme and

Ilg 2003). Chamaeleo caroliquarti seems to have a wider

record (based in part on unpublished and therefore possibly

questionable occurrences), but still it is mainly centred in

southern Germany. Nevertheless, the type locality of this

species is in Czech Republic (Moody and Roček 1980). If

confirmed, a possible occurrence of this species in the

Burdigalian of southern Spain (Agramón, province of

Albacete; Böhme and Ilg 2003) would be very interesting,

but it must be taken with caution given that it is still

unpublished. The distribution of C. andrusovi is rather

interesting too, even though it is currently known from very

few localities. This species was originally described from

Dolnice, in Czech Republic (Čerňanský 2010a), but

remains from two other localities have been attributed to

Chamaeleo aff. C. andrusovi. Interestingly, these two
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localities, Hambach 6C in northwestern Germany (Čer-

ňanský et al. 2017b) and Aliveri in Greece (Georgalis et al.

2016a; Fig. 5g–h), are located at the opposite sides of

Europe, greatly extending the known range of the species.

In terms of temporal distribution, C. caroliquarti is also

the extinct species that spans the longest time interval (MN

3a to MN 6), overlapping the stratigraphical range of other

species too. The range of the other species is obviously

restricted by their fewer occurrences, with C. andrusovi

reported from MN 4 to MN 5, C. bavaricus from MN 5 to

MN 6, C. pfeili only from MN 4b, C. simplex only from

MN 5 and C. sulcodentatus from MN 5 to MN 6.

Gekkota

Fossil remains of gekkotans are known throughout the

entire Neogene and Quaternary of Europe. Today, Euro-

pean representatives of these reptiles are confined to

Mediterranean countries, with Mediodactylus kotschyi

alone present also along the coasts of the Black Sea (Sillero

et al. 2014). However, similar to other lizards groups, their

geographic range was far more widespread during the

Miocene, extending as far North as southern Germany and

northwestern Czech Republic in the North at least. A

restriction towards a circum-Mediterranean distribution

appears to be recognisable already in the Pliocene and no

occurrence is known outside this range subsequently. This

is similar to the trend shown by agamid fossils on the

continent (Blain et al. 2016; see above) and could likewise

be due to a progressive cooling of the climate in Europe.

Traditionally, geckos were subdivided into two families,

Gekkonidae and Pygopodidae (Evans 2008; Vitt and

Caldwell 2009), but seven different families were defined

in recent phylogenetic analyses (see, e.g., Gamble et al.

2012, 2015). In the same way as most of the agamid fossils

were attributed to Agama (see above), most European

remains of indeterminate geckos have been attributed to

Gekkonidae (i.e., non-pygopodid gekkotans) in the past, as

a result of the traditional classification. Most of these

attributions would be more probably compatible with an

identification as indeterminate gekkotans now, even though

the possible presence of diagnostic features allowing their

identification as members of other gekkotan families must

not be discounted without a revision of each single

occurrence. Nevertheless, remains of undisputed gekkonids

are indeed present in Europe: they all pertain to the genus

Hemidactylus and come from the Middle Pleistocene to

Holocene of France (Middle Pleistocene/Holocene of

Lazaret Cave; Bailon 1991) and Italy (Holocene of Grotta

Curbeddu; Delfino 2006). A possible third occurrence of

Hemidactylus might be represented by remains coming

from the Middle Pleistocene of Valdemino Cave, in Italy

(Fig. 6). These bones, including a frontal, a maxilla and

two dentaries, were described by Delfino (2004) in his

overview of the fossil herpetofauna from the cave. Based

on size, morphology of the anterior premaxillary process,

width and robustness of the palatal shelf and medial

inclination of the facial process of the maxilla, he assigned

the remains to Tarentola cf. T. mauritanica. A revision of

the material revealed that the maxilla bears a sigmoid ridge

on the medial surface and the frontal has large lateral

processes (A.V., pers. obs). According to a recently pub-

lished comparative study of the cranial osteology of extant

European gekkotans (Villa et al. 2018c), these are dis-

tinctive features of Hemidactylus turcicus among extant

European species. In contrast, Tarentola mauritanica has a

smooth maxillary medial surface and no lateral processes

on the frontal. The size of the remains is also comparable

with a large individual of H. turcicus. Yet, it has to be

noted that H. turcicus displays a faint ornamentation on

both the frontal and the maxilla (Villa et al. 2018c),

whereas the specimens from Valdemino are smooth (A.V.,

pers. obs.). Because of this, these fossils are here referred

to as Hemidactylus cf. H. turcicus, but it is not possible to

completely exclude that they belong to another extant

species of Hemidactylus currently not living in Europe or

Fig. 6 Hemidactylus cf. H. turcicus from Valdemino Cave: frontal (VAL MF 14) in dorsal (a) and ventral (b) views; left maxilla (VAL MF 13)

in lateral (c) and medial (d) views. Scale bars = 2 mm
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even to a still unrecognized extinct species of the genus. In

this context, it is interesting to note that Bailon (1991)

described a smooth lateral surface also for the maxillae

from Lazaret Cave, which is located in southeastern France

not so far from Valdemino Cave. However, the maxillae

were not figured and they have never been properly pub-

lished; so, it is not possible to check whether the orna-

mentation is indeed lacking or it just went unnoticed. If the

absence of this feature in the French maxillae is confirmed,

it would become clear that a peculiar population of

Hemidactylus (or H. turcicus) was present along the coast

of the Ligurian Sea during the Middle Pleistocene. Böhme

and Ilg (2003) report another gekkonid, namely Gekko sp.,

from a few French sites dated back to the early Miocene

(MN 2): Chavroches P1, Chavroches P1C2, Le Gondailly

and Montaigu-le-Blin. However, Böhme (2003) mentions

the same occurrences as pertaining only to indeterminate

Gekkonidae. Given that no other fossil occurrence of this

southeast Asian genus is currently known in Europe (ex-

cept for another, unpublished mention from the Chattian of

Gannat, still in France, included by Böhme and Ilg in their

online database) or nearby countries, the identification of

the French remains is rather dubious and they should likely

be considered indeterminate gekkotans pending a thorough

study.

Two other gekkotan families are recorded with fossil

representatives in the Neogene and Quaternary of Europe:

Phyllodactylidae and Sphaerodactylidae. This means that

all three families that are currently present on the continent

are also reported in the fossil record, even though only

sphaerodactylids are undisputedly present before the late

Pliocene (phylogenetic relationships of Paleogene species

are still unclear; see Daza et al. 2014 and Bolet et al. 2015).

The oldest European phyllodactylids are known from

Spain, where Tarentola has been reported from the Gela-

sian of Almenara Casablanca 1 (Blain 2005, 2009) and

T. mauritanica from the Calabrian of Cueva Victoria (Blain

2005, 2009, 2015) and Quibas (Montoya et al. 2001; Agustı́

et al. 2009), as well as from the Early Pleistocene (early

Biharian) of Cementerio de Orce (Bailon 1991). An even

older possible occurrence of a form morphologically sim-

ilar to Tarentola might be represented by some few den-

taries found in Cova Bonica (MN 16 of northeastern

Spain), but this identification is mainly based on the size of

the remains and should, therefore, been taken with caution

(Blain 2009). Very few other localities from the Iberian

Peninsula, France and Italy have yielded younger remains

of Tarentola. Finding the oldest representatives of T. mau-

ritanica (or closely morphologically related taxa) in Spain

agrees with the hypothesis of an Iberian origin of the extant

European populations of this gecko inferred from molec-

ular analyses (Rato et al. 2010). However, given that fossil

occurrences are also found in Pleistocene sites of other

European countries, fossil evidence is in contrast with the

idea of a recent, rapid and maybe human mediated colo-

nization, again suggested by molecular data (Harris et al.

2004; Rato et al. 2010). A similar colonization pattern was

suggested for H. turcicus too (Carranza and Arnold 2006;

Rato et al. 2011), but again the presence of European

Pleistocene fossils might reject this hypothesis. Of course,

a recent recolonization of areas previously occupied by

older populations of H. turcicus and/or T. mauritanica

might also be the case.

Sphaerodactylids are present in Europe since at least the

early Miocene. Earliest representatives of this clade on the

continent already include members of the extant genus

Euleptes, among which the extinct species Euleptes gallica

from the early Miocene of France (Müller 2001) and Czech

Republic (Čerňanský and Bauer 2010), Euleptes klembarai

from the middle Miocene of Slovakia (Estes 1969; Daza

et al. 2014; Čerňanský et al. 2018), as well as indeterminate

Euleptes from the early Miocene of Germany (Müller and

Mödden 2001). A second genus, Gerandogekko, was also

present during the Miocene in France, including two spe-

cies that are known from the Aquitanian (Gerandogekko

arambourgi, from Saint-Gérand-le-Puy; Hoffstetter 1946)

and the late Miocene (Gerandogekko gaillardi, from La

Grive-Saint-Alban; Hoffstetter 1946). However, arguments

used by Hoffstetter (1946) and later Estes (1983) to sepa-

rate the two species are considered rather weak by Daza

et al. (2014), even though the latter authors do not directly

suggest a synonymy due to the scarce material available.

No other fossils clearly referred to sphaerodactylids are

currently known since the Pliocene, even though gecko

remains found in the Pleistocene of Monte Tuttavista in the

Italian island of Sardinia, reported as Gekkonidae indet. by

Abbazzi et al. (2004), seem to show close affinities with the

extant Euleptes europaea (A.V., pers. obs.).

Another fossil taxon with uncertain phylogenetic rela-

tionships is reported from the Neogene of Europe: the

German species Palaeogekko risgoviensis (middle Mio-

cene; Schleich 1987; Böhme 2003). The systematic

affinities of this species are rather dubious, but it is almost

certainly not related to either eublepharids or pygopodoids

(Schleich 1987; Daza et al. 2014). Given that the latter

taxon include Pygopodidae, Carphodactylidae and Diplo-

dactylidae, P. risgoviensis should belong to either one of

the three gekkotan families already recognized in Europe

or to another, still unrecognized family. It has to be noted

that Daza et al. (2014) do not discount the possibility that

the material assigned to P. risgoviensis belongs instead to

more than one species. Gekkotan remains found in the

Gargano ‘‘Terre Rosse’’ fissure fillings (late Miocene/early

Pliocene of southern Italy; Delfino 2002, 2013) might also

represent a new taxon with uncertain affinities (A.V., pers.

obs. based on the material stored in the University of
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Florence). These remains are currently under study and a

clear establishment of their identity and relationships is

outside the scope of this overview.

In the end, Augé and Rage (2000) stated that Lacerta?

ambigua, a species described by Lartet (1851) from San-

san, might be in fact a gecko. Unfortunately, the type

material is now lost and there are no figures in Lartet’s

work. Because of that, this hypothesis cannot be either

confirmed or rejected. Moreover, a fragment attributed to a

possible gecko by Młynarski (1956) from the Pliocene of

Wę _ze I is not a gecko. Like the possible agamid he men-

tioned from the same site, he later corrected this identifi-

cation, referring the fossil to an indeterminate squamate

(Młynarski 1962).

Lacertidae

During the Neogene and Quaternary, Lacertidae is by far

the most represented lizard family in the European fossil

record. Lacertids (Fig. 7) are reported almost continuously

from the beginning of the Miocene up to the Holocene, and

the geographic distribution of their fossil occurrences is

also equally wide for this entire period of time. This might

of course be a taphonomic artifact, but it could also rep-

resent a real dominance of this family on the continent

since the Miocene at least, as it is the case in its modern

lizard fauna.

Both extinct and extant taxa are known as fossils.

Extinct ones are mainly confined to the Miocene, even

though a few exceptions from the Pliocene and the Pleis-

tocene do exist. It has to be noted, however, that a number

Fig. 7 Lacertid remains from Europe: left dentary (RGM 816720; a–

b) of Lacerta sp. from Tegelen, The Netherlands, in medial (a) and

lateral (b) views (Villa et al. 2018b); fused frontals (MGPTPU

132532; c-d) of cf. Lacerta sp. from Moncucco Torinese, Italy, in

dorsal (c) and ventral (d) views (Colombero et al. 2017); parietal

(MT-IX-009; e–f) and left dentary articulated with the splenial (MT-

IX-056; g–h) of Timon sp. from Monte Tuttavista, Italy, in dorsal (e),

ventral (f), medial (g), and lateral (h) views (Tschopp et al. 2018).

Scale bars equal 1 mm
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of extinct species erected in the past are now considered

either not valid or problematic. This is the case, for

example, of most of the lacertid species named by Lartet

(1851) from the middle Miocene of Sansan, in France. Of

the five species he erected, only Lacerta sansaniensis (now

Edlartetia sansaniensis; see below) is currently considered

as a valid species, following the description of new mate-

rial by Augé and Rage (2000). The descriptions of the other

four species, Lacerta ponsortiana, Lacerta bifidentata,

Lacerta philippiana and Lacerta? ambigua, given by Lartet

(1851) in his work are very brief and, given that the

remains are not figured and the original material is cur-

rently lost, inadequate for sustaining their validity. Because

of this, all of them have been subsequently considered

nomina dubia (Estes 1983; Augé and Rage 2000). Both

Estes (1983) and Augé and Rage (2000) noted that at least

some of these species might not even be attributable to

lacertids, as e.g., Lacerta? ambigua, which might instead

represent a gekkotan.

Two Pliocene species have also been questioned: Lac-

erta crassidens and Lacerta ruscinensis. The former was

briefly described by Gervais (1859) based on few remains

coming from Issoire (France), but Estes (1983) considered

these remains too fragmentary and undiagnostic and the

species as a nomen dubium. Remains of the latter, a dentary

and a vertebra, found in the Pliocene sediments of the

French locality of Roussillon and described as a new spe-

cies by Depéret (1890), appear to be very similar in size

and morphology to the ocellated lizard Timon lepidus, from

which it differs based only on few (and probably devoid of

real diagnostic significance) characters: that is, slightly

more delicate tooth morphology and a lower number of

mental foramina (see also Estes 1983). Based on the cur-

rent knowledge, it seems not possible to clearly separate

these remains from those belonging to extant large lacertid

species and therefore, a possible attribution to one of the

latter should not be excluded, as already suggested by Estes

(1983). Also because of that, the occurrence of L. rusci-

nensis in Csarnóta 2 (early Pliocene of Hungary) men-

tioned (but neither described nor figured) by Jánossy

(1986) appears doubtful.

Problematic taxa come from the Pleistocene of Austria,

France, Italy and Malta. Rauscher (1992) described two

new species from Bad Deutsch-Altenburg, in Austria:

Lacerta altenburgensis and Podarcis praemuralis. Lacerta

altenburgensis is based on a single specimen, a maxilla,

which is considered aberrant by the author. However, this

supposed aberrant morphology is due to the fragmentary

nature of the specimen, and no significant diagnostic fea-

ture can be observed in its preserved portions (E. Tschopp,

pers. com. 2017). Podarcis praemuralis, on the other hand,

is based on more material. Nevertheless, the main features

that are reported to differentiate this species from the very

similar P. muralis (such as a wider and more rounded

ascending nasal process of the premaxilla, a slightly less

wavy crista dentalis of the maxilla and a less developed

carina zygomatica) might alternatively fall into the normal

individual variation of the latter and other extant Podarcis

species. The type material of P. praemuralis seems,

therefore, to be non-diagnostic at species level. Because of

that, both these Austrian species are herein considered

nomina dubia. Lacerta fossilis, reported by Pomel (1853)

from Late Pleistocene localities in France and attributed to

an indeterminate species of Lacerta by Böhme and Ilg

(2003), is a nomen dubium, as already stated by Estes

(1983) and Holman (1998). Indeed, the original description

of the species is too vague to sustain its validity and no

figure is given by the author. As is the case for other

problematic lacertid species, the original material studied

by Pomel is currently lost. Lacerta castellanensis, a pos-

sible endemic Sicilian species based on a single specimen

found in Castellana (De Gregorio 1925), is most probably

not a Lacerta according to Kotsakis (1977). This hypoth-

esis has been generally followed by later authors (e.g.,

Estes 1983; Caloi et al. 1986; Holman 1998) and a revision

of the type material would be needed to clarify the taxo-

nomic assignment of this taxon. The problematic taxon

from Malta is Lacerta melitensis, which is a nomen nudum

(Böhme and Zammit-Maempel 1982; Bailon 2004). As a

matter of fact, the first mention of the species is found in a

review of the fossil animals from the island presented by

Gulia at the IX International Congress of Zoology (Gulia

1914). In that circumstance, he listed the new specific name

in brackets referring to a large-sized lizard he already

mentioned one year before (Gulia 1912), but without giv-

ing neither any explanation for the mention of the new

name nor any description or figure. Later, Savona Ventura

(1984) stated that the remains assigned to L. melitensis by

Gulia were in fact those of a lizard reported from Ta’

Gandja and Benghisa Gap and attributed simply to Lacerta

sp. by Adams (1866). This material is lost (Böhme and

Zammit-Maempel 1982) and therefore, it is not possible to

check whether the taxon referred to as L. melitensis could

be considered a valid species or it must be considered

conspecific with the other large lacertid known from the

Pleistocene of Malta, ‘‘Lacerta’’ siculimelitensis (see

below).

Among the valid species, particularly interesting are the

amblyodont forms. Amblyodonty (sensu Hoffstetter 1944)

was not uncommon among lacertids during the Paleogene

(for a review of Paleogene amblyodont taxa, see Augé et al.

2003, 2005; Bailon et al. 2014; Čerňanský et al. 2017a) and

the success of this peculiar feature seems to have lasted

into the Neogene at least until the middle Miocene. The

most widespread genus is the moderately amblyodont

Amblyolacerta (type and only known species:
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Amblyolacerta dolnicensis Roček 1984), which is known

from the early to middle Miocene spanning from Czech

Republic (Roček 1984) to Germany (Böhme 1999a, 2003;

Abdul Aziz et al. 2008) and France (Augé and Rage 2000;

Augé 2005), and maybe also in Switzerland (Böhme 2003;

Böhme and Ilg 2003). The degree of amblyodonty is higher

in both Ligerosaurus pouiti and Janosikia ulmensis, two

species currently found only in the middle Miocene of

northwestern France (Augé 1993; Augé et al. 2003) and in

the early Miocene of southern Germany (Čerňanský et al.

2016a), respectively. New occurrences of J. ulmensis from

the middle Miocene of Germany have been recently men-

tioned by Villa and Delfino (2017), but these remains are

still unpublished. Adding to these, Villa et al. (2018e)

referred to Janosikia also the type material of the two

species of the supposed cordylid Bavaricordylus (see

below). Villa and Delfino (2017) also reported from

southern Germany the youngest representative (early

Miocene) of Mediolacerta, a genus with a moderate degree

of amblyodonty previously found only in the Oligocene of

both France (Augé 2005) and Germany (Čerňanský et al.

2016b). It appears, therefore, that amblyodont (either at a

moderate or an higher degrees) lacertids and the feeding

habits linked with their tooth morphology still had a role in

Miocene ecosystems, at least previous to the late Miocene.

Then, this morphology disappeared in European lacertids,

remaining limited to another lizard group (namely, anguids

of the genus Pseudopus, whose increasing distribution is

considered a possible cause for the disappearance of

amblyodont lacertids by Augé et al. 2003 and Klembara

et al. 2017). Only a single lacertid species showed again an

amblyodont dentition by the beginning of the Pliocene:

Maioricalacerta rafelinensis. The range of this species is

limited to the island of Mallorca, and its high degree of

amblyodonty possibly evolved independently under the

particular insular conditions from an ancestral form pro-

vided with a more generalized dentition (Bailon et al.

2014). However, Tschopp et al. (2018) recently recovered

M. rafelinensis as sister to J. ulmensis. More data,

including new material attributable to the Mallorcan spe-

cies, are needed to better understand its relationships.

The European Miocene hosted other lacertid taxa with a

peculiar, even though non-amblyodont, dentition, such as

Edlartetia. The type species, Edlartetia sansaniensis, was

originally described as Lacerta sansaniensis by Lartet

(1851), but later moved to its own genus by Augé and Rage

(2000) because of its unique dentition provided with a

constriction below the crown, a feature never found in any

other lacertid lizard neither fossil nor extant. The type

locality of the species is Sansan (middle Miocene, MN 6,

of France), but it was later reported from the Burdigalian

(MN 5) and maybe Serravallian (MN 8) of Germany

(Böhme 2010; Villa and Delfino 2017) and from the

Tortonian (MN 11) of Austria (Tempfer 2005) too. Other

remains attributed, or tentatively attributed, to the genus

are known also from other German and Austrian early–

middle Miocene localities (Böhme and Ilg 2003; Böhme

and Vasilyan 2014; Villa and Delfino 2017). A possible,

though still unpublished, occurrence is also mentioned by

Böhme and Ilg (2003) from the middle Miocene of Toril 2,

in Spain. The dentition of Miolacerta, a genus known from

a number of localities in Central and Eastern Europe

spanning from the early to the late Miocene, was also

considered distinctive in having a strongly tricuspid crown

in the posterior teeth (Roček 1984). Given that a similarly

high degree of tricuspidity is not unknown among other

lacertids (being present in Takydromus and Gallotia among

extant genera, for example; see Kosma 2004), it is not

unlikely that at least some fragmentary remains previously

tentatively identified as pertaining to Miolacerta (e.g.,

fossils from Sandelzhausen; Böhme 2010) could belong to

other lacertids instead. Nevertheless, rather confident

occurrences of Miolacerta tenuis, the only species cur-

rently included in the genus, are reported from Czech

Republic (early Miocene of Dolnice; Roček 1984) and

Austria (latest middle Miocene of Gratkorn and late Mio-

cene of Kohfidisch; Tempfer 2005; Böhme and Vasilyan

2014).

Another extinct Miocene species, Lacerta poncenaten-

sis, is known from few early Miocene localities. This

species was firstly described from Poncenat, in France, by

Müller (1996). It was later recovered in Germany at

Wiesbaden-Amöneburg (Čerňanský et al. 2015) and pos-

sibly in Austria at Oberdorf (Čerňanský 2016). In spite of

the few known occurrences, therefore, L. poncenatensis

could have had a moderately wide distribution during the

early Miocene. Čerňanský et al. (2015) observed that cer-

tain features present in the specimens they assigned to this

species, such as the presence of slightly tricuspid teeth,

reduced the differences between L. poncenatensis and

another species reported from Poncenat: namely, Lacerta

filholi. Nevertheless, they still considered the two species

as distinct, given the maintenance of other differences,

even though hinting at a possible future synonymy due to

the desirable finding of new specimens. In any case, the

record of L. filholi at Poncenat (Augé and Smith 2009) is

one of its latest occurrences, together with Montaigu-le-

Blin (Augé et al. 2003). This species is largely known from

the Oligocene of France and Belgium (Böhme and Ilg

2003), but then it apparently had a drop by the Oligocene/

Miocene boundary, a period that has already been con-

sidered critical for squamate reptiles (see Rage and Szyn-

dlar 2005, 2013). The two French occurrences are the only

mentions of the species in the Neogene, likely indicating

that it quickly went extinct after the boundary for some

reason.
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The youngest extinct species known from Europe is

‘‘Lacerta’’ siculimelitensis, a large-sized lacertid described

from the Late Pleistocene of Malta by Böhme and Zammit-

Maempel (1982) and associated by the same authors with

other fossils coming from the Middle Pleistocene of Sicily

previously mentioned as a large Lacerta species by Kot-

sakis (1977). Other Middle/Late Pleistocene Sicilian

remains were subsequently attributed to the species by

following authors (Caloi et al. 1986; Bonfiglio and Insacco

1992; Bonfiglio et al. 2002) and Delfino and Bailon (2000)

recognized a shared dental morphology also in remains

attributed to Lacerta from the Early Pleistocene of Pirro

Nord in Apulia. The validity of ‘‘Lacerta’’ siculimelitensis,

however, was questioned by authors such as Mateo (1988)

and Barahona and Barbadillo (1997), based on the fact that

the main diagnostic features seem to fall into the range of

variation of other lacertids such as T. lepidus. The taxo-

nomic status of this species is, therefore, in need of a

revision, which is currently underway.

The presence in Europe of taxa that were closely related

to extant species is attested since the beginning of the

Neogene, with the oldest representatives of lacertids of the

green lizards group reported from the early Miocene (MN

4b) of Dolnice in Czech Republic (Čerňanský 2010b; Rage

2013). Except for two other occurrences of the same spe-

cies complex in the late Miocene (Kohfidisch in Austria

and Polgárdi 4 in Hungary; Tempfer 2005; Venczel 2006),

all other reports of extant species or related forms are

younger than the Miocene/Pliocene boundary. This could

mean that, even though some taxa might have started to

evolve earlier, the settling of most of the modern lizard

fauna of the continent has to be traced back to the second

part of the Neogene. It has to be taken into account,

however, that a lot of remains attributed only to indeter-

minate lacertids (sometimes assigned to the former

wastebasket taxon Lacerta sp. in a broad sense) were

indeed found in a very high number of Neogene localities

and some modern taxa might have passed unnoticed in

older sites given the overall difficulty in identify isolated

lacertid bones (Villa et al. 2017a). Adding to this, it should

be also noticed that some occurrences of extant taxa in

Quaternary and even late Neogene sites might have been

based mainly on biogeography, thus leading to question-

able identifications. An example of such issue could be the

identification of Lacerta agilis and Zootoca vivipara in

Steinheim an der Murr (Late Pleistocene of Germany;

Bloos et al. 1991). A quick review of this material, stored

in the collections of the Staatliches Museum für Nat-

urkunde Stuttgart, revealed that it might be more confident

to assign most of the remains to indeterminate lacertids,

even though at least two different species might indeed be

present (A.V., pers. obs.).

After having specified that, the current fossil record of

extant lacertids indicates that green lizards are widely

reported throughout Europe from the Zanclean onwards

(adding to the three Miocene occurrences, of course). A

similar stratigraphic distribution is observable for Podar-

cis, even though most of the specific identifications might

be based mainly on biogeography (e.g., occurrences of

Podarcis lilfordi in the Balearic Islands, Podarcis

pityusensis in Ibiza and Podarcis tiliguerta in Corsica).

Acanthodactylus erythrurus (or related forms) is known in

the Iberian Peninsula since the Early Pleistocene, but

Böhme and Ilg (2003) reported a single dentary of Acan-

thodactylus sp. from the Zanclean of La Gloria 4. This

latter occurrence, still unpublished, needs to be confirmed.

Psammodromus has a similar Early Pleistocene–Holocene

Iberian record, with most of the occurrences pertaining to

Psammodromus algirus and a single mention of cf.

Psammodromus hispanicus from the Middle Pleistocene of

Áridos-1 (Blain et al. 2014b, 2015). Early Pleistocene–

Holocene records are known also for T. lepidus and

Z. vivipara, even if their geographical range is broader than

that of the previously mentioned Iberian species (in par-

ticular as far as Z. vivipara is concerned). Remains of

Archaeolacerta bedriagae are mentioned from a number of

Middle Pleistocene–Holocene localities in Corsica (Fer-

randini et al. 1995; Salotti et al. 1997, 2008; Vigne et al.

1997, 2002; Bailon 2004) and from a single late Pliocene/

Early Pleistocene site in Sardinia (Bailon 2004; Delfino

2006). The single fossil occurrences of Dalmatolacerta

oxycephala and Ophisops elegans are represented by iso-

lated dentaries coming from the Plio-Pleistocene site of

Bad Deutsch-Altenburg (Rauscher 1992). However, the

taxonomic significance of dentaries of extant European

lacertids is not really clear, due to high individual variation

(A.V., pers. obs.), and so these occurrences should be

treated with caution. Eremias sp. is mentioned from Ozy-

ornoye-1 in Ukraine (Middle Pleistocene/Holocene;

Böhme and Ilg 2003).

In the end, it is worth mentioning the still unpublished

report of indeterminate Eremiadini in the karstic network

of Cava Monticino, in Italy (Villa et al. 2016). This late

Miocene (MN 13) occurrence is the only known mention of

this lacertid tribe in Italy, both if considering the fossil

record and the extant herpetofauna.

Scincidae

Considering only the Neogene and Quaternary, skinks

(Fig. 8a–d) are reported in Europe from the beginning of

the Miocene up to the Holocene, even if they are not as

common in the fossil record as other groups such as lac-

ertids or anguids. Similarly to other families, their geo-

graphic range was wider during the Miocene, compared to
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following epochs. From the Pliocene onwards, they are

found only in Mediterranean countries, with the sole pos-

sible exception of a single (unpublished) occurrence in

Bulgaria during the Gelasian (Varshets; Böhme and Ilg

2003). However, even if this is rather consistent with their

current distribution in Europe, it is possible that the miss-

ing recognition of a wider distribution, especially in the

Pliocene, is an artifact of low sample size.

Two extinct species are known, both from the Miocene

of southern Germany. Bavariascincus mabuyaformis was

tentatively attributed to Scincidae by its author, Kosma

(2004). The type material comes from Petersbuch 2 and

Rembach, both MN 4 in age. However, the original

description of the species is reported in Kosma’s PhD

thesis and it has never been published elsewhere. Because

of this, both the genus Bavariascincus and the species

B. mabuyaformis should be considered nomina nuda (see

Villa et al. 2018e, for a complete discussion on why taxa

erected in Kosma’s thesis cannot be considered valid). In

any case, the dentition of the material from both Petersbuch

and Rembach indeed recalls scincid tooth morphology. A

revision is needed to test the taxonomic assignment. A

third occurrence of B. mabuyaformis is reported by Böhme

and Ilg (2003) from Forsthart, still MN 4 of southern

Germany, but it has never been published or figured. At the

moment, it should be considered dubious, given also the

problems linked with the availability of the species. The

second species, Tropidophorus bavaricus, was described

by Böhme (2010) based on material coming from the MN 5

of Sandelzhausen, with additional material reported from

the coeval locality of Oggenhausen 2 (Böhme and Ilg

2003). This species is rather interesting because it is the

only known fossil record of Tropidophorus, a genus cur-

rently living in southeastern Asia. Moreover, the presence

in the early Miocene of Europe of a skink with Asian

affinities might agree with the supposed Asian origins

Fig. 8 Scincid and cordylid remains from Europe: right dentary (a,

b) of Chalcides cf. C. bedriagai from Almenara-Casablanca-3, Spain,

in medial (a) and lateral (b) views (Blain et al. 2007); left dentary (c,

d) of Chalcides ocellatus from Porto Leccio, Italy, in medial (c) and

lateral (d) views (Delfino 2002); right dentary (BSPG 2008 XXIV 1;

e, f) of Bavaricordylus molassicus from Puttenhausen 2, Germany in

medial (e) and lateral (f) views (Böhme 2010); right maxilla (UU

AM3 506; g, h) of ?Cordylidae indet. from Ano Metochi, Greece, in

lateral (g) and medial (h) views (Georgalis et al. 2017a). Scale bars

equal 1 mm
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reported for other European Miocene lizards, such as var-

anids (Conrad et al. 2012; Georgalis et al. 2017b).

Among extant taxa, Chalcides is the most frequently

reported genus in the European skink fossil record. It is

already reported from the middle/late Miocene of the

Felsötárkány Basin in Hungary, where a species close to

Chalcides ocellatus could have been present (Venczel and

Hı́r 2013). The oldest specific mentions of extant species

date back to the Early Pleistocene (Chalcides bedriagai;

Blain et al. 2008; Blain 2015), Middle Pleistocene (Chal-

cides chalcides and Chalcides striatus; Delfino 2002, 2013;

Blain et al. 2012) and Late Pleistocene (Chalcides ocella-

tus; Delfino 2002; Delfino and Rook 2008; Fig. 8c–d).

Nevertheless, it must be taken into account that, at least in

some cases, these mentions could be based mainly on a

biogeographical criterion.

Very few fossil occurrences are known for other extant

European taxa: Ablepharus kitaibelii is reported in Greece

from Vraona Cave, Pleistocene/Holocene in age (Rauscher

1995) and Heremites cf. H. auratus is mentioned (as Tra-

chylepis cf. T. aurata) by Böhme and Ilg (2003) from

Varshets, in the Gelasian of Bulgaria. Both these records

are remarkable in being the only known fossil occurrences

of their own taxa. Fossils from a number of localities

spanning from the early Miocene–the Early Pleistocene

were assigned, or tentatively assigned, to the genus

Mabuya. Currently, species of Mabuya s.s. live in the

Neotropics (Karin et al. 2016), but a number of other

genera were also included in it in the past. The Eurasiatic

Heremites auratus (Trachylepis aurata according to the old

taxonomy still used, for example, in the most recent field

guide of European amphibians and reptiles by Speybroeck

et al. 2016) is one of the species previously included in

Mabuya. It is, therefore, likely that European fossil records

of Mabuya sp., cf. Mabuya sp. and aff. Mabuya sp. might

be better identifiable as pertaining to Mabuya s.l. or

Mabuyinae indet. Affinities with either Trachylepis/Here-

mites or one of the other African/Asiatic genera defined by

Karin et al. (2016) are not possible without a thorough

revision of all the material.

Southern Germany yielded other findings of possible

skinks with extra-European affinities: namely, possible

remains of Eumeces coming from few early–middle Mio-

cene sites (Böhme and Ilg 2003; Villa and Delfino 2017).

Even though these remains are still unpublished, the direct

analysis of at least some of them supports their possible

attribution to this scincid genus. Eumeces has a very

complicated nomenclatural history, but it is currently

restricted to species found in North Africa and Asia

(Schmitz et al. 2004; Uetz et al. 2018). If the identification

is confirmed by further studies, these would be the first

mentions of the genus in Europe. Nevertheless, Eumeces

was not apparently a long-lasting inhabitant of the

continent.

Cordylidae

A certain degree of scepticism related to the accuracy of

the attribution of European Neogene remains to Cordylidae

might be raised by the complete absence of osteoderms

clearly referable to this clade in European Neogene sites.

Armored lizards like cordylids, gerrhosaurids and anguids

are covered by a very large number of osteoderms, which

outnumber bones of other skeletal districts like cranial

elements. Preservation as fossils of these osteoderms is not

uncommon and it would be expected that the probability of

finding them in fossiliferous localities, where remains of

armored lizards are reported, roughly follows this abun-

dance. This is the case, for example, with anguids: when

anguids are present in a fossil assemblage, osteoderms are

often more abundant than other remains (cranial elements

in particular). An exception to this pattern is represented by

scincids, the osteoderms of which are composed by several

ossification centres and are unlikely preserved (see, e.g.,

discussion related to the absence of free osteoderms in

Scincoideus grassator in Smith and Gauthier 2013). The

attribution to cordylids of a number of jaw elements from

various European Neogene localities with no reports of

associated osteoderms is, therefore, puzzling. Of course,

there could be alternative explanations for this, such as: (1)

the presence of some taphonomic bias affecting the

preservation of osteoderms of European cordylids; (2) the

belonging of European taxa to very basal stem represen-

tatives of the clade (devoid of osteoderms); or (3) a sec-

ondary loss of the osteoderms cover in the European

Neogene cordylid lineage. Nonetheless, more data are

needed in order to solve this taxonomic issue and European

remains referred to cordylids are here reported as such,

when there is no clear evidence against this attribution.

Few fossil occurrences of cordylids (Fig. 8e–h) are

known in the Miocene of Europe and there is no record of

this lizard family from the Pliocene onwards. The earliest

Neogene European cordylids date to the early Miocene

(MN 3), whereas the youngest ones come from late Mes-

sinian deposits (MN 13, probably also MN 13/14). There-

fore, a survival of the family on the continent throughout

the entire Miocene is likely, even though a shifting of their

geographic range towards southeastern Europe (maybe also

southwestern Europe, if the identification of a possible

indeterminate cordylid from the Tortonian of Los Agua-

naces, in Spain, is confirmed; Böhme and Ilg 2003) seems

evident. Nevertheless, as far as our current knowledge can

tell, they went locally extinct by the Miocene/Pliocene

boundary.
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Adding to a limited number of still indeterminate forms,

two different cordylid genera were reported from the

Miocene of Europe. The first one, Bavaricordylus, is

known only in the Burdigalian of southern Germany

(Kosma 2004; Böhme 2010), with two different species,

and in the early middle Miocene of Switzerland (Jost et al.

2015), with remains unassigned to species. The type spe-

cies of the genus, Bavaricordylus ornatus from Petersbuch

2, was described by Kosma (2004) in his PhD thesis.

Similarly to his Bavariascincus mabuyaformis (see above),

this description should not be considered valid according to

the rules of the International Code of Zoological Nomen-

clature, given also the absence of a successive paper sus-

taining it, and both Bavaricordylus and B. ornatus should

be considered nomina nuda and so unavailable (see Villa

et al. 2018e). This put an issue on the generic attribution of

the second species, Bavaricordylus molassicus from Put-

tenhausen 2 and Sandelzhausen (Böhme 2010; Fig. 8e–f)

and of the Swiss remains, too. A revision of the type

material of both species of Bavaricordylus to assess their

taxonomic identity supports the attribution of these remains

to another lizard family then Cordylidae (Villa et al.

2018e): based on this new study, they should be referred to

the lacertid genus Janosikia.

The second cordylid genus is Palaeocordylus, including

a single species, Palaeocordylus bohemicus, originally

described by Roček (1984) from the MN 4 of Dolnice in

Czech Republic and later tentatively reported also from the

slightly younger Czech locality of Merkur North by Čer-

ňanský (2012). Remains attributed to this genus are

reported also from Lautern 2 in Germany (Aquitanian,

though still unpublished; Böhme and Ilg 2003). Böhme and

Ilg (2003) mentioned a second species of Palaeocordylus,

Palaeocordylus ulmensis, from a few southern German

localities dated back to the late Oligocene and early Mio-

cene. This is clearly a reallocation to this cordylid genus of

Ophisaurus ulmensis Gerhardt, 1903 (as stated in Böhme

and Ilg’s database), but no explanation supporting it is

given. Recently, remains of O. ulmensis coming from its

type locality Ulm Westtangente have been recognized as

pertaining to a lacertid lizard for which a new genus,

Janosikia, has been erected (Čerňanský et al. 2016a). Other

remains attributed to P. ulmensis by Böhme and Ilg come

from localities that are very close to Ulm Westtangente

both in geographical and stratigraphical terms and it is,

therefore, possible that they also belong to Janosikia.

However, a direct check of the fossils is necessary to

confirm this.

Anguidae

After lacertids, anguids (Fig. 9) are the second most fre-

quently reported lizard group in the Neogene and

Quaternary fossil record of Europe. They are widely

recorded from the beginning of the Neogene onwards, with

a species diversity that is rather high during the Miocene

and later decreases from the Pliocene to the Holocene.

Their geographic range has always been wide as a family,

but in recent times, most of their occurrences outside

Southern European countries are represented almost solely

by the genus Anguis.

Known fossil remains of the latter genus are mostly

assigned to the extant Anguis fragilis (or better to say, to

the Anguis fragilis species complex because of the recent

split of this species; Gvoždı́k et al. 2010, 2013), which is

recorded in Europe since at least the late Miocene (e.g., a

tentative record from the Felsötárkány Basin; Venczel and

Hı́r 2013). In any case, pre-Pleistocene occurrences of

A. fragilis are scarce. Two, or maybe more, extinct species

are also known, even if their fossil record is very poor.

Anguis rarus has been recently described based on a single

parietal coming from the early Miocene (MN 3) of

Petersbuch 62, in southern Germany (Klembara and

Rummel 2018). Anguis stammeri also comes from Ger-

many, namely from Fuchsloch (Brunner 1954), but it is

distinctly younger than A. rarus, being Late Pleistocene in

age. Both Estes (1983) and Klembara and Rummel (2018)

considered A. stammeri as a possible valid species,

although suggesting a revision, but it has to be noted that

Młynarski (1962) pointed out Ophisaurus affinities for the

type material. Due to some apparent morphological simi-

larities, it is also possible that specimens attributed to

A. fragilis or closely related forms, such as Anguis cf.

A. fragilis reported by Młynarski (1962), might instead

belong to this species (Estes 1983; Klembara and Rummel

2018). A possible third extinct species of Anguis is ?Anguis

polgardiensis, originally described by Bolkay (1913) from

Polgárdi 2 (MN 13 of Hungary) and later reported also

from the older (MN 10) locality of Vösendorf, in Austria,

by Papp et al. (1954). According to Estes (1983), this

species is a junior synonym of Pseudopus pannonicus, but

more recently Klembara (2015) and Klembara and Rum-

mel (2018) stated that it is not possible to clearly allocate

this material at generic level (mostly because the type

parietal is lost and Bolkay did not provide figures of its

ventral surface). Nevertheless, Klembara (2015) noted

similarities between the dorsal ornamented surface of the

parietals of ?Anguis polgardiensis and Ophisaurus spinari.

Anguis? acutidentatus and Anguis? bibronianus were

erected by Lartet (1851), but like most of the species

named by this author from Sansan, their description is too

vague to support their validity and there are no figures of

them. Młynarski (1962) consider them as synonyms of

Pseudopus moguntinus (that is, Pseudopus laurillardi in a

modern view; see below), but since the type material is lost

in both cases, it is better to considered them as nomina
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dubia following Estes (1983) and Augé and Rage (2000).

In any case, the presence in Europe of unidentified species

of Anguis is known since the very beginning of the

Miocene and older remains are also known in the Paleo-

gene (see e.g., Augé 2005).

Fig. 9 Anguid remains from Europe: left dentary (RV-H-034; a) of

Anguis gr. A. fragilis from Rivoli Veronese, Italy, in medial view

(Villa et al. 2018a); trunk vertebra (IGF102243; b, c) of Anguis sp.

from Fosso della Fittaia, Italy, in ventral (b) and dorsal (c) views

(Cirilli et al. 2016); osteoderm (RGM 816716; d, e) of cf. Pseudopus

sp. from Tegelen, The Netherlands, in external (d) and internal

(e) views (Villa et al. 2018b). Scale bars equal 1 mm
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Pseudopus, the other anguid genus that still has extant

representatives in Europe, is also present on the continent

since the early Miocene, with few possible occurrences in

the Oligocene too (Böhme and Ilg 2003; Čerňanský et al.

2016b). The oldest known species of the genus are Pseu-

dopus ahnikoviensis and Pseudopus confertus. The latter

(originally named Pseudopus rugosus, but later changed to

P. confertus due to a possible risk of synonymy; Klembara

2015; Klembara and Rummel 2018) is known only from its

type locality, Merkur North in Czech Republic (MN 3).

Pseudopus ahnikoviensis, on the other hand, has a slightly

longer stratigraphical distribution, spanning from the MN 3

to the MN 4 (maybe even MN 2 to MN 5). It has been

found in Czech Republic and maybe Germany (Pseudopus

cf. P. ahnikoviensis from Wiesbaden-Amöneburg and

Hambach 6C; Čerňanský et al. 2015, 2017b). At least by

the beginning of the MN 4, another species appears in the

fossil record: Pseudopus laurillardi. Originally described

by Lartet (1851) as Anguis? laurillardi from Sansan, it

includes also Pseudopus fraasi (alternatively assigned also

to Ophisaurus or to Propseudopus) and Pseudopus

moguntinus (sometimes attributed to Ophisaurus) accord-

ing to Klembara et al. (2010). It has to be noted that the

type material of P. moguntinus was reported from the late

Oligocene of Germany (Boettger 1875; Estes 1983;

Klembara et al. 2010), thus leading to the supposed pres-

ence of an older occurrence of P. laurillardi. Nevertheless,

Klembara et al. (2010) stated that P. moguntinus, as orig-

inally defined, should be considered a numen nudum, due

to the fact that it is based on an unspecified number of

poorly described and unfigured osteoderms, which are

currently lost. Moreover, they added that the localities from

which Boettger (1875, 1876/1877) reported his species are

now considered to be dated between the middle Oligocene

and the early Miocene. Because of all of this, they con-

sidered a Paleogene occurrence of P. moguntinus (and

therefore of P. laurillardi) doubtful. Based on the current

knowledge, the stratigraphical distribution of P. laurillardi

spans from the MN 4 to the MN 9 and its geographical

range includes Central and Western Europe. By the MN 9,

P. laurillardi seems to be replaced by Pseudopus pan-

nonicus, a species that is almost constantly found up to the

Middle Pleistocene. Pseudopus pannonicus has a rather

wide and stable distribution for most of its evolutionary

history, being recorded from Western, Central and Eastern

Europe in the Miocene, Pliocene and Early Pleistocene.

Nevertheless, its youngest and only Middle Pleistocene-

aged occurrence, Cengelle (the age of Canal Negre 1 in

Spain is uncertain and could be older; Blain et al. 2016), is

located in northeastern Italy (Delfino 2002). This might

suggest a shrinking towards the southern margin of the

continent during the Quaternary (Fig. 10), as is the case for

other lizards, but this is only a conjecture due to the poor

Middle Pleistocene record. As for P. laurillardi, other

species have been synonymized with P. pannonicus. Part of

the type material of Varanus deserticolus Bolkay, 1913

from Beremend 1 in Hungary is actually referable to a large

anguid, probably P. pannonicus (Estes 1983; Georgalis

et al. 2017b). Pseudopus novorossicus, from the late

Miocene of Ukraine (locality of Zhoften, also known as

Petroviérovak; Alexejew 1912), is also considered a syn-

onym of P. pannonicus (Estes 1983), as well as Ophisaurus

intermedius, erected by Bolkay (1913) from Pliocene/

Pleistocene Hungarian localities and later mentioned by

Jánossy (1986) also. The few fossil remains of the extant

Pseudopus apodus are known since the late Pliocene. They

are confined to Eastern Europe, suggesting that this species

might never have expanded towards the Western part of the

continent. Nevertheless, remains found in Hungary, Poland

and Slovakia (Jánossy 1986; Klembara 1986; Holman

1998; Böhme and Ilg 2003) hint at a distinctly larger range

of the species during the late Pliocene and the Pleistocene

(see extant range in Fig. 10).

The genus Ophisaurus (as circumscribed by Klembara

et al. 2014, that is including the American Ophisaurus, the

Asiatic Dopasia and the African Hyalosaurus), which is

currently absent from Europe, was also present on the

continent during the Neogene and the Early Pleistocene.

The few Middle and Late Pleistocene occurrences of the

genus are questionable, as all records (without thorough

descriptions and figures) date back to a period in which

Pseudopus was also included in Ophisaurus and therefore

they might represent occurrences of the former genus

instead. The same taxonomic issue might also hold true for

other indeterminate Ophisaurus occurrences from the

continent. In any case, clear European Ophisaurus remains

have been found from the Aquitanian (Ophisaurus cf.

O. fejfari, MN 1/MN 2 of Oschiri in Sardinia, Italy;

Venczel and Sanchiz 2006) to the late Early Pleistocene

(Ophisaurus sp., Barranco Léon and Fuente Nueva 3 in

southern Spain; Blain and Bailon 2010). Once again, the

distribution of this genus shows a southward shrinking,

starting from a wide range during the Miocene and nar-

rowing towards Southern European countries in the Plio-

cene and the Early Pleistocene. In terms of taxonomic

diversity, all Pleistocene occurrences and almost all the

Pliocene ones are identified only at the genus level, but

during the Miocene five different species are known. Most

of these species but Ophisaurus acuminatus are based on

parietals. Nevertheless, O. acuminatus, which is repre-

sented only by a partial skull found in Tortonian sediments

of Höwenegg in Germany (Jörg 1965), indeed displays

some differences from other Miocene Ophisaurus species,

such as in the morphology of the dermal ornamentation of

skull roofing bones (Klembara and Rummel 2018), and can

be, therefore, maintained as a distinct species. Ophisaurus
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fejfari is known from Czech Republic and Germany, from

MN 3 to MN 8, but tentatively attributed material comes

from older ages also (namely, MN 1/MN 2). It is inter-

esting to note that this earlier occurrence comes from

Sardinia (still undescribed and not figured remains from

Oschiri; Venczel and Sanchiz 2006), fairly extending the

possible geographical distribution of the species. Tentative

identifications of O. fejfari are known from the MN 5 of the

Austrian Korneuburg Basin too (Böhme 2002; Tempfer

2003). The stratigraphical and geographical distributions of

the remains attributed to Ophisaurus holeci and Ophi-

saurus robustus (formerly Anguis robustus; Klembara

1979) are similar to those of O. fejfari, for they are known

from a few Czech, southern German and, as far as O. ro-

bustus is concerned, Hungarian localities spanning a range

of time included between MN 2 and MN 6/MN 7 (the

former) and MN 3 and MN 7 ? 8 (the latter). It has to be

noted, however, that a recent phylogenetic analysis by

Fig. 10 Neogene and Quaternary European distribution of Pseudopus

based on its known fossil record on the continent and extant European

range of P. apodus (based on Sillero et al. 2014). The current extra-

European distribution of this latter species is not shown. Localities

with multiple sites in the same area, such as Petersbuch in Germany,

are shown as a single point in the maps. White polygons represent

uncertain or highly questionable occurrences. The maps also include

occurrences of Ophisaurus moguntinus, Ophisaurus intermedius, and

Propseudopus sp
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Klembara et al. (2017) recovered O. holeci more closely

related to the Eocene taxon Ophisauriscus quadrupes than

to other Ophisaurus, suggesting that this species might be a

Miocene representative of a distinct Paleogene lineage of

European anguids. Further analyses are needed to clarify

this issue. Ophisaurus spinari has a longer evolutionary

history, since it has its oldest occurrence in the Aquitanian

(MN 2 of Wiesbaden-Amöneburg; Čerňanský et al. 2015)

and the younger one in the Piacenzian (Capo Mannu D1

Local Fauna; Delfino et al. 2011; Klembara and Rummel

2018). Given that, O. spinari is the only European species

of Ophisaurus that crossed the Miocene/Pliocene bound-

ary, even if no other Pliocene occurrence is currently

known. Geographically speaking, O. spinari is reported

from Czech Republic, Germany, Slovakia and tentatively

Austria during the Miocene and, as already mentioned

above, from the Italian island of Sardinia during the Plio-

cene. Venczel and Hı́r (2013) reported Ophisaurus cf.

O. spinari also from Hungary, in different MN 7 ? 8 to

MN 9 sites of the Felsötárkány Basin. However, at least

one of the remains they described, the parietal MMP

2009.532 (MMP = Municipal Museum of Pásztó), is

assigned to O. robustus by Klembara and Rummel (2018).

Given that, it is possible that at least some, if not all, of the

other remains attributed to Ophisaurus cf. O. spinari

belongs to the other species as well, and the possible

occurrence of O. spinari in Hungary is here considered in

need of a complete revision.

During the Early Pleistocene, another anguid lived on

Meda Grande, one of the Medas Islands along the coast of

northeastern Spain. This anguid, named Ragesaurus

medasensis by Bailon and Augé (2012), is currently known

only from its type locality. The taxonomic affinities of this

taxon have not been thoroughly assessed yet, due also to

the fact that it is represented only by an isolated dentary,

but Čerňanský et al. (2016b) noted similarities between

Ragesaurus and Ophisauromimus from the Oligocene of

France and Germany. If this affinity is confirmed by further

studies, Ragesaurus might represent the last, relict occur-

rence of a lineage of anguids present in Europe since at

least the late Paleogene. Another new taxon might be

represented by an isolated parietal from Gratkorn (late

middle Miocene of Austria), attributed by Böhme and

Vasilyan (2014) to O. spinari but clearly displaying a very

different morphology (Klembara and Rummel 2018). A

possible new anguid species, not linked to the above

mentioned ones, is also reported from Sandelzhausen (MN

5) by Böhme (2010). Due to the very fragmentary nature of

the specimens representing it, this species was left

unnamed, even if similarities with Ophisaurus were

highlighted.

All the previously mentioned anguid genera are mem-

bers of the subfamily Anguinae, which clearly represents

the great majority of anguid occurrences in Europe from

the Neogene onwards. However, Anguinae might not be

the only anguid subfamily to have been represented on the

continent during the Miocene. Indeed, Böhme and Ilg

(2003) listed members of the anguid subfamily Glyp-

tosaurinae from Dolnice in Czech Republic (MN 4), San-

delzhausen in Germany (MN 5) and, with doubt, Mühlrüti

Pt. 806 in Switzerland (MN 6). Glyptosaurs from San-

delzhausen have been previously mentioned as indetermi-

nate Glyptosaurini by Böhme (1999a), whereas those from

Dolnice are attributed to Melanosaurini by Böhme and Ilg.

In his paper on the fossil lizards coming from Dolnice,

Roček (1984) mentioned cf. Xestops sp. This attribution

was based on a comparison with the material of Xestops

weigelti (now Placosauriops weigelti; Augé and Sullivan

2006) from the middle Eocene of Geiseltal. Placosauriops

is a member of the tribe Melanosaurini and therefore, the

fossil material described by Roček might correspond to the

indeterminate member of the tribe mentioned by Böhme

and Ilg. Rather interesting, but at the same time rather

doubtful, is the possible occurrence of an indeterminate

member of the subfamily Gerrhonotinae from Vračević in

Serbia (MN 7 ? 8; Jovanović et al. 2002). Gerrhonotine

lizards, both extinct and extant species, are currently

known only from North and Central America (Estes 1983;

Böhme and Ilg 2003; Vitt and Caldwell 2009) and, given

the general absence of other fossils of this subfamily from

either Europe or other nearby countries, the Serbian

occurrence is highly unlikely. However, given that the

material mentioned by Jovanović and colleagues is neither

described nor figured, this cannot be evaluated from their

paper alone.

Shinisauria

Klembara (2008) described a new anguimorph based on

cranial material and osteoderms coming from the early

Miocene (MN 3) of Merkur North, naming it Merkur-

osaurus ornatus. He mentioned affinities with the Asian

taxon Shinisaurus crocodilurus, and later Conrad et al.

(2010) included Merkurosaurus in the clade Shinisauria.

Subsequently, Merkurosaurus remains were reported also

from MN 2 and MN 3 of Germany (Čerňanský et al. 2015;

Villa and Delfino 2017). In particular, fossils from the MN

2 locality of Wiesbaden-Amöneburg were assigned to the

type and only known species (Čerňanský et al. 2015).

Given the clear similarities that Merkurosaurus shares with

Shinisaurus, it has to be taken into account that also two

occurrences of aff. Shinisaurus sp. from Weißenburg 6

(Oligocene/Miocene boundary, MN 1, Germany) and

Wintershof West (MN 3, Germany) reported by Böhme

and Ilg (2003) might instead represent the European taxon.

This could be supported by the fact that other former
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occurrences mentioned by Böhme and Ilg (2003) of either

cf. or aff. Shinisaurus sp. were later reallocated to Mer-

kurosaurus (namely, those from Wiesbaden-Amöneburg

and Stubersheim 3; Čerňanský et al. 2015; Villa and Del-

fino 2017), but in any case, this has to be confirmed after a

direct study of the involved specimens.

Even though there are very few of them, the occurrences

of a shinisaur in the early Miocene of Europe raise inter-

esting questions on when this clade firstly enter the conti-

nent and why it apparently survived there only for such a

short time and in such a restricted area (that is, Central

Europe). The recent description of an isolated tail of an

indeterminate crocodile-tailed lizard (clade Pan-Shin-

isaurus Smith and Gauthier, 2013, which is equivalent to

Shinisauria Conrad, 2008) from the middle Eocene of

Messel, Germany (Smith 2017), possibly hints for a dis-

tinctly older settlement of the clade in Europe. Neverthe-

less, due to the presence of a large stratigraphical gap

between the Eocene and the Miocene occurrences and

lacking a clear assessment of the phylogenetical relation-

ships between the Messel specimen and Merkurosaurus,

the alternative hypothesis of two distinct wave of

colonization of the European territory by shinisaurians

cannot be excluded a priori.

Varanidae

Monitor lizards (Fig. 11) are well known from the Miocene

of Europe, showing then a very strong reduction in terms of

abundance of remains during the Pliocene and the Pleis-

tocene, when they ultimately disappeared from the conti-

nent. This reduction is linked to a narrowing of their former

wide geographical distribution, since these anguimorph

lizards show the same shrinking toward the south displayed

by other squamates (Fig. 12).

Only one genus is currently reported from European

Neogene and Quaternary localities: Varanus, whose

stratigraphical distribution spans from the early Miocene to

the Middle Pleistocene. A second, extinct genus, Iber-

ovaranus (type species: Iberovaranus catalaunicus Hoff-

stetter, 1969) was reported in the past from early to middle

Miocene localities of the Iberian Peninsula and tentatively

Germany. However, as demonstrated by Delfino et al.

(2013), the general morphology of the holotype of

Fig. 11 Varanid remains from Europe: original figure of the fossil

remains of Varanus marathonensis (a) from Pikermi, Greece, as

reported by Weithofer (1888); right maxilla (UU TB5 1001; b, c) of

Varanus sp. from Tourkobounia 5, Greece, in medial (b) and lateral

(c) views (Georgalis et al. 2017b); holotypic trunk vertebra

(IPS58437; d–h) of Iberovaranus catalaunicus from Can Mas, Spain,

in dorsal (d), ventral (e), posterior (f), anterior (g), and left lateral

(h) views, currently referred to Varanus sp. (Delfino et al. 2013).

Scale bars equal 1 mm. Drawing of V. marathonensis not to scale
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I. catalaunicus, an isolated trunk vertebra coming from

Can Mas near El Papiol (Vallès-Penedès Basin, NE Iberian

Peninsula; Hoffstetter 1969; Fig. 11d–h), fits well within

that of Varanus vertebrae and Iberovaranus has, therefore,

to be considered a junior synonym of Varanus. Based on

the very few varanid remains found in Can Mas (that is,

just Hoffstetter’s holotype trunk vertebra and a second,

cervical vertebra), it is currently not possible to either

confirm the validity of ‘‘Iberovaranus’’ catalaunicus as a

distinct species of Varanus or synonymize it with another,

already known species (Delfino et al. 2013). For the

moment, the species is regarded as a nomen dubium and all

past occurrences of Iberovaranus are assigned only to

Varanus sp.

Besides the numerous occurrences unassigned to spe-

cies, a few extinct species of Varanus have been named

based on Miocene remains. In the early Miocene, two

species are known. The recently described Varanus

mokrensis is known only from its type locality in Czech

Republic (Mokrá-Western Quarry, MN 4; Ivanov et al.

2018), whereas Varanus hofmanni has a wider distribution

both in stratigraphical and possibly geographical terms. As

a matter of fact, this latter species is reported in Germany

from the early–the middle Miocene (Burdigalian to Lan-

ghian; Roger 1898; Estes 1983; Böhme 2003; Böhme and

Ilg 2003; Ivanov et al. 2018), but tentative attributions are

known also from Austria, France, Hungary, Moldova and

Spain (Hoffstetter 1969; Estes 1983; Böhme 2003; Böhme

and Ilg 2003; Rage and Bailon 2005; Venczel 2006; Ivanov

et al. 2018), reaching up to the late Messinian (MN 13).

The validity of V. hofmanni, however, has been questioned,

since its original description is based only on vertebral

material found in Stätzling (middle Miocene of Germany;

Roger 1898). Given that diagnostic significance at species

level is uncertain for Varanus vertebrae compared to the

more informative skull elements (Holmes et al. 2010;

Delfino et al. 2013), V. hofmanni is considered a nomen

dubium by some authors (Ivanov et al. 2018). The same

argument holds true for three other species named from late

Miocene vertebral remains: Varanus lungui (MN 9 of

Moldova; Zerova and Chkhikvadze 1986), Varanus

tyrasiensis (MN 9 of Moldova as well; Lungu et al. 1983)

and Varanus semjonovi (MN 13 of Ukraine; Zerova and

Chkhikvadze 1986). All these three species are reported

only from their type localities. The late Miocene Varanus

amnhophilis, on the other hand is based on cranial material

Fig. 12 Neogene and Quaternary European distribution of varanids

based on their known fossil record on the continent. Localities with

multiple sites in the same area, such as Petersbuch in Germany, are

shown as a single point in the maps. White polygons represent

uncertain or highly questionable occurrences
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(Conrad et al. 2012). This latter species is also known only

from its type locality: namely, Q1 locality in the Mytilinii

Formation (Samos, Greece).

The last named species is Varanus marathonensis

(Fig. 11a), originally described by Weithofer (1888) and

known from the late Miocene of Greece and possibly Spain

(Weithofer 1888; Ivanov et al. 2018). Due to the rules of

priority, Varanus atticus is a synonym of this species,

because this name was created by Nopcsa (1908) to name a

single vertebra coming from the type locality of

V. marathonensis and firstly reported by Gaudry (1862) as

possibly pertaining to Varanus, but later associated with

the latter species by Weithofer (1888) himself. Varanus

marathonensis is then reported from the Pliocene of Hun-

gary. Part of the Hungarian material was originally attrib-

uted to the new species Varanus (= Monitor) deserticolus

by Bolkay (1913), together with anguid remains. The

varanid part of the type material of V. deserticolus was

later linked to V. marathonensis (Estes 1983; Georgalis

et al. 2017b). In spite of this, Jánossy (1986) still men-

tioned V. deserticolus from the Pliocene and even the Early

Pleistocene of Hungary, without figuring or describing the

findings. Given that, even though the Pliocene record could

indeed represent V. marathonensis (the locality mentioned

by Jánossy, Csarnóta, indeed yielded the latter taxon

according to other authors; Estes 1983; Ivanov et al. 2018),

its Pleistocene report is here considered dubious pending a

revision of the material. The possible Middle Pleistocene

occurrence of V. marathonensis from Petralona Cave in

Greece (Sickenberg 1971; the specific name is incorrectly

spelled in the paper) is also questionable, since figures and

description of the specimens are lacking and the material is

currently lost (Georgalis et al. 2017b). It is interesting to

note that this finding was attributed to Varanus intermedius

by Kretzoi and Poulianos (1981). This could be a wrong

generic allocation of the species Ophisaurus intermedius,

currently considered a synonym of Pseudopus pannonicus.

The alternative possibility that the fossil material from

Petralona Cave indeed pertained to a large anguid should,

therefore, not be discounted.

Adding to the two above-mentioned uncertain occur-

rences of V. deserticolus and Varanus aff. V. marathonen-

sis, there are two other Pleistocene mentions of Varanus.

The oldest and less certain one is from the Gelasian of

Ukraine (Kotlovina; Böhme and Ilg 2003), whereas the

youngest one is from the latest Early/earliest Middle

Pleistocene Greek site of Tourkobounia 5 (Georgalis et al.

2017b; Fig. 11b–c). An even younger occurrence would

have been the Varanus lower jaw reported by Morelli

(1891) from Late Pleistocene layers of the Arene Candide

Cave, in northern Italy. The specimen is currently lost, but

Delfino (2002) discarded the possibility that it represented

a varanid based on Morelli’s drawing. Lizards whose size

is comparable with Morelli’s specimen are still present not

so far from the Arene Candide Cave (namely, the lacertid

Timon lepidus), but some differences between the lower

jaw and the standard lacertid morphology seem to be pre-

sent. Because of this, a non-lacertilian nature of the spec-

imen cannot be excluded, even though Delfino (2002)

cautiously considered it as an indeterminate lizard pending

a possible review following its rediscovery. It has been

given that the above-mentioned Tourkobounia findings

mark the last known occurrence of the family in Europe,

before its disappearance from the continent.

Other lizards

A large number of remains coming from numerous Neo-

gene and Quaternary localities in Europe are assigned to

indeterminate acrodontans, scincomorphs, anguimorphs or

generically lizards. In most cases, these fossils represent

skeletal elements that are either too fragmentary or con-

sidered undiagnostic, but might possibly be associated with

other lizard occurrences coming from the same localities.

Nevertheless, more complex situations are also present.

The case of the Arene Candide varanid is reported above,

but a similar problematic occurrence is the presumed

Uromastyx tibia mentioned by Mangili (1980) from the

Late Pleistocene of Simonelli Cave, in Crete. This occur-

rence, referred to as Uromastyx spinipes (= Uromastyx

aegyptia), cannot be confirmed, since the whereabouts of

the fossil studied by Mangili are unknown and there are no

figures in his paper. Caloi et al. (1986) referred it to

?Agama sp., but provided no justification for their assign-

ment. Taking also into account the presence of large-sized

lacertids in the Pleistocene of Mediterranean islands, Del-

fino et al. (2008) proposed to consider the tibia from Crete

only as an indeterminate lizard waiting for a formal

revision.

A fragmentary dentary of the amblyodont scincomorph

Hugueneysaurus globidens has been found at Moissac 1

(Aquitanian, MN 1, of France; Augé 2005). Hugueney-

saurus, known also from two other French localities late

Oligocene in age (Coderet and La Colombière; Augé

2005), has a dentary morphology that is lacertid like on the

whole, but seems to also display a supposed synapomorphy

of Scincoidea (that is, a labial cover of the coronoid by the

dentary; Augé 2005). This complicates its assignment to

either one of the two scincomorph clades: Lacertoidea and

Scincoidea. Subpleurodont posterior teeth and a strongly

narrow anterior portion of the Meckelian fossa might also

support scincoid affinities (Augé 2005). In any case,

H. globidens represents another amblyodont taxon inhab-

iting Europe between the Paleogene and the beginning of

the Neogene, adding to the amblyodont lacertids reported

above. Among these amblyodont forms, H. globidens is
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rather interesting in being only one of the very few taxa

crossing the Oligocene/Miocene boundary, together with

Mediolacerta.

The genus Sauromorus was erected by Pomel (1853),

who included two species in it: Sauromorus ambiguus and

Sauromorus lacertinus. According to the author, both these

species come from early Miocene sites in France: from

Langy and Marcouin (or Marcoin) the former and from

Langy only (not Marcoin as reported by Estes 1983) the

latter. There is a certain degree of uncertainty on the family

in which this genus has to be included, with all Scincidae,

Anguidae and Lacertidae that have been taken into account

in the past (Zittel 1889; Nopcsa 1908; Hoffstetter 1944;

Estes 1983). Nevertheless, the type material is lost since at

least the first half of the twentieth century (Hoffstetter

1944) and this issue cannot be checked, given also that

Pomel (1853) did not figure his specimens. Therefore, both

species of Sauromorus should be referred to as nomina

dubia, as already pointed out by Estes (1983).

Amphisbaenia

The evolutionary history of worm lizards in Europe dates

back at least to the early Paleocene (Augé 2012; Folie et al.

2013) and these squamates are rather well known from

Neogene and Quaternary deposits on the continent

(Fig. 13). Their Miocene record spans most of Europe,

whereas they are already confined to Mediterranean

countries from the Pliocene onward (Delfino 1997b;

Fig. 14). Except for a few Italian localities, the Pleistocene/

Holocene occurrences come only from the Iberian Penin-

sula, where most of the extant European amphisbaenians

live today (Fig. 14).

The most common remains of this group of squamates

found on the continent are vertebrae (Fig. 13d–l), which

are not considered significant from a diagnostic point of

view even at the family level (Estes 1983). Because of that,

it is possible that most indeterminate members of the

family Amphisbaenidae mentioned in the past from Euro-

pean deposits are better identifiable as indeterminate

Fig. 13 Amphisbaenian remains from Europe: holotypic skull

(IPS60464; a, b) and its virtual model (c) of Blanus mendezi from

Abocador de Can Mata, Spain, in dorsal (a) and lateral (b, c) views

(Bolet et al. 2014); trunk vertebra (UU PL 733; d–f) of Amphisbaenia

indet. from Plakias, Greece, in anterior (d), ventral (e), and dorsal

(f) views (Georgalis et al. 2016b); trunk vertebra (UU SP4 501; g–i)

of Amphisbaenia indet. from Spilia-4, Greece, in anterior (g), ventral

(h), and dorsal (i) views (Georgalis et al. 2018); trunk vertebra (K22/

R/1; j–l) of Amphisbaenia indet. from K 22, Italy, in anterior (j),
ventral (k), and dorsal (l) views (Delfino 2003). Scale bars equal 1

mm
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amphisbaenians, representing the past trend to attribute all

amphisbaenian remains to the only worm lizard family

known to live in Europe back then (prior to the split of

Blanidae by Kearney 2003). Currently, worm lizard

remains yielded by Neogene and Quaternary localities in

Europe that have been confidently identified below family

level are assigned to Blanidae.

Possible occurrences of the problematic species

Omoiotyphlops edwardsi are reported from three Miocene

localities in France: Sansan, La-Grive-Saint-Alban and

Saint-Gérand-le-Puy. These occurrences were originally

mentioned by Hoffstetter (1942) and later by Estes (1983)

and Schleich (1985). Omoiotyphlops edwardsi is as a

synonym of Omoiotyphlops priscus, a species of presumed

scolecophidian snake named by Rochebrune (1884) from

the Phosphorites du Quercy. The name O. edwardsi (re-

ported by Estes 1983) most probably originates from the

mislabeling of the O. priscus figures, which were labeled as

‘‘Typhlops edwardsi’’ by Rochebrune himself (see Hoff-

stetter 1942). Later, Hoffstetter (1942) demonstrated that

Fig. 14 Neogene and Quaternary European distribution of amphis-

baenians based on their known fossil record on the continent.

Localities with multiple sites in the same area, such as Petersbuch in

Germany, are shown as a single point in the maps. The current

distribution of Blanus, the only extant European amphisbaenian

genus, in Europe and nearby countries is also shown in the Holocene

map
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the type vertebrae of O. priscus belong in fact to an

amphisbaenian, moving Rochebrune’s species to this group

though briefly questioning the validity of the genus. The

same author then mentioned remains similar to the Quercy

species from the three above-mentioned French localities,

providing no descriptions. However, being based on non-

diagnostic remains (i.e., vertebrae), O. priscus is currently

considered a nomen dubium (Estes 1983; Augé 2012).

Accordingly, possible Neogene French occurrences of this

species are most probably better referred to as indetermi-

nate amphisbaenians.

The best represented amphisbaenian genus in the Neo-

gene and Quaternary fossil record of Europe is Blanus, but

a second genus, Palaeoblanus, is present in the Miocene of

the continent. The type and only known species of the latter

genus, Palaeoblanus tobieni, was described by Schleich

(1988) based on fossils coming from the Aquitanian of

Weisenau near Mainz, in Germany. The same author also

described remains found in the roughly coeval locality

Budenheim, also located near Mainz. The species was later

reported from Stubersheim 3 (Böhme 1999b) and tenta-

tively from Unterempfenbach 1b (Böhme 2003; Böhme

and Ilg 2003), extending its German record up to the early

Burdigalian and possibly the Langhian. Palaeoblanus

tobieni, therefore, has a rather restricted distribution during

the Neogene, both geographically and stratigraphically.

Remains referred only to the genus, on the other hand, also

occur in France during the Aquitanian and the Langhian/

Serravallian (Augé and Rage 2000; Böhme 2003; Böhme

and Ilg 2003), in Spain from the Burdigalian to the Lan-

ghian (maybe Serravallian, if the attribution to aff.

Palaeoblanus sp. of remains from Las Planas 5L is con-

firmed; Böhme and Ilg 2003) and in Italy in the late

Miocene/possibly early Pliocene (Delfino

2002, 2003, 2013). Moreover, Böhme (2010) assigned a

premaxilla and a fragmentary dentary from Sandelzhausen

(late Burdigalian of Germany) to a possible second species

of Palaeoblanus, without naming it. However, it has to be

noted that Augé (2012) recently questioned the validity of

P. tobieni, stating that its diagnostic features could be

plesiomorphic within amphisbaenians.

Blanus is reported since the beginning of the Miocene.

Four extinct species are known, all Miocene in age. The

oldest ones are Blanus gracilis and Blanus thomaskelleri.

Blanus gracilis was originally described as Omoiotyphlops

gracilis by Roček (1984), its type material coming from the

MN 4 of Dolnice in Czech Republic. As reported above,

Omoiotyphlops is not a valid genus and so this species

cannot be included in it. Both Venczel and Sanchiz (2006)

and Venczel and Ştiucă (2008) referred it to Blanus, while

reporting B. gracilis from the MN 1/MN 2 of Oschiri, in

Sardinia, and Blanus cf. B. gracilis from the MN 8 of Tauţ,

in Romania, respectively. Bolet et al. (2014) recently

placed B. gracilis (not on the basis of a phylogenetic

analysis) well nested inside Blanus, as part of the eastern

clade of the genus together with Blanus strauchi. Blanus

thomaskelleri was found in Wiesbaden-Amöneburg

(Aquitanian, MN 2/MN 3, of Germany; Čerňanský et al.

2015), but an isolated dentary coming from the Burdigalian

(MN 3) of Merkur North, in Czech Republic (previously

reported as Blanus sp.; Čerňanský and Venczel 2011), has

been later assigned to this species (Čerňanský et al. 2015).

Another species, Blanus antiquus, is known only from the

late early to middle Miocene of Austria and Germany

(Schleich 1985; Böhme 1999b, 2003; Böhme and Ilg 2003;

Miklas-Tempfer 2003). Blanus antiquus has sometimes

been considered a synonym of B. gracilis (e.g., Böhme

1999b; Augé and Rage 2000), but Bolet et al. (2014)

supported the separation of the two species, placing B. an-

tiquus as a basal taxon sister to all other Blanus in their

figured evolutionary tree of the genus. In the end, a well-

preserved skull from the middle Miocene of Abocador de

Can Mata, one of the localities of the Vallès-Penedès Basin

in Catalunya (northeastern Iberian Peninsula), has been

attributed to the new species Blanus mendezi (Fig. 13a–c),

which is considered as the most basal taxon of the western

Blanus clade (Bolet et al. 2014). This finding, together with

the inclusion of B. gracilis in the eastern clade (if con-

firmed with a formal phylogenetic analysis), suggests an

early Miocene or even pre-Miocene dating of the separa-

tion between the two main clades of Blanus currently

recognized on molecular bases (see Sindaco et al.

2014, 2015, for the molecular data supporting these two

clades).

Possible representatives of extant Blanus species are

firstly reported in the Pliocene. As a matter of fact, Blanus

cinereus or morphologically similar forms have been found

in the middle to late Pliocene of both France (Bailon 1991;

Garcı́a-Porta et al. 2002; Böhme and Ilg 2003; Blain

2005, 2009; Bailon and Blain 2007) and Spain (Barbadillo

et al. 1997; Crespo 2001; Garcı́a-Porta et al. 2002; Böhme

and Ilg 2003; Blain 2005, 2009). Later, during the Pleis-

tocene and Holocene, this species is found only in the

Iberian Peninsula. Currently, two Blanus species live in the

Iberian Peninsula: B. cinereus and Blanus vandellii. Blanus

mariae, described by Albert and Fernández (2009) after the

recognition of two distinct genetic lineages in the Penin-

sula, was recently synonymized with B. cinereus by Cer-

ı́aco and Bauer (2018) due to a misidentification of the type

locality of the latter species by Albert and Fernández

(2009). Because of this, the genetic lineage that was for-

merly considered to represent B. cinereus, found in the

central and eastern portions of the Iberian Peninsula, was

referred by Cerı́aco and Bauer (2018) to the new species

B. vandellii; whereas, the southern lineage (formerly rep-

resenting B. mariae) is now referred to B. cinereus. Since it
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appears rather difficult, if possible at all, to distinguish all

bones of B. cinereus from those of B. vandellii (Villa et al.

2017b), it is also possible that at least some of these

remains pertain to the latter species. Amphisbaenians are

currently absent from Italy, showing a disjunct range in

northern Mediterranean countries today. However, they

were indeed present in the Apennine Peninsula and on

Italian islands until the Pleistocene. They have been found

in the Early Pleistocene of Apulia (Cava dell’Erba at Pirro

Nord), in the early and Late Pleistocene of Sardinia (Cava

VI 3 and Cava VI Banco 6 at Monte Tuttavista) and in the

Middle/Upper Pleistocene of Sicily (K 22, near San Vito lo

Capo). The Apulian remains are assigned to an indeter-

minate species of Blanus (Delfino and Bailon 2000;

incorrectly reported as Blanus cf. B. strauchi by Holman,

1998); whereas, only isolated worm lizard vertebrae are

known from the other Italian Pleistocene localities (Delfino

2003; Rook et al. 2003; Abbazzi et al. 2004).

Discussion

The fossil record of lizards and worm lizards dating back to

the Neogene and Quaternary in Europe is extensive. It

documents the presence on the continent of at least 12

families during the last 23 million years. Nine of these

families still inhabit Europe today, whereas three (varanids,

the indeterminate shinisaur family represented by Mer-

kurosaurus and possibly cordylids) are locally extirpated.

No extinct lizard family is represented in Europe during

Neogene and Quaternary. If compared with Paleogene

faunas, a marked drop in diversity at family level is rec-

ognizable, with the disappearance of at least four lizard and

one worm lizard families. Eolacertids, helodermatids,

iguanids and palaeovaranids are all reported from a number

of Paleogene sites in Europe (Estes 1983; Augé

2003, 2005; Klembara and Green 2010; Augé and Pouit

2012; Bolet and Evans 2013b; Čerňanský et al. 2016b;

Smith and Scanferla 2016; Bolet 2017; Georgalis 2017;

Čerňanský and Smith 2018; Smith et al. 2018), but they

have no record on the continent following the Oligocene/

Miocene boundary. Adding to these, worm lizards of the

family Polyodontobaenidae are known only from few

localities in the Paleocene of France and Belgium (Folie

et al. 2013). Augé (2005) also mentioned a possible teiid,

Brevisaurus smithi, from the late Eocene/Oligocene of

France, possibly taking to five the number of lizard fami-

lies that went either extinct or locally extirpated from

Europe after the Paleogene.

Most of the families that are present in the Neogene, on

the other hand, were already present in the Paleogene, even

though with different lineages in some cases. Varanids, for

example, were represented by Saniwa before the

Oligocene/Miocene boundary; whereas, Neogene and

Quaternary remains are attributed to the genus Varanus

only (Hoffstetter 1943; Estes 1983; Augé 2005; Delfino

et al. 2013; Georgalis et al. 2017b; Ivanov et al. 2018).

Saniwa is the sister clade to Varanus (e.g., Conrad et al.

2008, 2010, 2012; Ivanov et al. 2018), but European spe-

cies of the latter genus are usually recovered well nested

inside crown Varanus (Conrad et al. 2012; Ivanov et al.

2018) and most likely are not direct descendants of the

former. Only chamaeleons, phyllodactylids and sphaero-

dactylids are not reported from sites dating back to pre-

Miocene times. However, the absence of the two gekkotan

families might be also due to the very scarce record of

fossil geckos and the difficulty of understanding the

affinities of certain Paleogene taxa (Daza et al. 2014).

Future findings of better-preserved gekkotan material from

the Paleogene of Europe might help to clarify this issue.

Chamaeleons, on the other hand, might have been truly

absent from Palaeogene Europe given that remains from

that period have never been found.

The significant change in the lizard fauna that occurred

between the Paleogene and the Neogene is paralleled in

snake assemblages (Rage 2013). It may be at least partially

linked with an environmental deterioration impacting

Europe during the late Oligocene. Rage and Szyndlar

(2005) suggested that the drier and cooler climates char-

acterizing this time period had an evident effect on booid

snakes, which are less diverse and smaller in size in the MP

29 - MN 2 interval. This effect was so significant that the

two authors even coined the term ‘‘Dark period of booid

snakes’’ to refer to it. Similar dynamics seem to have

influenced other squamates as well (Rage 2013). Diversity

and size then rose again in the following assemblages, with

the arrival of new immigrants (such as chamaeleons and

Varanus; Georgalis et al. 2016a; Ivanov et al. 2018) and the

appearance of large-sized taxa (such as giant varanids;

Conrad et al. 2012). These immigration events were

probably triggered by the warm and humid Miocene Cli-

matic Optimum (starting in MN 3), as well as by the onset

of stable connections between Eurasia and Africa (Böhme

2003; Rage 2013; Georgalis et al. 2016a).

As a whole, the overview of the post-Miocene records of

European lizards confirms what previously stated by other

authors, in terms of evolutionary dynamics (see e.g., Rage

2013; Blain et al. 2016; Georgalis et al. 2017b). As a matter

of fact, the lizard fauna of Europe underwent a progressive

impoverishment driven mainly by the Quaternary glacial

cycles and, in this context, the most thermophilic taxa

displayed a southward shrinking of their European range,

eventually leading to their local extirpation in some cases.

Agamids, varanids (Fig. 12) and amphisbaenians (Fig. 14)

are all well-illustrative cases of this. This further proves the

important role as refugia for the herpetofauna played by
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Table 1 Stratigraphic

distribution of the Neogene and

Quaternary lizards in the

European fossil record

Taxon E Mio M Mio L Mio E Plio L Plio E Plei M Plei L Plei Holo

Agama/Agamidae x x x x x x x

Chamaeleo x x x

Hemidactylus x x x

Tarentola cf. x x x x

Euleptes x x cf.

Gerandogekko x x

Palaeogekko x

Acanthodactylus x x x x x

Amblyolacerta x x ?

Archaeolacerta x x x x x

Dalmatolacerta x

Edlartetia cf. x x

Eremias x x x

Janosikia x x

Lacerta x x x x x x x x x

Ligerosaurus x

Maioricalacerta x

Mediolacerta x

Miolacerta x x x

Ophisops x

Podarcis x x x x x x

Psammodromus x x x x x x

Timon x x x x

Zootoca x x x x x x

Ablepharus x x x x

Bavariascincus x

Chalcides x x x x x x x x

Eumeces x aff.

Mabuya aff. x cf. x

Trachylepis x

Tropidophorus x

Bavaricordylus x x

Palaeocordylus x

Hugueneysaurus x

Anguis x x x x x x x x x

Ophisaurus x x x x x x x x

Pseudopus x x x x x x x x x

Ragesaurus x

Glyptosaurinae x ?

Gerrhonotinae ?

Shinisaurus aff.

Merkurosaurus x

Varanus x x x x x x x

Sauromorus x

Blanus x x x x x x x x x

Palaeoblanus x x x x

Omoiotyphlops x x x

E Mio early Miocene, E Plei Early Pleistocene, E Plio early Pliocene, Holo Holocene, L Mio late Miocene,

L Plei Late Pleistocene, L Plio late Pliocene, M Mio middle Miocene, M Plei Middle Pleistocene
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southern European peninsulae. Future studies may shed

further light on the role of the range changes in shaping the

diversity through time of southern areas. If these changes

are just represented by the southward shrinkage of the

range of a certain assemblage that is widespread through-

out Europe, then southern peninsulae are expected to

maintain a roughly constant diversity. On the other hand, in

the case of the southward dispersal of central European

taxa, then the southern areas would see either an increase in

the local diversity due to the concentration of taxa or an

increasing competition that would lead to a change in the

taxonomic composition of the fauna. Nevertheless, in spite

of the significant changes occurring during the last 23

million years, it appears clear that the roots of the modern

European lizard fauna are found deep in the Neogene.

When considering lower taxonomic levels, extant genera

are found since the beginning of the Miocene (Table 1)

and, at least in some cases, these occurrences may even be

related to extant species or species group (Čerňanský

2010b; Venczel and Hı́r 2013). The generally scarce

knowledge we have of the comparative osteology of

European lizards (Villa et al. 2017a) is possibly condi-

tioning our understanding of the evolutionary history of

these forms closely related to extant taxa between their

earliest occurrences and modern times. Future revisions of

fossil remains previously attributed to wastebasket taxa

such as Agama s.l., Lacerta s.l. and also Podarcis sp. could

be of help in better tracing this evolutionary history, if

carried out in the context of a wider osteological

knowledge.

A better sampling in those time ranges for which the

fossil record of lizards is insufficient, such as Pliocene and

Holocene, would also be highly desirable. Potentially

interesting localities are indeed present (e.g., the Italian

Holocene site of Tenuta Zuccarello, from which more than

8000 remains of amphibians and reptiles, including a high

number of lizard bones, were recovered; Villa et al.

2018d), but their palaeoherpetofaunas usually remain

unstudied for long times. Other sites that were never

excavated expressly for the recovery of microvertebrate

remains could also yield interesting finds, if proper sam-

pling methods are used in future field campaigns. This

would help to fill a significant gap in our knowledge of how

lizard assemblages evolved after the Neogene (Pliocene)

and how they reacted to the increasing development of

human societies (Holocene).

Conclusions

Our review of the fossil lizards and worm lizards in the

Neogene and Quaternary of Europe highlighted a vast

fossil record, both in terms of localities that have yielded

remains of these reptiles and of taxa recovered in such

localities. Lizards are confirmed as an important compo-

nent of the past herpetofauna of the continent, as it is still

the case for the modern one. A marked faunistic change is

detectable when comparing the Neogene lizard fauna with

the Paleogene one, but the diversity remains rather high

after the Oligocene/Miocene boundary, with at least 12

different families represented in Europe. Similar to other

reptiles, a drop in diversity occurred later, leading to the

current, impoverished fauna.

Considered together, 45 lizard and worm lizard genera

and more than 90 species are currently reported as fossil in

the time range contemplated herein. Nevertheless, the

validity of at least some of these taxa is questionable and

should be tested with a thorough revision of the type

material (when still available). Taxa that are considered

closely related to extant species (or species complexes) are

reported since the beginning of the Miocene, suggesting

that the origins of the modern lizard fauna can be traced

back to that moment in time.

Despite the large number of species identified in the

record, there is still a lot of materials that, although being

mentioned in online databases or in publications not

directly focused on it, remain either completely unpub-

lished or in need of being thoroughly described and iden-

tified following the currently available criteria and data.

Because of that, as well as of the need of a better sampling

in key periods (such as Pliocene and Holocene), a lot of

work still needs to be done by palaeoherpetologists to have

a clearer understanding of the palaeontological history of

lizards and worm lizards (and the herpetofauna in general)

in Europe during the last 23 million years.
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Abdul Aziz, H., Böhme, M., Rocholl, A., Zwing, A., Prieto, L.,

Wijbrans, J. R., et al. (2008). Integrated stratigraphy and
40Ar/39Ar chronology of the early to middle Miocene Upper

Freshwater Molasse in eastern Bavaria (Germany). International

Journal of Earth Sciences, 97, 115–134.

Adams, A. L. (1866). On fossil chelonians from the ossiferous caves

and fissures of Malta. Quarterly Journal of the Geological

Society, 22, 594–595.

Agustı́, J., Blain, H.-A., Cuenca-Bescòs, G., & Bailon, S. (2009).
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Augé, M., & Sullivan, R. M. (2006). A new genus, Paraplacosauri-

ops (Squamata, Anguidae, Glyptosaurinae), from the Eocene of

France. Journal of Vertebrate Paleontology, 26, 133–137.

Bailon, S. (1991). Amphibiens et reptiles du Pliocène et du

Quaternaire de France et d’Espagne: mise en place et evolution

des faunes. Paris: Université Paris VII.
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Monaco du 25 au 30 mars 1913 (pp. 545–555). Imprimerie

Oberthür: Rennes.
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Societé de Géologie de France, 3–4, 24–25.

Hoffstetter, R. (1943). Varanidae et Necrosauridae fossiles. Bulletin
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Paläontologie von Österreich, 21, 33–62.

Papp, A., Thenius, E., Berger, W., & Weinfurter, E. (1953).

Vösendorf - ein Lebensbild aus dem Pannon des Wiener

Beckens. Ein beitrag zur geologie und paläontologie der
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Staatssammlung für Paläontologie und Historische Geologie,

24, 97–104.

Schleich, H. H. (1985). Neue reptilienfunde aus dem Tertiär

Deutschlands. 3. Erstnachweis von Doppelschleichen (Blanus

antiquus sp.nov.) aus dem Mittelmiozän Süddeutschlands.
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Petralona (Griech, Mazedonien). Annales Géologiques des Pays
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