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ABSTRACT

New data about biogeography, ecology, morphology and biometry of Talpa caeca, T. europaea and T. romana
in central Italy are reported based on the analysis of 64 specimens of the three Italian species preserved in
mammal collection “Angela Gaggi-Andrea Maria Paci". This collection began in 1985 in northern Umbria ac-
cumulating during the years a corpus of +3.100 specimens belonging to 53 European mammal species (mostly
small mammals), contributing to provide in the proposed study case further information on the genus Talpa.

Key words:
Talpa spp., museology, biogeography, ecology, morphological and biometrical data.

RIASSUNTO

Considerazioni sul genere Talpa (Mammalia, Soricomorpha, Talpidae) nell [talia centrale attraverso lo studio di esemplari della

collezione di mammiferi Gaggi-Paci (Citta di Castello, PG)

Si riportano conferme o nuovi elementi riguardo alla biogeografia, ecologia, morfologia e biometria di Talpa caeca, T. europaea
e T. romana in Italia centrale, attraverso i risultati di analisi effettuate su 64 reperti relativi alle tre specie italiane, conservati
nella collezione teriologica "Angela Gaggi-Andrea Maria Paci”. Questa raccolta, nata in Umbria settentrionale nel 1985, ha
accumulato negli anni un corpus di oltre 3100 reperti appartenenti a 53 specie di mammiferi europei (soprattutto piccoli mammiferi)
contribuendo a fornire, nel caso di studio proposto, ulteriori informazioni sul genere Talpa.

Parole chiave:
Talpa spp., museologia, biogeografia, ecologia, morfologia, biometria.

INTRODUCTION 4 smaller ones and then the sharp “molares”. The

“dentes primores”, the incisors, are indeed 6 in the
The genus Talpa was described for the first time in  genus Talpa, both the upper and the lower ones: the
1758 in the "Systema naturae” (Linnaeus, 1758). Lin-  two more ones considered by Linnaeus are appar-
naeus considers as distinctive characters of the genus  ently attributed to canines, that are two, both on the
the "dentes primores”, 6 upper ones and eightinferior ~ upper and on the lower dental arches. The “laniarii”
ones and for the "laniarii” teeth, a bigger one and  are to be identified with canines, therefore the four
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smaller ones are premolars. It has not always been
simple to find a correspondence between the teeth
of Soricomorpha and of humans; in Soricidae for
instance the more or less sharp teeth ascribed to in-
cisors, canines and premolars have been then gener-
ically defined unicuspid teeth (Chaline et al., 1974).
In the “Systema naturae” are described two species
of the genus Talpa: T. europaea and T. asiatica. Among
the distinctive characters of the first one, subject of
this article, are the five-finger feet, the longest penis
among all animals and the delicate skin. For the dis-
tribution areal it is reported generically “in Europa”.
After 1758, several species of genus Talpa have been
described and today 12 are acknowledged as valid
(Krystufek & Motokawa, 2018). In Italy the ultimate
national checklist of mammals (Loy et al., 2019) re-
ports 3 species: T. caeca distributed in continental
Italy, T. europaea distributed in central-northern Italy

and T. romana distributed in central-southern Italy.
Globally T. caeca is distributed in continental Italy,
bordering Swiss and French areas and the Balcanic
peninsula (Cassola, 2016); T. europaca covers a great
part of central-northern Europe (Amori et al., 2017);
T. romana is endemic in central-southern Italy (Amori,
2016; Amori & Castiglia, 2018; Loy et al., 2019).

In a checklist preceding the one of Loy et al. (2019),
Gippoliti (2013) reports 4 species for Italy. Beside the
3 already quoted ones, the Calabrian populations of
T. romana, traditionally ascribed to the subspecies T.
r. adamoi Capolongo et Panasci, 1976, are acknowl-
edged as good species, a status not subsequently
confirmed (Amori & Castiglia, 2018).

In the century following the publication of "Systema
naturae”, the naturalist Paolo Savi, considering the
description of moles by authors and scientists since
Aesops, Aristotele and Pliny the Older, hypothesized

Percentage frequency

T. caeca T. europaea T. romana
Environment typologies (n=5) (n =34) (n=7)
Mountain prairie - - 14,28%
Wood and prairie - 2,94% -
Beech-wood and mountain prairie 100% 2,94% -
Oak-wood - 2,94% -
Oak-wood and prairie - 8,82% -
Oak-wood and traditional farming - 20,59% -
Lake riparian wood and pasture - 2,94% -
River riparian wood and intensive farming - 2,94% -
Conifer reforestation - 8,82% -
Traditional farming - 20,59% 85,71%
Intensive farming - 11,76 % -
Suburban area - 14,70% -

Tab. 1. Percentage frequency of the Umbrian specimens of the genus Talpa in the collection Gaggi-Paci for each one of the

12 listed environment typologies; n. = number of data.

Percentage frequency

T. caeca T. europaea T. romana
Bioclimatic planes (n=5) (n=34) (n=7)
High mountain 20,00% - 14,28%
Low mountain, humid variant 80,00% 5,88% -
High hill - 29,41% -
High hill, humid variant - 32,35% 14,28%
Low hill - 5,88% -
Low hill, cold variant - 20,59% -
Low hill, humid variant - - 14,28%
Submediterranean hill - - 42,86%
Submediterranean hill, temperate variant - - 14,28%
Submediterranean, humid variant - 5,88% -

Tab. 2. Percentage frequency of the Umbrian specimens of the genus Talpa of the collection Gaggi-Paci in each one of the

listed 10 bioclimatic planes; n. = number of data.
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Fig. 1. Types of tails of "europaca” (a, TE48)
and “romana” (b, TRO5) (photo A. Gaggi).

the existence in Europe of two species of moles, one
with very small but visible eyes and the other one
with skin-covered eyes (Savi, 1822a, 1822b). Further
to the analysis of specimens from the Apennines,
on which he personally witnessed the existence of
skin-covered eyes, he decided to name this species
Talpa ceca (sic!) (= Talpa caeca) (Savi, 1822a).

At the beginning of 1900, analysing two cranes from
Ostia and Frascati (province of Rome) preserved at
the Natural History Museum, London, Thomas
(1902) described a new species: Talpa romana, a mole
with “colour and proportions about as in T. europeea;
orbits apparently covered with skin, but this is not
absolutely determinable”. In comparison to T. euro-
paea, Thomas observed a generally stronger cranial
structure with bigger teeth, especially the molars,
and “second lower molar with a small supplemen-
tary external basal cusp at the bottom of the valley

Fig. 2. Coronoid apophysis of T. europaca TE07 (a),

T. romana TRO3 (b) and T. caeca TCO1 (c) (drawing by
A. Nappi from photo in Gaggi & Paci, 2014).

separating the main cusps; last molar with a slight
indication of the same cusp, which is not found in T.
europaea or ceca; although very possibly not constant,
its presence is noteworthy".

After to their descriptions, the validity of T. caeca,
T. europaea and T. romana was confirmed by morpho-
logical studies (Capolongo, 1972; Capolongo & Pa-
nasci, 1975, 1978; Capanna, 1981; Corti et al., 1985;
Capolongo, 1986, Loy & Corti, 1986; Corti & Loy,
1987: Loy et al., 1993, 1996; Rohlf et al., 1996, Loy &
Capanna, 1997; Loy et al., 2001, 2005) and by genet-
ic studies (Capanna, 1981; Filippucci et al., 1987; Loy
etal, 2001, 2005; Colangelo et al., 2007).

In Italy the presence of three species of the genus
Talpa is very interesting from a biogeographical and
ecological point of view, in order to know their dis-
tribution and possibly their sympatric and syntopic
relation. Central Italy is the only area for this kind
of research, as the three species live in Tuscany, in
Umbria and in the Marche.

So, in this work are reported the results of a study on
materials from central Italy, actually preserved in the
mammals collection Gaggi-Paci (Citta di Castello,
PG, Umbria). On account of the difficulty of the
field research and determination of moles, collections
acquire a fundamental role for their geographical,
ecological, biometrical, morphological and genetic
comprehension.

This collection derives from the union of two small
mammals private collections: the collection Andrea
Maria Paci was started in 1985 at Montecorona di
Umbertide (PG), during a study of Barn Owl's local
diet; the collection Angela Gaggi was started in 1994
during researches for a degree thesis in the north-
ern pre-Apennine between Umbria and the Marche
(Gaggi, 1996).

The collection has been useful to study the Umbri-
an small mammals also favouring the exchange of
information, materials and experiences with Italian
and foreign researchers, with museums and with sci-
entific institutions.

Due to its corpus of +3.100 specimens belonging to
53 European mammal species, mostly small mam-
mals, found in Umbria, in other Italian regions and
in other European countries, the collection has been
used for several researches including the first data

W0 <

Fig. 3. Upper incisors with the two central

longer and larger in a and c; a) T. caeca TCO1; b) T. europaea
TE51; ¢) T. romana TR15 (drawing by A. Nappi).

Fig. 4. Second left lower molars of T. europaea

TES51, without accessory cusp (a) and of T. romana TR15,
with accessory cusp (b) (drawing by A. Nappi).
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on biogeography of genus Talpa in Umbria (Paci &
Nappi, 2003), the study of teeth morphology of Mi-
crotus savii group in Italy (Nappi et al, 2006, 2019),
the study of taxonomic status of Microtus (Terricola) in
central Italy (Nappi et al.,, 2005, 2006, 2012; Nappi,
2014), the Atlas of Umbrian Small Mammals (Gaggi
& Paci, 2014), the cranial and dental characters of
Arvicola italicus (Brunet-Lecomte et al., 2020). Some
specimens of this collection were also useful for the
iconography of a volume in Fauna d'Italia (Amori et
al, 2008).

With regard to Umbrian small mammals, the collec-
tion preserves the only known specimens of Talpa
caeca and Sorex antinorii for this region and the four
species with a bad status in the regional red list (Gag-
gi & Paci, 2014): Neomys fodiens and Sciurus vulgaris
(Vulnerable), Arvicola italicus (Endangered) and Mi-
cromys minutus (Critically Endangered, with the only
3 complete samples from the extreme southern dis-
tribution of Italian areal) (Agnelli, 2008).

The collection has been catalogued with the model
used by the Regional Wildlife Office to census and
file Umbrian bat specimens preserved in museum
collections (Sergiacomi, 2009). During the years
the collection underwent several modifications on
account of contacts with researchers, museums and
scientific institutes.

MATERIALS AND METHODS

A number of 64 samples has been considered (8 T.
caeca, 45 T. europaea e 11 T. romana), including also
missing specimens (specimens that went lost during
exchanges with colleagues or during the various
translocations of the collection) or specimens do-
nated to the following collections: Museo Civico di
Ecologia e Storia Naturale, Marano sul Panaro (MO)
(MSP); Museo Universitario di Storia Naturale “La
Specola”, Firenze (LSF); Universita degli Studi di
Perugia (UNIPG); collection David Fiacchini (DF);
collection Carmine Romano (CR).

The records are updated to March 2020.

For the analysis of regional distribution, only Umbri-
an specimens have been considered. Some samples
from the Marche are considered to show the pres-
ence of the three species within the Parco Nazio-
nale dei Monti Sibillini (between Umbria and the
Marche), while all T. cacca samples are reported to
show their typical Apennine distribution.

For the data analysis on habitat, on bioclimatic planes
and altitudes only Umbrian samples have been con-
sidered in 12 habitat typologies (tab. 1) and in 10
bioclimatic planes (tab. 2), based on the classification
of Orsomando et al. (1999).

For the entire material the following morphologi-
cal and biometrical characters have been examined,
without considering sex and age (adult / sub-adult)
differences: open or closed eyes, europaea or romana

tail typology (fig. 1), bifid or non-bifid molars, mor-
phology of coronoid apophysis (Rosi & Brunet-Le-
comte, 2004; Gaggi & Paci, 2014) (fig. 2); longer
and larger upper central incisors than upper lateral
incisors (Corbet & Ovenden, 1985) (fig. 3), the small
supplementary external basal cusp at the bottom of
the area separating the main cusps in the second low-
er molar (Thomas, 1902) (fig. 4), caecoid or europoid
pelvis typology (Loy, 2008a, 2008b, 2008¢, 2008d)
(fig. 5).

The reported body length details are: body-head
(Tc), tail (Co) and posterior foot (Pp). The skull
(Nappi, 2001) and the pelvis (Gaggi & Paci, 2014)
measurement are shown in figures 6 and 7.

RESULTS

The complete list of studied material is shown in
the box on page 42. For each sample are indicated
the catalogue number, the type of preparation; date
of finding, the region, the province (with province
code), municipal district, toponym, notes if needed.
For some collection code, see "Materials and meth-
ods". The collection is overall useful for studies of
biometry and morphology. On the contrary less im-
portant can be its role in studies of genetics, because
of the scarce number of specimens in alcohol.

As for T. europaea, not always the species’ typical
characters have been detected. In particular sev-
en specimens have eyes covered with skin (TE04,
LSF21837/2010-1, TE16, TE18, TE44, TE46,
MSP632/M), two specimens have an open eye and
the other one covered with skin (TE10, TE20), three
specimens have a romana tail type (TE14, TE33,
TE40), two specimens show a caeca pelvis (TEOS5,
TE42). The complete analysis of these specimens’
characters (see box on page 43) has led us to attribute
them to T. europaca.

Fig. 5. Europoid (a) and caecoid type (b-c)
pelvises; a) T. europaca TEO7; b) T. romana TRO2;

c) T. caecca TCO1 (drawing by A. Nappi from photo
in Gaggi & Paci, 2014).
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{pecimens of the genus Talpa of Gaggi-Paci collection

Talpa caeca

TCo1, skin+skull+pelvis; 24.1V.2003; Umbria, PG, Sigillo, Monte Cucco.

TCo02; skull+pelvis; 23.V.2007; Umbria, PG, Sigillo, Monte Cucco.

TCo3; pelvis; 23.V.2007; Umbria, PG, Sigillo, Monte Cucco.

exT'C04; sample in alcohol; 1995; Marche, AP, Arquata del Tronto, Passo Galluccio; missing sample.

TCo05; sample in alcohol+pelvis; 04.1V.2013; Umbria, PG, Scheggia-Pascelupo, M.te Motette.

TCo06; sample in alcohol+pelvis; 26.V.2013; Toscana, AR, Chiusi della Verna, Eremo di Verna.
UNIPG161012; sample in alcohol+skull+pelvis; 12.X.2016; Umbria, PG, Costacciaro, Monte Cucco.
DF090716; skin+skull+pelvis; 16.VI.2009; Emilia Romagna, RE, Ligonchio-Ventasso, Alta Valle dell'Ozola.

Talpa europacea

TEo1, skull; 17.X1.1992; Umbria, PG, Citta di Castello, Bonsciano.

TEO02; skin+skull; 30.V.2000, Umbria, PG, Gubbio, Schifanoia.

TEO03; skull; IV.1998; Marche, PU, Apecchio, Casa di Luca.

TEO04; skull; 30.V.1999; Umbria, PG, Gubbio, Castiglione Altobrando.

TEO05; skull+pelvis; 29.V1.2001; Umbria, PG, Citta della Pieve.

TEO06; skull+pelvis; 01.VI1.2001; Marche, PU, Apecchio, Casa di Luca.

TEO07; skin+skull+pelvis; IV.2002;, Umbria, PG, Magione, Sant'Arcangelo.

TEO08; skin+skull+pelvis; 19.1V.2002; Umbria, PG, Pietralunga.

TE10; skin+skull+pelvis; 12.V.2002; Marche, PU, Apecchio, Casa di Luca.

TE11; skin+skull; 12.V.1990; Emilia Romagna, MO, Castelnuovo Rangone.

TE12; skin+skull+pelvis; 05.V.2003; Umbria, PG, Sigillo, Monte Cucco.

TE13; skin+skull+pelvis; 13.V1.2003; Umbria, PG, Citta di Castello, Montemaggiore; a part of this sample is missing.
TE14; skin+skull; 19.1.2001; Umbria, PG, Magione, Montemelino.

TE15; skin+skull+pelvis; 15.V1.2003; Umbria, PG, San Giustino, Parnacciano; a part of this sample is missing.
TE16; skin+skull+pelvis; 27.VII1.2003; Umbria, PG, Pietralunga, Case San Salvatore.

TE18; skin+skull+pelvis; IV.2002; Umbria, Perugia, Cenerente, Castelgatto.

TE19; skin+skull+pelvis; 09.V.2001; Umbria, PG, Citta di Castello, San Secondo.

TE20; skull+pelvis; 21.1.2006;, Umbria, PG, Gubbio, Castiglione Altobrando.

exI'E22; sample in alcohol; 21.VI1.2003; Umbria, PG, Sigillo, Monte Cucco; missing sample.

exI'E23; sample in alcohol; 14.V1.2003; Umbria, PG, Umbertide, Niccone; missing sample.

exI'E24; sample in alcohol; 12.X1.2003; Umbria, PG, Pietralunga, Candeleto; missing sample.

TE26; skull+pelvis+other bones from Strix aluco pellet; 1994; Umbria, PG, Citta di Castello, Scalocchio.
TE27; skull from pellet of Strix aluco; 1995; Umbria, PG, Citta di Castello, Scalocchio.

TE32; skull+pelvis+other bones from pellet of Tyto alba; 2010; Umbria, Perugia, Ponte Valleceppi, Ansa degli Ornari.
TE33; sample in alcohol+skull+pelvis; 20.V.2010; Umbria, PG, Citta di Castello, Montesca.

TE34; skull+pelvis; 01.V1.2010, Marche, AN, Fabriano, Valleremita.

TE35; skin+skull+pelvis; 03.V1.2010; Umbria, PG, Citta di Castello, Scalocchio, Focacciaie; a part of this sample was donated.
TE40, sample in alcohol+skull+pelvis; 07.V.2011; Umbria, PG, Pietralunga, Pieve de’ Saddi.

TE41; skull+pelvis+other bones from pellet of Asio otus; VI.2011; Umbria, PG, Gubbio, Madonna di Colonnata.
TE42; pelvis; 15V1.2011; Umbria, PG, Pietralunga, Caifiorda.

TE44; skull+pelvis; 30.X11.2011; Umbria, PG, San Giustino, Bocca Trabaria, Fontanile.

exI'E45; skin+skull; 25.1X.1992; Umbria, PG, Pietralunga, Candeleto; missing sample.

TE46; skull+pelvis; XI.2012; Umbria, PG, Montone, Santa Maria di Sette.

TE48; sample in alcohol; 12.1V.2014; Marche, PU, Apecchio, Chibrardi.

TE50; skin+skull+pelvis; 29.1V.2014; Umbria, PG, Citta di Castello, Sasso.

TE51; skeleton; VI.2015; Marche, PU, Apecchio, Casa di Luca.

TE52; skull+pelvis; 19.1V.2019; Marche, MC, Valfornace, Villarella.

MSP588/M; skin+skull; 11.V1.1994; Umbria, PG, Pietralunga, Candeleto.

MSP608/M; skin+skull; 03.V1.1995; Umbria, PG, Citta di Castello, San Secondo.

MSP632/M; sample in alcohol+skull+pelvis; VII.1996; Umbria, PG, Pietralunga, Case San Salvatore.
LSF21837/2010-1; skin+skull+pelvis; 19.1V.2002; Umbria, PG, Pietralunga.

LSF21838/2010-1; skin+skull+pelvis; 13.1V.2001; Umbria, PG, Citta di Castello, Zoccolanti.

CR030425; skin+skull+pelvis; 25.1V.2003; Marche, AN, Fabriano, Valleremita.

CR070000; skin+skull+pelvis; 2007; Toscana, SI, Montepulciano, Lago di Montepulciano.

DF060420; skin+skull+pelvis; 20.1V.2006; Marche, AN, Castelfidardo, San Rocchetto.

Talpa romana

TRO1; skin+skull+pelvis; 18.VI.2003; Umbria, TR, Narni, Gualdo; a part of this sample is missing.
TRO?2; skull+pelvis; 18.X1.2003; Umbria, Perugia, Poggio Montorio.

TRO3; sample in alcohol+skull+pelvis; 04.1X.2009; Marche, MC, Serravalle di Chienti, Monte Staffolo.
TRO4; pelvis; 25.X.2009; Umbria, TR, Narni, San Pellegrino.

TRO5; sample in alcohol+skull+pelvis; 24.V.2010; Lazio, VT, Ponte di Cetti.

TRoO8; skull+pelvis; 29.VI1.2010;, Umbria, TR, Castelgiorgio.

TRO9; skull+pelvis; 12.V1.2010; Lazio, VT, Acquapendente, San Francesco.

TR12; sample in alcohol+skull; 16.1V.2011; Umbria, PG, Spoleto, surroudings.

TR13; skin+skull+pelvis; 16.VI1.2010; Umbria, TR, Narni, Treie.

TR14; sample in alcohol+skull+pelvis; 24.V.2011; Marche, MC, Pieve Bovigliana, Case Fiorentini.
TR15; skeleton; VII1.2015; Umbria, PG, Norcia, Castelluccio, Capanna Ghezzi.

ARMANDO NAPPI - PATRICK BRUNET-LECOMTE - LUCA CONVITO - ANGELA GAGGI -
ANDREA MARIA PACI - SILVANA PALANGA - CARMINE ROMANO



@ecimens of the genus Talpa of Gaggi-Paci collection with unusual characters

All those characters are reported that could be detected on some specimens of T. europaea showing elements typical of other
species. Measurements are in mm and the codes are reported in captions of tables 5 and 6.

TEO04, LSF21837/2010-1, TE16, TE18, TE44, TE46 and MSP632/M with skin-covered eyes; TE10 and TE20 with one open
eye and one skin-covered eye; TE14, TE33 and TE40 with romana tail type; TEO5 and TE42 with caeca pelvis type.

TE04: Tc 149,0. Co 32,0. Pp 19,5. Lm 36,36. Cb 35,69. Lp 15,73. Ds 12,75. Ac 16,83. Az 13,05. Ap 9,73. lo 8,21. An 4,95. Mb
22,84. Hm 7,72. Skin-covered but visible eyes, europaca tail type, large coronoid apophysis, bifid molars.

LSF21837/2010-1: Tc 128,0. Co 33,0. Pp 17,3. Lp 14,90. An 4,60. Mb 21,70. Hm 7,20. Lub 19,83. Lab. 9,49. Europaca tail type,
large coronoid apophysis, europoid pelvis type.

TE16: Tc 134,0. Co 30,0. Pp 17,7. Lp 15,20. Ds 12,36. Ap 9,75. An 5,26. Mb 22,22. Hm 7,40. Lub 20,25. Lab 9,09. Skin-covered
but visible eyes, europaea tail type, large coronoid apophysis, europoid pelvis type.

TE18: Tc 147,5. Co 32,0. Pp 19,0. Lm 36,44. Cb 36,07. Lp 15,79. Ds 13,18. Ac 17,10. Ap 9,40. lo 8,37. An 5,15. He 10,63. Mb
23,30. Hm 7,75. Skin-covered but visible eyes, europaea tail type, large coronoid apophysis, europoid pelvis type.

TE44: Tc 134,0. Co 35,0. Pp 18,1. Lp 15,11. Ds 12,36. Ap 10,00. lo 7,56. An 4,91. Mb 21,39. Hm 6,97. Lub 20,84. Lab 8,70.
Open eyes, europaca tail type, large coronoid apophysis, europoid pelvis type.

TE46: Tc 131,0. Co 35,0. Pp 18,1. Lp 16,10. Ds 13,41. Ap 10,23. [0 8,15. An 5,11. Mb 23,32. Hm 7,66. Lab 9,77. Covered eye,
europaea tail type, large coronoid apophysis, bifid molars, europoid pelvis type.

MSP632/M: Lp 14,20. An 4,80. Mb 20,30. Hm 6,80. Lub 19,90. One open and one skin-covered but visible eye, large coronoid
apophysis, europoid pelvis type.

TE10: Tc 132,0. Co 27,0. Pp 17,5. Lp 13,94. Ds 12,01. Ap 9,48. o 6,90. An 4,32. Lub 20,36. One open eye and one skin-covered
but visible eye.

TE20: Tc 136,0. Co 27,0. Pp 17,2. Lp 14,69. Ds 12,34. Ap 9,36. 10 7,26. An 4,84. Mb 22 44. Lub 19,48. Lab 7,70. One open eye
and one skin-covered but visible eye, europoid pelvis type.

TE14: Tc 139,0. Co 26,0. Pp 16,8. Lp 15,16. Ds 12,61. Ap 9,56. An 4,78. Mb 21,80. Open eyes, romana tail type.

TE33: Tc 128,0. Co 23,5. Pp 18,3. An 4,76. Hm 7,02. romana tail type, large coronoid apophysis, not bifid molars, europoid
pelvis type.

TE40: Tc 131,0. Co 27,8. Pp 18,1. Hm 7,04. Lub 20,04. Lab 7,64. Open eyes, romana tail type, large coronoid apophysis, bifid
molars, europoid pelvis type.

TEO05: Pp 17,8. Cb 36,40. Lp 15,05. Ds 12,73. Ap 9,52. An 4,12. Mb 21,59. Hm 6,85. Large coronoid apophysis, not bifid molars,

caecoid pelvis type.

TE42: Lab 8,75. Caecoid pelvis type.

LUb

Fig. 6. Method for measuring skull; see table 6 for codes Fig. 7. Method for measuring

(only skull redrawn by A. Nappi from Paolucci et al., 1987). pelvis; see table 6 for codes (Gaggi &
Paci, 2014; drawing by A. Nappi).
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Fig. 8. Localization of the findings of the three

species of genus Talpa in Umbria (drawing by L. Convito).

The Umbrian geographical localization of the listed
materials is shown in figure 8. The localization of
T. cacca, T europaca and T. romana within the Parco
Nazionale dei Monti Sibillini, between Umbria and
the Marche is shown in figure 9. The localization of
the T. cacca samples in the Apennine mountain area
across the regions of Emilia Romagna, Tuscany, Um-
bria and the Marche is shown in figure 10.
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Fig. 10. Localization of all findings of T. caeca

along the Apennines' ridge, marked in grey;

all of them collected near beech woods or in prairie
next to beech woods, at altitudes between

1.100 and 1.700 m (drawing by L. Convito).
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Fig. 9. Localization of three findings of genus

Talpa within the territory of the Parco Nazionale
dei Monti Sibillini, between the Marche and Umbria
(drawing by L. Convito).

The data related to environments, bioclimatic planes
and altitudes are synthesized in tables 1-3.

In table 4 are reported for each of the three species
the type of eyes, of tails, of coronoid apophysis of
mandible and of pelvis, as well as the morphology of
upper central incisors, the presences of bifid upper
molars and of small supplementary external basal
cusp at the bottom of the valley separating the main
cusps in the second lower molar.

For each one of the three species the values of meas-
urements (mean, standard deviation, median, min-
imum and maximum) of body, skull and pelvis are
synthesized in tables 5 and 6.

DISCUSSION AND CONCLUSIONS

According to calculations dated March 2020, over a
total of 3.157 samples of mammals in the collection
Gaggi-Paci, the family Talpidae (represented in Italy
only by the genus Talpa), is 2,06% (fig. 11). Although
the mediocre actual percentage, it is to be considered
that no specific collection campaign was performed,
but all specimens are animals found dead.

The study on the specimens of genus Talpa, consid-
ered in the present work, has contributed to clarify
the distribution of the species present in Umbria: as
for the available information about the dates and plac-
es of finding we can in fact state that all specimens
can be used for studies on geographical distribution.
At present the most updated publication on the bioge-
ography of the genus Talpa in Umbria is an atlas of the
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regional small mammals (Gaggi & Paci, 2014), where
the majority of data derives from this collection. Pre-
viously a first update of the regional distribution of T.
europaea (Paci & Nappi, 2003), had been based firstly
on findings preserved in this collection and secondly
on bibliographical research (Ragni, 2002; Spagnesi
& De Marinis, 2002). The sample of the three Italian
species of Talpa, besides having ascertained their pres-
ence in Umbria, suggests moreover some reflections.
For instance the records TEO5, TE07, TE14, TE1S,
TRO2 have contributed to individuate an overlap
area between T. europaea and T. romana included in a
longitudinal strip between the territories of the Lake
Trasimeno (west) and of the Mount Subasio (east)
(Gaggi & Paci, 2014), with an already known zone of
sympatric contact and of hybridization cases in the
surroundings of Assisi (Dupré & Loy, 1995; Palombi,
1996; Loy & Capanna, 1997: Loy et al., 2001).

Also the records TC01, TC02, TC03, TE12, TE22
have ascertained the presence of a parapatric area
between T. caeca and T. europaea at the beech woods
of the Mount Cucco, while the records ex TC04,
TE52 and TR15 have witnessed the presence of the
three species also along the boundary of the Parco
Nazionale dei Monti Sibillini including two regions
(Umbria and the Marche) and three provinces (Pe-
rugia, Macerata, Ascoli Piceno).

All findings of T. caeca, come only from the Tusca-
ny-Emilia and Umbria-the Marche Apennines’ ridge
and they represent a further confirmation of the
mainly mountainous distribution of this species in
Italy (Loy, 2008b).

The three species prefer open environments and with
temperate and moist climate conditions (tabs. 1, 2),
all factors favouring the excavation activity (fig. 12).
According to the few available data, T. caeca appears
a strictly mountain species (tab. 1), as it is known in a
great part of its areal (Krystufek & Motokawa, 2018).
T. europaea results as the most eclectic species in the
choice of habitats. It is present in all considered ty-
pologies with the exception of mountain prairie (tab.
1). Both T. europaca and T. romana have been found in
big numbers in anthropic contexts preferably with
traditional farming practices (tab. 1).

As for the altitudinal data (tab. 3), T. caeca has been
found only over 1.000 m while the other two species
present quite a wide range.

The findings are preserved with the classic methods
for small mammals: stuffed skins, skulls, specimens
in alcohol, but in many cases it has been decided to
preserve also the pelvis, being an important diagnos-
tic element in the species of the genus Talpa. Over 64
samples considered here, for 48 the pelvis has been
preserved (7 T. caeca, 31 T. europaea, 10 T. romana).
The post-cranial elements are normally disregarded
in collections of small mammals, but for the species
here considered it would be advisable to preserve
always the pelvis. Even if only in small part repre-

T. caeca T. europaea | T.romana
Data (n=6) (n=34) (n=7)
Mean 1.142 539 504
SD 94 235 486
Median 1.100 544 332
Min 1.100 190 150
Max 1.310 1.050 1.570

Tab. 3. Some data (in meters above sea level) about the
altitudinal distribution of the Umbrian specimens of the
genus Talpa in the collection Gaggi-Paci; n. = number of data.

Morphological T T. T.
characters caeca europaea romana

Eyes, n. 6 30 9
covered by skin 6 7 *+%) 9 (k%)
open / 21 /
other / 2© /
Tail, n. 6 28 9
"europaea” 2 25 /
“romana” 4 3 9
Coronoid 3 29 8
apophysis, n.

long shape 3 1 8
large shape / 28 /
ppper central 4 18 6
incisors, n.

protuding 3 / 6
slightly / 7 /
protruding

not protruding / 10 /
other 1°° 1°° /
Bifid upper 2 18 5
molars, n.

present 2 15 5
absent / 3 /
Accessory 2 22 8
cusp M, ©°%), n,

present / / 7
absent 2 22 1
Pelvis type, n. 7 30 1"
caecoid 7 2 1
europoid / 28 /

Tab. 4. Typologies of morphological characters detected
in the specimens of genus Talpa in the collection Gaggi-Paci:
* one of the specimen shows visible eyes under skin;

** five specimens show visible eyes under skin;

*** four specimens show visible eyes under skin;

° the same individual shows one open and one skin-covered
eye, but anyway visible;

°° one incisor is slightly protruding, the other one is not
protruding;

°°° M, second lower molar, the accessory cusp is a small
supplementary external basal cusp at the bottom of the
valley separating the main cusps;

n. = number of data.
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@ Tc Co Pp
T. caeca, n. 4 6 6
Mean 109,25 19,92 14,03
SD 11,44 2,54 0,70
Median 107,00 20,50 14,15
Min 98 15 13
Max 125 22 15
T. europaea, n. 30 32 33
Mean 135,23 28,38 18,18
SD 8,40 3,62 0,93
Median 134,00 28,00 18,10
Min 116 21 16
Max 156 35 20
T. romana, n. 7 10 10
Mean 138,14 26,88 19,34
SD 5,43 3,28 0,86
Median 140,00 27,15 19,25
Min 131 20 18
Max 145 30 21

Tab. 5. Main body measurements (in mm) of the
specimens of genus Talpa in the collection Gaggi-Paci.
Tc: head-body length; Co: tail length; Pp: posterior foot
length; n. = number of data.

sented in the collection Gaggi-Paci, it is advisable
to preserve the humerus when preparing Talpidae,
that has been useful in studies of palacontology and
of functional morphology, also to understand the
evolution of the subterranean lifestyle (Sansalone et
al., 2015, 2017a, 2017b, 2019). It is moreover a bone
that can be used also in didactic projects.

The main body measurements are available for al-
most all specimens and the preservation state of
skulls allows almost always to take the main meas-
urements and to observe the diagnostic bone and
the dental characters.

The biometrical data have not undergone statistic
tests on account of the reduced actual sample quanti-
ty of T. caeca and T. romana. One can anyway observe
that T. caeca shows altogether inferior means than
T. europea, and this one shows inferior means than
T. romana, with the exception of the shorter tail in
T. romana (26,88 mm) than in T. europaca (28,38 mm).
Moreover along with the pelvis length (Gaggi & Paci,
2014), also the measurement of pelvis width has been
proposed; both proposals are to be considered with
attention for future studies as discriminating ele-
ments for the three species.

A recent work on modern mammal collections
present in Italy has highlighted that particularly for
[talian samples, 70% are used for research purposes

@a Lm Cb Lp Ds Ac Az Ap lo An Hc Mb Hm Lub Lab
T. caeca, n. 2 2 4 3 2 2 3 2 4 2 4 4 5 6
Mean 29,66 | 28,85 | 13,04 | 11,14 | 15,61 | 10,20 | 8,10 6,62 4,13 9,09 | 1845 | 595 | 16,23 | 6,56
SD 023 | 0,21 0,31 0,64 | 153 0,20 | 0,51 0,04 | 018 | 030 | 0,37 0,17 045 | 0,21
Median 29,66 | 28,85 | 13,05 | 11,31 | 1561 | 10,20 | 785 | 6,62 | 4,06 | 9,09 | 1850 | 590 | 16,50 | 6,55
Min 29,50 | 28,70 | 12,64 | 10,44 | 14,53 | 10,06 | 7,76 | 6,59 | 4,00 | 887 | 18,01 | 580 | 1568 | 6,31
Max 29,82 | 29,00 | 13,40 | 11,68 | 16,69 | 10,34 | 869 | 6,64 | 439 | 930 | 18,80 | 6,20 | 16,63 | 6,93
T. europaea, n. 6 10 26 22 6 5 18 13 29 6 27 26 17 18
Mean 35,32 | 34,74 | 1494 | 12,47 | 16,56 | 12,40 | 9,46 7,82 4,77 | 10,57 | 21,97 | 7,20 | 20,62 | 8,60
SD 1,12 1,60 | 050 | 043 | 058 | 043 | 052 | 049 | 037 | 039 1,00 | 046 | 076 | 0,82
Median 35,50 | 3545 | 14,94 | 12,40 | 16,70 | 12,44 | 9,54 7,85 4,78 | 10,62 | 22,22 716 | 20,36 | 8,70
Min 33,68 | 31,60 | 13,94 | 11,77 | 15,76 | 11,91 8,59 6,90 3,90 | 10,07 | 20,25 | 6,30 | 19,48 | 6,60
Max 36,44 | 36,40 | 16,10 | 13,41 | 1713 | 13,05 | 10,33 | 8,71 541 | 11,05 | 23,60 | 830 | 21,93 | 9,77
T. romana, n. 3 4 7 7 4 2 7 5 7 4 7 8 6 6
Mean 38,60 | 37,26 | 17,06 | 14,68 | 18,03 | 14,44 | 11,39 | 8,20 5,53 11,14 | 2516 | 8,67 | 22,62 | 8,85
SD 0,78 1,22 | 034 | 034 | 073 | 047 | 0,25 0,15 018 | 042 | 081 0,29 1,00 | 0,77
Median 38,98 | 37,47 | 17,04 | 1477 | 17,89 | 14,44 | 11,37 | 8,18 546 | 11,23 | 2542 | 8,69 | 22,56 | 9,01
Min 37,70 | 35,80 | 16,60 | 14,14 | 17,42 | 14,11 | 11,00 | 8,00 | 534 | 10,60 | 24,14 | 822 | 21,44 | 774
Max 39,11 | 38,30 | 17,62 | 1515 | 18,91 | 14,77 | 11,78 | 8,41 5,77 11,50 | 26,20 | 9,04 | 23,73 | 9,81

Tab. 6. Some cranial and pelvic measurements (in mm) of the specimens of genus Talpa in the collection Gaggi-Paci.

Lm: maximum cranial length; Cb: basal condyle length; Lp: palate length; Ds: length of the upper dental raw; Ac: maximum
cranial width; Az: zygomatic width; Ap: palatal width; lo: interorbital narrowing; An: nasal width; Hc: cranial height;

Mb: mandible length; Hm: mandible height; Lub: pelvis length; Lab: pelvis width; n. = number of data.
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(De Marinis et al., 2007). The collection Gaggi-Pa-
ci finds its place in this trend and contributes to
the study of different aspects of the genus Talpa in
central Italy and particularly in Umbria. In a period
of economic crisis, the study of small private col-
lections, beside the ones preserved in museums, can
offer interesting possibilities of research at not too
high costs (Cagnacci et al., 2012).
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