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Abstract. The palaeoclimatic and palaeoenvironmental data obtained by the study of  the Buco del Frate cave 
small-mammals indicate that, around 40,000 years ago (MIS3), the eastern part of  the province of  Brescia, imme-
diately to the west of  Lake Garda, was characterised by the presence of  open taiga environment and watercourses 
crossing the plain facing the cave.

Specifically, the palaeoclimatic conditions of  this part of  north-western Italy around 40,000 years ago – com-
pared to climate data for the years 1960-90 measured at Ghedi, 20 km southwest of  the Buco del Frate cave – involved 
average temperatures some 4°C cooler and rainfall some 30% lower.

Based on the collected data we show that the western part of  the Po Valley, west of  Lake Garda, was cha-
racterized by a steppe-like environment, not too different from the almost contemporaneous site of  Settepolesini di 
Bondeno (Ferrara), defined as  “mammoth steppe”. 

We also note that the western Po Valley, if  compared with deposits from high- and medium-mountain con-
texts in the same area, was characterized by a more steppe-like environment. Indeed, the mountain settings, in perhaps 
more sheltered areas, indicate the presence of  environments with more trees (or, at least, bushes).
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IntroductIon

That part of    the Lombard Prealps between the 
western shore of  Lake Garda and the city of  Bre-
scia is known as the “Carso Bresciano” (“Brescian 
Karst”) due to the types of  outcropping rocks, most-
ly Mesozoic limestones, which over the course of  
millions of  years have developed karst phenomena 
so intense as to recall the Carso area in Friuli Venezia 
Giulia (Vailati 2003).

The intense karst activity has acted at different 
levels, both superficial and deep underground: the 
deep phenomena have given rise to a complex system 
of  caves and sinkholes still not fully explored today.

The caves and sinkholes of  this area function 
(and, indeed, have so functioned for hundreds of  
thousands of  years) as sedimentary traps (Cremaschi 
2000), trapping huge quantities of  sediments and fos-
sils from at least the Middle Pleistocene onwards. Al-
though there are conservative geological conditions 
for potential fossil deposits, systematic works of  
both paleontological and prehistoric/archaeological 
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investigation are scarce. Mostly these works consist 
of  episodic excavations or of  emergency recovery 
projects in quarries that exploit the carbonate rocks 
as building material (Vailati 2003).

The few published papers mostly concern sin-
gle finds or give only partial information about the 
deposits (Agosti 1970; Bona & Sardella 2014).

Since the early 2000s, some studies have been 
published that take into account old materials stored 
in local museums (Museo Civico di Storia Naturale di 
Brescia and Museo Archeologico della Valle Sabbia, 
Gavardo, Brescia), publishing important fossil find-
ings, such as Macaca and all the Middle Pleistocene 
small-mammal fauna, previously unknown to spe-
cialists or the public (Bona & Sardella 2014; Bona et 
al. 2016). 

These works highlight the importance of  the 
finds only at a general level by broadly framing their 
chronological and environmental contexts: hence, a 
few important sites are today at least partially pub-
lished.

Regarding the area near the site that is the fo-
cus of  this paper, the first work providing an overall 
description of  the stratigraphic succession with mi-
crofauna and macrofauna of  the Middle Pleistocene 
dates back to 2016, when small-mammal remains 
and meso-mammal fossils of  the genus Macaca were 
described (Bona et al. 2016).

The scientific potential of  the area is enor-
mous: in this work Late Pleistocene palaeoclimatic 
and palaeoenvironmental data from the important 
deposit of  the Buco del Frate cave (Prevalle, Brescia) 
are presented.

the sIte

The Buco del Frate cave is the most famous 
and important in the so called “Carso Bresciano” 
(Vailati 2003). The importance of  the Buco del 
Frate cave is illustrated by the fact that, given the 
fame achieved, it is the first cave in the Lombardy 
speleological catalogue (Lo BS 1). 

The Buco del Frate cave lies in the munici-
pality of  Prevalle (Brescia province, east Lombardy) 
(Fig. 1A) and is characterized by the presence of  two 
large entrances with downward passages that meet 
approximately in the middle of  the main segment – 
it opens at 253 m a.s.l. Overall, the known extent of  
the cavity is about 230 metres (Bini 1975) (Fig. 1B).

The cave must have been known to man 
since ancient times as it is characterized by two 
huge entrances that made it very easy to access. 
Despite this, traces of  ancient human presence 
are doubtful. The first modern written note – by 
Giuseppe Ragazzoni – concerning the cave dates 
back to 1872 (Vailati 2003). 

The first publications regarding the pres-
ence of  palaeontological remains date back to 1926 
when members of  the Gruppo Grotte Brescia and 
Gruppo Grotte Cremona, two local speleological 
associations, reported the presence of  some re-
mains of  Ursus spelaeus Rosenmüller & Heinroth, 
1794 (Agosti 1970). In the same year, Ardito Desio, 
the renowned explorer and geologist, recovered 
fossil bones which he brought to the Museo Civico 
di Storia Naturale di Milano where they were stud-
ied by Airaghi (1927).

The material found during these early activi-
ties was described by Airaghi (1927) as coming from 
a wedge-shaped rock fracture filled with uncement-
ed red earth. Unfortunately, Desio’s materials were 
completely destroyed during the bombing of  Milan 
in 1943 and so there is no possibility of  conducting 
an accurate modern taphonomic analysis.  

It was only in 1954, coinciding with the start 
of  the activities of  the newly-founded Gruppo 
Grotte Gavardo (GGG), that the most impor-
tant deposit – from which the great majority of  
the known fossils come – was discovered (Simoni 
1971). 

The deposit was described for the first time 
by Pasa (1958: 3) as follows: “…consiste in un po-
tente sedimento clastico, argilloso, omogeneo, di 
terre rosse, deposto tra enormi blocchi di distacco 
crollati dalla volta di una caverna anche, in origine, 
doveva apparire meno alta a formare una sala in 
diretta comunicazione con la superficie montuosa 
mediante una o due ripide gallerie ascendenti fun-
zionanti da inghiottitoi” (“... it consists of  a thick 
clastic, clayey homogeneous red sediment, depo-
sited among enormous blocks collapsed from the 
vault of  the cavern which, originally, must have se-
emed less tall, forming a room in direct communi-
cation with the surface by one or two steeply ascen-
ding galleries that function as sinkholes”).

The stratigraphy of  the palaeontological de-
posit can only be hypothesized based on the no-
tes left by the excavators from the GGG (Simoni 
1971), as follows: from the top, first,  a huge stalag-
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mite crust from 20 to 30 cm thick; the fossiliferous 
level must have exceeded one metre where com-
plete, considering that in the last excavation made 
by the GGG in 1970 this deposit still reached a 
thickness of   20-25 cm in a marginal portion; the 
third and last known level is made up of  finely la-
minated, sterile silty clay; the thickness of  this level 
is not known as it has never been excavated down 
to the substrate (Fig. 2).

The list of  large mammal remains, partially 
compiled by Pasa (1958) and Simoni (1971), in-
cludes species like cave bear (Ursus spelaeus), cave 
hyena (Crocuta Crocuta spelaea Goldfuss, 1823), wol-
verine (Gulo gulo Linnaeus, 1758), alpine marmot 
(Marmota marmota Linnaeus, 1758), wolf  (Canis lu-

pus Linnaeus, 1758), red deer (Cervus elaphus Lin-
naeus, 1758), beaver (Castor fiber Linnaeus. 1758) 
and others (Tab. 1).

Studies of  the fossil material collected in the 
Buco del Frate cave are very scarce and mostly of  
a preliminary nature, like the short note by Airaghi 
(1927) where the focus was making a list of  fos-
sils from Lombard caves. The first attempt to give 
preliminary information on the fauna specifically 
coming from the cave was made by Pasa (1958).

The most recent, although not very recent, 
work published on the fossils from the Buco del 
Frate cave examined the remains of  cave hyenas 
focusing on their cranial characteristics (Agosti 
1970).

Fig. 1 – A, location of  the Buco del 
Frate cave (Lo BS 1); B, Pla-
nimetric sketch of  the cave 
with the place where the fos-
sils were collected indicated by 
the red rectangle (Drawing by 
Dante Vailati).
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MaterIals and Methods

The small-mammal collection here presented 
was generated during the final, 1970, field excava-
tion season when all the excavated sediments have 
been systematically sieved with a 1 mm mesh sieve. 

The collection of  small mammals from the 
Buco del Frate cave is stored in the Museo Archeo-
logico della Valle Sabbia MAVS (Gavardo, Brescia).

The complete list of  small mammals com-
prises 453 fossils identified at the genus or species 
level, corresponding to a Minimum Number of  In-
dividuals (MNI) of  157 (Tab. 1 and Fig. 3).

To establish the MNI and the relative fre-
quencies of  the species, the most represented skel-
eton portion was used. The most frequently-recov-
ered element of  the voles is typically the first lower 
molar. The counts have been estimated considering 
these factors: 1) the siding of  the same bones (for 
example: 3 left humerus and 2 right humerus mean 
the presence of  at least 3 individuals); 2) the ontoge-
netic stages (for example the development of  root-
ed teeth of  Clethrionomys glareolus (Schreber, 1780) or 
the dental wear of  Apodemus spp. in which teeth are 
different in juveniles, sub-adults and adults).

The remains of  microvertebrates have been 
identified based on their skeletal elements using a 
binocular microscope – the ‘Leica MZ 6’ model – 
with a magnification from 6.3 x to 40 x. 

Then, the best diagnostic small-mammal ele-
ments were identified following Chaline et al. (1974) 
and Niethammer and Krapp (1978; 1982; 1990). 
The taxonomic identification of  the chiropters was 
based on the diagnostic characteristics identified in 
Dodelin (2001) and Menu & Popelard (1987).

Data on the distribution and habitat of  the 
species were taken from Amori et al. (2008), Boitani 
et al. (2003), and Mitchell-Jones et al. (1999).

For the reconstruction of  the palaeoenvi-
ronment, we use the Habitat Weighting method 
described in Berto et al. (2018; and bibliography 
therein), attributing each small mammal taxon to 
habitat(s) where it can be found today in Europe; 
dividing the habitats into six types: OD and OH re-
spectively open dry and open wet meadows; wood-
land environments, OW open and W forested;  Wa 
presence of  water of  different types, ponds, lakes 
or along rivers; R where the habitat is dominated by 
the emergence of  the bedrock (Tab. 2).

Fig. 2 – Reconstruction of  the stratigraphical section of  the deposit 
based on the information reported by Pasa (1958) and Si-
moni (1971). The “?”  on the left of  the stratigraphical scale 
means that we do not have information about the actual 
thickness of  the deposit before the last excavation, carried 
out in 1970.

Species Pasa 1958 Simoni 1971
Carnivora
Canis lupus x x
Crocuta crocuta spelaea x x
Gulo gulo x x
Martes martes x
Meles meles x
Mustela putorius x
Ursus arctos x
Ursus spelaeus x x
Vulpes vulpes x x
Artiodactyla
Bison priscus x x
Cervus elaphus x x
Bos primigenius ? x
Rodentia
Castor fiber x x
Marmota marmota x x
Small-mammals x x
Aves x

Tab. 1 – List of  fossil fauna from Buco del Frate.
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To calculate the Bioclimatic Component (BC) 
we use the formula: BCì = (Σ CRIi) x 100/S, where 
CRI is the Climatic Restriction Index (CRIi = 1/n, 
“n” is the number of  climatic zones inhabited by 
the species and “i” indexes the climatic zones where 
species are present) and S in the total number of  
species (Tab. 2).

To obtain palaeoclimatic information we used 
the bioclimatic models proposed by Royer et al. 
(2020). The parameters used in this paper are:  Mean 
Temperature of  the Warmest month (MTW), Mean 
Temperature of  the Coldest month (MTC), Mean 
Annual Temperature (MAT) and annual total Pre-
cipitation (P). The parameter values obtained were 
compared to recent data (recorded between 1960 and 
1990) regarding conditions at the Ghedi meteoro-
logical station (Brescia, 45°24′07.2″N, 10°16′49.08″E, 
85 m a.s.l data from www.meteoAM.it – Aeronautica 
militare italiana, Ministero della Difesa) 20 km south 
of  the Buco del Frate cave (Tab. 3).

To evaluate the Biodiversity rate, the Simpson 
Diversity index was calculated (1-D) (Odum 1988).

Sample BdF 69, a fragment of  Canis lupus pre-
molar, was sent for radiocarbon dating using high 
resolution accelerator mass spectrometry (AMS) 
technology, at the Dating and Diagnostic Centre 
(CEDAD) of  the University of  Salento.

results

The complete list of  small-mammal fossil re-
mains identified consists of  21  taxa: 10 Rodentia, 
5 Eulipotyphla and 6 Chiroptera.

The small mammal fauna of  the Buco del 
Frate cave shows, despite possible stratigraphic 
problems,  a good degree of  homogeneity from the 
taphonomic and systematic point of  view, with only 
a few finds that may be out of  context (not here di-
scussed), allowing us to make a focused analysis of  
the environmental conditions at the site during the 
second half  of  MIS 3.

The assemblage is dominated by the presen-
ce of  Microtus (Microtus) arvalis (Pallas, 1778) and 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖 =
100(∑ 𝐵𝐵𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )

𝑆𝑆𝑆𝑆
 

Species n n% MNI MNI% R+E MNI% Tot

Rodentia
Arvicola amphibius 139 30,68 28 19,58 17,83
Microtus (Microtus) arvalis 75 16,56 41 28,67 26,11
Microtus (Microtus)agrestis 36 7,95 23 16,08 14,65
Microtus (M.) arvalis/agrestis 6 1,32 4 2,80 2,55
Microtus (Terricola) cf. savii 6 1,32 5 3,50 3,18
Microtus (Alexandromys) oeconomus 3 0,66 2 1,40 1,27
Clethrionomys glareolus 7 1,55 4 2,80 2,55
Chionomys nivalis 21 4,64 10 6,99 6,37
Microtus  sp. 61 13,47 0,00
Apodemus (Silvaemus) gr. silv.-flavic. 18 3,97 8 5,59 5,10
Eulipotyphla
Talpa europaea 39 8,61 12 8,39 7,64
Crocidura leucodon 1 0,22 1 0,70 0,64
Neomys  sp. 1 0,22 1 0,70 0,64
Sorex araneus 4 0,88 3 2,10 1,91
Suncus etruscus 1 0,22 1 0,70 0,64
Rodentia+Eulipotyphla 418 143 100
Chiroptera
Myotis blythii 21 4,64 9 5,73
Mytois myotis 1 0,22 1 0,64
Myotis nattereri 2 0,44 2 1,27
Myotis blythii/myotis 8 1,77
Chiroptera indet 3 0,66 2 1,27
Tot 453 100 157 100

Tab. 2 – List of  small mammal re-
mains from the Buco del 
Frate cave (n= number of  
remains; MNI= minimum 
number of  individuals; MNI 
% R+E= MNI percentages 
of  only Rodents and Euli-
potyphla; MNI% Tot= MNI 
percentages of  all small 
mammals identified).
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Microtus (M.) agrestis (Linnaeus, 1761) with a good 
representation of  Chionomys nivalis (Martins, 1842). 
Arvicola amphibius (Linnaeus, 1758) is also abundant, 
while Microtus (Terricola) cf. savii and Apodemus (Sil-
vaemus) gr. silvaticus/flavicollis are poorly represented. 
It is important to underline the presence of  Micro-
tus (Alexandromys) oeconomus (Pallas, 1776), a rare but 
significant species that is quite common in north-
eastern Italy but it has, to date, been found only 
in the Buco del Frate cave in areas west of  Lake 
Garda. In north-eastern Italy we can find the rare 
Microtus (A.) oeconomus in the small mammal faunal 
lists of  the Fumane cave (Verona) (López-García 
et al. 2014), Broion cave (Vicenza) (Zanalda 1994) 
and Caverna degli Orsi (Trieste) (Berto & Rubinato 
2013). In north-western Italy the complete absen-
ce of  this species is implied by the small mammal 

lists of  the Ciota Ciara cave (Piedmont) (Berto et 
al. 2016), Fontana Marella cave (Bona 2007; Bona 
et al. 2008) and the Salnova quarry in Saltrio (Vare-
se) (Bona 2011), Caverna Generosa (Como) (Bona 
et al. 2009; Bona & Savoldi 2016) (Fig. 4). Eulipot-
yphla and Chiroptera are present, but they are not 
as common as Rodentia. The best represented Eu-
lipotyphla is Talpa europaea Linnaeus 1758, while for 
Chiroptera the best represented taxon is the large 
bat Myotis blythii (Tomes, 1857) (Tab. 2).

The application of  the bioclimatic models 
proposed by Royer et al. (2020) to the small mam-
mal fauna from the Buco del Frate cave provides 
important information about the palaeo-meteoro-
logical conditions, apparently very different from 
those of  today, with significantly lower temperatu-
res and less precipitation.

Fig. 3 – Some selected rodent sam-
ples from the Buco del Frate 
cave. All teeth are lower first 
molars. 1-2: Chionomys nivalis; 
3-4: Clethrionomys glareolus; 
5-6: Microtus (Alexandromys)  
oeconomus; 7-8: Microtus (Mi-
crotus)  arvalis; 9-10: Microtus 
(Microtus)  agrestis; 11-12: 
Microtus (Terricola) cf. savii; 
13-14: Apodemus (Silvaemus)  
gr. silvaticus/flavicollis; 15-16: 
Arvicola amphibius. 
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The biodiversity of  the Buco del Frate small 
mammal fauna, 21 taxa determined, is high, testified 
by a high Simpson index (= 0.864).

dIscussIon

Hypothesis regarding the origin of  the 
deposit

Taking account of  the relatively limited data 
available (Airaghi 1927; Simoni 1971; Pasa 1958; 
Agosti 1970), we can propose a possible origin for 
the deposit. It is possible that, at a particular point 
during MIS3, the karst system was functioning as 
a sinkhole, and a part, specifically the left branch 
to the entrance, became clogged. This allowed the 
stagnation of  water which led to the formation of  
the clayey silt laminate deposit. Probably towards 
the end of  the last glaciation stage, a room abo-
ve the sinkhole may have collapsed, which would 
explain the presence of  the large collapsed blocks 
along the so called “lower entrance”. This could 
have moved and resettled the palaeontological de-
posit, formed in the previously existing space, in a 
chaotic way, also incorporating a few older remains, 
these last few faunal elements representing eviden-
ce of  much older karstic activity, but most of  the 
faunal association appears to be consistent with the 
MIS3. So, the fossiliferous level was probably for-
med during a mass-movement of  sediments from 
a now-disappeared chamber, or from some other 
now unknown original location shortly after its for-
mation.

The water present at that time in the area of  
the cave covered a large part of  the fossiliferous 

deposit, allowing the formation of  a stalagmite 
blanket, probably during the hottest phases of  the 
Holocene.

Age of  the fossiliferous deposit
As mentioned above, the processes leading to 

the formation of  the deposit are not clear. The only 
certain fact is the presence of  a fossiliferous deposit 
with faunal elements typical of  a particular glacial 
stage, such as the wolverine, the marmot and the bi-
son, in association with animals that could also have 
lived in more temperate phases, like the red deer or 
the hyena. 

This faunal association could lead us to hy-
pothesise that the original deposit, before mass de-
position (sensu Pasa 1958) took place, could have 
been composed of  two continuous levels represent-
ing the transition from a colder to a slightly more 
temperate interval or vice versa. This last is only a 
hypothesis, but a fixed point in terms of  when this 
deposit may have been formed, at least a moment 
within that process, can be established based on the 
new C14 date on a wolf  (Canis lupus) tooth. 

The date is 41,130 - 40,465 cal BC (LTL22178 
– CEDAD Lecce), which falls in the second part of  
MIS 3, suggesting that the fossiliferous layer can be 
attributed to the final part of  MIS 3 (Fig. 5).

Palaeoclimatic interpretation
Palaeoclimatic interpretation indicate that the 

environment in the eastern part of  Brescia province, 
immediately west of  Lake Garda, was character-
ized by scarce arboreal cover in an overall context 
of  open taiga. There were streams of  water in the 

Fig. 4 – Geographical position of  the 
sites discussed in the text.
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plain in front of  the cave and the karst portion of  
the massif  favoured the presence of  exposed rock 
(Tab. 3). 

The open taiga conditions are confirmed by 
the dominant presence of  species such as Microtus 
(M.)  arvalis, Microtus (M.) agrestis, species that live in 
open meadows with scarce or absent tree cover, as 
well as the presence of  the large Myotis myotis Bork-
hausen, 1797 and Myotis blythii, hunters typically 
found in an open forest environment. The presence 
of  Microtus (A.) oeconomus could be interpreted with 
the presence of  meadows and marshes even if  in 
the past England it was found in both open wood-
land and damp environments (interstadial types), as 
well a cold, dry grassland environments (Cuenca-
Bescós et al. 2009). The presence of  water is shown 
by the occurrence of  species that today live near 
water streams, such as Arvicola amphibius and Cas-
tor fiber Linnaeus, 1758.  Chionomys nivalis found its 
habitat among the exposed karst rocks. A poor veg-
etation cover is testified by the scarce presence of  
species typical of  an arboreal or bushy environment 
such as Apodemus gr. silvaticus/flavicollis and Clethrio-
nomys glareolus (Tab. 2, 3).

The data proxies from the small-mammals 
analysis, compared to recent data (recorded between 
1960 and 1990) from the town of  Ghedi (30 km 
south-west of  Buco del Frate cave), confirm that, 
during the deposition of  the sediments linked to 
the faunal remains studied, the climatic conditions 
were very different from today, with significantly 

lower temperatures and less precipitation (Tab. 4).  
The palaeoclimatic conditions of  the area around 
the Buco del Frate cave, inferred from the small 
mammal record, suggest an average of  4°C lower 
temperature and precipitation more than 30% lower 
than in Ghedi in recent times (years 1960-1990). We 
can thus hypothesise that these climatic conditions 
supported the development of  an environment 
characterized by scarce tree cover and large open 
areas.

The likely age of  the small-mammal fauna 
from the Buco del Frate cave – at least 41-40,000 
years cal BC – corresponds with the so called 
“Mammoth steppe” interval at Settepolesini (Fer-
rara, northern Italy), characterised by a fauna domi-
nated by the presence of  Mammuthus primigenius Blu-
menbach, 1799  (Gallini & Sala 2001), where the 
environment was not so very different from that of  
Prevalle and its surroundings.

Furthermore, if  we compare the paleoenvi-
ronmental conditions around the Buco del Frate 
cave about 40,000 years ago with those of  high-al-
titude caves in western Lombardy such as Caverna 
Generosa (1450 m a.s.l.) (Bona et al. 2009; Bona & 
Savoldi 2016), Grotta sopra Fontana Marella (1050 
m a.s.l.) (Bona 2007) or the breccia of  the Salnova 
quarry in Saltrio (800 m a.s.l.) (Bona 2011), it is pos-
sible to understand how the environmental condi-
tions on the plain during the second half  of  MIS 3 
were quite different from those suggested by high-
altitude cave deposits. In fact, in certain mountain 

Fig.  5 – Radiocarbon dating of  the 
BdF 69 Canis lupus premolar 
fragment. This represent the 
first dating ever of  Buco del 
Frate deposit.
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slope areas, residual shrub vegetation was preserved, 
probably in more sheltered valleys, while in the Po 
plain near the Buco del Frate cave the landscape 
must have been open with trees or shrubs near the 
water in the form, probably, of  ponds, as the pres-
ence of  beavers, Arvicola amphibius and Microtus (A.) 
oeconomus seems to indicate. 

It seems, then, that the environment of  the 
Po plain around 40,000 years ago must have been 
an open forest similar to an open taiga. 

Another interesting point to note is the pres-
ence in the faunal list of  Microtus (A.) oeconomus. This 
was present (and sometimes common) in north-
eastern Italy, as far as Lake Garda, during the last 
stadial (Bartolomei 1960, 1964; Bartolomei and 
Broglio 1975; Bartolomei et al. 1982; Berto et al. 
2018; Bon et al. 1991; Bona et al. 2007; Pasa 1947).  
However, according to researches in north-western 
Italy (Bona 2007; Bona 2011; Bona et al. 2009; Ber-
to et al. 2016), they are much less common to the 
west of  Lake Garda. This might suggest the pres-
ence of  a sort of  ecological barrier that was difficult 
to cross for these small-mammals.

conclusIons

North-eastern Italy is, and has long been, an 
ecotonal area, where species of  the Po basin are as-
sociated with species of  the Pannonian one. More 
or less the same happened in the north-west, but 
with some differences. The data on small-mammal 
fauna distribution in north-west Italy, which have 
been notably augmented in the last twenty years 
(Bona 2007, 2011; Bona et al. 2008, 2009; Berto 
et al. 2016), seem to indicate that, from the Middle 
Pleistocene onwards, at least for small mammals, 
the circulation of  species was much more limited. 

Habitat Climatic zone
OD OH OW W R Wa IV V VI VII VIII IX

Rodentia
Arvicola amphibius 1 0,25 0 0,25 0,25 0,25 0
Microtus (Microtus) arvalis 0,75 0,25 0 0 0,5 0 0,5 0
Microtus (Microtus) agrestis 1 0 0 0,5 0 0,5 0
Microtus (Terricola) cf. savii 0,5 0,5 0 0 0,333 0 0,333 0,333
Microtus (Alexandromys) 
oeconomus 0,5 0,5 0 0 0,333 0 0,333 0,333
Clethrionomys glareolus 0,25 0,75 0 0 0,333 0 0,333 0,333
Chionomys nivalis 1 0,25 0 0,25 0 0,25 0,25
Apodemus (Silvaemus) gr. 
silvaticus-flavicollis 1 0,25 0 0,25 0,25 0,25 0
Eulipotyphla
Talpa europaea 0,5 0,5
Crocidura leocodon 0,5 0,5
Neomys  sp. 0,75 0,25
Sorex araneus 0,75 0,25
Suncus etruscus
% Habitat Weighting 21,5 24,5 15,4 7,69 6,99 20,5 BC 10,71 0 39,27 7,143 39,27 17,84

Species

Tab. 3 – Small mammal species distribution by Habitat (OD= Open Dry; OH= Open Humid; OW= Open Woodland; R= Rocky; Wa= Water) 
and by Climatic zone (IV= winter rain and summer drought; V= warm-temperate; VI= typical temperate; VII= arid-temperate; VIII= 
cold-temperate -boreal-; IX= arctic).

Buco del Frate Ghedi (1960-1990)

MAT 7,8° 12,3°

MTW 19,5° 23,2°

MTC  -3,6°  0,75°

P 628 mm 849 mm

Tab. 4 – Comparison between paleoclimatic information obtained 
using the Buco del Frate cave small mammal data according 
to the method of  Royer et al. (2020) and data on recent con-
ditions registered at Ghedi meteorological station (Brescia, 
45°24′07.2″N, 10°16′49.08″E, 85 m a.s.l data from www.
meteoAM.it – Aeronautica militare italiana, Ministero della 
Difesa). MAT= Mean Annual Temperature; MTW= mean 
temperature of  the warmest month; MTC= mean tempera-
ture of  the coldest month, P= annual total Precipitation.
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Some species never reached beyond the karstic mas-
sif  that lies between Lake Garda to the east and the 
city of  Brescia to the west, while others only man-
aged to cross it at times that saw particular combi-
nations of  environmental and climatic conditions.

According to current knowledge, relatively 
common specie in the deposits of  north-eastern It-
aly such as Microtus (A.) oeconomus, common in caves 
with deposits from the last glacial period in the 
Berici Hills and Lessini mountains, has only been 
found in Lombardy in the Buco del Frate cave.

Cricetus cricetus, not present in the faunal list 
of  Buco del Frate and in others cave in the western 
part of  Lombardy during the MIS3 (Bona 2007, 
2011; Bona et al. 2008, 2009), also seems to have 
failed to cross the boundary of  Lake Garda during 
the last glacial maximum, while it is present during 
MIS 5a at Ciota Ciara (Berto et al. 2016).

The Buco del Frate cave thus represents a 
cavity that, being located immediately to the west 

of  Lake Garda and just a few tens of  metres above 
sea level, bears witness to which species were able 
to pass, during the second half  of  MIS 3, through 
this area, which must have functioned as a natural 
barrier at least for small-mammals. Area that, dur-
ing the second half  of  the MIS3, was to resemble 
the open taiga of  the today north Europe (Fig. 6).  
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Fig. 6 – Paleoenvironment reconstruction of  the Buco del Frate area around 40,000 years ago (drawing by Valeria Carnevali -@natur_val-).
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