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Introduction

Today, the genus Talpa includes several species 
widespread in Europe and north-western Asia, and only 
one in Central Siberia (Loy et al. 2005, Colangelo et al. 
2010, The IUCN Red List of Threatened Species. Version 
2021-2. https://www.iucnredlist.org). It is one of the most 
fossorial representatives of the family Talpidae (Piras et al. 
2012). The adaptation to the fossorial style of life triggered 
a strong specialization of the postcranial elements, while 
the cranium retained primitive characteristics, so much that 
elements such as teeth did not evolve enough to generate 
important morphological differences among species to 
be useful in distinguishing between species, with some 
exceptions. Because the genus Talpa is rather conservative, 
the specific identification on skeletal remains is often 
difficult and is usually based merely on morphometric and 
few morphological features (Fanfani 1999).

The earliest recorded species is the fairly small T. 
tenuidentata Ziegler, 1990, a species still not fully adapted 
to a fossorial lifestyle, and somewhat intermediate in 
morphology between Talpini and Scalopini (Hoek Ostende 
and Fejfar 2006, Klietmann et al. 2015), which lived 
during the Early Miocene, from MN 2 (Ziegler 1990) 
to MN 3 (Hoek Ostende and Fejfar 2006) (the adopted 
biochronologic and chronostratigraphic subdivisions are 

specified in the Material and Methods section). Since MN 3, 
if not already in MN 2, the long-lasting (up to MN 11) tiny 
T. minuta Blanville, 1838, already fully adapted to digging, 
became a common species (Ziegler 2003, 2006, Klietmann 
et al. 2015). Larger unnamed forms appeared occasionally 
during the Early Miocene, since MN 3 (Klietmann et al. 
2015). However, they became more common only from the 
Middle to Late Miocene, from MN 7+8 to MN 12, first with 
T. vallesensis villalta et Crusafont, 1944, and later with T. 
gilothi storCh, 1978 and T. aff. gilothi (Storch 1978, Fejfar 
and Sabol 2005, Hoek Ostende and Furió 2005, Ziegler 2006, 
Ménouret and Mein 2008, Rzebik-Kowalska and Rekovets 
2015). New species emerged around the Miocene/Pliocene 
boundary (MN 13/14; Doukas et al. 1995), and with even 
larger representatives, during the Pleistocene (MN 17 to 
MQ 2).

Especially the Plio-Pleistocene Talpa species were 
emphasized to be recognizable primarily on morphometric 
criteria, and accordingly grouped into three size groups: 
small, middle and large (Niethammer 1990, Fanfani 1999, 
Cleef-Roders and Hoek Ostende 2001). T. minor Kormos, 
1930 (senior synonym of T. gracilis Kormos, 1937 according 
to the majority of the authors; see discussion in Cleef-Roders 
and Hoek Ostende 2001) and T. neagui Rădulescu et samson, 
1989 are assigned to the small category; T. fossilis Petényi, 
1864 (senior synonym of T. praeglacialis Kormos, 1930 
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and T. europaea var. major FReudenbeRg, 1914 according 
to the majority of the authors; Kretzoi 1938, Heller 1958, 
Koenigswald 1970, Rzebik-Kowalska 2013) to the middle 
category; and T. episcopalis Kormos, 1930 and T. romana 
thomas, 1902 to the large category. T. csarnotana KretZoi, 
1959 was initially placed alternately into the small (Kretzoi 
1959) or middle (Sulimski 1962) category but, since Storch 
(1978) gave its measurements, it has been placed into the 
middle category. The Würmian T. magna Woldřich, 1893 
would fit in the large category. However, it is interpreted 
as an expression of the high size variability of T. europaea, 
in the absence of any morphological difference, being only 
slightly larger than the recent populations of the latter 
species (Stein 1955, Koenigswald 1985).

According to many authors, such as Doukas et al. (1995), 
Cleef-Roders and Hoek Ostende (2001), Angelone et al. 
(2011), and López-García et al. (2024), the taxonomy of the 
fossil representatives of the genus Talpa is still confused and 
needs revision, with significantly varying opinions among 
authors (see for example Cleef-Roders and Hoek Ostende 
(2001) versus Sansalone et al. (2015) about T. fossilis and T. 
europaea synonymy). It suffers from important deficiencies 
as well. For example, usually the type population of T. fossilis 
from Beremend 1 (early Villanyian – MN 16a) is notably 
absent, or merely mentioned in later works. The cause is that 
the given description and measurements in the rather old work 
(Petényi 1864) are outdated, hardly comparable to those of 
the other fossil Talpa populations studied later. Actually, the 
morphological traits and morphometric landmarks that are 
currently regarded as important for species discrimination 
were not defined in that work. Furthermore, Petényi’s use 
of archaic language and ancient units of measurement 
complicates easy comparison with the remains described 
by later authors. In fact, later authors assigned to T. fossilis 
some remains they studied solely on the basis that they were 
observed to be of comparable size with recent T. europaea, 
like the type population was emphasised by Petényi to be, 
without making a direct morphometric comparison between 
these remains and those of the type population. That way 
of reasoning represents an oversimplified and potentially 
problematic approach to species identification. Therefore, 
the type population is omitted also in this work, because 
of the above-mentioned not fully reliable data in Petényi’s 
paper, and needs a total revision that is beyond the scope 
of the present work. The consequence is that, for the time 
being, the specific attribution to T. fossilis of all the other 
fossil populations later assigned to that species remains 
ambiguous and provisional.

In summary, the above-mentioned confusion is due to: 
the poor morphological variation and strong overlapping in 
size among Talpa species; the scantiness and fragmentary 
nature of remains in the fossil faunas – the reason why 
many fossil species were established only on poor remains, 
mainly or only represented by the robust humeri; the lack of 
any report of diagnostic morphometric measurements and 
morphological features of some mole populations in older 
and sometimes also in modern literature; the absence in some 
papers of the used protocol of measurements, especially 
in those older than the paper of Hutchison (1974), which 
is since then used as the source for measuring methods on 
talpids; the general comparison of fossil species with recent 

ones; the nearly complete absence in later works of a critical 
revision of old literature; and, finally, the poor interest in the 
study of Talpa genus, because that genus was depicted to be 
useless for biochronological purpose.

Hutchison (1974), Fanfani (1999), and authors cited in the 
latter paper proved that some humerus linear measurements 
and ratios (length, diaphysis width, distal width, length vs. 
diaphysis width ratio, and index of flattening), the femur 
and radius length, the height of the mandible below m2, and 
the length of the lower molar row are all morphometrical 
characteristics useful to distinguish among the different 
species. Moreover, from a morphological point of view, 
they showed that the shape and position of the pectoral 
tubercle in the humerus and the number of mental foramina 
are useful for the taxonomical purpose as well. Conversely, 
for example, teeth morphology is less useful to discriminate 
between Talpa species.

Because of the above-mentioned lacunas, the re-analysis 
of the Plio-Pleistocene remains, by means of the above-
mentioned measurements, ratios, and features, is made to 
try to adjust the taxonomy of the fossil populations of that 
period, and to get it into the proper biochronological context.

The tiny Talpa from Rivoli Veronese site is analyzed in 
the above-mentioned background. Rivoli Veronese is a karst 
fissure filling, exposed in a limestone quarry 18 km NW from 
Verona (north-eastern Italy), containing a late Villanyian – 
MN 17 (chronologically corresponding to the first half of the 
Early Pleistocene, i.e., to the Gelasian Stage) small mammal 
fauna retrieved from a 2 m-high portion of the lower fissure 
infilling. The absence of a stratified sequence together with 
a coherent fauna suggested that the fissure infilling was a 
rapid and single event (Berto et al. 2022). The mole remains 
from Rivoli Veronese were already partly studied by Fanfani 
and Masini (1997) and Fanfani (1999). They recognised 
only two mole species: one, characterised by a tiny size, was 
assigned to Talpa sp., although it was assumed to probably 
represent a new mole species; the other was assigned to the 
small T. minor. Berto et al. (2022), who made the revision 
of the fauna, recorded a third mole species, the middle-sized 
T. cf. fossilis, within the remains previously assigned to T. 
minor, and confirmed that the tiny specimens represent a 
new species of Talpa, but did not name it, leaving the matter 
to the present study.

The above-mentioned re-analysis demonstrates, despite 
all its limitations, both intrinsic (poor morphological variation 
and strong overlapping in size among Talpa species) and 
extrinsic (lack of revision on modern grounds of the type 
populations of some fossil species), that the taxonomy of 
many fossil remains of Talpa can be fixed, that the genus 
can be useful for biochronological discussion, and that the 
new tiny species from Rivoli Veronese, here described and 
named, is recognised in other fossil populations as well.

Material and methods

To better define the taxonomy of the new species, the 
mole remains from the most representative fossil and living 
mole populations were re-analysed. This comparison was 
made gathering from literature (Tab. 1, App. Tab. A1) 
the most significant morphometrical and morphological 
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characteristics of these remains. No direct comparison was 
possible with other collections, because hundreds of Plio-
Pleistocene fossil mole remains (including hundreds of 
humeri) are scattered in collections all over various European 

institutions. There, they are tentatively labelled under 
several different names, awaiting definitive identification. 
However, because few insectivore genera are as badly in 
need of revision as the genus Talpa, a basis, represented by 

Table 1. List of localities containing analysed Talpa populations with published and revised determinations. Publications refer to 
published determination and stratigraphy. Symbols refer to those used in Text-figs 3–9. u.l. – upper level, l.l. – lower level.
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the present work, was needed as a starting point to study in 
the future these collections one by one, by anyone who can 
access them.

The findings containing only a few dental elements with 
no mandibles and humeri hamper precise identification of 

talpid assemblages. Therefore, they were omitted from the 
re-analysis.

T. vallesensis and T. tenuidentata were not considered, 
because the combination of their size, proportions, and age 
excludes them from the purpose of this work. T. tyrrhenica 

Table 1. continued
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Bate, 1945, a Middle to Late Pleistocene insular endemism 
of Corsica and Sardinia (Pereira et al. 2001, Palombo 2006), 
probably descending from a still unrecognized Miocene 
species that migrated there during the Messinian salinity 
crisis (Made 1999), or less convincingly, from a form similar 
to T. minor that migrated there during the sea regression 
during the “Middle Pliocene – late Ruscinian – late MN15” 
(Palombo 2006) / “Early/Middle Pliocene” (Furió and 
Angelone 2010) (Early/Late Pliocene according to the here 
adopted chronostratigraphic scheme), was excluded as 
well. T. stromeri Brunner, 1950, a species of indefinite age, 
Pliocene according to Fanfani (1999), Biharian (late Early 
or early Middle Pleistocene) according to Reumer (1995), 
poorly studied, and of ill-defined systematic position, needs 
revision and was also excluded from the present work.

The re-analysis allowed adjustment in the taxonomy of 
some poorly representative fossil populations (represented 
by scanty remains or by sketchy description) that were 
misinterpreted in the past, because of being compared 
against only a partial set of the mole record. In fact, I made 
new species assignments for these populations (Tab. 1, App. 
Tab. A1) on the basis of size comparisons and reasoning 
similar to what past authors did when they assigned those 
remains to particular species, but comparing them with a 
broader mole record.

The characteristics, cited in the Introduction section and 
established by past authors to be of diagnostic importance 
for discrimination among fossil moles were respectively 
measured on and described for the Rivoli Veronese remains, 
too. For this purpose, measuring methods and terminology 
employed in the text were those used by Hutchison (1974) 
for postcranial bones, and by Reumer (1984) for mandibles 
and teeth, because their methodology is widely adopted by 
the majority of authors who study fossil talpids. By checking 
all the literature here analysed, the measuring methodology 
of earlier authors was seen to not differ much from that 
used by Reumer and Hutchison. Therefore, it was inferred 

that most of the measurements taken by past authors were 
obtained with the same or, in the worst case, with a similar 
protocol, with a few possible exceptions in the earliest 
works. This should not have introduced too much bias into 
the current re-analysis.

Measurements, in millimetres, taken on Rivoli Veronese 
mole remains were determined using a Parker Hannifin 
M4000DM Series Digital Micrometer. They are shown 
partially in Appendix, Table A1 (for comparison purpose 
with the other European Talpa populations) and fully in 
Table 2. The pictures (Text-fig. 10) were taken with a Leica 
EZ4HD microscope and processed with ImageJ software.

The biochronologic subdivisions, adopted in this work 
(Text-figs 1, 2) to cover the long period from the Early 
Miocene to the present, are built on those of Fejfar et al. 
(1998), and supplemented following the works of Rabeder 
(1981), Jánossy (1986), Fejfar et al. (1997), Horáček and 
Ložek (1988), Kordos (1991), Steininger et al. (1996), 
Tesakov (1998, 2004), Fejfar (2001), Koufos et al. (2005), 
Tesakov et al. (2007, 2017), and Mayhew (2015). The 
chronostratigraphic subdivisions of the same time period are 
those of Cohen et al. (2013).

Systematic palaeontology

Morphometrical and morphological characteristics of 
the examined mole record are graphically summarized and 
compared in Text-figs 3–9. They show why some species 
assignments changed, mostly between couples overlapping 
in size to a certain degree, such as T. caeca and T. minor, 
T. minor and T. fossilis, T. europaea and T. fossilis, and 
T. fossilis and T. episcopalis, that is, mainly for size reasons. 
Notably, I consider T. csarnotana a synonym of T. fossilis, 
because neither the original vague description (without 
a diagnosis, illustration, or even type-designation) provided 
by Kretzoi (1959), nor the measurements, which were 

Table 1. continued
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specified by Storch (1978) only many years after the species 
was erected, of the type population display differences from 
the latter species. Other adjustments in taxonomy are cited 
in the text.

Text-figs 3–9 also show that the smallest remains 
from Rivoli Veronese are distinctively smaller than and 
morphologically different from any so far recognized tiny to 
small mole species.

The whole re-analysis permitted better definition 
and summarization of the characteristics among the tiny 
to middle-sized Talpa species as well, allowing better 
differentiation among those species (Tab. 3).

Past works (Fanfani 1999, Berto et al. 2022), together 
with this re-analysis showed that, among the 68 mole 
remains from Rivoli Veronese, 12 of them belong to the new 
species.

Class Mammalia Linnaeus, 1758
Order Eulipotyphla WaddeLL, Cao, Hauf et  

HasegaWa, 1999
Family Talpidae fisCHer, 1814

Genus Talpa Linnaeus, 1758

Talpa masinii n. sp.
Text-fig. 10

http://zoobank.org:act:E32BC2FE-8E69-4B6F-9E24-6654BC14682F

1962 T. minor young individuals; Sulimski, tab. 4, pl. I, figs 5–7. 
[Węże 1]

1996 T. minor; Dahlmann and Storch, tab. 5, pl. 1, fig. 17. 
[Gundersheim 4] 

1997 Talpa sp.; Fanfani and Masini, p. 371, pl. 1 figs 7–9. [Rivoli 
Veronese]

1999 Talpa sp.; Fanfani, pl. I.7, figs f–h. [Rivoli Veronese]
2001 T. minor; Dahlmann, tab. 8, fig. 7.2–3, pl. 7 figs 4–5. 

[Wölfersheim]
2004 T. cf. minor; Sabol, tab. 7.1 + 7.2, figs 7.1.1, 7.1.2. 

[Hajnáčka 1]
2015 T. minor; Bona et al., tab. 7, pl. 2, fig. 2 (CSG 24). [Coste 

San Giacomo]
2022 Talpa n. sp.; Berto et al., tab. 3, fig. 2. [Rivoli Veronese]

H o l o t y p e . Right humerus (inv. no. RV374, Museo di 
Paleontologia e Preistoria Piero Leonardi of the University 
of Ferrara; Text-fig. 10a).

P a r a t y p e s . 1 toothless left mandible (RV386), 1 right 
mandible with p3 and m2 (RV385), 1 sternum (RV330), 3 left 
humeri (from RV375 to RV377), 1 right humerus (RV374), 
1 right distal humerus (RV373), 1 left radius (RV381), 1 left 
distal femur (RV358), 1 right distal femur (RV383), 1 right 
proximal tibia (RV382).

E t y m o l o g y . In honour of Prof. Federico Masini of 
the Faculty of Mathematical, Physical, and Natural Sciences 
of the University of Palermo, who first acknowledged that 
the remains of this tiny mole probably belonged to a new 
species.

T y p e  l o c a l i t y . Rivoli Veronese (Verona, north-
eastern Italy). Late Villanyian – MN17/1.

M e a s u r e m e n t s . See Table 2.

D i a g n o s i s . Talpa species much smaller than any 
Ruscinian to modern Talpa species in both cranial and 
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Text-fig. 1. Time-related chart of Plio-Pleistocene chronostratigraphic and former biochronological subdivisions (Legend:  
○, ● – respectively negative and positive palaeomagnetic polarity of sediments bearing local mammal fauna. RZ – range zone;  
CRZ – concurrent range zone. A. – Allophaiomys, B. – Borsodia, D. – Dolomys, L. – Lagurus, M.– Mimomys, P. – Prolagurus).
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postcranial elements, bearing at least up to three mental 
foramina and the pectoral tubercle of the humerus positioned 
in a rather variable position (central in some specimens, 
lateral in others).

D i f f e r e n t i a l  d i a g n o s i s . It differs from the 
similarly-sized T. minuta Blainville, 1840, as described 

by Hutchison (1974) and Ziegler (2003, 2006), because 
the only teeth available for comparison (p3 and m2) are 
distinctively smaller than those of T. minuta, while the Lm1 
is, conversely, somewhat larger (even more so, because 
derived from alveolar length); furthermore, in T. masinii n. 
sp. the pectoral tubercle is in a central to lateral position, 

Text-fig. 2. Time-related chart of Plio-Pleistocene biochronological subdivisions adopted here, with time-related distribution of 
local mammal faunas and of Talpa species cited in present work. Presence according to molecular data taken from Colangelo et al. 
(2010), Bannikova et al. (2015), and Feuda et al. (2015) (div. sp. – various species).
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while in T. minuta it is always centrally placed; additionally, 
the former mole, though this observation is based on one 
individual, bears three mandibular foramina, whereas 
the latter mole consistently exhibits only two mandibular 
foramina.

The small species, T. neagui and T. minor, are found 
respectively during the Ruscinian – MN 14–15 and since the 
early Villanyian – MN 16 to Toringian – MQ 2. Reference 
populations of the former species are those from Bereşti 
(type locality), Măluşteni, Węże 1, and Podlesice (Rădulescu 
and Samson 1989), all well described and rich in number 
of remains. Reference populations for the latter species are 
mainly those from Erpfingen 3 (Heller 1958), Petersbuch 1 
(Koenigswald 1970), Hundsheim (type locality) (Rabeder 
1972), Betfia (Rzebik-Kowalska 2000), Żabia Cave 
(Rzebik-Kowalska 2013), and Rivoli Veronese (Berto et al. 
2022). The smallest remains from Rivoli Veronese differ 
noticeably from the two above-mentioned species in their 
unambiguously smaller size. Only exceptionally, in few 
cranial and postcranial elements, they reach the size of the 
smallest specimens of T. neagui and T. minor. However, 
when the proportions of the corresponding elements are 
considered, they totally differ from those of the latter two 
species. Moreover, the pectoral tubercle of the humerus is 
positioned in a central to lateral position, while it is always 

in a central position in T. neagui, and conversely, in a lateral 
position in T. minor.

Because the remains of this tiny mole differ from the 
other fossil and recent mole species, and are represented by 
cranial and postcranial remains with a high systematic value 
among talpids, such as mandibles, and especially, some 
well-preserved humeri, this definitely supported the past 
idea that they represented a new species.

D e s c r i p t i o n . All the cranial and postcranial elements 
are tiny, although they belong to adult individuals. Even 
those postcranial elements, such as sternum, radius, femurs, 
and tibia, that basically have no morphological features 
useful to discriminate among Talpa species, can nevertheless 
be assigned to the new species. In fact, they are distinctively 
smaller than those from Rivoli Veronese assigned to T. minor, 
or those from the collection of the Museo di Paleontologia 
e Preistoria Piero Leonardi of the University of Ferrara 
belonging to T. caeca, a species slightly larger than T. minor, 
collected near Tarvisio (Friuli-Venezia Giulia Region, north-
eastern Italian Alps) and in Grotta della Serratuta (near 
Marina di Camerota, Salerno, Campania Region, southern 
Italy), in strata of latest Pleistocene to sub-recent age.

Mandibles. Based on scanty remains, three mental 
foramina, one below the original emplacement of m1, 
between the two alveoli, one below the distal end of the 

Text-fig. 3. Diagram of diaphysis width vs. maximum length of humerus in fossil and recent Talpa (acronyms of localities in Tab. 1).
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emplacement of p3, one below the original emplacement of 
p1 and p2, at the boundary of their alveoli. 

Teeth. m2 and p3 are badly preserved, so no 
morphological features can be described.

Humeri. V-shaped delto-pectoral ridge; rather variable 
pectoral tubercle both in outline and position, respectively 
triangular and in a central position (RV374; Text-fig. 10a), 
or tongue-shaped and in a lateral position (RV376) (Text-
fig. 10c), depending on the specimens; head situated rather 
laterally; axis of the head subparallel to the long axis from 
the base to the proximal end.

R e l a t e d  f o r m s . Fanfani (1999) observed on the 
humeri of the Italian Talpa populations an increase of size 
and robustness, and conversely, a decrease of the index of 
flattening over time. On the basis of these observations, he 
showed that the tiny mole from Rivoli Veronese is at the 
most primitive stage of evolution. An additional primitive 
characteristic noticeable in some remains from Rivoli 
Veronese can be considered the central position of the 
pectoral tubercle, given that this feature is found only in 
some of the earlier species (Tab. 3). Therefore, I inferred 
that this tiny mole cannot represent an offspring of any 
penecontemporaneous species, and thus is not merely an 
isolated occurrence in the history of moles. Instead, given 
its primitiveness, it is likely evolutionarily related to earlier 
populations.

Tiny mole remains were previously found in Central 
European late Ruscinian – MN 15 to early Villanyian – MN 
16 faunas of Węże 1 (Sulimski 1962), Wölfersheim and 
Gundersheim 4 (Dahlmann 2001), and Hajnáčka 1 (Sabol 
2004) as well. Nevertheless, they were assigned to T. minor. 
For example, Sulimski (1962) believed that the smallest 
humeri and teeth he described from Węże 1 belonged to 
young individuals of the population of T. minor, already 
recorded by Sulimski (1959) at the site, and later assigned 
to T. neagui by Rădulescu and Samson (1989). Fanfani and 
Masini (1997) and Fanfani (1999) implicitly rejected this 
assumption. According to the pictures and the text, even if 
some humeri seem in fact to belong to young individuals, 
some others of these supposed young individuals display 

the same structure as those stated to represent adults. In that 
circumstance, individuals with an intermediate size between 
the supposed young individuals and the adults would have 
been expected. In any case, no size difference in teeth can 
exist between young and adult individuals, because in Talpa, 
tooth-succession occurs before birth or, at least, before the 
time when fur grows upon the young creatures’ backs, and 
milk teeth differ notably from the permanent functional 
teeth, being rudimental and useless as organs of mastication 
(Spence Bate 1867, Bolk 1923). Instead, according to the 
text, the teeth assigned to young individuals are permanent 
functional teeth while being sharply smaller than those 
assigned to adult individuals.

As I observed a sharp size difference between the 
above-mentioned Central European late Ruscinian to early 
Villanyian moles and the other moles of same age assigned 
to T. neagui and T. minor (Text-figs 3–9), I inferred that these 
tiny moles might represent a new species. Hence, I assumed 
that they belong to T. masinii n. sp., because of the absence 
of any clear dimensional and morphological difference with 
the tiny mole from Rivoli Veronese. The large age difference 
between the above-mentioned faunas and that from Rivoli 
Veronese cannot be used to reject a specific similarity. In 
fact, the absence of T. masinii n. sp. for such a long time can 
be explained by the scantiness of Talpa remains in faunas 
of intermediate age, and by the scantiness itself of small 
mammal faunas from that intermediate time period (Text-
fig. 2). Its absence from faunas of intermediate age could 
also imply that, in later periods, it survived only locally 
as a Pliocene relict species, like other taxa collected in 
Rivoli Veronese (Rhagapodemus and Pliopetaurista; Berto 
et al. 2022) and in other late Villanyian European faunas 
(for example, Blarinoides mariae, Sulimskia kretzoii, and 
Deinsdorfia hibbardi in Poland (Nadachowski 1998), and 
Dolomys milleri in Hungary (Pazonyi et al. 2016)). Finally, 
I assumed that the smallest humerus (Text-fig. 6) collected 
at Coste San Giacomo (Bona et al. 2015) might represent 
an additional late Villanyian record of T. masinii n. sp., and 
thus its southernmost record. As a result, by taking into 
consideration all the populations here assigned to T. masinii 

Table 3. Comparison of characteristics between T. masinii n. sp. and other analysed tiny- to middle-sized Talpa species. Filling in dark 
grey: total correspondence of feature with that possessed by T. masinii n. sp.; filling in light grey: partial correspondence of feature 
with that possessed by T. masinii n. sp.; no filling: no correspondence of feature with that possessed by T. masinii n. sp.; characteristics 
in bold type: feature representative for the species, because observed in many remains or populations; characteristics not in bold type: 
features poorly representative for the species, because observed on scanty remains or in few populations.

Features                          
Humerus size Radius length Pectoral tubercle 

position

Size graduation of 
teeth of lower molar 

row

Number of mental 
foraminaMole species     

T. caeca small short lateral Lm2>Lm1=Lm3 2

T. europaea medium to large medium to large lateral Lm2>Lm1≥Lm3 2 (3 uncommon)

T. fossilis small to medium medium lateral Lm2>Lm1=Lm3 2–3 (4 uncommon)

T. minor tiny to small short lateral Lm2>Lm1=Lm3 2 (3 uncommon)

T. masinii tiny very short central to lateral Lm1>Lm2=Lm3 2–3

T. neagui small – central Lm1>Lm2>Lm3 2–(3?)

T. aff. gilothi small – central – –

T. gilothi small – lateral – 2

T. minuta tiny very short central Lm2≥Lm3≥Lm1 2
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n. sp., the lower molar row, even if represented by scanty 
remains, appears to be graded in size with Lm1 > Lm2 and 
possibly with Lm2 = Lm3.

P h y l o g e n e t i c  l i n k s . Because T. masinii n. sp. 
shows both similarities and differences in morphology 
and size compared to both earlier and later tiny to small 
species T. minuta, T. gilothi, T. aff. gilothi, T. neagui, and 
T. minor, with a mixture of features without any apparent 
ancestor-descendant relationship, this pushed me to exclude 
a phylogenetic link between T. masinii n. sp. and those 
five species, although T. neagui appears to be the species 
with the greatest similarities, particularly with regard to the 
size graduation of lower molars (Tab. 3). However, this is 
a preliminary observation, as the comparison is, in some 
circumstances, of limited value, due to the scarcity or lack 
of data regarding some features of these species.

B i o c h r o n o l o g i c a l  r a n g e  o f  t h e  n e w 
s p e c i e s . From late Ruscinian – MN 15b to late 
Villanyian – MN 17/1 Rodent Ages (chronologically 
corresponding to the latest Early Pliocene to early Early 
Pleistocene Subepoch – latest Zanclean to Gelasian Ages).

P a l a e o b i o g e o g r a p h i c a l  r a n g e  o f  t h e 
n e w  s p e c i e s . Central Europe and Italy.

Discussion

The mole remains fitting in the tiny size category from 
Central Europe and here assigned to T. masinii n. sp. were 
sometimes found associated with those fitting in the small 
size category that were ascribed to T. gilothi in Wölfersheim 
(Dahlmann 2001) (a species originally described by Storch 

Text-fig. 4. Diagram of greatest length of humerus in fossil and recent Talpa.
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Text-fig. 5. Diagram of diaphysis width of humerus in fossil and recent Talpa.



297

(1978) from the early Turolian Dorn-Dürkeim 1 fauna), and to 
T. neagui in Węże 1 (Rădulescu and Samson 1989). Rădulescu 
and Samson (1989) observed that T. neagui was common 
and widespread during the Ruscinian, as it was recorded in 
Bereşti, Podlesice, Măluşteni, and, possibly, in Musaid (= 
Musaitu 5) too. It differs from the similarly small Villanyian 
to early Toringian T. minor. In fact, when compared to the 
latter, it bears: on average, a more robust humerus (L4 in the 
range of T. minor, whereas W1 and W2 in the range between 
the largest remains of T. minor and the smallest remains of 
T. fossilis); a pectoral tubercle with a rather central position 
(instead of being lateral); and a more gracile mandible with 
lower molars that, even if based on scanty remains, appears 
to be graded in size with Lm1 > Lm2 > Lm3, instead of 
being graded in size with Lm2 > Lm1 = Lm3 (Text-fig. 
9). Meanwhile, T. gilothi and T. neagui, besides differing 
distinctively in age (MN 10–12 and MN 14–15, respectively), 
are clearly different from each other in proportions of the 
humerus and position of the pectoral tubercle (Rădulescu 
and Samson 1989) (Tab. 3). The humeri from Wölfersheim 

equal in size those of T. neagui too, and no reason is found 
to differentiate the remains of Wölfersheim from the latter 
species. Therefore, all the small remains of Ruscinian age 
assigned in the past to T. gilothi or to T. minor should belong 
to T. neagui. The mole remains found in Moncucco Torinese 
ascribed to T. minor by Colombero et al. (2017) may belong 
to T. neagui as well. In fact, although no dimensional data 
were given by the authors, these remains were described to be 
smaller than those of T. gilothi and T. vallesensis, and similar 
to those of T. minor described by Sulimski (1959) from the 
Pliocene of Poland, the latter remains being merely those 
from Węże 1, which I here assigned to T. neagui, according 
to the humerus size and proportions. This could imply that the 
latter species already existed in MN 13.

T. minuta, as an extra note because it is similar in size 
to T. masinii n. sp., is exceptionally mentioned outside the 
Miocene in the Middle Pleistocene layer 23 of Petralona Cave 
(Kretzoi and Poulianos 1981). The authors did not give any 
measurements, but only asserted that it was probably referable 
to the Middle Pleistocene species T. minuta FReudenbeRg. 

Text-fig. 6. Diagram of distal width of humerus in fossil and recent Talpa.
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Because Freudenberg was the author who erected the species 
T. minor, whereas T. minuta was erected by Blainville, and T. 
minor type population is of Middle Pleistocene age, whereas 
T. minuta lived during the Miocene, I inferred that, in truth, 
Kretzoi and Poulianos intended to refer it to T. minor.

The size of the mole remains from Rivoli Veronese offered 
new insights into the Plio-Pleistocene mole record regarding 
size categories. Here three size categories were recognized: 
one being distinctively smaller than the fossil small size 
category; one fitting in the fossil small size category; and 
one fitting in the fossil middle size category. The large size 
category is missing. Therefore, taking into consideration all 
the populations assigned in this study to T. masinii n. sp., 
a fourth category existed, the tiny one, not only among the 
Miocene but also among the Plio-Pleistocene moles.

Rivoli Veronese is thus a site where the coexistence of up 
to three Talpa species is documented within a single fauna. 
Accordingly to past literature and new species assignments 
made in this study, three Talpa species also co-occurred 
in Węże 1, Coste San Giacomo, Betfia IX upper level, 
Püspökfürdő (= Betfia 2), Hundsheim, and Visogliano. 
Therefore, this is a rare condition, but it is now becoming less 
unusual in the fossil record. All these faunas were considered 
assemblages that accumulated over a relatively short 
period; thus, they are not mixed assemblages. Therefore, 
this infrequent coexistence rather suggests some form of 
specialization to avoid competition, particularly considering 

that in Europe, sympatry among recent Talpa species occurs 
between a maximum of two species, while syntopy never 
occurs (Loy et al. 2017). Until now, at least in Italy, the size 
of mole species has been related to several factors (Fanfani 
1999, Loy et al. 2005, Loy 2008), including soil aridity and 
depth, climate, litter composition, and others; however, no 
definitive conclusion has been reached. As later discussed 
by Loy et al. (2017), the reason for the current distribution 
of European moles is even more complex. Therefore, the 
coexistence of three Talpa species in fossil faunas may have 
resulted from a mix of factors suitable for each species, 
either concentrated in one location or, more likely, scattered 
throughout the catchment area. That area might have been 
spatially extended both vertically (with the presence of 
plains, hills, and mountains) and horizontally, encompassing 
diverse environmental conditions that provided suitable 
habitats for up to three Talpa species. As previously noticed, 
Fanfani (1999) observed on the humeri of the Italian Talpa 
populations an increase of size, robustness and, conversely, 
a decrease of the index of flattening over time. This is in line 
with the trend of increase in size in many mammal species 
observed by Mazza and Bertini (2012) and Bokma et al. 
(2016). Additionally, the mole remains from the analysed 
faunas show a general trend of replacement over time, from 
Ruscinian to present, of small Talpa species with larger 
ones (Text-fig. 2). Fanfani (1999) suggests that the size, 
robustness and depth of the humerus in moles indicate an 

Text-fig. 7. Diagram of greatest length of radius in fossil and recent Talpa.
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evolutionary trend linked to the transition from soft, moist 
soils, more suitable for small moles, to hard, arid soils, 
which are better suited for larger moles, resulting from the 
increasing aridity observed from the Pliocene to the present 
day. Analysing the cited literature, the aforementioned 
reasons for geographic distribution appear, in some cases, 
to contrast with the general trend of evolution, as they are 
influenced by a complex combination of factors.

For now, the origin of T. masinii n. sp. remains unknown, 
as indicated by the discussion in Phylogenetic links of 
Systematic Palaeontology section and because the limited 
records of small Talpa species during the long period from 
MN 12 to MN 14, spanning about four million years, are 
described either poorly or not at all.

Conclusions

The Rivoli Veronese fauna filled a gap in our 
understanding of the history of the genus Talpa in Europe 
as, up to now, the period from the early to late Villanyian 
yielded only scant faunas containing significant or described 
mole remains.

Based on the bibliographical analysis of numerous fossil 
populations, I proposed some changes in the taxonomic 
attribution of the moles recorded in certain faunas. This 
permitted:
– to attest that the coexistence of up to three Talpa species 

in a local fauna (with no mixed assemblage) was not an 
exception in the history of the genus Talpa;

– to extend the existence of tiny moles up to the late 
Villanyian;

– to stress that the usual dimensional and morphological 
characteristics, plus some new ones here used, are 
helpful to some extent to discriminate the species among 
fossil Talpa populations;

– to recognize, by more precisely fixing the taxonomy 
and the biochronologic age of the examined Talpa 
populations, that the genus Talpa is useful for 
biochronological inferences.

However, the scantiness of fossils remains, and the 
summary descriptions existing in literature prevent, in some 
circumstances, solid conclusions, unless a direct revision 
of the old collections is carried out, in particular those of 
the type species populations. Thus, the objective to give a 
comprehensive picture of the evolution of the genus Talpa is far 
from being achieved, also because the present considerations 
covered mainly those species and populations of interest for 
the present work. More specific inferences on single species 
that might be or have been derived from the exposed data need 
further discussion. All this requires further study.
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