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Abstract: Nowadays, the living species of the terrapin genus Mauremys (Testudinoidea: Geoemydi-
dae) are mostly found in eastern Asia, but three of them inhabit the Western Palearctic ecozone. In 
Italy, occurrences of living individuals of Mauremys are interpreted as records of alien species; how-
ever, a growing fossil record demonstrates that this genus has inhabited Italy as recently as the Late 
Pleistocene. We report on a new fossil specimen of Mauremys from the Upper Pliocene (Piacenzian) 
marginal-marine deposits of Tuscany (central Italy). This find, consisting of a partial plastron and a 
loose neural, represents the second authentic report of Mauremys from the Italian Pliocene, as well as 
the first one from the Piacenzian of Italy. Therefore, it is a significant fossil that fills a gap in the chro-
nostratigraphic distribution of Italian fossil Mauremys, helping – together with the Lower Pliocene holo-
type of Mauremys portisi – to bridge the rich Miocene and Pleistocene segments of this record. More-
over, two unusual scars observed on the external surface of the studied plastron are here referred to 
the ichnospecies Thatchtelithichnus holmani. These traces represent one of the few records worldwide 
of this rarely identified ichnospecies, as well as its geologically youngest published occurrence. Hypo-
theses regarding the origin of the Thatchtelithichnus traces are reevaluated, and an origin as attach-
ment scars of aquatic ectoparasites (possibly ticks, leeches, or flukes) is reaffirmed as probable in ca-
ses of traces occurring on the exterior of the plastral bones of turtles. 
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Résumé : Première découverte attestée de la tortue d'eau douce Mauremys dans le Pliocène 
supérieur d'Italie, avec un nouveau signalement de Thatchtelithichnus holmani, un ichno-
taxon rarement mentionné.- De nos jours, les espèces du genre de tortues d'eau douce Mauremys 
(Testudinoidea : Geoemydidae) vivent principalement en Asie orientale, mais trois d'entre elles habi-
tent l'écozone paléarctique occidentale. En Italie, les découvertes d'individus vivants de Mauremys sont 
interprétées comme des signalements d'espèces étrangères ; cependant, un nombre croissant de fossi-
les montre que ce genre était présent en Italie dès le Pléistocène supérieur. Nous signalons un nou-
veau spécimen fossile de Mauremys provenant de dépôts marginaux marins du Pliocène supérieur 
(Plaisancien) de Toscane (Italie centrale). Cette découverte, comprenant un plastron partiel et une 
neurale désarticulée, représente le second signalement confirmé de Mauremys dans le Pliocène italien 
et le premier dans le Plaisancien d'Italie. Ainsi, ce spécimen représente un fossile significatif puisque, 
avec l'holotype zancléen de Mauremys portisi, il comble la lacune entre les segments miocène et 
pléistocène dans la distribution chronostratigraphique des fossiles italiens de Mauremys. En outre, 
deux cicatrices insolites observées sur la surface externe du plastron étudié sont attribuées ici à l'ich-
no-espèce Thatchtelithichnus holmani. Il s'agit d'un des rares signalements de cette ichno-espèce à 
l'échelle planétaire et aussi de son occurrence stratigraphique la plus jeune. Les hypothèses 
concernant l'origine des traces de type Thatchtelithichnus sont reconsidérées à la lumière de notre 
découverte et leur interprétation en tant que traces cicatricielles d'attachement d'ectoparasites 
aquatiques (probablement des tiques, des sangsues ou des douves) est réaffirmée comme probable 
dans le cas de traces situées sur la face externe des plaques plastrales des tortues. 

Mots-clefs : 

• Geoemydidae ; 
• terrapène ; 
• carapace de tortue ; 
• parasitisme ; 
• Plaisancien ; 
• Toscane ; 
• paléoherpétologie ; 
• ichnologie 

1. Introduction 

The extant terrapin genus Mauremys belongs 
to Geoemydidae, a family of testudinoid cryptodi-
rans consisting of approximately 60 species in 25 
genera (BARTH et al., 2004). Currently, the living 
species of Mauremys exhibit a strongly disjunct 
distribution; they are mostly found in eastern 
Asia, but three of them – Mauremys caspica, 
Mauremys leprosa, and Mauremys rivulata – are 
distributed in the Western Palearctic ecozone. 
Two of these species, M. leprosa and M. rivulata, 
are found along the coasts of the Mediterranean 
Sea, the former in western North Africa (Morocco 
to western Libya) and the Iberian Peninsula (KEL-
LER & BUSACK, 2001), and the latter along the Me-
diterranean coast of the Balkan Peninsula, on se-
veral islands of the Eastern Mediterranean, in the 
coastal regions of western and southern Turkey, 
and along the Levantine coast (BARTH et al., 
2004). In Italy, where the only native freshwater 
turtles are Emys orbicularis and Emys trinacris, 
discoveries of living individuals of Mauremys are 
interpreted as records of alien species (PANZERI et 
al., 2014). However, a growing fossil record de-
monstrates that terrapins of the genus Mauremys 
have inhabited Italy as recently as the Late 
Pleistocene (CHESI et al., 2007) and the Italian 
Peninsula might even have been the route of a 
dispersal of Mauremys from the Mediterranean 
into the North African and Arabian domains in La-
te Miocene times (CHESI et al., 2009; GEORGALIS et 
al., 2020). 

The currently monotypic ichnogenus Thatchte-
lithichnus was erected by ZONNEVELD et al. (2015) 
for circular to subcircular, ring-shaped grooves 
incised on the external surface of plastral bones 
of geoemydid turtles from the Eocene of Wyo-
ming, USA. These traces were originally interpre-
ted as the attachment scars of aquatic ectopara-
sites (possibly ticks, leeches, or spirorchid liver 
flukes) that infected the turtle while the latter 
was still living (ZONNEVELD et al., 2015). More re-
cently, WISSHAK et al. (2019) reinterpreted That-
chtelithichnus as a bioclaustration structure and, 
as such, not a valid ichnotaxon. Later, ZONNEVELD 

and BARTELS (2020) provided new arguments in 
support of both the origin of Thatchtelithichnus 
by emplacement of ectoparasites and its ich-
notaxonomic validity. In spite of their highly idio-
syncratic aspect, to date, Thatchtelithichnus tra-
ces have only been reported by ZONNEVELD et al. 
(2015) and ZONNEVELD and BARTELS (2020). 

In the present work, we report on a new fossil 
record of Mauremys from the famous fossiliferous 
Pliocene deposits of the Valdelsa Basin (Tuscany, 
Italy), which has previously yielded significant re-
mains of continental and marine vertebrates 
(e.g., AZZAROLI, 1992; ABBAZZI et al., 2008; DOMI-
NICI et al., 2018; COLLARETA et al., 2020). This 
new specimen is here described and illustrated, 
and its palaeontological implications are discus-
sed in the broader framework of the Italian fossil 
record of Mauremys. Furthermore, two unusual 
traces observed on this specimen are here cha-
racterised and referred to the only ichnospecies 
that is currently included in Thatchtelithichnus, 
i.e., Thatchtelithichnus holmani. This record is al-
so discussed and its palaeobehavioural significan-
ce is evaluated. 
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⊳⊳⊳⊳ Figure 1: Location of 
La Serra, where the fossil 
terrapin described herein 
was found (white star), 
and schematic regional 
geological map. B-CI = 
Baccinello-Cinigiano Ba-
sin; CA = Casino Basin; 
RD = Radicofani Basin; 
SI = Siena Basin; VC = 
Val di Chiana Basin; VE = 
Valdelsa Basin; VO-RA-
CH = Volterra-Radicon-
doli-Chiusdino basins. Af-
ter COLLARETA et al. (in 
press). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Geological and palaeontological 
framework 

The fossil terrapin described herein was disco-
vered by three of us (A.C., S.C. and A.D.C.) at an 
active quarry at La Serra village near San Miniato 
(Pisa Province, Tuscany, central Italy) (Fig. 1). 
The GPS geographic coordinates of this quarry 
are 43° 39′ 28″ N; 10° 48′ 57″ E. La Serra quar-
ry lies at the northwestern corner of the Valdelsa 
Basin, a 25 × 60 km, NW-SE elongated extensio-
nal basin filled with some 1000 m of Upper Neo-
gene and Quaternary deposits (BENVENUTI et al., 
2014). The sedimentary succession exposed at 
this site has been referred by DOMINICI et al. 
(2018) to the S6 Synthem recognised in the Val-
delsa Basin by BENVENUTI et al. (2014). The S6 
Synthem is a large-scale depositional sequence 
that consists mostly of fluvial coarse-grained 
sandstones, intertidal or coastal lagoon deposits, 
and shoreface and delta-front sandstones (BENVE-
NUTI et al., 2014). At La Serra quarry, a 25-m-
thick stratigraphic section was measured by GA-
RASSINO et al. (2012), who recognised the fol-
lowing informal units: 

 "Unit 1" (from the base of the section to 
8 m above it). This unit consists of mixed sand 
and silt, cross-stratified sand, and massive clay. 
"Unit 1" was interpreted by GARASSINO et al. 
(2012) as representing an estuarine or deltaic 
environment with interspersed marshes and 
ponds. 

 "Unit 2" (from 8 to 14 m). This is a thick 
sand body. According to GARASSINO et al. 
(2012), it testifies to a barrier island environ-
ment, where both submarine longshore dunes 
and subaerial aeolian dunes were active. 

 "Unit 3" (from 14 to 19.5 m). This unit 
consists of intercalated silt and clay. "Unit 3" 
was referred by GARASSINO et al. (2012) to a 
sheltered lagoon depositional setting. 

 "Unit 4" (from 19.5 m to the top of the 
section at ~25 m). This unit consists of highly 
fossiliferous clayey sand (including an exceptio-
nally rich decapod assemblage, as well as al-
most ubiquitous molluscs and rarer dental and 
dermal remains of elasmobranch cartilaginous 
fishes; COLLARETA et al., in press). It was inter-
preted by GARASSINO et al. (2012) as a shal-
lowing-upward deposit that formed in a low-
energy, shallow-marine palaeoenvironment 
across offshore transition and lower-shoreface 
settings. 
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Figure 2: GAMPS-00925, Mauremys sp. from the Upper Pliocene of La Serra (Tuscany, central Italy), posterior neu-
ral plate in A) dorsal (external) and B) ventral (visceral) views. 

GARASSINO et al. (2012) reported that fossils of 
continental vertebrates (i.e., indeterminate re-
mains of cervids and turtles) occur in "Unit 2" 
~10 m above the base of their stratigraphic log, 
in a bed that also features abundant woody re-
mains. The terrapin fossil described herein in-
stead came from a bed of deltaic/estuarine sands 
of "Unit 1" ~7 m above the base of the section 
measured by GARASSINO et al. (2012). 

On the basis of sparse data on the ostracod 
and calcareous nannoplankton content of some 
samples, GARASSINO et al. (2012) regarded the 
sediments of La Serra quarry as not younger than 
the Early Pliocene (i.e., Zanclean) in age. More 
recently, building upon basin-wide correlations, 
biochronological considerations, and biostratigra-
phic analyses on several outcrops from through-
out the Valdelsa successions, BENVENUTI et al. 
(2014) and DOMINICI et al. (2018) referred the S6 
Synthem to the upper Piacenzian-lower Gelasian 
– an interpretation supported by the Piacenzian 
age of the underlying S5 Synthem, as well as by 
the detection of the the Gauss-Matuyama rever-
sal at Montopoli, some 6 km north of La Serra 
(LINDSAY et al., 1980). In particular, DOMINICI et 
al. (2018) assigned a latest Piacenzian age to the 
invertebrate accumulation observed in the "Unit 
4" deposits exposed at La Serra. Considering that 
the latter is stratigraphically higher than "Unit 2", 
a late Piacenzian age can be inferred for the ter-
rapin fossil described herein. 

From a palaeontological point of view, besides 
a rich record of marine vertebrates (e.g., CAPELLI-
NI, 1905; BIANUCCI, 1996; DANISE & DOMINICI, 
2014; COLLARETA et al., 2016, 2017, 2020; DOMI-
NICI et al., 2018; COLLARETA, 2020), remains of 
continental vertebrates have been abundantly do-
cumented from the Pliocene deposits of the Val-
delsa Basin (AZZAROLI, 1992; BENVENUTI & DOMINI-
CI, 1992; DOMINICI, 1994; BENVENUTI et al., 1995a, 
1995b, 2007; DOMINICI et al., 1995; RUSTIONI & 
MAZZA, 2001; ABBAZZI et al., 2008). These fossils 
have mostly been referred to the Triversa and 
Montopoli Faunal Units, which correspond to the 

Upper Pliocene-lowermost Pleistocene Mammal 
Neogene (=MN) zones 16a and 16b (e.g., ESU & 
CIANGHEROTTI, 2004). 

3. Systematic palaeontology  

TESTUDINES BATSCH, 1788 

CRYPTODIRA COPE, 1868 

TESTUDINOIDEA GRAY, 1825 

GEOEMYDIDAE THEOBALD, 1868 

Mauremys GRAY, 1869 

Type species. Emys fuliginosus GRAY, 1860 

Mauremys sp. 
(Figs. 2 - 4) 

Referred material and repository. One 
loose neural plate and one partial plastron, 
thought to originate from the same individual, 
currently kept at Badia a Settimo (Scandicci, Ita-
ly) in the permanent exhibition of "Gruppo AVIS 
Mineralogia e Paleontologia Scandicci" (=GAMPS) 
under accession number GAMPS-00925. 

Occurrence. Upper Pliocene (upper Piacen-
zian) dune sand exposed at La Serra, Pisa Provin-
ce, Tuscany, central Italy. 

Descriptive remarks. Among several minute 
carapace bone fragments, a single element was 
determined anatomically thanks to its significant 
completeness degree. This element (Fig. 2) con-
sists of a bony plate that lacks its left anterolate-
ral corner. It is hexagonal in outline and displays 
a short anterolateral margin. It is significantly wi-
der than long (estimated maximum transverse 
width: 25 mm; maximum anteroposterior length: 
18 mm), with a slightly concave anterior margin 
that is slightly shorter than the slightly convex 
posterior margin. The dorsal surface of the plate 
is gently convex upwards; on its anterior half, it 
shows traces of a sagittal keel, whereas a near-
straight epidermal sulcus, mostly lined by indura-
ted sediment, extends transversely at about one 
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third of the anteroposterior length of the plate 
(measured from its posterior margin). Viscerally, 
remains of the attachments of the thoracic verte-
brae are clearly observable. The plate exhibits its 
minimum dorsoventral thickness (about 1.5 mm) 
at its periphery, whereas it significantly thickens 
sagittally. Based on its general morphology, as 
well as on the observation of remains of the 
attachments of the thoracic vertebrae, this cara-
pace element is interpreted as a neural plate. 
This disjunct neural is attributed to Mauremys on 
the basis of the co-occurrence of the following 
characters: plate hexagonal in outline, wider than 
long; anterolateral margins short; anterior and 
posterior margins anteriorly concave, displaying 
different lengths; and medial keel and sagittal 
thickening present (ERNST & BARBOUR, 1989; HER-
VET, 2000; LI et al., 2015; GEORGALIS et al., 
2019). In light of the shape and proportions of 
this bone, which are strongly reminiscent of a 
mid-position neural plate, the epidermal sulcus 
that ornaments the dorsal surface might be inter-
preted as dividing the third vertebral scute (V3) 
from the fourth one (V4). In the extant species 
Mauremys leprosa, V3-V4 is observed on the fifth 
neural (Ne5), as is also the case for the extinct 
species Mauremys massiliensis, Mauremys thani-
nensis, Mauremys campanii, and Mauremys gau-
dryi, among others (HERVET, 2000, 2003; CLAUDE 
et al., 2007; CHESI, 2009; CHESI et al., 2009; VLA-
CHOS et al., 2019). Given these observations, the 
neural plate from La Serra is here interpreted as 
Ne5. 

Some plastral bones were found in association 
with the aforementioned neural plate (Fig. 3). 
These include the slightly damaged left and right 
hypoplastra, as well as the substantially complete 
left and right xiphiplastra. Although disarticula-
ted, these four bones can be easily recombined 
along their mutual sutures to reconstruct the ori-
ginal aspect of the middle and posterior portions 
of the plastron, whose ventral surface was almost 
perfectly flat. The anterior margin of the hypo-
plastra is only partially preserved, but it seems to 
have been more or less straight and transversely 
oriented; furthermore, its morphology demon-
strates that a hyo-hypoplastral hinge was not 
present. The right hypoplastron is 48.5 mm long 
(measurement taken along the medial margin of 
the plate) and has a maximum transverse width 
of 42 mm posterior to the partly preserved ingui-
nal process. The inguinal process occurs at about 
mid-length of the hypoplastron. Posterior to this 
level, the posterolateral margin of the hypo-
plastron is weakly bowed laterally. In ventral 
view, the abdominal-femoral sulcus crosses the 
hypoplastra horizontally in its median tract, whe-
reas its distal portions are anterolaterally direc-
ted. The abdominal-femoral sulcus terminates 
just posterior to the inguinal process, where a 
strongly reduced, barely discernible inguinal 
notch occurs. The anterior margin of the xiphi-
plastra is gently bowed anteriorly and, in dorsal 

view only, it displays an anteriorly convex tract 
close to the anterolateral corner of the bone. The 
right xiphiplastron exhibits a medial length of 
32.5 mm and a transverse width of 40.5 mm. In 
ventral view, the lateral margins of the xiphi-
plastra distinctly converge backwards; they exhi-
bit obvious, broad, fan-shaped notches in occur-
rence of the distal terminations of the femoral-
anal sulcus. The latter consists of two near-
straight, anteromedially projecting segments that 
meet each other sagittally – i.e., on each xiphi-
plastron, the femoral-anal sulcus runs nearly per-
pendicular to the posterolateral margin of the 
bone. On the right xiphiplastron, the femoral-anal 
sulcus meets the medial margin of the plate 18 
mm anterior to the apex of the anal notch. The 
latter is formed by the converging posterior mar-
gins of the xiphiplastra. The anal notch is narrow 
and deep, its apex being located 11 mm anterior 
to the level of the caudal terminations of the 
posterolateral processes of the constituent plates, 
which are rather sharply pointed backwards. 
Facing each other, the posterior margins of the 
xiphiplastra are slightly concave posteromedially 
and meet at an angle of about 90°. On the whole, 
the posterior lobe of the plastron is long and dis-
plays a distinctly rounded outline. The visceral 
view of the posterior lobe shows that the femoral 
and anal scutes covered the dorsomarginal por-
tions of both the hypoplastra and xiphiplastra, as 
reflected by the presence of a ridged elevation 
that runs close to the outer margins of these pla-
tes. This elevation is posterior to the inguinal pro-
cesses and extends all around the hypoplastra 
and xiphiplastra, to disappear only near the apex 
of the anal notch. The studied plastron belongs to 
the genus Mauremys on the basis of the following 
combination of characters: absence of a hyo-
hypoplastral hinge; inguinal notch strongly redu-
ced; posterior lobe long and well-rounded; femo-
ral scutes overlapping the dorsomarginal portions 
of the hypoplastra; femoral-anal sulcus running 
nearly perpendicular to the lateral edge of the 
plate; lateral margins of the xiphiplastra distinctly 
converging posteromedially; anal scutes relative-
ly short; and anal notch narrow and deep (ERNST 
& BARBOUR, 1989; HERVET, 2003, 2004; CLAUDE et 
al., 2007; CHESI, 2009; CHESI et al., 2009; GÓMEZ 
de SOLER et al., 2012; LI et al., 2015; VLACHOS et 
al., 2015, 2019; VLACHOS & DELFINO, 2016). 

Based on comparisons with extant specimens 
of Mauremys kept at the Museo di Storia Naturale 
dell'Università di Pisa, and considering the dimen-
sions of the preserved plastral bones, a total ca-
rapace length of about 175 mm can be recon-
structed for GAMPS-00925. Such a size is well 
within the range of values reported by ERNSTand 
BARBOUR (1989) for the living species of Maure-
mys, as well as close to the typical carapace 
length of the adults of the extant Mediterranean 
species M. leprosa (160-200 mm according to 
HERVET, 2000). Attribution of GAMPS-00925 at 
species level is precluded by the fragmentary na-  
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Figure 3: GAMPS-00925, Mauremys sp. from the Upper Pliocene of La Serra (Tuscany, central Italy), left and right 
hypoplastra and xiphiplastra in A) ventral (external) and B) dorsal (visceral) views. The arrowheads superimposed on 
panel A indicate the location of two Thatchtelithichnus holmani traces detailed in Figure 4. 

ture of the studied material; nevertheless, this 
specimen can be distinguished from the extinct 
Italian species Mauremys campanii, M. portisi, 
and M. etrusca. In particular, it differs: i) from 
the Late Miocene M. campanii in the differing 
geometry of the abdominal-femoral sulcus, as 
well as by the more posterior position of the lat-
ter; ii) from the Early Pliocene M. portisi by the 
even more reduced inguinal notch; and iii) from 
the Early Pleistocene M. etrusca by the differing 
geometry of the abdominal-femoral sulcus, as 
well as by the more anterior position of the latter. 
In turn, the following features of the plastron 
establish the similarity of GAMPS-00925 to the 
extant M. leprosa: posterior lobe starting at the 
level of the distal terminations of the abdominal-
femoral sulcus, at about mid-length of the hypo-
plastra; anal notch angular rather than rounded, 
depicting an angle of about 90°; and posterolate-
ral processes of the xiphiplastra posteriorly poin-
ted. The fossil record of M. leprosa begin in the 
Lower Pliocene, the oldest remains of this species 
being known from the Algerian locality of Aïn 
Boucherit [LAPPARENT de BROIN, 2000; but see CHE-
SI et al. (2009) for a revised chronostratigraphical 
attribution of these finds]. 

Ichnological observations. During examina-
tion of GAMPS-00925, two unusual scars were 
observed on the ventral surface of the left hypo-
plastron and xiphiplastron (Fig. 3.A). In the fol-
lowing section, these scars are briefly characteri-
sed. 

Thatchtelithichnus 
ZONNEVELD et al., 2015 

Type ichnospecies. Thatchtelithichnus hol-
mani ZONNEVELD et al., 2015 

Thatchtelithichnus holmani 
ZONNEVELD et al., 2015 

(Figs. 3.A, 4)  

Descriptive remarks. The ichnogenus Thatch-
telithichnus was diagnosed by ZONNEVELD et al. 
(2015) as follows: "Circular to subcircular groo-
ves with a central boss or platform, bored into a 
bone substrate. Grooves penetrate into the cor-
tical layer of the bone. The central platform may 
consist of an unmodified platform or a rounded 
nubbin. Boring walls rounded, convex or sharp 
and perpendicular to the external substrate sur-
face". The diagnosis of Thatchtelithichnus holma-
ni, the sole ichnospecies included therein, was 
provided by the same authors in these terms: "As 
for the ichnogenus. Non-penetrative borings into 
a bone substrate, having a ring-like profile, and a 
central raised boss or pedestal". These descrip-
tions conform well to two scars observed on the 
plastral scales of GAMPS-00925. The first (Fig. 
4.A) is found on the ventral surface of the left hy-
poplastron on the area that was originally cove-
red by the abdominal scute. It consists of a very 
shallow, circular depression, measuring ~3 mm in 
diameter, hosting at its centre a raised, rounded 
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Figure 4: Detail of two Thatchtelithichnus holmani traces found on the plastron-bottom of GAMPS-00925, indicated 
by superimposed arrowheads. A) Circular groove found on the left hypoplastron. B) Elliptical groove found on the left 
xiphiplastron. The scale bar applies to both panels. 

nubbin having a diameter of ~1.5 mm. This trace 
is very similar to the holotype of T. holmani as fi-
gured by ZONNEVELD et al. (2015: Fig. 9.1) and 
ZONNEVELD and BARTELS (2020: Fig. 1D-E, but see 
also their Fig. 1F). Similar trace fossils, attributed 
by ZONNEVELD and BARTELS (2020) to T. holmani, 
have also been reported from dinosaur long 
bones and ribs from the Jurassic of Wyoming 
(i.e., the "rosettes" of BADER et al., 2009), where 
they have been interpreted as pupation chambers 
of dermestid beetles. A similarly shallow second 
scar (Fig. 4.B) is observed on the ventral surface 
of the left xiphiplastron on the area that was ori-
ginally covered by the anal scute. It consists of a 
rather elongate depression, measuring ~4 × 2.5 
mm, with a central unmodified platform that ex-
tends for a distance of less than 1 mm from the 
outer edge of the trace. This scar is somewhat 
reminiscent of a large, roughly elliptical specimen 
of T. holmani figured by ZONNEVELD et al. (2015: 
Fig. 9.1). 

4. General discussion and 
concluding remarks 

Scrutiny of the palaeoherpetological literature 
reveals that fossils of Mauremys are known from 
several Upper Miocene to Upper Pleistocene sites 
in Italy (Fig. 5 ; Table 1). Most of these occurren-
ces come from Miocene or Pleistocene contexts; 
in particular, the Miocene segment of the Italian 
record of Mauremys includes both Tortonian and 
Messinian occurrences, whereas the Pleistocene 
fossils include Lower, Middle, and Upper Pleisto-
cene instances. Prior to the present note, a single 
confirmed occurrence of Mauremys was known 
from the Pliocene of Italy, consisting of the holo-
type and only known specimen of Mauremys por-
tisi from Valleandona (Asti Province, Piedmont; 
SACCO, 1889). The stratigraphic occurrence of the 
M. portisi holotype is somewhat debated; long re-
garded as "Astian" in age (e.g., HERVET, 2004; 
CHESI et al., 2007), it was recently referred to the 
zone MN 13 or 14, i.e., Lower Pliocene (Zanclean), 
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Figure 5: Geographic and stratigraphic distribution of the Italian fossil occurrences of Mauremys. Numbers 
associated with the records refer to Table 1. 

by CHESI et al. (2009). A second, putative record 
of Mauremys from the Pliocene of Italy, con-
sisting of a partial carapace and associated 
plastron from Villafranca D'Asti (Asti Province, 
Piedmont), was reported by AMBROSETTI et al. 
(1996) as belonging to Mauremys sp. This speci-
men, referred to the Upper Pliocene zone MN 
16a, was later reattributed to cf. Geoemyda sp. 
by CHESI (2009). Therefore, the Late Pliocene ter-
rapin specimen from La Serra represents the se-
cond confirmed occurrence of Mauremys in the 
Italian Pliocene, as well as the first authentic re-
cord of this genus from the Piacenzian of Italy. As 
such, it is an important specimen that fills a gap 
in the Italian chronostratigraphic distribution of 
fossil Mauremys, and helps – together with the 
Lower Pliocene holotype of M. portisi – bridging 
the rich Miocene and Pleistocene segments of this 
record. In light of the above data, it is reasonable 
to hypothesise that terrapins of the genus Maure-
mys continuously inhabited the Italian peninsula 
from the Late Miocene to the Middle Pleistocene 
at least (the sole Late Pleistocene Italian record 

of Mauremys comes from Sardinia; CHESI et al., 
2007). From a palaeoenvironmental point of 
view, the occurrence of Mauremys in the Piacen-
zian deposits of La Serra does not imply by itself 
the nearby presence of permanent freshwater 
ecosystems. Indeed, the extant Mediterranean 
species of Mauremys can respond to prolonged 
conditions of drought by aestivating (HIGHFIELD, 
2002) and they can even survive in brackish wa-
ters, including coastal lagoons (SIDIS & GASITH, 
1985; ERNST & BARBOUR, 1989; ARNOLD & OVENDEN, 
2002; VAMBERGER et al., 2014). The sediments 
that host the terrapin fossil described herein also 
feature mesohaline and euryhaline taxa of fora-
minifers, ostracods, and gastropods, which sug-
gest a brackish lagoonal system, connected with 
a river mouth and sheltered seawards by a chain 
of barrier islands (GARASSINO et al., 2012). Such a 
palaeoenvironmental reconstruction is consistent 
with the habitat preferences of extant Mauremys 
spp., which are however particularly broad (ERNST 
& BARBOUR, 1989; HIGHFIELD, 2002). 
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Table 1: Geographic and stratigraphic distribution of the Italian fossil occurrences of Mauremys. Numbers in the first 
column refer to Figure 5. 

# Taxon Locality(ies) Geological age Updated literature reference 

1 Mauremys campanii Casteani, Montebamboli Tortonian CHESI et al., 2009 

2 Mauremys sp. Scontrone Tortonian PATACCA et al., 2013 

3 Mauremys sp. Cessaniti Tortonian GEORGALIS et al., 2020 

4 Mauremys sp. Moncucco Torinese Messinian COLOMBERO et al., 2017 

5 cf. Mauremys sp. S. Vittoria d'Alba Messinian KOTSAKIS & MORI, 1981 

6 Mauremys campanii Pian Calcinaio Messinian CHESI et al., 2009 

7 Mauremys portisi Valleandona Zanclean CHESI et al., 2009 

8 Mauremys sp. La Serra Piacenzian This work 

9 Mauremys etrusca Restoni Early Pleistocene KOTSAKIS, 1980 

10 Mauremys etrusca Colombaiolo Early Pleistocene KOTSAKIS, 1980 

11 Mauremys sp. Torre Picchio Early Pleistocene GIROTTI et al., 2003 

12 Mauremys sp. Cava Pirro, Cava Dell'Erba Early Pleistocene DELFINO & ATZORI, 2013 

13 Mauremys sp. Grotta del Monte delle Gioie Middle Pleistocene KOTSAKIS & BARISONE, 2003 

14 Mauremys sp. San Giovanni di Sinis Late Pleistocene CHESI et al., 2007 

 

The two specimens of Thatchtelithichnus hol-
mani reported herein represent some of the few 
records worldwide of this rarely reported ichno-
taxon, as well as its geologically youngest publi-
shed occurrence. The present record stimulates 
some inferences regarding the Thatchtelithichnus 
tracemaker(s). As mentioned above, ZONNEVELD et 
al. (2015) proposed that these borings were em-
placement scars left by invertebrate ectoparasites 
(or mesoparasites) while the host turtles were 
living. WISSHAK et al. (2019) included Thatchteli-
thichnus in a list of bioclaustration structures, 
which are not regarded as trace fossils. However, 
a reanalysis of the type series of T. holmani per-
formed by ZONNEVELD and BARTELS (2020) revealed 
that no part of this ichnotaxon involves bioclau-
stration; these authors concluded that the gene-
tic hypothesis formulated by ZONNEVELD et al. 
(2015) for explaining the Thatchtelithichnus scars 
remains the most likely one. With respect to the 
ring-shaped traces observed by BADER et al. 
(2009) on dinosaur bones from the Jurassic of 
Wyoming and later attributed to T. holmani by 
ZONNEVELD and BARTELS (2020), an identification as 
incipient stages in the process of excavation of 
pupation chambers by dermestid beetles has 
been proposed. Modern dermestid larvae (and 
adults as well) feed on the desiccated flesh of 
carcasses (HINTON, 1945; TIMM, 1982) and might 
even consume bone when other food sources are 
not available (HEFTI et al., 1980). After some four 

weeks of feeding, the larvae pupate and create 
chambers in any available compact surface, inclu-
ding desiccated flesh and bone (HINTON, 1945; 
TIMM, 1982). When severe infestation occurs, bo-
nes might become figuratively honeycombed with 
pupal chambers, their burrows sometimes exten-
ding towards the medullary cavity (HUCHET et al., 
2013, and references therein). Crucially, how-
ever, dermestids are not known to feed on kera-
tin, which constitutes the scutes that coat the 
plastral bones of turtles. Among extant insects, 
only some species of tineid moths are specialised 
in the consumption of the keratinous portions of 
carcasses, including the turtle shell (DEYRUP et al., 
2005). Members of the tineid genus Ceratophaga 
have been reported excavating straight-sided, cy-
lindrical pupation chambers into the astragali of 
African bovids (HILL, 1987); however, the mor-
phology of tineid moth damage does not match 
that of Thatchtelithichnus. Given these considera-
tions, it is our contention that the Thatchtelith-
ichnus traces observed on the exterior of the 
plastral bones of turtles cannot be interpreted as 
feeding marks or pupation chambers of insects 
(whether dermestid beetles, tineid moths, or 
members of other hexapod lineages). For ex-
plaining these scars, we concur with ZONNEVELD et 
al. (2015) and ZONNEVELD and BARTELS (2020) in 
inferring an origin as attachment traces of aqua-
tic ectoparasites (one of ticks, leeches, or flukes); 
this interpretation might also better explain the 
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variation in circularity of the Thatchtelithichnus 
traces found on turtles (e.g., Fig. 4 and ZONNE-
VELD et al., 2015: Fig. 9.1). On the other hand, it 
should be noted that severe (yet non-destructive) 
episodes of septicaemic cutaneous ulcerative di-
sease (=SCUD, or "shell rot"; see e.g., GRANADOS 
et al., 2013) that penetrate into the plastral scu-
tes to skim the bone surface might also locally 
produce shallow lesions on the plastral plates of 
extant freshwater turtles (personal observation 
by M.A.L.Z.). Recognising that the Thatchtelith-
ichnus grooves represent the lesions of a wide-
spread cutaneous disease such as SCUD might 
also lead to the conclusion that neither Thatchte-
lithichnus nor T. holmani should be regarded as 
valid ichnotaxa (BERTLING et al., 2006). However, 
the constancy of the ring-like aspect of the That-
chtelithichnus scars and their similar occurrence 
on the plastron-bottom only in different turtle 
taxa strongly evoke an origin as attachment tra-
ces of homotypic organisms rather than as bypro-
ducts of extensive, shell-degrading bacterial in-
fections [see also ZONNEVELD et al. (2015)]. In 
conclusion, the ectoparasitic hypothesis currently 
seems the most parsimonious for explaining the 
observation of Thatchtelithichnus-like structures 
on the exterior of the plastral bones of fossil che-
lonians. Nevertheless, additional actualistic ob-
servations on living aquatic turtles are clearly 
needed for confirming or disproving this tantali-
sing conjecture. 
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