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ABSTRACT - The taxonomic and taphonomic analysis of the bird fossil remains from Buso Doppio del Broion Cave (Vicenza), located in 
the Berici Hills in North-Eastern Italy, are presented herein. The investigated deposits are referred to the end of MIS 3 and the boundary with 
MIS 2, in a phase of climate harshening. At least 44 species have been identified in the study, which indicate the presence of a wide variety of 
environments in the surroundings of the cave, such as conifer or mixed forests, open areas with rocky cliffs or crags, grasslands, steppes and 
slow flowing water bodies. Of particular interest are two Boreal taxa, Bubo scandiacus and Surnia ulula, which are considered markers of a 
colder climate than the present one. The S. ulula specimen represents the second Pleistocene fossil record of this species in Italy, attesting the 
presence of this taxon across the MIS 3/MIS 2 boundary, at least in the southern fringes of the Alps. Furthermore, the deposit provided the first 
Italian Pleistocene fossil remains of Troglodytes troglodytes and Phoenicurus ochruros. This contribution provides noteworthy new data about 
the southward range shift of Boreal bird species during the cold phases of the Pleistocene and gives new insights into the palaeoenvironment 
and palaeoclimate of North-Eastern Italy at the end of MIS 3 and the onset of the Last Glacial Maximum. 

RIASSUNTO - [Resti fossili di uccelli dai depositi del Pleistocene Superiore di Grotta del Buso Doppio del Broion (Italia Nord-Orientale): 
implicazioni paleoecologiche, paleoambientali e paleoclimatiche] - In questo contributo presentiamo l’analisi sistematica e tafonomica dei 
resti fossili degli uccelli del sito di Grotta del Buso Doppio del Broion (Vicenza), situato sui Monti Berici, nel comune di Longare, in Italia 
Nord-Orientale. I depositi sono riferibili al Pleistocene Superiore. Le Unità Stratigrafiche analizzate coprono un intervallo cronologico 
riferibile alla fine del MIS 3 e il passaggio al MIS 2, una fase di irrigidimento climatico corrispondente all’instaurasi delle condizioni tipiche 
dell’Ultimo Massimo Glaciale. L’analisi sistematica ha rilevato la presenza di almeno 44 specie diverse di uccelli, grazie alle quali è stato 
possible effettuare ricostruzioni paleoambientali. I Monti Berici e la pianura immediatamente circostante erano caratterizzati da una certa 
varietà di ambienti, come foreste di conifere o miste, aree aperte con affioramenti rocciosi o pareti rocciose, steppe, aree erbose e cespugliate, 
aree umide e corsi d’acqua a debole intensità. Una buona varietà di specie di ambiente acquatico è infatti stata rilevata nel deposito. Queste 
specie potevano provenire da zone umide situate in pianura ed oggi assenti, oppure dal lago di Fimon, poco distante dal sito, che alla fine del 
MIS 3 era una zona paludosa con acque basse. Il numero di taxa di ambiente aperto, considerando l’intero campione, supera leggermente 
quello dei taxa di ambiente roccioso, forestale e acquatico. I taxa rilevati attestano un aumento, verso l’inizio dell’Ultimo Massimo Glaciale, 
di ambienti aperti ed acquatici, supportato dal record pollinico del lago di Fimon. Di particolare interesse è il ritrovamento di due specie a 
carattere boreale, Bubo scandiacus e Surnia ulula, nel livello superiore del deposito. La loro presenza alle medie latitudini è infatti attestata nel 
record fossile europeo durante le fasi più fredde del Pleistocene, ed indica un clima più rigido dell’attuale ed un progressivo raffreddamento 
all’interno della sequenza analizzata. Inoltre, la presenza di alcune specie (quali Lyrurus tetrix, Tetrao urogallus, Pyrrhocorax graculus, 
Pyrrhocorax pyrrhocorax, Nucifraga caryocatactes) a quote nettamente minori rispetto a quelle in cui vivono oggi, in seguito allo spostamento 
delle fasce vegetazionali durante le fasi fredde, conferma l’ipotesi di un clima più rigido dell’attuale durante l’intervallo cronologico indagato. 
Interessante è il ritrovamento dei primi record fossili italiani pleistocenici di Troglodytes troglodytes e Phoenicurus ochruros, mentre il resto 
di S. ulula rappresenta il secondo record fossile pleistocenico di questa specie in Italia, attestandone la presenza nelle propaggini meridionali 
dell’arco alpino al passaggio tra MIS 3 e MIS 2. L’analisi tafonomica ha rilevato l’attività combinata di carnivori, rapaci notturni e uomini 
nell’accumulo dei resti di uccelli. Questo contributo fornisce interessanti nuovi dati sullo spostamento verso sud dell’areale di distribuzione 
delle specie a carattere boreale durante le fasi fredde del Pleistocene e aggiunge un ulteriore tassello alla conoscenza dei paleoambienti e 
del paleoclima del Nord-Est Italia durante la fine del MIS 3 e all’instaurarsi dell’Ultimo Massimo Glaciale.

INTRODUCTION

Fossil birds are known to be good palaeoenvironmental 
indicators, as most of the extant bird species have precise 
ecological needs. Moreover, fossil birds can also give 
valid insights about past climate, especially through 
palaeogeography of bird species. In detail, concerning 
the Western Palearctic, some species that are now spread 

at high latitudes only, were once distributed at mid-
latitudes. This is the case for Lagopus lagopus (Linnaeus, 
1758), Bubo scandiacus (Linnaeus, 1758), Surnia ulula 
(Linnaeus, 1758), Strix nebulosa J.R. Forster, 1772, 
Falco rusticolus Linnaeus, 1758, Loxia pytyopsittacus 
Borkhausen, 1793, Pinicola enucleator (Linnaeus, 1758) 
(Tyrberg, 1998, 2008; Holm & Svenning, 2014). Indeed, 
during cold phases of the Pleistocene, Mediterranean 
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Europe was a “refugium area” for Arctic, Subarctic and 
Boreal species that, at high latitudes, did not find suitable 
conditions for their survival anymore, because of the 
expansion of the ice cap (Sanchez Marco, 2004; Pellegrino 
et al., 2014). The finding of these species in the fossil record 
of Western Palearctic mid-latitudes is a clear evidence of 
the presence of a climate colder than the present one and 
these species can therefore be considered climate markers. 
Other hints about past climate are given by species like 
Bonasa bonasia (Linnaeus, 1758), Lagopus muta (Montin, 
1781), Tetrao urogallus Linnaeus, 1758, Lyrurus tetrix 
(Linnaeus, 1758), Glaucidium passerinum (Linnaeus, 
1758), Aegolius funereus (Linnaeus, 1758), Pyrrhocorax 
pyrrhocorax (Linnaeus, 1758), Pyrrhocorax graculus 
(Linnaeus, 1766), Eremophila alpestris (Linnaeus, 1758), 
Prunella collaris (Scopoli, 1769), Montifringilla nivalis 
(Linnaeus, 1766). These species, often referred to as 
“glacial relicts”, currently survive with isolated populations 
in mountain areas of Southern Europe, but the fossil record 
indicates that they were more widespread than today 
during cold phases of the Pleistocene, because they lived 
at lower altitudes, as they followed the downward shift of 
the vegetational zones (Tyrberg, 1991, 1998, 2008; Pavia, 
2000; Ravazzi et al., 2007; Holm & Svenning, 2014). The 
presence of these species at very low altitudes during the 
Pleistocene, in the mid-latitudes, can thus be used with 
caution as a climate proxy. The variation of bird species 
associations in the different layers of a deposit can even 
suggest possible climate oscillations. This approach can 
be based on the presence/absence of climate markers in a 
layer or on changes in the relative abundance of a species 
between the layers (Cassoli & Tagliacozzo, 1994a; Pavia, 
2000; Bedetti & Pavia, 2007; Tomek et al., 2012). To 
provide reliable results, it should be applied to deposits 
with a high number of bird remains and sequences that 
cover almost completely long time intervals. At this point, 
it is worth to remember that many different ecological 
factors, besides climate oscillations, can affect the 
distribution patterns of a species. In fact, the evidence of 
variations in geographical distribution, suggested by the 
fossil record, does not necessarily mean a climate change. 
Only evidences concerning strong latitudinal or altitudinal 
changes in avian species geographical distribution should 
be considered as climate proxies (Bedetti & Pavia, 2001, 
2007; Tyrberg, 2010; Finlayson, 2011; Carrera et al., 
2018). In this work, we present the taxonomic analysis and 
interpretation of avian fossil remains of Upper Pleistocene 
deposits of Buso Doppio del Broion Cave (Longare, 
Vicenza, North-Eastern Italy) and the palaeoclimatic 
and palaeoenvironmental significance of the identified 
species. The time interval considered is the end of MIS 3 
and the onset of the Last Glacial Maximum (LGM). Few 
contributions deal with avian remains of this period in the 
northern belt of the Great Adriatic Plain so far. 

The Fimon Lake, located in the Berici Hills, less than 
5 km west to the cave, produced a continuous pollen 
record of Late Pleistocene age. Concerning the time 
interval represented by the deposits of Buso Doppio 
del Broion Cave, the pollen analysis detected a major 
forest withdrawal, likely triggered by the Heinrich event 
4 deterioration, at about 38.2 ± 1.45 cal. ka BP (Pini et 
al., 2010; Monegato et al., 2011). Successively, at the 
onset of the LGM (approximately 31-27 cal. ka BP), the 

presence of mixed scots pine/dwarf mountain pine and 
larch forests, with subordinate juniper, birch and spurce is 
detected. Open vegetation was characterised by xerophytic 
herbs and shrubs, with a reduced amount of other herbs. 
Pollen of thermophilous trees is almost absent since 30 ka 
cal. BP (Pini et al., 2010). Indeed, in the southern fringe 
of the Alps, broad-leaved forest trees did not withstand 
the LGM temperature extremes, but the fossil evidence 
suggests the presence of microrefugia in the Northern 
Adriatic, such as the Euganei Hills, close to the Berici 
Hills (Kaltenrieder et al., 2009; Monegato et al., 2015). 
In the subsequent part of the LGM, xerophytes, birch and 
grasses increased and charcoal peaks suggest reduction of 
residual conifer forests and expansion of pioneer species, 
also induced by increasing frequency of forest fires (Pini 
et al., 2010). During the LGM, the area south of the Alps 
was characterised by a steep moisture gradient, related to 
the orographic rainout triggered by southern air circulation, 
from the Adriatic alluvial plain (with semiarid pedoclimatic 
regime) to the mountain fringe, where an extensive belt 
of Boreal trees was present. Other pollen records of the 
area south of the Alps provided data that suggest that 
forests never got dense stands, leaving large open spaces 
with steppe habitats and scrub ecotones. Forest clearings 
were significantly controlled by fire. The landscape was 
therefore characterised by open conifer forest, shrubby 
riverbanks fringe and large steppic habitats in the Adriatic 
plains, dominated by Artemisia Linnaeus, 1753 and juniper 
(Monegato et al., 2015).

SITE DESCRIPTION

The Buso Doppio del Broion Cave is one of the many 
karst cavities of Berici Hills, opening at 150 m a.s.l. on 
their eastern slope (Fig. 1). Berici Hills are an uplifted karst 
plateau consisting of a sequence of sedimentary rocks of 
marine origin, mostly of Cretaceous and Paleogene ages, 
isolated in the alluvial plain and extending for less than 
200 km2 in the sub-alpine region (Sauro, 2002). The cave 
contains Upper Pleistocene deposits and the archaeological 
excavation is ongoing, carried out by the University of 
Ferrara. It is formed by a system of galleries that reaches 
an horizontal depth of more than 17 m. Gallery A is the 
main gallery and gallery B departs from the end of gallery 
A and has secondary offshoots departing from it. The main 
chamber, where the excavation activities have taken place, 
is located at the end of gallery A (Romandini et al., 2015). 

Several layers have been identified below the superficial 
reworked deposit (Fig. 2). The latter, between 0.3 and 1 m 
thick, is located in the main entrance gallery and, to a lesser 
extent, in the upper part of the deposit of the main chamber. 
Immediately below the reworked deposit lies Layer 1, 
with a maximum thickness of 80 cm, formed by large 
masses originated by vault collapses and a loamy aeolian 
sediment. Layer 2 consists of lenses limited only to squares 
B7 and C7 and is formed by loamy aeolian sediment with 
scarce limestone stones. Layer 3 is composed by lumps of 
sub-rounded stones and a loess-like sediment. It has been 
subjected to post-depositional hill-wash and subsequent 
gravitational deformations caused by the overlying 
material. Layer 4 is a micro-laminated organic layer of 
bat guano, with loamy matrix and maximum thickness of 
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30 cm. Layer 5 is a stone-supported breccia with scarce 
loamy matrix and many intergranular voids. Its maximum 
thickness is 80 cm. Loess-like sediment is scarcer in the 
upper portion of Layer 5 and stones are larger; in the 
mesial-basal portion of this layer, fine-fraction is more 
abundant and stones are smaller. Layer 6 lies at about 2.5 
metres of depth and is a rock-fall deposit made of sub-
rounded carbonatic blocks and increased content of silt. 
Layer 7 is a breccia with loamy matrix. Below this layer, 
the deposit has not been investigated yet (Romandini et 
al., 2015).

The stratigraphic sequence of this cave provided 
evidences of few short-term human occupations around 
the LGM. The finding of several lithic implements 
(among which a few shouldered points) mostly in the 
upper reworked sediment, suggests early Epigravettian 
frequentation, whereas the presence of gravettes and 
microgravettes in the medium-basal portion of Layer 
1 is indicative of Gravettian (Romandini et al., 2015). 
The lower portion of the stratigraphic sequence (Layers 
4-7) provided other lithic implements (micro-bladelets, 
possibly Aurignacian), the study of which is still underway 
(Romandini et al., 2015). The presence of charcoal 
fragments throughout most of the sequence (Layers 1, 
3-6) is also indicative of human use of the cave. The 
Gravettian can be correlated to the Gravettian of the 
nearby Riparo del Broion (Layers 1c-1d), attributed to 
the onset or the first phases of the LGM, on the basis of 
typological features and radiocarbon chronometry (Gurioli 
et al., 2006; Broglio et al., 2009). On the same grounds, 
early Epigravettian can be chronologically framed to the 

sequence of Grotta di Paina and Covolo di Trene, located 
on the same Eastern Berici Hills area, and also to the 
sequence of Riparo del Broion (Romandini & Nannini, 
2012; Nannini & Romandini, 2015).

The cave provided one radiocarbon date on an Ursus 
spelaeus rib, coming from the lower portion of Layer 1, 
which gave a conventional age of 29,001 ± 123 14C BP 
(33,597 to 32,844 cal. BP) (Terlato et al., 2018). Thus, 
the deposits in situ of the Buso Doppio del Broion Cave, 
below the upper reworked sediments, represent a time 
span including the end of MIS 3 and the onset of the 
LGM (Layer 1).

The taxonomic analysis of the mammal remains of 
Buso Doppio del Broion Cave has been carried out for 
Layers 1-2 and for the upper reworked sediment. Ungulates 
are the only taxon that so far has been studied for the 
whole sequence: remains of Alces alces (Linnaeus, 1758), 
Rupicapra rupicapra (Linnaeus, 1758), Cervus elaphus 
Linnaeus, 1758, Capreolus capreolus (Linnaeus, 1758), 
Capra ibex Linnaeus, 1758, Bison priscus Bojanus, 1827 
and Bos/Bison have been identified. Among carnivores, in 
the upper layers, remains of Canis lupus Linnaeus, 1758, 
Meles meles (Linnaeus, 1758), Martes martes (Linnaeus, 
1758), cf. Mustela erminea Linnaeus, 1758, Lynx lynx 
(Linnaeus, 1758), Felis silvestris Schreber, 1777, Vulpes 
vulpes (Linnaeus, 1758), and Ursus spelaeus Rosenmüller, 
1794 have been identified. The latter is the most abundant 
mammal in Layers 1-2 and in the upper reworked 
sediment. Furthermore, remains of Marmota marmota 
(Linnaeus, 1758), Lepus europaeus Pallas, 1778, Lepus 
timidus Linnaeus, 1758, Castor fiber Linnaeus, 1758 and 
other small mammals (many rodents and chiropterans) 
have been found. The deposit is also rich in fish remains, 
which mostly consist in cyprinid and salmonid vertebrae 
(Nannini & Romandini, 2015; Pulcrano, 2015; Romandini 
et al., 2015). Human modifications have been detected 
on Rupicapra rupicapra, Cervus elaphus, Capra ibex, 
Bos/Bison, Ursus spelaeus. The amount and the state of 
preservation of Ursus spelaeus remains suggest that this 
mammal used the cave as a shelter for several hibernation 
cycles, comparably to other caves in the Berici Hills 
(Nannini & Romandini, 2015; Pulcrano, 2015; Romandini 
et al., 2015; Terlato et al., 2018).

Fig. 1 (color online) - a) Geographic position of Buso Doppio del 
Broion Cave, indicated by the black arrow. b) View of part of the 
eastern side of Berici Hills, with the location of the cave indicated 
by the dot. c) The main cave entrance.

Fig. 2 - Schematic stratigraphic succession of Buso Doppio del 
Broion Cave (modified after Romandini et al., 2015).
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MATERIALS AND METHODS

This contribution is a taxonomic analysis of 775 bird 
remains coming from Layers 1-7 of Buso Doppio del 
Broion Cave. The bird remains located in the reworked 
upper deposit and in other remixed sediments have not 
been included in this analysis because of their uncertain 
chronological position: the reworked upper sediment 
contained recent bones, such as Gallus gallus (Linnaeus, 
1758) remains, mixed with clearly older material, such 
as Bubo scandiacus remains and lithic implements. The 
sediments have been excavated in 50x50 cm or 33x33 
cm squares. Bird remains have been recovered after 
sediment wet sieving, provisionally numbered with 
the acronym BDB and stored in the Sezione di Scienze 
Preistoriche e Antropologiche of the Dipartimento di 
Studi Umanistici of the University of Ferrara. Taxonomic 
identifications of bird remains were conducted through 
comparison with two modern bird skeleton collections: 
the “Marco Pavia Osteological Collection” (MPOC), 
stored at the Dipartimento di Scienze della Terra of 
the University of Torino, and the collection of the 
University of Ferrara, organized by B. Sala and M. 
Romandini and stored at the above mentioned Sezione 
di Scienze Preistoriche e Antropologiche. For the 
taxonomic analyses, we also used handbooks on bird 
osteology (Woelfle, 1967; Erbersdobler, 1968; Kraft, 
1972; Langer, 1980; Otto, 1981; Schmidt-Burger, 1982; 
Janossy, 1983; Cuisin, 1989; Solti, 1996; Tomek & 
Bochenski, 2000). Bird taxonomy follows Del Hoyo 
et al. (2014, 2016). Osteological terminology follows 
Baumel & Witmer (1993). The Palaearctic fossil record 
of the various species has been detailed after Tyrberg 
(1998, 2008), unless otherwise indicated based on more 
recent papers. In the discussion section, we considered 
representative, from a palaeoecological point of view, 
only layers that provided ten or more taxa useful for 
palaeoenvironmental reconstructions, in order to avoid 
possible biases due to the low number of bird remains 
in some layers.

SYSTEMATICS 

According to our study, 634 remains have been 
assigned to 69 bird taxa, whereas 141 remains are 
left as indeterminate Aves. The remains are presented 
in Tab. 1 with their stratigraphic provenance. Many 
fossil bones have been referred to supraspecific taxa 
due to their fragmentation and/or lack of diagnostic 
features. We describe in detail only the remains that 
have been identified at a specific level and those whose 
identification is left uncertain between two (or four, in 
the case of Falco sp. 1) species.

Order Galliformes Temminck, 1820
Family Phasianidae Vigors, 1825

Genus Coturnix Bonnaterre, 1791

Coturnix coturnix (Linnaeus, 1758) 
(Pl. 1, fig. 1)

Material - One complete left ulna (BDB2274) and 
one proximal right femur (BDB1840) from Layer 1; one 
proximal left humerus (BDB1724) from Layer 4; one 
furcula fragment (BDB1951), one complete right coracoid 
(BDB1921) and one complete right radius (BDB1942) 
from Layer 5.

Description and remarks - The remains attributed 
to this species are morphologically identical to modern 
C. coturnix, and can be separated from the other 
Galliformes species because of their clear smaller size 
(Erbersdobler, 1968; Kraft, 1972). This species is known 
in the Palearctic fossil record since the Early Pleistocene, 
and is often reported in the Late Pleistocene (Tyrberg, 
1998, 2008).

Genus Perdix Brisson, 1760

Perdix perdix (Linnaeus, 1758)

Material - One distal right tarsometatarsus (BDB1812) 
from Layer 1.

Description and remarks - This specimen is 
similar in size to other Galliformes species such as 
Lagopus lagopus and European Alectoris spp. (Kraft, 
1972). However, in the distal epiphysis, the trochlea 
for metatarsus IV and the trochlea for metatarsus 
III are located at a similar height, whereas in the 
above-mentioned Galliformes the two trochleae are 
more staggered in height. The fossil species Perdix 
paleoperdix Mourer-Chauviré, 1975, reported in the 
Palearctic since the Early Pleistocene and considered a 
primitive form of P. perdix, is ruled out as it is noticeably 
smaller in size than P. perdix (Mourer-Chauviré, 1975). 
P. perdix is reported in the Palearctic since the Early 
Pleistocene, becoming more abundant in the Late 
Pleistocene of Europe (Tyrberg, 1998, 2008).

Genus Lagopus Brisson, 1760

Lagopus lagopus (Linnaeus, 1758)
vel Lagopus muta (Montin, 1781)

(Pl. 1, fig. 2)

Material - One cranial portion of a left scapula 
(BDB2048) from Layer 1.

Description and remarks - The size of the scapula 
allows to rule out other Galliformes except A. rufa and 
A. graeca, which are similar in size (Erbersdobler, 1968; 
Kraft, 1972). This specimen shows a pneumatic foramen 
in the center of the proximal epiphysis; this feature allows 
us to rule out the species of the genus Alectoris, which 
do not show any foramen. The Early Pleistocene species 
Lagopus balcanicus Boev, 1995 is excluded because it is 
larger in size than both L. mutus and L. lagopus (Boev, 
1995). The extreme similarity of the scapula of Lagopus 
muta and Lagopus lagopus and the fragmentary nature of 
the investigated remain does not allow us to distinguish 
between these two species.
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Taxa Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 Layer 7 Total

Coturnix coturnix (Linnaeus, 1758) 2 1 3 6

Perdix perdix (Linnaeus, 1758) 1 1

Lagopus lagopus (Linnaeus, 1758) vel
Lagopus muta (Montin, 1781) 1 1

Tetrao urogallus Linnaeus, 1758 2 2 4

Tetrao urogallus Linnaeus, 1758
vel Lyrurus tetrix (Linnaeus, 1758) 1 2 1 4

Lyrurus tetrix (Linnaeus, 1758) 25 2 1 3 2 2 35

Galliformes indet. 25 1 3 1 2 2 34

Aythya ferina (Linnaeus, 1758) 1 1 2

Aythya fuligula (Linnaeus, 1758) 3 3

Spatula querquedula (Linnaeus, 1758) 2 2

Spatula querquedula (Linnaeus, 1758)
vel Anas crecca Linnaeus, 1758 9 1 2 12

Anas platyrhynchos Linnaeus, 1758 1 1 2

Anas platyrhynchos Linnaeus, 1758
vel Anas acuta Linnaeus, 1758 1 1

Anas crecca Linnaeus, 1758 2 2

cf. Anas crecca 1 1

Anatidae indet. 17 1 1 1 20

Apus pallidus (Shelley, 1870)
vel Apus apus (Linnaeus, 1758)

4 4

Crex crex (Linnaeus, 1758) 11 1 12

Gallinula chloropus (Linnaeus, 1758) 1 1

Rallidae indet. 4 1 5

Grus grus (Linnaeus, 1758) 1 1

Tetrax tetrax (Linnaeus, 1758) 1 1

Limosa lapponica (Linnaeus, 1758) 
vel Limosa limosa (Linnaeus, 1758) 1 1

Gallinago gallinago (Linnaeus, 1758) 3 2 1 6

Laridae indet. 1 1

Charadriiformes indet. 2 2

Surnia ulula (Linnaeus, 1758) 1 1

Athene noctua (Scopoli, 1769) 1 1

cf. Aegolius funereus (Linnaeus, 1758) 1 1

Asio otus (Linnaeus, 1758) 
vel Asio flammeus (Pontoppidan, 1763) 2 2

Bubo scandiacus (Linnaeus, 1758) 3 3

Strigidae indet. 1 1

Aquila chrysaetos (Linnaeus, 1758) 3 3

Accipiter gentilis (Linnaeus, 1758) 3 3

Accipitridae indet. 1 1

Picus viridis Linnaeus, 1758 1 1

Picidae indet. 1 1

Tab. 1 - Bird taxa recorded in the Buso Doppio del Broion Cave deposit. Numbers indicate the identified specimens for each taxon.
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Genus Tetrao Linnaeus, 1758

Tetrao urogallus Linnaeus, 1758
(Pl. 1, fig. 3)

Material - One proximal left humerus (BDB1532) 
and one distal left humerus (BDB1500) from Layer 1; 
one proximal left radius (BDB1670) and one distal right 
tibiotarsus (BDB1672) from Layer 3.

Description and remarks - This species is the largest 
Galliformes of the Western Palearctic, for this reason the 
remains attributed to T. urogallus have been distinguished, 
most of the times, from the other Galliformes species on 
the basis of the size, besides the morphological similarity 
with the modern T. urogallus. The females are usually 
larger than L. tetrix males, but there is a small range of 
overlap in the size of the latter two (Erbersdobler, 1968). 
Gallus gallus and Phasianus colchicus (Linnaeus, 1758) 

Taxa Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 Layer 7 Total

Falco tinnunculus Linnaeus, 1758 4 4

Falco vespertinus Linnaeus, 1766 1 1

Falco sp. 1 1 1

Falco sp. 8 1 9

Pyrrhocorax pyrrhocorax (Linnaeus, 1758) 1 1 2

Pyrrhocorax graculus (Linnaeus, 1766) 4 2 1 4 11

Pyrrhocorax pyrrhocorax (Linnaeus, 1758) 
vel Pyrrhocorax graculus (Linnaeus, 1766) 10 1 1 1 1 14

Nucifraga caryocatactes (Linnaeus, 1758) 2 2

Corvus monedula Linnaeus, 1758 1 1 2

Corvus corax Linnaeus, 1758 1 1 2

Corvus corone Linnaeus, 1758 1 1

Corvidae indet. 15 2 3 1 21

Eremophila alpestris (Linnaeus, 1758) 1 1

cf. Delichon urbicum (Linnaeus, 1758) 1 1

cf. Hirundo rustica Linnaeus, 1758 2 1 1 1 5

cf. Ptyonoprogne rupestris (Scopoli, 1769) 1 1

Riparia riparia (Linnaeus, 1758) 1 1

Hirundinidae indet. 8 1 3 12

Tichodroma muraria (Linnaeus, 1766) 4 1 5

Troglodytes troglodytes (Linnaeus, 1758) 1 1

Sturnus vulgaris Linnaeus, 1758
vel Sturnus unicolor Temminck, 1820 4 4

cf. Turdus viscivorus Linnaeus, 1758 2 2

Turdus viscivorus Linnaeus, 1758
vel Turdus pilaris Linnaeus, 1758 1 1

Turdus sp. 3 3

Erithacus rubecula (Linnaeus, 1758) 1 1

Phoenicurus ochruros (S.G. Gmelin, 1774) 1 1

Prunella collaris (Scopoli, 1769) 1 1 1 3

cf. Petronia petronia (Linnaeus, 1766) 1 1

Pyrrhula pyrrhula (Linnaeus, 1758) 1 1

Chloris chloris (Linnaeus, 1758) 1 1

Loxia curvirostra Linnaeus, 1758 1 1 2

Passeriformes indet. 213 16 15 10 60 18 3 335

Aves det. 429 24 33 21 92 31 4 634

Aves indet. 103 7 4 10 11 6 141

Total remains 532 31 37 31 103 37 4 775

Tab. 1 - Continuation.
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have been ruled out on the basis of their smaller size. The 
two incomplete humeri from Layer 1 likely belong to the 
same individual as they were found close to each other, 
they show similar taphonomical features and furthermore 
they both belong to a female, on the basis of the size 
(Erbersdobler, 1968). The radius is referred to a male 
of this species because of its huge size. The tibiotarsus 
is attributed to this species on the basis of the large size 
and of some osteological characteristics, such as the 
extent of the pons supratendineus, which is, for example, 
wider in Phasianus colchicus. This specimen probably 
belongs to a female on the basis of the width of the distal 
epiphysis (Erbersdobler, 1968). T. urogallus is known in 
the Palearctic fossil record since the Middle Pleistocene 
and is often recorded in the Late Pleistocene (Tyrberg, 
1998, 2008), when it was more widespread than today, 
at lower altitudes. 

Tetrao urogallus Linnaeus, 1758
vel Lyrurus tetrix (Linnaeus, 1758)

Material - One distal left coracoid (BDB1502) from 
Layer 1; one left scapula diaphysis (BDB1571) and one 
distal anterior phalanx of the major digit (BDB2349) 
from Layer 5; one incomplete right carpometacarpus 
(BDB1771) from Layer 6.

Description and remarks - These remains do not show 
enough morphological or dimensional characteristics to 
allow a distinction between L. tetrix and T. urogallus. 
Indeed, they have similar bone features and the size of 
their bones can overlap (Erbersdobler, 1968).

Genus Lyrurus Swainson, 1832

Lyrurus tetrix (Linnaeus, 1758)

Material - One complete maxilla (BDB1688), 
one cranial portion of a left scapula (BDB1651), 
one proximal right coracoid (BDB1501), four distal 
right coracoids (BDB1595, BDB1603, BDB1614, 
BDB2095), two proximal left coracoids (BDB1646, 
BDB2097), one distal right humerus (BDB2272), one 
distal left humerus (BDB1629), two distal right radii 
(BDB2051, BDB2107), one diaphysis of a left radius 
(BDB2106), one diaphysis of a right ulna (BDB2101), 
one complete left carpometacarpus (BDB1528), one 
distal left carpometacarpus (BDB2067), one complete 
right first anterior phalanx of the major digit (BDB1662), 
one incomplete right first anterior phalanx of the major 
digit (BDB1647), two proximal left femora (BDB1515, 
BDB1620), one distal left femur (BDB1618), one femur 
diaphysis fragment (BDB2265), one distal left tibiotarsus 
(BDB1660) and one left tarsometatarsus diaphysis 
(BDB2114) from Layer 1; one distal left coracoid 
(BDB1562) and one distal right tibiotarsus (BDB1843) 
from Layer 2; one distal left tibiotarsus (BDB1566) from 
Layer 3; one left complete os quadratum (BDB1882), one 
complete right first anterior phalanx of the major digit 
(BDB1890) and one proximal left femur (BDB1889) 
from Layer 4; one furcula fragment (BDB1920) and one 

proximal left radius (BDB1896) from Layer 5; one distal 
left radius (BDB1772) and one complete left first anterior 
phalanx of the major digit (BDB1577) from Layer 6.

Description and remarks - The size of most of the 
following specimens allowed us to rule out the larger 
(like T. urogallus) and the smaller Galliformes (like 
the species of the genera Alectoris, Bonasa, Lagopus 
and Perdix). Other Galliformes with a similar size to 
L. tetrix, such as P. colchicus and G. gallus, have been 
checked (Erbersdobler, 1968). These species should not 
be present in a Late Pleistocene European deposit as 
they have reached Europe during the Holocene (West 
& Zhou, 1988; Boev, 1997). In the case of the maxilla, 
P. colchicus and G. gallus can be ruled out because of 
the outline, in lateral view, of the narial cavity, which is 
located more distally and is proximally more rounded 
in L. tetrix. In the L. tetrix os quadratum, the processus 
orbitalis quadratum is clearly narrower, in lateral view, 
than the condylus caudalis, differing from P. colchicus 
and G. gallus. The furcula fragment belongs to L. tetrix 
on the basis of the outline of the hypocleideum: in lateral 
view, it projects more internally in P. colchicus and is 
more rounded in G. gallus. The cranial portion of the 
scapula can be referred to a L. tetrix male on the basis 
of the size and the presence of the pneumatic foramen, 
which ruled out G. gallus and P. colchicus (Erbersdobler, 
1968). In the coracoids, the size rules out T. urogallus 
and the outline of the acrocoracoid process is, in dorsal 
view, more protruded and less rounded than in G. gallus 
and P. colchicus, the facies articularis clavicularis is 
more pointed, in medial view, than in P. colchicus, and 
the outline of the sternal facet, in sternal view, broadens 
near the angulus medialis, differing from G. gallus and P. 
colchicus. The specimens BDB1562 and BDB1646 can 
be referred to males on the basis of the size (Erbersdobler, 
1968). The morphology of the distal epiphysis of the 
humeri differs from G. gallus and P. colchicus in the 
condylus ventralis, being more distally protruded in L. 
tetrix, in cranial view. The specimen BDB2272 can be 
attributed to a male on the basis of the size (Erbersdobler, 
1968). The radii have been assigned to L. tetrix on the 
basis of several osteological features, such as: the outline, 
in caudal view, of the proximal epiphysis, which has the 
edges of the articular surface less protruding than in P. 
colchicus; the general outline of the bone, which is more 
stout and less curved than in P. colchicus; the small 
distal protrusion in the facies articularis radiocarpalis, 
in dorsal view, which is slightly more pronounced in P. 
colchicus; the distal epiphysis, which is more rounded in 
G. gallus. The ulna diaphysis differs from P. colchicus 
and G. gallus in the position of the linea intermuscularis. 
The carpometacarpi have been attributed to L. tetrix for 
the shape of the proximal epiphysis, for the presence 
of a concavity in the profile of the facies articularis 
ulnocarpalis, in ventral view, which is less pronounced in 
P. colchicus and in G. gallus. Also the morphology of the 
distal epiphysis differs from P. colchicus in the protrusion 
of the distal part of the major metacarpal, in dorsal view, 
which is less pronounced in P. colchicus. The first anterior 
phalanges of the major digit can be distinguished from 
P. colchicus and G. gallus for a different general outline; 
in detail P. colchicus has a wider proximal epiphysis, in 
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dorsal view, than L. tetrix. The specimen BDB1577 is of 
particular large size, similar to T. urogallus, from which it 
differs in a more rounded distal epiphysis, in distal view. 
It belongs to a male. The femora differ from P. colchicus 
and G. gallus in the presence of pneumatic foramina in 
the proximal epiphysis, below the crista trochanteris; 
in the condylus medialis morphology (in P. colchicus it 
begins, on the shaft, in a more proximal position than 
in L. tetrix, whereas in G. gallus it has a more squared 
outline); in the position of the lineae intermusculares on 
the shaft. The size of the specimen BDB1515 suggests it 
belongs to a male and that of the specimen BDB1620 to a 
female (Erbersdobler, 1968). The tibiotarsi differ from P. 
colchicus in the extent of the pons supratendineus, which 
is wider in P. colchicus. Tibiotarsi are similar in size also 
to A. graeca (Kraft, 1972), from which they differ in the 
outline of the lateral condyle in lateral view: it is oval in 
L. tetrix and more rounded in A. graeca and also in G. 
gallus. The specimens BDB1660 and BDB1566 belong 
to females on the basis of the size, whereas BDB1843 
belongs to a L. tetrix male (Erbersdobler, 1968). The 
tarsometatarsus diaphysis has been referred to L. tetrix 
for the position of the lineae intermusculares on the shaft. 
During the cold phases of the Pleistocene this species, 
as the fossil record suggests, was more widespread than 
today (Holm & Svenning, 2014). L. tetrix is reported in 
the Palearctic since the Early Pleistocene, becoming quite 
common in the Late Pleistocene avian fossil record of 
Europe (Tyrberg, 1998, 2008).

Order Anseriformes Wagler, 1831
Family Anatidae Vigors, 1825

Genus Aythya Boie, 1822a

Aythya ferina (Linnaeus, 1758)
(Pl. 1, fig. 4)

Material - One cranial portion of a left scapula 
(BDB1473) from Layer 1; one complete right 
carpometacarpus (BDB1578) from Layer 7.

Description and remarks - This species looks similar, 
in the osteological features, to Aythya fuligula, which 
is slightly smaller, whereas its size is similar to other 
medium-sized Anas species. In the cranial portion of the 
scapula, the size and the morphology of the acromion 
(which shows a bulge, in medial view, and is not elongated 
as other duck species) allowed us to exclude other species 
of Anatidae (Woelfle, 1967). The total length of the 
carpometacarpus and the morphology of its proximal 
epiphysis, not much elongated in proximal direction, and 
with a flattened and rounded profile of the facies articularis 
ulnocarpalis, in ventral view, allowed to rule out Anatidae 
other than Aythya (Woelfle, 1967), and the size indicates 
A. ferina. This species is known in the Palearctic fossil 
record of Europe since the Early Pleistocene (Tyrberg, 
1998, 2008).

Aythya fuligula (Linnaeus, 1758)
(Pl. 1, fig. 5)

Material - One sternum fragment (BDB1503), one 
cranial portion of a left scapula (BDB1635) and one 
complete left coracoid (BDB1535) from Layer 1.

Description and remarks - A. fuligula is osteologically 
similar to the other Palearctic Aythya species, being slightly 
smaller than A. ferina and A. marila (Linnaeus, 1761) and 
larger than A. nyroca (Güldenstädt, 1770) (Woelfle, 1967). 
The sternum fragment (rostral area) is slightly larger and 
shows a different outline, in lateral view, of the carina 
just below the rostral area, with respect to A. nyroca; A. 
ferina, instead, shows, in the rostral area, the bifurcation 
of the spina bifida more pronounced, whereas A.marila 
shows the labrum ventrale, above the sulcus articolaris 
coracoideus, slightly more squared and protruding, in 
dorsal view. The cranial portion of the scapula is similar in 
size to other Anatidae, from which it can be separated by 
a less protruding tuberculum coracoideum. Aythya ferina 
shows the outline of the facies articularis humeralis, in 
lateral view, less rounded than A. fuligula. The coracoid 
differs from other similar sized Anatidae in the extent of 
the facies articularis sternalis, in the morphology of the 
facies articularis clavicularis, and in the outline of the 
acrocoracoid process, which is thinner, for example, than 
in Mareca penelope (Linnaeus, 1758). Aythya fuligula is 
reported in the fossil record of Europe since the Early 
Pleistocene (Tyrberg, 1998, 2008) and in Italy since the 
Middle Pleistocene (Pavia et al., 2018).

Genus Spatula Boie, 1822b

Spatula querquedula (Linnaeus, 1758)
(Pl. 1, fig. 6)

Material - One sternum fragment (BDB1536) and one 
distal left humerus (BDB1451) from Layer 1.

Description and remarks - Spatula querquedula is 
quite similar to A. crecca in size and in osteological 
characteristics. The sternum fragment differs from similar 
sized Anatidae in the length of the labrum ventrale of 
the sulcus articularis coracoideus and in the morphology 
of the spina interna, which is less pointed than in A. 
crecca. The distal humerus, characterised by a widening 
of the distal epiphysis just above the condylus dorsalis, 
in cranial view, was attributed to S. querquedula on the 
basis of the size, which excludes the only similar species, 
but slightly smaller, A. crecca (Woelfle, 1967). Spatula 
querquedula is known in the Palearctic fossil record since 
the Early Pleistocene, becoming more abundant in the Late 
Pleistocene (Tyrberg, 1998, 2008).

Spatula querquedula (Linnaeus, 1758)
vel Anas crecca Linnaeus, 1758

Material - One proximal right coracoid (BDB1656), 
three proximal left coracoids (BDB1817, BDB2049, 
BDB2271), one distal right humerus (BDB1512), 
one distal left radius (BDB1649), one complete 
right carpometacarpus (BDB1525), one distal left 
carpometacarpus (BDB2275), one distal right tibiotarsus 
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(BDB1584) from Layer 1; one cranial portion of a 
left scapula (BDB1867) from Layer 3; one distal left 
carpometacarpus (BDB2351) and one distal left tibiotarsus 
(BDB1975) from Layer 6.

Description and remarks - Spatula querquedula and 
A. crecca are among the smallest Palearctic Anatidae 
species. The osteological features of the remains 
allowed us to exclude other small-statured ducks, such 
as Marmaronetta angustirostris Ménétriés, 1832, but we 
could not discriminate between S. querquedula and A. 
crecca because of the fragmentary nature of the bones and 
the absence of other diagnostic characteristics.

Genus Anas Linnaeus, 1758

Anas platyrhynchos Linnaeus, 1758

Material - One complete left coracoid (BDB1524) 
from Layer 1; one distal left radius (BDB1891) from 
Layer 5. 

Description and remarks - This species is one of the 
largest Palearctic species of the genus Anas. The coracoid 
has been referred to this species because of its length, the 
morphology of the facies articularis clavicularis in medial 
view and the thinness of the bone, that distinguish this 
species from other similar sized Anatidae. The radius 
differs from the radii of other Anatidae in size and in the 
outline of the distal epiphysis, in cranial view (Woelfle, 
1967). Anas platyrhynchos is detected in the fossil record 
of the Palearctic since the Early Pleistocene and is very 
commonly found in Late Pleistocene fossil localities 
(Tyrberg, 1998, 2008).

Anas platyrhynchos Linnaeus, 1758
vel Anas acuta Linnaeus, 1758

Material - One proximal right coracoid (BDB1534) 
from Layer 1.

Description and remarks - Anas platyrhynchos and A. 
acuta share a similar size in some skeletal elements. For 
this reason, and because of the fragmentary nature of the 
remains, we could not refer this specimen to one or the 
other of the two species.

Anas crecca Linnaeus, 1758
(Pl. 1, fig. 7)

Material - One proximal left radius (BDB2104) and 
one right cuneiform (BDB2160) from Layer 1.

Description and remarks - Anas crecca is the smallest 
species of the genus Anas in the Western Palearctic, 
but the size of the bones often overlaps with that of S. 
querquedula, which has very similar osteological features. 
In the case of the radius, other small Anatidae species are 
ruled out on the basis of the thickness of the shaft just 
below the proximal epiphysis, which is thinner in the other 

species, and of the outline of the facies articularis ulnaris 
and of the cotyla humeralis. The cuneiform perfectly 
corresponds to A. crecca in the proportions and in the 
position of the grooves. This species is known in the 
Palearctic fossil record since the Early Pleistocene and 
is commonly reported in the Late Pleistocene (Tyrberg, 
1998, 2008).

cf. Anas crecca

Material - One proximal left ulna (BDB2050) from 
Layer 1.

Description and remarks - This remain is quite similar 
in morphology to S. querquedula. We tentatively refer 
this remain to A. crecca because of the squared outline 
of the cotyla dorsalis and the well-pronounced impressio 
muscolaris scapulotricipitis, which distinguish this species 
from S. querquedula.

Order Caprimulgiformes Ridgway, 1881
Family Apodidae Hartert, 1897

Genus Apus Scopoli, 1777

Apus pallidus (Shelley, 1870)
vel Apus apus (Linnaeus, 1758)

(Pl. 1, fig. 8)

Material - One cranial portion of a right scapula 
(BDB2094), one complete right coracoid (BDB2096), one 
complete left coracoid (BDB1828), one first right anterior 
phalanx of the major digit (BDB2105) from Layer 1. 

Description and remarks - Among the species of 
Apodidae of the Western Palearctic, Apus apus and Apus 
pallidus are osteologically virtually undistinguishable, 
whereas Tachymarptis melba (Linnaeus, 1758) is clearly 
larger in size. The scapula resembles that of Passeriformes, 
but the tuberculum coracoideum is not protruded as it 
is in the Passeriformes. The coracoids of Apodidae are 
characterised by the presence of a foramen in the shaft, 
at the base of the procoracoid process, in dorsal view, 
and by the truncated appearance of the distal end. The 
first anterior phalanx of the major digit is characterised, 
in the Apodidae, by a diagonal crest in dorsal view, and 
by a protrusion in the proximal direction of the proximal 
epiphysis. 

Order Gruiformes Bonaparte, 1854
Family Rallidae Rafinesque 1815

Genus Crex Bechstein, 1803

Crex crex (Linnaeus, 1758)
(Pl. 1, fig. 10)

Material - One sternum fragment (BDB2086), one 
complete right coracoid (BDB2270), one proximal 
right coracoid (BDB1599), two distal right humeri 
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(BDB1808, BDB2273), three distal left humeri (BDB1559, 
BDB1823, BDB1824), one complete left carpometacarpus 
(BDB1587), one distal left carpometacarpus (BDB2276) 
and one distal left tibiotarsus (BDB1590) from Layer 
1; one complete left tarsometatarsus (BDB1864) from 
Layer 3.

Description and remarks - The closest species to 
C. crex, in size and in osteological features, is Rallus 
aquaticus Linnaeus, 1758, which is only slightly smaller. 
The sternum fragment is referable to C. crex because of the 
morphology of the spina externa, which is not protruding 
as in other Rallidae and because of the presence of two 
deep fossae, in dorsal view, in the back of the rostral area. 
The coracoids show the typical features of the Rallidae, 
such as the foramen in the procoracoid process, and differ 
from R. aquaticus in their size and in the morphology of 
their acrocoracoid process. The humeri are quite similar to 
the humeri of the Charadriidae and Scolopacidae, but the 
latter show a well-pronounced processus supracondylaris 
dorsalis, in contrast to the Rallidae. The size of the humeri 
allows us to eliminate smaller species of Rallidae, such 
as R. aquaticus (which also differs in the morphology of 
the condylus dorsalis, that is, in cranial view, wider in 
C. crex) and larger ones, such as Gallinula chloropus. 
The carpometacarpi differ from the Charadriidae and 
Scolopacidae in the morphology of the minor metacarpal, 
which is slightly more curved and less straight in the 
Rallidae, whereas the size, intermediate between R. 
aquaticus and G. chloropus, and the outline of the 
processus extensorius, allowed us to refer these remains to 
C. crex. The tibiotarsus differs from the Charadriidae and 
Scolopacidae in the morphology of the distal epiphysis, 
which is, in cranial view, narrower in the Rallidae, whereas 
the condylus medialis is more flattened, in medial view, 
in the waders. The tibiotarsus of C. crex can be separated 
from the other Rallidae on the basis of the size and of the 
outline of the distal epiphysis, which is, in distal view, 
slightly different in G. chloropus and R. aquaticus. In 
the case of the tarsometatarsus, it differs from the waders 
in the shaft, which is stouter, and in the distal epiphysis, 
where the vertical distance between the three trochleae is 
larger in the waders. The tarsometatarsus differs from G. 
chloropus in the size and from R. aquaticus in the vertical 
distance between the trochlea for metatarsus III and the 
trochlea for metatarsus II, which is smaller in C. crex. 
The fossil record indicates that this species is present in 
the Palearctic since the Early Pleistocene, becoming more 
abundant in the Late Pleistocene (Tyrberg, 1998, 2008). 

Genus Gallinula Brisson, 1760

Gallinula chloropus (Linnaeus, 1758)
(Pl. 1, fig. 9)

Material - One proximal left femur (BDB1509) from 
Layer 1.

Description and remarks - The size of G. chloropus, 
among the other Rallidae species, is intermediate between 
Crex crex and Fulica atra Linnaeus, 1758. The proximal 
femur shows a crista trochanteris less proximally protruding 

than in the Galliformes and in the waders, allowing us to 
refer it to a Rallidae. Among the members of this family, 
this remain has been referred to G. chloropus mostly on the 
basis of size. This species is reported in the Palearctic fossil 
record since the Middle Pleistocene (Tyrberg, 1998, 2008). 

Family Gruidae Vigors, 1825

Genus Grus Brisson, 1760

Grus grus (Linnaeus, 1758)
(Pl. 1, fig. 11)

Material - One complete indeterminate ungual phalanx 
(BDB1841) from Layer 1.

Description and remarks - The large size of this ungual 
phalanx and its outline, with the proximal epiphysis, in 
proximal view, rounded and triangular-shaped, and the 
grooves on both sides of the claw, allow to refer it to 
Gruidae and to exclude other species of similar size. The 
most similar Palearctic species is Anthropoides virgo 
(Linnaeus, 1758), but it is slightly smaller. Grus grus is 
documented in the Palearctic fossil record since the Early 
Pleistocene (Tyrberg, 1998, 2008; Bedetti & Pavia, 2013).

Order Otidiformes Wagler, 1830
Family Otididae Rafinesque, 1815

Genus Tetrax T.I.M. Forster, 1817

Tetrax tetrax (Linnaeus, 1758)
(Pl. 1, fig. 12)

Material - One right coracoid diaphysis (BDB1519) 
from Layer 1.

Description and remarks - The osteological features 
of the coracoid are very similar to Tetrax tetrax and other 
Otididae of the Western Palearctic such as Otis tarda 
Linnaeus, 1758 and the species of the genus Chlamydotis. 
We refer the remain to T. tetrax on the basis of the size, 
which is considerably smaller than the other above-
mentioned Otididae. The coracoid shows a particularly 
rounded cotyla scapularis, and a diagonal crest, which 
crosses the shaft, on the dorsal surface, contouring the 
impressio muscolaris sternocoracoidei. This species is 
certainly reported in the Palearctic fossil record since 
the Early Pleistocene (Bedetti & Pavia, 2013), whereas 
the Pliocene record reported by Mlíkovský (2002) needs 
revision.

Order Charadriiformes Huxley, 1867
Family Scolopacidae Rafinesque, 1815

Genus Limosa Brisson, 1760

Limosa lapponica (Linnaeus, 1758) 
vel Limosa limosa (Linnaeus, 1758)

(Pl. 1, fig. 13)
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Material - One complete right carpometacarpus 
(BDB1865) from Layer 3.

Description and remarks - The morphology of this 
carpometacarpus, and especially the elongated shape 
and the narrowness and straightness of the minor 
metacarpal, proximally flattened and parallel to the major 
metacarpal, allowed us to refer it to a Charadriiformes. 
It can be distinguished from similar sized waders, such 
as Recurvirostra avosetta Linnaeus, 1758, Himantopus 
himantopus (Linnaeus, 1758), Numenius phaeopus 
(Linnaeus, 1758), Scolopax rusticola Linnaeus, 1758, 
on the basis of specific osteological features such as the 
morphology of the two metacarpals, which are thinner 
and closer to the each other in the Limosa species. The 
differences in the carpometacarpi of Limosa limosa and 
Limosa lapponica are too small to discriminate these two 
species, especially considering that part of the proximal 
epiphysis is lacking.

Genus Gallinago Brisson, 1760

Gallinago gallinago (Linnaeus, 1758)
(Pl. 1, fig. 14)

Material - One distal left humerus (BDB1583), one 
complete left carpometacarpus (BDB1680) and one 
distal left tibiotarsus (BDB1820) from Layer 1; one 
complete left coracoid (BDB1893) and one distal left 
tarsometatarsus (BDB1761) from Layer 5; one distal left 
tibiotarsus (BDB1962) from Layer 6.

Description and remarks - The morphological features 
of these remains recall those of the Charadriiformes, the 
bones of which look quite narrow and elongated with 
respect to other orders of birds. The closest species to 
G. gallinago, in size and bone features, is Eudromias 
morinellus (Linnaeus, 1758). Other similar Scolopacidae 
such as Gallinago media (Latham, 1787) and Lymnocryptes 
minimus (Brünnich, 1764) are excluded on the basis of their 
size (respectively larger and smaller than G. gallinago). 
The coracoid can be distinguished from the Rallidae and 
also from the plovers on the basis of the lack of the foramen 
at the base of the procoracoid process. Among the similar 
sized waders, it differs from Calidris canutus (Linnaeus, 
1758) in the outline of the acrocoracoid process, which is 
more protruding in proximal direction in C. canutus, and 
in the outline of the procoracoid process, which is more 
protruding in medial direction in C. canutus. Arenaria 
interpres (Linnaeus, 1758) shows a different outline of the 
acrocoracoid process whereas Tringa totanus (Linnaeus, 
1758) shows a thinner acrocoracoid process. The humerus 
differs from the Rallidae in a more pronounced processus 
supracondylaris dorsalis and differs from E. morinellus in 
the extent of the same processus, which is less protruding 
laterally in G. gallinago. The carpometacarpus does 
not belong to a Rallidae because of the outline of the 
minor metacarpal, which is straight and not curved. The 
carpometacarpi of several wader species are quite similar 
to G. gallinago: E. morinellus differs in the profile of the 
processus extensorius and in a shorter distance between 
the end of the distal epiphysis and the bifurcation of the 

two metacarpals; C. canutus differs in the width of the 
proximal epiphysis, which is broader in the latter, in ventral 
view, and in a shorter distance between the end of the 
distal epiphysis and the bifurcation of the two metacarpals; 
Tringa ochropus Linnaeus, 1758 differs in the position of 
the convexity of the minor metacarpal, which is located 
more distally than in G. gallinago; T. totanus shows the 
processus extensorius more protruded upwards, in the 
proximal direction. The tibiotarsi do not belong to Rallidae 
because the latter show a narrower distal epiphysis, in 
cranial view. Among the waders, the morphology and 
the size of the distal epiphysis is similar to E. morinellus, 
which is excluded on the basis of the position of the 
canalis extensorius and of the morphology of the condylus 
medialis, which is more protruded in the cranial direction 
in E. morinellus; C. canutus, A. interpres, Tringa totanus 
and T. nebularia (Gunnerus, 1767) are ruled out because of 
the more protruded condylus medialis; Tringa erythropus 
(Pallas, 1764) and Calidris pugnax (Linnaeus, 1758) are 
eliminated on the basis of the oval outline of the condylus 
lateralis in lateral view, which is instead more rounded in 
G. gallinago. In the case of the tarsometatarsus, it can be 
distinguished from the Rallidae because in the latter the 
vertical distance between the three trochleae metatarsales 
is shorter. Among the waders, E. morinellus is ruled out 
because its tarsometatarsus is slightly thinner and longer; 
C. canutus is excluded because it shows a more distally 
protruded trochlea for the second metatarsus; T. nebularia 
and T. totanus show a more elongated distal epiphysis 
and the distal foramen located more proximally than 
in G. gallinago. Gallinago gallinago is known in the 
Palearctic fossil record since the Early Pleistocene. Our 
record represents the third Italian Pleistocene fossil record 
of this species. The others are from Alghero, in Sardinia 
(Malatesta & Settepassi, 1954) and Grotta dei Colombi, 
in Liguria (Regalia, 1893, 1900). One specimen from the 
deposits of Vitinia (Quartaccio quarry), in Latium, which 
was previously attributed to Gallinago gallinago (Caloi 
et al., 1983), has been referred to Gallinago sp. (Bedetti, 
2001; Tyrberg, 1998, 2008).

Order Strigifromes Wagler, 1830
Family Strigidae Vigors, 1825

Genus Surnia Duméril, 1805

Surnia ulula (Linnaeus, 1758)
(Pl. 2, fig. 1)

Material - One complete right ulna (BDB1624) from 
Layer 1.

Description and remarks - The complete ulna has 
been attributed to a Strigidae because of the morphology 
of the shaft, which is curved, especially in the proximal 
half below the proximal epiphysis, and because of the 
characteristics of the cotyla dorsalis, which is flat and 
elongated in the lateral direction. The size of the bone, 
with a total length of 80.1 mm (a very small portion of 
the olecranon is broken, thus the original length could 
be slightly larger), a proximal width of 8.5 mm and a 
distal width of 7.8 mm, is intermediate between Athene 
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noctua and Tyto alba (Scopoli, 1769). The latter, among 
the medium-sized Palearctic Strigiformes, has the shortest 
ulna, with a total length of 82.9-93.3 mm (as reported in 
Langer, 1980), and furthermore is a Tytonidae and not a 
Strigidae; whereas A. noctua has the longest ulna among 
the small-sized Strigidae. No other Palearctic Strigiformes 
species has an ulna of such size, except for S. ulula. 
Furthermore, this fossil remain perfectly corresponds, 
from a morphological point of view, to the S. ulula ulnae 
available in the reference material. Among its peculiar 
osteological features, the curvature of the proximal half 
of the shaft appears more pronounced than in the medium 
sized Strigidae and A. noctua, and the condylus dorsalis, 
in the distal epiphysis, is squared and inserts in the shaft in 
a more proximal position, with respect to other Strigidae. 
This species is known in the Palearctic fossil record since 
the Middle Pleistocene (Tyrberg, 1998, 2008). The fossil 
remain from Buso Doppio del Broion Cave represents the 
second Italian Pleistocene fossil record of S. ulula, being 
the first Italian fossil record from Arene Candide Cave 
(Liguria), with two remains (Cassoli, 1980). Tyrberg (1998) 
reported other two records from Italy, but the femur from 
Venosa (Basilicata) (Cassoli, 1980) has been later referred 
to Strigidae indet. (Bedetti, 2003), whereas the dubious 
record from the Middle Pleistocene of Sicily (Pavia, 1999) 
has later been attributed to a new extinct species Aegolius 
martae Pavia, 2008 in its original description (Pavia, 2008).

Genus Athene Boie, 1822b

Athene noctua (Scopoli, 1769)

Material - One distal left tibiotarsus (BDB1807) from 
Layer 1.

Description and remarks - The size of this remain 
allowed us to rule out the medium-sized Strigidae (Langer, 

1980). The most similar species, in terms of size and 
osteological features, are A. noctua, S. ulula and Aegolius 
funereus, but S. ulula is slightly larger and shows a longer 
distance between the condylus medialis and the condylus 
lateralis and a different outline of the condylus medialis 
in medial view, whereas A. funereus is only slightly 
smaller. A. noctua is reported in the European fossil record 
since the Early Pleistocene (Tyrberg, 1998, 2008). One 
of the first fossil records of A. noctua is from the Early 
Pleistocene deposits of Pirro Nord, in Apulia (Bedetti & 
Pavia, 2013).

Genus Aegolius Kaup, 1829

cf. Aegolius funereus (Linnaeus, 1758)
(Pl. 2, fig. 2)

Material - One distal right femur (BDB2278) from 
Layer 1.

Description and remarks - This femur, in distal view, 
shows a well-pronounced concavity between the two 
condyla, on the caudal surface, which is typical of the 
Strigidae. Its size allowed us to exclude the medium-sized 
Strigidae (Langer, 1980). We tentatively refer this remain 
to A. funereus on the basis of a difference in size with A. 
noctua, which is only slightly larger but extremely similar 
from an osteological point of view (especially considering 
that the femur is a scarcely diagnostic bone in this group). 
The fossil species A. martae can be ruled out because of 
its larger size (Pavia, 2008). Aegolius funereus is known 
in the Palearctic fossil record since the Early Pleistocene 
(Tyrberg, 1998, 2008). In Italy this species is exclusively 
reported in three localities: Arene Candide Cave (Cassoli, 
1980), Fumane Cave, in Veneto (Cassoli & Tagliacozzo, 
1994a) and Riparo Dalmeri, in Trentino-Alto Adige (Gala 
& Tagliacozzo, 2010).

EXPLANATION OF PLATE 1
(color online)

Bird bones from the Upper Pleistocene Buso Doppio del Broion Cave deposit.

Fig. 1 - Coturnix coturnix (Linnaeus, 1758); right coracoid (BDB1921), dorsal view.
Fig. 2 - Lagopus lagopus (Linnaeus, 1758) vel Lagopus muta (Montin, 1781); cranial portion of a left scapula (BDB2048), lateral view.
Fig. 3 - Tetrao urogallus Linnaeus, 1758; proximal left humerus (BDB1532), caudal view.
Fig. 4 - Aythya ferina (Linnaeus, 1758); right carpometacarpus (BDB1578), ventral view.
Fig. 5 - Aythya fuligula (Linnaeus, 1758); left coracoid (BDB1535), dorsal view.
Fig. 6 - Spatula querquedula (Linnaeus, 1758); distal left humerus (BDB1451), cranial view.
Fig. 7 - Anas crecca Linnaeus, 1758; proximal left radius (BDB2104), caudal view.
Fig. 8 - Apus pallidus (Shelley, 1870) vel Apus apus (Linnaeus, 1758); first right anterior phalanx of the major digit (BDB2105), ventral view.
Fig. 9 - Gallinula chloropus (Linnaeus, 1758); proximal left femur (BDB1509), cranial view.
Fig. 10 - Crex crex (Linnaeus, 1758); right coracoid (BDB2270), dorsal view.
Fig. 11 - Grus grus (Linnaeus, 1758); ungual phalanx (BDB1841), side view.
Fig. 12 - Tetrax tetrax (Linnaeus, 1758); right coracoid diaphysis (BDB1519), dorsal view.
Fig. 13 - Limosa lapponica (Linnaeus, 1758) vel Limosa limosa (Linnaeus, 1758); right carpometacarpus (BDB1865), ventral view.
Fig. 14 - Gallinago gallinago (Linnaeus, 1758); left coracoid (BDB1893), dorsal view.

Scale bar corresponds to 1 cm.
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Genus Asio Brisson, 1760

Asio otus (Linnaeus, 1758) 
vel Asio flammeus (Pontoppidan, 1763)

Material - One distal left radius (BDB2052) and one 
indeterminate ungual phalanx (BDB2081) from Layer 1.

Description and remarks - The size and the general 
characteristics of the remains indicate a medium-sized 
Strigidae. Concerning the radius, S. ulula differs from 
the species of the genus Asio in its size (slightly smaller) 
and in the outline of the distal epiphysis, which is more 
rounded; the radius of T. alba differs in the outline of 
the distal epiphysis, which is more rounded; Strix aluco 
Linnaeus, 1758 is excluded because its distal epiphysis 
is less proximo-distally compressed and slightly larger 
(Langer, 1980). In the case of the ungual phalanx, as 
in the case of the radius remain, the extreme similarity 
between Asio otus and Asio flammeus did not allow us to 
distinguish between the two species.

Genus Bubo Duméril, 1805

Bubo scandiacus (Linnaeus, 1758)
(Pl. 2, figs 3-5)

Material - One left os coxale fragment (BDB1630), 
one right tarsometatarsus diaphysis (BDB1592) and one 
second posterior phalanx of digit 1 (BDB1641) from 
Layer 1.

Description and remarks - The os coxale fragment, 
clearly belonging to a large-sized Strigidae, is a portion of 
the acetabular area, lacking the antitrochanter. This remain 
differs from Strix nebulosa in its slightly larger size and in 
the absence of a pectineal process (which is present, even 
if very reduced, in S. nebulosa). Bubo bubo (Linnaeus, 
1758), instead, shows a slightly larger size than B. 
scandiacus (although the size of some bones can overlap 
in the two species), a greater thickness of the ischium in 
lateral view (especially where this latter separates the 
foramen obturatum and the foramen ilioischiadicum) 
and a larger foramen obturatum. The tarsometatarsus 
diaphysis fragment bears important diagnostic features, 
despite its fragmentary nature, such as the position of 
the tuberositas cranialis, on the dorsal surface, with the 
nearby proximal vascular foramen located above it. In 
B. bubo, the lateral edge of the bone, just above the 
tuberositas, extends in the dorsal direction more gradually 
with respect to B. scandiacus. In plantar view a portion of 
the sulcus flexorius is visible, which is deeper than in S. 
nebulosa (whose tarsometatarsus is also slightly smaller). 
Furthermore, the width of the diaphysis and its widening 
towards the proximal epiphysis gives to this remain a quite 
stocky look, typical of B. scandiacus tarsometatarsus. The 
second posterior phalanx of digit 1 differs from those of S. 
nebulosa and B. bubo in the morphology of the process on 
the plantar surface, which is thinner and more projected 
onwards in the latter species. All the three remains have 
been compared also with Strix uralensis Pallas, 1771, but 
the bones of this species turned out to be regularly slightly 

smaller. B. scandiacus is reported in the Palearctic fossil 
record since the Early Pleistocene. In Italy this species 
is known from several Late Pleistocene fossil localities 
(Tyrberg, 1998, 2008), where it is locally very abundant 
(Bedetti & Pavia, 2007).

Order Accipitriformes Vieillot, 1816
Family Accipitridae Vigors, 1824

Genus Aquila Brisson, 1760

Aquila chrysaetos (Linnaeus, 1758)
(Pl. 2, fig. 6)

Material - One proximal left ulna (BDB1572), one 
distal left ulna (BDB1570) and one left first posterior 
phalanx of digit 2 (BDB1766) from Layer 5.

Description and remarks - The proximal and the distal 
left ulnae are probably part of the same bone (even if they 
do not refit) because they were found close to each other 
and share similar taphonomic signatures. The size of the 
ulna composed by these two remains is larger than the 
other eagles (including Aquila nipalensis Hodgson, 1833, 
Aquila heliaca Savigny, 1809 and Aquila adalberti Brehm, 
1861), except Haliaeetus albicilla (Linnaeus, 1758). The 
latter differs in the extent of the olecranon, which is wider, 
in cranial view, than A. chrysaetos, and in the dorsal 
condyle, which inserts more proximally on the shaft, 
in A. chrysaetos. Concerning the ulnae of the vultures, 
they differ from this remain mostly in the size: whereas 
Neophron percnopterus (Linnaeus, 1758) is smaller, Gyps 
fulvus (Hablizl, 1783), Gypaetus barbatus (Linnaeus, 
1758) and Aegypius monachus (Linnaeus, 1766) are larger. 
Furthermore, eagles’ ulnae differ from those of the vultures 
also in some morphological features of the two epiphyses. 
In the case of the first posterior phalanx of digit 2, the size 
is larger than in the other eagles, except for H. albicilla, 
which shows a different outline of the proximal epiphysis, 
in proximal view. The same phalanx has a weaker general 
outline in vultures. This species is well represented in 
the Palearctic fossil record and is known since the Early 
Pleistocene (Tyrberg, 1998, 2008). 

Genus Accipiter Brisson, 1760

Accipiter gentilis (Linnaeus, 1758)
(Pl. 2, fig. 7)

Material - One right second posterior phalanx of digit 
2 (BDB1510) and two indeterminate ungual phalanges 
(BDB1531, BDB1659) from Layer 1. 

Description and remarks - The second posterior 
phalanx of digit 2 shows a laterally broadened proximal 
epiphysis, in proximal view. This feature differs in 
other similar sized Accipitridae such as Pernis apivorus 
(Linnaeus, 1758), Milvus migrans (Boddaert, 1783) and 
Milvus milvus (Linnaeus, 1758), whose phalange proximal 
epiphyses are proximally slightly narrower. Circus 
aeruginosus (Linnaeus, 1758) and Buteo buteo (Linnaeus, 
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1758) can be ruled out as their proximal epiphyses show 
a different outline, in proximal view. As this remain is 
rather large, it has been compared also with some “eagle” 
species such as Circaetus gallicus (J.F. Gmelin, 1788), 
Hieraaetus pennatus (J.F. Gmelin, 1788) and Aquila 
fasciata Vieillot, 1822. In these three species, the proximal 
epiphysis of the same phalanx is more triangular-shaped 
and less rounded, in proximal view. In Pandion haliaetus 
(Linnaeus, 1758) the shaft of the posterior phalanges is 
considerably narrower than in A. gentilis, whereas in the 
small vultures, as N. percnopterus, the proximal epiphysis 
is not as broad as in A. gentilis, in proximal view. The large 
size of the phalanx suggests a large female. In the case of 
the two indeterminate ungual phalanges, the outline of the 
proximal epiphysis, in proximal view, and the profile of the 
process on the plantar surface, in lateral view, helped in the 
identification, being different in similar sized raptors such 
as P. apivorus, B. buteo, C. aeruginosus, M. milvus and 
M. migrans, in the small eagle species above-mentioned 
and in N. percnopterus. The fossils here examined, on the 
basis of their size, are referable to a large female of A. 
gentilis. Accipiter gentilis is known in the Palearctic fossil 
record since the Middle Pleistocene (Tyrberg, 1998, 2008). 

Order Piciformes Meyer & Wolf, 1810
Family Picidae Leach, 1820

Genus Picus Linnaeus, 1758

Picus viridis Linnaeus, 1758

Material - One distal right tarsometatarsus (BDB1822) 
from Layer 1.

Description and remarks - In this tarsometatarsus, the 
three most developed trochleae, which are all located at 
the same height, and the rather large size, allowed us to 
eliminate the other Palearctic Picidae. The tarsometatarsus 
of Picus canus J.F. Gmelin, 1788 is the most similar 
element, but differs from that of P. viridis in the slightly 
smaller size and in a different outline of the distal 
epiphysis. Picus viridis is present in the European fossil 
record since the Early Pleistocene (Tyrberg, 1998, 2008).

Order Falconiformes Sharpe, 1874
Family Falconidae Leach, 1820

Genus Falco Linnaeus, 1758

Falco tinnunculus Linnaeus, 1758

Material - One proximal left coracoid (BDB2098), 
one complete left carpometacarpus (BDB1544), one 
proximal left femur (BDB1610) and one distal left femur 
(BDB1611) from Layer 1.

Description and remarks - The osteological features of 
F. tinnunculus are rather similar to those of the other small 
statured falcons, such as Falco columbarius Linnaeus, 
1758, Falco subbuteo Linnaeus, 1758, Falco vespertinus 
and Falco naumanni (Fleischer, 1818). The coracoid, 

in detail, differs from the other small-statured falcons 
in the outline of the acrocoracoid process, which looks 
more elongated, for example, in F. columbarius. Falco 
naumanni is ruled out for its smaller size (Solti, 1996). In 
the case of the carpometacarpus, its size and the protrusion 
in the distal direction of the process at the distal end of the 
carpometacarpus, below the minor metacarpal, allowed us to 
exclude the other Falco species (Solti, 1996). The two femur 
remains refit with each other, forming an almost complete 
left femur. The size of this bone and some characteristics of 
its proximal epiphysis (such as the protrusion of the crista 
trochanteris and the position of the pneumatic foramina 
just below it) distinguish this femur from those of the other 
small statured Falconidae. F. tinnunculus is reported in the 
Palearctic fossil record since the Early Pleistocene and is 
widely represented in the European Late Pleistocene fossil 
localities (Tyrberg, 1998, 2008).

Falco vespertinus Linnaeus, 1766
(Pl. 2, fig. 8)

Material - One distal left tarsometatarsus (BDB1821) 
from Layer 1.

Description and remarks - In this remain, despite the 
lack of the proximal epiphysis, an estimate of the total 
length is possible, thanks to the proximal broadening 
of the diaphysis immediately below the epiphysis. Its 
reduced length allowed us to rule out other similar sized 
Falconidae, such as F. columbarius, F. subbuteo, F. 
tinnunculus and F. naumanni (Solti, 1996). F. vespertinus 
is known in the European fossil record since the Middle 
Pleistocene (Tyrberg, 1998, 2008).

Falco sp. 1
(Pl. 2, fig. 9)

Material - One third posterior phalanx of digit 3 
(BDB2284) from Layer 1.

Description and remarks - This remain shows a 
slightly arched lateral outline, and differs from similar 
sized Accipitriformes and Strigiformes on the basis of the 
morphology of the proximal epiphysis, which is broader 
in the Falconiformes (Falconidae). The size of this remain 
suggests a large-sized Falconidae. Falco sp. 1 indicates 
a species of the group comprising Falco biarmicus 
Temminck, 1825, Falco cherrug J.E. Gray, 1834, Falco 
rusticolus, and Falco peregrinus Tunstall, 1771.

Order Passeriformes Linnaeus, 1758
Family Corvidae Leach, 1820

Genus Pyrrhocorax Tunstall, 1771

Pyrrhocorax pyrrhocorax (Linnaeus, 1758)

Material - One cranial portion of a left scapula 
(BDB1589) from Layer 1; one first left anterior phalanx 
of the major digit (BDB1866) from Layer 3.
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Description and remarks - This species is considerably 
similar, in its osteological features, to P. graculus, which 
is only slightly smaller, and also to Corvus monedula. In 
the case of the cranial portion of the scapula, P. graculus 
is excluded on the basis of the size and C. monedula is 
ruled out on the basis of the morphology of the proximal 
epiphysis: in this portion of the coracoid, the tuberculum 
coracoideum, in lateral view, is narrower than in P. 
pyrrhocorax. Corvus monedula also differs in the position 
of the lineae intermusculares on the shaft, below the 
epiphysis, in lateral view. The size of the first anterior 
phalanx of the major digit eliminates both P. graculus and 
C. monedula (Tomek & Bochenski, 2000). Pyrrhocorax 
pyrrhocorax is certainly known in the Palearctic fossil 
record since the Early Pleistocene and becomes very 
common in the Late Pleistocene (Tyrberg, 1998, 2008).

Pyrrhocorax graculus (Linnaeus, 1766)

Material - Two proximal right mandibulae (BDB2084, 
BDB2266), one mandibula fragment (BDB1551) and one 
complete left carpometacarpus (BDB1839) from Layer 
1; one complete left carpometacarpus (BDB1762) and 
one proximal right carpometacarpus (BDB1675) from 
Layer 3; one proximal right tarsometatarsus (BDB1749) 
from Layer 4; one complete left coracoid (BDB1949), 
one proximal right coracoid (BDB1950), one complete 
right humerus (BDB1752) and one complete left ulna 
(BDB1573) from Layer 5. 

Description and remarks - The osteological features 
and the size of skeletal elements in this species are similar 
to P. pyrrhocorax and C. monedula. The two proximal 
mandibulae can be attributed to the genus Pyrrhocorax 
on the basis of size, of the position and outline of the 
fenestra mandibulae, and the morphology of the proximal 
epiphysis. Pyrrhocorax pyrrhocorax is excluded on 
the basis of the morphology of the articular part in 
caudalomedial view: in P. graculus the caudal surface of 
the articular part is sloping to the ventral side, the edges 
on the ventral side of the surface meet at approximately 
right angles and the dorsal edge between the processus 
mandibulae medialis and the processus caudalis curves 
relatively sharply, whereas in P. pyrrhocorax the caudal 
surface of the articular part is flat and has the shape of 
two narrow straps joined at the end at right angles, and 
both edges of the processus mandibulae medialis are wavy 
(Tomek & Bochenski, 2000). The mandibular fragment 
can be referred to the genus Pyrrhocorax on the basis of 
the morphology, with the two rami mandibulae meeting 
at a more acute angle with respect to other Corvidae. 
Pyrrhocorax pyrrhocorax differs in size (Tomek & 
Bochenski, 2000). The coracoids differ from those of 
other species of Corvidae in their size, in the presence 
of an extra crest going from the top of the processus 
lateralis, in caudal view, and in the outline and size of 
the acrocoracoid process and of the facies articularis 
furcularis. The complete humerus can be distinguished 
from that of other similar sized Corvidae based on its size 
and of its rather stocky look (Tomek & Bochenski, 2000). 
In the case of the ulna, we excluded other species on the 
basis of its size and of the morphology of the proximal 

epiphysis, where the distal edge of the cotyla dorsalis, 
in cranial view, curves to the distal part of the bone and 
the olecranon profile, again in cranial view, meets the 
proximal edge of the cotyla dorsalis with a defined angle 
and not gradually curving (Tomek & Bochenski, 2000). 
The carpometacarpi belong to P. graculus based on their 
size and of some morphological features, like the position 
of the intermetacarpal process, which is located in a more 
distal position in C. monedula. The tarsometatarsus has 
been attributed to P. graculus on the basis of the size, of 
the lack of a saddle on the eminentia intercondylaris of 
the proximal epiphysis, of a rather rounded outline of 
the eminentia intercondylaris, in dorsal view, and of a 
scarcely pronounced concavity of the two cotylae of the 
proximal epiphysis, in dorsal view (Tomek & Bochenski, 
2000). Pyrrhocorax graculus is reported in the Palearctic 
fossil record since the Early Pleistocene and is widely 
represented in the European Late Pleistocene localities 
(Tyrberg, 1998, 2008).

Pyrrhocorax pyrrhocorax (Linnaeus, 1758)
vel Pyrrhocorax graculus (Linnaeus, 1766)

Material - One complete synsacrum (BDB1470), one 
furcula fragment (BDB2089), one complete left coracoid 
(BDB1418), one distal left coracoid (BDB1601), one 
proximal left carpometacarpus (BDB1980), two left 
first anterior phalanges of the major digit (BDB1805, 
BDB1819), one left os coxale fragment (BDB1814), 
one distal right tarsometatarsus (BDB2115) and one 
distal left tarsometatarsus (BDB1987) from Layer 1; one 
indeterminate ungual phalanx (BDB1764) from Layer 3; 
one complete right ulna (BDB1738) from Layer 4; one 
furcula fragment (BDB2347) from Layer 5; one proximal 
left humerus (BDB1961) from Layer 6.

Description and remarks - These remains can be 
attributed to the genus Pyrrhocorax, on the basis of 
their size and of their osteological characteristics (see 
above), but they do not show enough diagnostic features 
to distinguish between the two species, also because of 
their fragmentary nature (Tomek & Bochenski, 2000). 

Genus Nucifraga Brisson, 1760

Nucifraga caryocatactes (Linnaeus, 1758)
(Pl. 2, fig. 10)

Material - One mandibula fragment (BDB1602) and 
one complete right carpometacarpus (BDB1605) from 
Layer 1.

Description and remarks - In the mandibula fragment, 
the internal edges of the rami mandibulae form a very 
broad arch, in dorsal view. This feature is typical of 
N. caryocatactes, as in the other Corvidae the rami 
mandibulae form a narrower arch. The morphology 
of the proximal epiphysis of the carpometacarpus, 
with a small saddle on the ventral edge of the trochlea 
carpalis, in proximal view, and the morphology of the 
distal epiphysis, with a deep curve in the ventralocranial 
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edge of the facies articularis digiti major, in distal view, 
allowed us to rule out other similar sized Corvidae such 
as Garrulus glandarius (Linnaeus, 1758) and Pica pica 
(Linnaeus, 1758) (Tomek & Bochenski, 2000). Nucifraga 
caryocatactes is known in the Palearctic fossil record since 
the Early/Middle Pleistocene of Stránská Skála, in Czech 
Republic (Tyrberg, 1998, 2008).

Genus Corvus Linnaeus, 1758

Corvus monedula Linnaeus, 1758

Material - One incomplete right coracoid (BDB1806) 
from Layer 1; one distal left tarsometatarsus (BDB1290) 
from Layer 6.

Description and remarks - The size and osteological 
features of C. monedula are very similar to those of 
the two Pyrrhocorax species. The coracoid can be 
distinguished from that of the choughs (Pyrrhocorax) 
on the basis of the morphology of the processus lateralis, 
which, in caudal view, shows no extra crest going from 
the top of it. Also the outline of the sternal facet, in 
sternal view, lacks a bulge, which is instead present in 
the Pyrrhocorax species (Tomek & Bochenski, 2000). 
Concerning the tarsometatarsus, the presence of only 
one vascular foramen in the distal epiphysis, in dorsal 
view, allowed us to exclude the genus Pyrrhocorax, that 
typically show two foramina. Corvus monedula is widely 
reported in the Late Pleistocene Palearctic fossil record, 
where it is known since the Early Pleistocene (Tyrberg, 
1998, 2008).

 

Corvus corax Linnaeus, 1758

Material - One proximal left tarsometatarsus 
(BDB1516) from Layer 1; one distal left femur (BDB1565) 
from Layer 3.

Description and remarks - Among Palearctic Corvidae, 
C. corax is the largest species. The tarsometatarsus and the 
femur can be referred to this species on the basis of their 
size (Tomek & Bochenski, 2000). Corvus corax is known 
in the Palearctic fossil record since the Early Pleistocene 
and becomes abundant in the Late Pleistocene (Tyrberg, 
1998, 2008).

Corvus corone Linnaeus, 1758
 

Material - One sternum fragment (BDB1537) from 
Layer 1.

Description and remarks - The size of this species 
is intermediate between C. corax and Pyrrhocorax 
species, and similar to the size of Corvus frugilegus 
Linnaeus, 1758, which is only slightly smaller. This 
sternum fragment can be referred to a Corvidae because 
of the presence, in the rostral area, of a spina externa 
rather protruded and arched upwards, a typical feature 
of Passeriformes. Among the similar sized Corvidae, C. 

frugilegus is ruled out on the basis of the spina externa 
morphology, which is narrower at its base, with respect 
to C. corone, in lateral view. Corvus corone (considered 
here as encompassing C. corone cornix) is reported in 
the Paleacrtic fossil record since the Early Pleistocene, 
becoming common in the Late Pleistocene (Tyrberg, 
1998, 2008).

Family Alaudidae Vigors, 1825

Genus Eremophila Boie, 1828

Eremophila alpestris (Linnaeus, 1758)
(Pl. 2, fig. 11)

Material - One proximal left humerus (BDB2185) 
from Layer 1.

Description and remarks - The humerus belongs to an 
Alaudidae on the basis of the flattened fossa tricipitalis 
and the pneumatic fossa pneumoanconea. It differs from 
other Alaudidae species in the size and in the morphology 
of the proximal epiphysis: the fossa tricipitalis is slightly 
deeper, in caudal view and the crista pectoralis is shorter 
than in other similar-sized members of this family 
(Janossy, 1983). The Early Pleistocene species Eremophila 
prealpestris Boev, 2012 differs from E. alpestris in a 
longer crista pectoralis, and a more tranversal, than 
longitudinal, direction of linea intermuscularis on the 
crista pectoralis (Boev, 2012). Eremophila alpestris is 
reported in the Palearctic fossil record since the Early 
Pleistocene (Tyrberg, 1998, 2008). This remain represents 
the third Italian Pleistocene record of this species, being 
the first from the deposit of the Arene Candide Cave 
(Cassoli, 1980) and the second from Grotta di Fumane 
(Cassoli & Tagliacozzo, 1994a).

Family Hirundinidae Rafinesque, 1815

Genus Delichon Moore, 1854

cf. Delichon urbicum (Linnaeus, 1758)

Material - One proximal left humerus (BDB2187) 
from Layer 1.

Description and remarks - The humerus belongs to 
an Hirundinidae, as its stockiness indicates. Its rather 
small size and an epiphysis more proximo-distally 
compressed, compared to H. rustica and P. rupestris, 
distinguish D. urbicum from these species (Janossy, 
1983). The identification is left in a dubitative form due 
to the uncompleteness of the remain and to the lack of 
Cecropis daurica (Laxmann, 1769) specimens in the 
skeletal collections that we used, even if this latter species 
is reported in the literature to be slightly larger than D. 
urbicum (Moreno, 1986). Delichon urbicum is reported 
in the Palearctic fossil record since the Early Pleistocene 
(Tyrberg, 2008). In Italy it has been documented from 
less than five Pleistocene fossil localities (Tyrberg, 1998, 
2008; Gala & Tagliacozzo, 2010).
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Genus Hirundo Linnaeus, 1758

cf. Hirundo rustica Linnaeus, 1758

Material - Two complete right humeri (BDB1410, 
BDB1633) and one complete left humerus (BDB2305) 
from Layer 1; one complete left humerus (BDB1874) 
from Layer 3; one complete right humerus (BDB1938) 
from Layer 5.

Description and remarks - The humeri can be referred 
to H. rustica on the basis of several features: the general 
stoutness of the bone; the size, which is larger than in D. 
urbicum and R. riparia (Janossy, 1983; Moreno, 1986); the 
distally elongated processus flexorius; the medial bar, which 
is rather straight (in contrast to P. rupestris, where it bends 
in the distal direction) in caudal view; a rather flattened 
proximal epiphysis, with respect to P. rupestris, which has a 
more rounded one, in caudal view. The identification is left 
in a dubitative form due to the lack of C. daurica specimens 
in the skeletal collections, as the latter species is comparable 
in size with H. rustica (Moreno, 1986). Hirundo rustica 
is known in the European fossil record since the Early 
Pleistocene and is more commonly reported in the Late 
Pleistocene localities (Tyrberg, 1998, 2008).

Genus Ptyonoprogne Reichenbach, 1850

cf. Ptyonoprogne rupestris (Scopoli, 1769)

Material - One complete right humerus (BDB1871) 
from Layer 3.

Description and remarks - The size and the osteological 
features of this species are very similar to H. rustica, but 
the humerus differs in the medial bar, which bends in the 
distal direction towards its end, in caudal view (whereas 
in H. rustica it is straighter) and in a rather rounded 
proximal epiphysis, in caudal view, with respect to H. 
rustica, where it looks more flattened. The identification 
is left in a dubitative form due to the lack of C. daurica 
specimens in the skeletal collections, which is comparable 
in size with P. rupestris (Moreno, 1986). Ptyonoprogne 
rupestris is known in the Palearctic fossil record since the 
Middle Pleistocene (Tyrberg, 1998, 2008).

Genus Riparia T.I.M. Forster, 1817

Riparia riparia (Linnaeus, 1758)
(Pl. 2, fig. 12)

Material - One complete left humerus (BDB1995) 
from Layer 1.

Description and remarks - The very small size and a 
strongly developed tuberculum dorsale, in caudal view, 
allowed us to exclude other species of Hirundinidae 
(Janossy, 1983; Moreno, 1986). Riparia riparia is reported 
in the European fossil record since the Middle Pleistocene. 
In Italy it has been documented from only two other Late 
Pleistocene sites: Grotta Polesini, in Latium (Radmilli, 

1974), and Grotte Verdi di Pradis, in Friuli-Venezia Giulia 
(Bon et al., 1991). In the latter, the identification has been 
left in a dubitative form (Riparia cf. riparia) (Tyrberg, 
1998, 2008; Gala & Tagliacozzo, 2010).

Family Sittidae Lesson, 1828

Genus Tichodroma Illiger, 1811

Tichodroma muraria (Linnaeus, 1766)
(Pl. 2, fig. 13)

Material - Three complete left humeri (BDB1994, 
BDB2184, BDB2303) and one complete right humerus 
(BDB2183) from Layer 1; one complete left humerus 
(BDB1907) from Layer 5.

Description and remarks - The slenderness of this 
humerus and the particularly long crista pectoralis 
distinguish this species from other Passeriformes species 
of similar size. Tichodroma muraria is rarely represented in 
the European fossil record and it is known since the Middle 
Pleistocene, with only one record from this period (Louchart, 
2002) and the other records from Upper Pleistocene deposits 
(Tyrberg, 1998). In Italy it has been previously reported 
from two Late Pleistocene Ligurian sites: Grotta dei 
Colombi (Regalia, 1900; Gala & Tagliacozzo, 2010) and 
Tana del Colombo (Tyrberg, 1998, 2008). 

Family Troglodytidae Swainson, 1832

Genus Troglodytes Vieillot, 1809

Troglodytes troglodytes (Linnaeus, 1758)
(Pl. 2, fig. 14)

Material - One complete left humerus (BDB1357) 
from Layer 5.

Description and remarks - Troglodytes troglodytes is 
one of the smallest Palearctic Passeriformes species, thus 
this humerus differs from other Passeriformes mostly in 
its size (Janossy, 1983); it can be distinguished from other 
small sized Passeriformes on the basis of a slender look, 
a rather short crista tricipitalis (which is longer in the 
Certhia species) and two reduced fossae of the proximal 
epiphysis, in caudal view. Regulidae and Aegithalos 
caudatus (Linnaeus, 1758) are smaller and differ in the 
osteological characteristics of the proximal epiphysis. 
Troglodytes troglodytes is not commonly represented 
in the Palearctic fossil record and it is known since the 
Middle Pleistocene. This remain is the first Italian fossil 
of T. troglodytes. 

Family Sturnidae Rafinesque, 1815

Genus Sturnus Linnaeus, 1758

Sturnus vulgaris Linnaeus, 1758
vel Sturnus unicolor Temminck, 1820
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Material - Two complete right humeri (BDB384, 
BDB1811), one complete left humerus (BDB1991) and 
one proximal left humerus (BDB1993) from Layer 1. 

Description and remarks - The size and the osteological 
features of the humeri, such as the presence of two deep 
fossae in the proximal epiphysis, separated by a well 
developed medial bar, in caudal view, and the presence 
of a short crista pectoralis, allowed us to rule out other 
Passeriformes of similar size, such as those of the genera 
Turdus, Monticola and Pinicola. The humeri of the two 
species Sturnus vulgaris and Sturnus unicolor are hardly 
distinguishable on a morphological basis. Sturnus unicolor 
is slightly larger on average, but with wide overlap 
(Moreno, 1986).

Family Turdidae Rafinesque, 1815

Genus Turdus Linnaeus, 1758

cf. Turdus viscivorus Linnaeus, 1758

Material - One maxilla fragment (BDB2290) and one 
complete left carpometacarpus (BDB1996) from Layer 1.

Description and remarks - Turdus viscivorus is one of 
the largest species of Palearctic Turdidae. The length and 
width of the os nasale, in the maxilla fragment, distinguish 
this species from the other Turdidae of comparable 
size (Cuisin, 1989). The complete carpometacarpus 
has been referred to T. viscivorus on the basis of its 
morphological features and of its size, larger than the 
other Turdidae (Weesie, 1988; Wojcik, 2002). Both the 
identifications are left in a dubitative form on the basis 
of the fragmentary nature of the maxilla fragment and, 
in the case of the carpometacarpus, because its size is 
slightly larger than the T. viscivorus carpometacarpi 
in the collection. The presence, in the Pleistocene 
Palearctic fossil record, of remains of Turdidae larger 
than T. viscivorus, has already been documented in the 
literature. Some authors referred such remains to Zoothera 
dauma (Latham, 1790) and others to an extinct species, 
Meridiocichla salotti Louchart, 2004. Nonetheless, we 
rather refer the carpometacarpus to cf. T. viscivorus, 
because of an extreme similarity in the osteological 
features, because the carpometacarpus of this group is 
only moderately diagnostic and because the size of T. 
viscivorus carpometacarpi is not reported in the literature. 
This species is known in the Palearctic fossil record since 
the Early Pleistocene and becomes more common in the 
Late Pleistocene (Tyrberg, 1998, 2008).

Turdus viscivorus Linnaeus, 1758 
vel Turdus pilaris Linnaeus, 1758

Material - One complete right humerus (BDB1480) 
from Layer 1.

Description and remarks - This remain belongs to a 
Turdidae on the basis of the rather large size and of the 
presence of two well developed fossae and of a reduced 

medial bar which does not completely separate the two 
fossae, in caudal view. The size and the osteological 
features allowed us to rule out other Turdidae species but 
but not to discriminate between T. viscivorus and T. pilaris 
(Janossy, 1983; Weesie, 1988).

Family Muscicapidae Fleming, 1822

Genus Erithacus Cuvier, 1800

Erithacus rubecula (Linnaeus, 1758)

Material - One complete left humerus (BDB2057) 
from Layer 1.

Description and remarks - The humerus differs in 
its osteological features and in its size from the most 
similar Muscicapidae species: Cyanecula svecica 
(Linnaeus, 1758), Luscinia luscinia (Linnaeus, 1758) and 
Luscinia megarhynchos C.L. Brehm, 1831. In detail, L. 
megarhynchos and L. luscinia are larger than E. rubecula 
whereas C. svecica is only slightly larger and mostly 
differs in the proximal epiphysis, which is narrower in E. 
rubecula (Janossy, 1983). Erithacus rubecula is known 
in the Palearctic record since the Middle Pleistocene 
(Tyrberg, 1998, 2008).

Genus Phoenicurus T.I.M. Forster, 1817

Phoenicurus ochruros (S.G. Gmelin, 1774)
(Pl. 2, fig. 15)

Material - One complete right humerus (BDB1906) 
from Layer 5.

Description and remarks - The size and the slenderness 
of this bone, in addition to the presence of two deep 
fossae in the proximal epiphysis, clearly separated by 
the medial bar, in caudal view, and with a non-pneumatic 
fossa tricipitalis, allowed us to refer this humerus to a 
Muscicapidae. Similar species, in genera such as Oenanthe 
and Saxicola, are ruled out mostly on the basis of the 
size, which is slightly larger in Oenanthe and smaller 
in Saxicola (Janossy, 1983), and also on the basis of the 
length of the crista pectoralis, which is longer within 
Phoenicurus species. The humerus of Phoenicurus 
phoenicurus (Linnaeus, 1758) is proportionally shorter 
in length and shows a smaller pneumoanconean fossa, 
compared with that of P. ochruros, in distal view (Janossy, 
1983). Phoenicurus ochruros is reported in the Palearctic 
fossil record since the Early Pleistocene, but no fossil 
remains are documented from Italian Pleistocene fossil 
localities (Tyrberg, 1998, 2008), thus this is the first 
Pleistocene Italian record of this species.

Family Prunellidae Richmond, 1908

Genus Prunella Vieillot, 1816

Prunella collaris (Scopoli, 1769)
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Material - One maxilla fragment (BDB2291) and one 
complete right humerus (BDB1409) from Layer 1; one 
proximal right humerus (BDB1895) from Layer 5.

Description and remarks - The maxilla fragment 
can be attributed to P. collaris on the basis of its size, 
that distinguishes this species from the very similar, but 
smaller, Prunella modularis (Linnaeus, 1758) (Cuisin, 
1989), and on the basis of its osteological features, such 
as the outline, in dorsal view, of the os nasale and of the 
os maxillare, and the angle formed by the premaxillare 
and the os nasale, in correspondence with the nose cavity, 
in lateral view. The humeri show the characteristics of 
the Prunellidae, such as the crus ventrale fossae that 
does not completely separate the fossa tricipitalis from 
the fossa pneumo-anconea, and the rather short crista 
pectoralis. The size allowed to eliminate the smaller P. 
modularis (Janossy, 1983). Prunella collaris is known 
in the Palearctic fossil record since the Early Pleistocene 
(Tyrberg, 1998, 2008).

Family Passeridae Rafinesque, 1815

Genus Petronia Kaup, 1829

cf. Petronia petronia (Linnaeus, 1766)
(Pl. 2, fig. 16)

Material - One maxilla fragment (BDB1884) from 
Layer 4.

Description and remarks - In Petronia petronia the 
maxilla shows the osteological characteristics of the 
Passeridae and can be distinguished on the basis of the 
size from Passer montanus (Linnaeus, 1758), which 

is smaller (Cuisin, 1989), and from Passer domesticus 
(Linnaeus, 1758), Passer italiae (Vieillot, 1817), Passer 
hispaniolensis (Temminck, 1820) and Montifringilla 
nivalis on the basis of the proportions of the os maxillare. 
In P. petronia it is, in dorsal view, broader and shorter, 
whereas in the others it appears more elongated. It differs 
from P. domesticus/italiae/hispaniolensis also in the 
angle between the os maxillare and the premaxillare, 
below the nose cavity, which is more pronounced and 
narrow in P. petronia, in lateral view. Furthermore, in P. 
domesticus/italiae/hispaniolensis the dorsal surface of 
the premaxillare is convex, in lateral view, whereas in 
P. petronia it is flat or even concave. The identification 
is left in a dubitative form because of the fragmentary 
nature of the remain. Petronia petronia is reported in the 
Palearctic fossil record since the Early Pleistocene. It has 
previously been reported in the Italian fossil record only 
in the deposits of two other sites: the Middle Pleistocene 
of Spinagallo Cave, in Sicily, and the Late Pleistocene 
of Arene Candide Cave (Cassoli, 1980; Tyrberg, 1998, 
2008; Pavia, 1999). 

Family Fringillidae Leach, 1820

Genus Pyrrhula Brisson, 1760

Pyrrhula pyrrhula (Linnaeus, 1758)

Material - One maxilla fragment (BDB1971) from 
Layer 6.

Description and remarks - The size of this maxillare, 
which is broad and rather short in length, allowed us 
to refer this remain to P. pyrrhula and to rule out some 
similar Fringillidae characterised by a robust bill such 

EXPLANATION OF PLATE 2
(color online)

Bird bones from the Upper Pleistocene Buso Doppio del Broion Cave deposit.

Fig. 1 - Surnia ulula (Linnaeus, 1758); right ulna (BDB1624), cranial view.
Fig. 2 - cf. Aegolius funereus (Linnaeus, 1758); distal right femur (BDB2278), caudal view.
Fig. 3 - Bubo scandiacus (Linnaeus, 1758); left coxale fragment (BDB1630), lateral view.
Fig. 4 - Bubo scandiacus (Linnaeus, 1758); right tarsometatarsus diaphysis (BDB1592), dorsal view.
Fig. 5 - Bubo scandiacus (Linnaeus, 1758); second posterior phalanx of digit 1 (BDB1641), side view.
Fig. 6 - Aquila chrysaetos (Linnaeus, 1758); proximal left ulna (BDB1572), cranial view.
Fig. 7 - Accipiter gentilis (Linnaeus, 1758); ungual phalanx (BDB1531), side view.
Fig. 8 - Falco vespertinus Linnaeus, 1766; distal left tarsometatarsus (BDB1821), plantar view.
Fig. 9 - Falco sp. 1; third posterior phalanx of digit 3 (BDB2284), side view.
Fig. 10 - Nucifraga caryocatactes (Linnaeus, 1758); mandibula fragment (BDB1602), dorsal view.
Fig. 11 - Eremophila alpestris (Linnaeus, 1758); proximal left humerus (BDB2185), caudal view.
Fig. 12 - Riparia riparia (Linnaeus, 1758); left humerus (BDB1995), caudal view.
Fig. 13 - Tichodroma muraria (Linnaeus, 1766); left humerus (BDB2184), caudal view.
Fig. 14 - Troglodytes troglodytes (Linnaeus, 1758); left humerus (BDB1357), caudal view.
Fig. 15 - Phoenicurus ochruros (S.G. Gmelin, 1774); right humerus (BDB1906), caudal view.
Fig. 16 - cf. Petronia petronia (Linnaeus, 1766); maxilla fragment (BDB1884), dorsal view.

Scale bar corresponds to 1 cm.
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as Coccothraustes coccothraustes (Linnaeus, 1758) 
and Chloris chloris (Cuisin, 1989). As the fossil record 
indicates, P. pyrrhula is present in the Palearctic since the 
Early Pleistocene (Tyrberg, 1998, 2008).

Genus Chloris Cuvier, 1800

Chloris chloris (Linnaeus, 1758)

Material - One maxilla (BDB2292) from Layer 1.

Description and remarks - The maxilla has been 
attributed to C. chloris on the basis of its size, its width 
and the outline of the nose cavities, which are different in 
the other Fringillidae and in the Passeridae (Cuisin, 1989). 
Chloris chloris is reported since the Early Pleistocene in 
the Palearctic fossil record (Tyrberg, 1998, 2008).

Genus Loxia Linnaeus, 1758

Loxia curvirostra Linnaeus, 1758

Material - One proximal left humerus (BDB2306) 
from Layer 1 and one proximal right humerus (BDB1758) 
from Layer 4.

Description and remarks - The size, the presence of 
two deep proximal fossae in the proximal epiphysis and 
of a considerably reduced crus ventrale fossae, in caudal 
view, allowed us to refer this remain to L. curvirostra. 
In the genus Loxia, L. pytyopsittacus and Loxia scotica 
Hartert, 1904 are ruled out on the basis of their larger size, 
whereas Loxia leucoptera J.F. Gmelin, 1789 is slightly 
smaller. The Early Pleistocene species Loxia patevi Boev, 
1999 is excluded as it differs from L. curvirostra in several 
osteological features (Boev, 1999). Loxia curvirostra 
is known in the Palearctic fossil record since the Late 
Pleistocene (Tyrberg, 1998, 2008). 

DISCUSSION

Taphonomy
A taphonomic analysis has been carried out on the bird 

remains. The analysis revealed the combined action, as 
accumulators, of carnivores, nocturnal raptors and men. 
The action of carnivores is attested by the presence of pits, 
scores, punctures and gnawing (8% of the whole bone 
sample, n = 62) and by the presence of heavy traces of 
digestion on the bird bones (0.9% of the whole sample, n = 
7) (following the codification proposed by Fernández-Jalvo 
& Andrews, 2016). The species involved, at least in Layers 
1 and 2, could be among those detected by the taxonomic 
analysis of mammal remains: Canis lupus, Martes martes, 
Meles meles, Lynx lynx, Felis sylvestris, Vulpes vulpes and 
possibly Mustela erminea, as all these can occasionally feed 
on birds. The home range of these carnivores can reach up 
to 17 km of radius (in the case of Lynx lynx) (Lindstedt et 
al., 1986; Herfindal et al., 2005; Kusak et al., 2005).

At least part of the bird bones has been accumulated 
by nocturnal raptors, as attested by the presence of a slight 

corrosion, mostly concentrated on the epiphyses, in the 
7.3% of the total sample of bird remains (n = 57), typical 
feature of the digestion of nocturnal raptors (following the 
methodology of Bochenski & Tomek, 1997; Fernández-
Jalvo & Andrews, 2016). The accumulation by nocturnal 
raptors is furthermore confirmed by the presence of a good 
amount of well-preserved small Passeriformes and small 
rodent bones in course of examination, probably coming 
from owl pellets. Among the Strigidae documented by this 
contribution, only A. noctua is reported to occasionally 
inhabit rock walls for breeding purposes and to feed on 
small birds (Glue & Scott, 1980; Cramp, 1998). Because 
of this, the accumulation can be partly assigned to A. 
noctua, but other larger Strigidae were probably involved 
as well, considering that corrosion traces have been found 
also on bird species up to the size of L. tetrix, too large for 
little owls (Cramp, 1998). The hunting area of A. noctua 
is about 0.5 km2 (Cramp, 1998).

Each layer shows the accumulation activity of both 
nocturnal raptors and carnivores, except Layer 2 where 
only nocturnal raptors seem to be active because of the 
absence of carnivore damages on the bird bones, and Layer 
7 where no modifications caused by nocturnal raptors 
have been detected. This absence could likely be due to 
the small number of bird remains provided by these two 
units. The taphonomic analysis detected the presence 
of other natural signatures such as manganese dioxide 
staining, which is by far the most abundant modification, 
affecting 72.1% of the whole bird bone sample (n = 559), 
root marks (19%, n = 147), rodents gnawing (4.1%, n 
= 32), trampling (3.9%, n = 30), weathering (2.3%, n 
= 18), chemical alteration (1%, n = 8) and concretions 
(0.5%, n = 4). The chemical alteration mostly consists of 
a brown-reddish staining of the surface of the bones and it 
is concentrated in Layer 4. It is most probably due to the 
presence of the organic acids of the bat guano in the soil 
of this unit (Fernández-Jalvo & Andrews, 2016). In total, 
81.5% of the bird remains (n = 632) are affected by natural 
modifications. Layer 1 is the only unit that provided 
evidence of human intervention in the accumulation of 
the bird bones (0.1% of the total bird remains, n = 1). 
The occupation of the cave by Gravettians is attested, in 
Layer 1, by the presence of lithic implements, charcoal 
fragments and by the taphonomic evidence of the food 
exploitation of mammals (Nannini & Romandini, 2015; 
Pulcrano, 2015; Romandini et al., 2015). 

In sum, the home range, or catchment area, of 
the different possible accumulators of the bird bones 
(carnivores, nocturnal and diurnal raptors, or humans) 
is hardly as wide as 20 km from the site (in the case 
of humans), generally smaller if the accumulator is a 
small carnivore or a nocturnal or diurnal bird of prey 
(Serjeantson, 2009).

Thus, we can infer that the birds that we found in this 
deposit likely came from the Berici Hills or the nearby 
plain, rather than from further areas as, for instance, the 
Venetian Prealps. The presence in the deposit of the cave 
of at least part of the bones belonging to Apus pallidus 
vel Apus apus, Aquila chrysaetos, Falco tinnunculus, 
Falco peregrinus, Corvus corax, Corvus monedula, 
Corvus corone, Pyrrhocorax graculus, Pyrrhocorax 
pyrrhocorax, Hirundo rustica, Delichon urbicum, 
Ptyonoprogne rupestris, Prunella collaris, Petronia 
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petronia, Tichodroma muraria, Sturnus vulgaris vel 
Sturnus unicolor and Phoenicurus ochruros could be 
due to natural decease, as these species often use rocky 
cliffs or rock crevices for breeding (Cramp, 1998). 
Indeed, a minimal part of the remains of these species 
shows carnivore damages or corrosion and none of them 
documents human modifications.

Palaeobiogeography
The finding of the first Italian fossil records of 

Troglodytes troglodytes and Phoenicurus ochruros 
confirms the long-standing presence of these species 
in the Italian territory, where they are now widespread. 
The rarity in the Pleistocene fossil localities of these 
small Passeriformes species could be likely due to their 
very small size (especially in the case of Troglodytes 
troglodytes), which could hinder their preservation and 
favor their alteration or even destruction during the 
excavation activities, or to the overlooking of these 
species in fossil collections (especially those which lack 
a systematic fine screening), rather than to their true 
scarcity during the Pleistocene. Eremophila alpestris is 
currently an irregular migrant and irregular wintering 
species in the Italian Peninsula (Brichetti & Fracasso, 
2007). As indicated by its fossil record, this species was 
mainly distributed in Central Europe during the cold 
phases of Late Pleistocene, whereas now it has disjunct 
breeding populations in the rocky tundra of Arctic zones 
and in the mountain areas of mid-latitudes (Tyrberg, 1991, 
1998; Cramp, 1998; Del Hoyo et al., 2016). Several of 
the species that we found are now absent from the area of 
the Berici Hills, for a variety of reasons, mostly because 
of obvious major changes in the climate since the LGM, 
but also to more recent decline due to anthropic pressure 
and loss of suitable habitat. For example, Pyrrhocorax 
pyrrhocorax and Petronia petronia are now absent from 
North-Eastern Italy, but in historical times they were 
spread also in this area (Brichetti & Fracasso, 2011, 2013); 
also Tetrax tetrax was much more widespread during 
historical times (Brichetti & Fracasso, 2004). Crex crex 
is still present in the area, but North-Eastern Italy is the 
only left Italian breeding area of this species (Brichetti 
& Fracasso, 2004).

During cold phases of the Pleistocene, the cold-adapted 
species progressively moved southwards as a consequence 
of the expansion of the ice-cap, occupying the “southern 
refugia” (in Europe the three main glacial refugia were 
the Iberian Peninsula, the Italian Peninsula and the 
Balkans) and living there together with species adapted 
to warmer climates, which are those that are currently 
still present in the area (Sanchez Marco, 2004; Holm & 
Svenning, 2014). The isolation of temperate-adapted bird 
populations, due to an extreme range reduction during 
the cold phases, has also favoured speciation phenomena 
and local extinctions (Avise & Walker, 1998; Hewitt, 
2000), whereas postglacial recolonization caused, in 
some cases, populations from separate refugia to admix 
again (Hewitt, 2004). Glaciations, indeed, considerably 
affected the genetic diversity of bird populations and 
sculpted their present-day distribution (Avise & Walker, 
1998; Pellegrino et al., 2014). The warming that followed 
the LGM, as previously said, caused the disappearance 
of cold adapted species from the Italian avifauna or their 

progressive isolation in the mountains of the mid-latitudes, 
such as the Alps (Tyrberg, 1991; Finlayson, 2011). 

Palaeoenvironmental elements
The identified species belong to the extant Western 

Palearctic avifauna (Cramp, 1998). Only two species 
are not included in the extant Italian avifauna: Bubo 
scandiacus and Surnia ulula (Brichetti & Fracasso, 2015). 
Layer 1 has produced the largest and most diversified 
bird association (Tab. 1). This is because this unit is the 
thickest, together with Layer 5, but the latter has been 
excavated on about half the area of Layer 1.

To evaluate the percentage of bird taxa from different 
environments (open, rocky, forest and water bodies) across 
the investigated sequence and its trend (Fig. 3), we used 
only the layers with the larger sample of bird remains: the 
Layers 1, 3 and 5. Considering the whole sample, 27.7% 
of the taxa are from open environments, 25.5% from forest 
environments, the same percentage from wet areas and 
21.3% from rocky environments. The four categories of 
environments are represented in all the selected layers.

On the basis of the fossil bird associations 
from the various layers, it is possible to propose a 
palaeoenvironmental reconstruction of the surrounding of 
the cave for the time span investigated, that  is the end of 
MIS 3 and the onset of the Last Glacial Maximum. The 
Last Glacial Maximum is placed between 26.5 and 19 
ka BP (Clark et al., 2009; Lambeck et al., 2014). Recent 
works show that the LGM culmination of piedmont 
glaciers in the Eastern Southern Alps is twofold, with an 
“early” LGM (26-23 ka BP) and a “late” LGM (23-17 ka 
BP) (Monegato et al., 2017). 

Bird taxa from open areas, as previously said, are 
well represented. The presence of Coturnix coturnix, a 
migratory species, Perdix perdix and of a juvenile Crex 
crex (a migratory species which breeds in grassland areas) 
in Layer 3, indicates open grasslands and shrublands. 
Tetrax tetrax indicates the existence of dry grassland/
steppe environments. Among Passeriformes, Eremophila 
alpestris, a migratory species, and cf. Petronia petronia, 
a mostly resident species, suggest the presence of bare 
treeless landscape. Other species are typical of generic 
open areas, like Athene noctua, a resident species which 
lives in a variety of semi open habitats, and migratory or 
erratic species, like Grus grus, Bubo scandiacus, Falco 
tinnunculus, which inhabit different kinds of open areas 
throughout the year. In the case of the remains of Lagopus 
lagopus vel Lagopus muta, Limosa lapponica vel Limosa 
limosa and Falco sp. 1, because of the uncertainty in 
the identification, they can only suggest the presence of 
generic open areas (Cramp, 1998). The existence of rocky 
outcrops and cliffs is attested by the remains of Apus 
pallidus vel Apus apus, Aquila chrysaetos, Pyrrhocorax 
graculus, Pyrrhocorax pyrrhocorax, Corvus corax and 
Ptyonoprogne rupestris. All these species are mostly 
sedentary, except for the Apus species, and are highly 
linked to rocky cliffs for nesting, as confirmed by the 
finding, for instance, of a juvenile Corvus corax in Layer 
3. Also Tichodroma muraria and Prunella collaris, two 
mostly resident Passeriformes species, and juvenile bones 
of cf. Hirundo rustica, a migratory Passeriformes which 
nests on rock walls, attest the presence of rock exposures 
(Cramp, 1998). Nucifraga caryocatactes and Loxia 
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curvirostra indicate the existence of conifer forests, as 
these two mostly sedentary species need conifers for their 
feeding habits. Also Surnia ulula indicates conifer forests, 
as this species currently lives in the taiga (see below). 
The presence of mixed or coniferous forests is indicated 
by Tetrao urogallus, Lyrurus tetrix, Aegolius funereus, 
Accipiter gentilis, Picus viridis, Troglodytes troglodytes, 
Pyrrhula pyrrhula (Cramp, 1998). The existence of slow-
flowing water bodies, wetlands or marshes is attested by 
several Anatidae (Aythya ferina, Aythya fuligula, Spatula 
querquedula, Anas platyrhynchos, Anas crecca), one 
mostly sedentary Rallidae (Gallinula chloropus) and one 
migratory Scolopacidae (Gallinago gallinago) (Cramp, 
1998). 

The bird associations are indicative of a great variety 
of open, rocky, forest and water environments, supporting 
the palaeoecological data provided by the Fimon Lake 
pollen record (Pini et al., 2010). A few species (Crex 
crex, Falco vespertinus, Delichon urbicum, Hirundo 
rustica, Riparia riparia, Turdus viscivorus, Erithacus 
rubecula and Phoenicurus ochruros) have not been used 
for palaeoenvironmental reconstructions because of their 
migratory habits, since, during migration, these species 
can be observed in different environments. Crex crex and 
Hirundo rustica have been used as palaeoenvironmental 
indicators only in the stratigraphic units where their 
breeding in the surrounding of the cave is attested 
by the finding of juvenile bones. Corvus monedula, 
Corvus corone and Chloris chloris live in a variety of 
different environments and thus they cannot be used for 
environmental reconstructions. 

The presence of slow-flowing water bodies close to 
the cave is largely testified by a wide variety of water 
bird species (Anatidae, Rallidae, Scolopacidae). Water 
bird taxa are represented with percentages between 15% 
and 30% in the most representative stratigraphic units 
(Fig. 3). In Layer 1 a more diverse water bird fauna has 
been detected, with respect to the other units (Tab. 1), 
but this could be due to the fact that Layer 1 provided 
considerably more bird remains than the other units, and 
thus its representativeness is necessarily higher. Anyway, 
we can assess an almost constant presence of slow-flowing 
water bodies near the cave in the time-span documented 
by the cave sediments, as water bird taxa are represented 
in all the stratigraphic units except Layer 4 (but this could 
be due to the low number of bird remains from this unit). 
The water bird remains could come from wetlands in the 
plain, whose presence is well documented at least during 
the LGM (Miola et al., 2006; Fontana et al., 2008; Pini 
et al., 2009; Rossato & Mozzi, 2016), or from the close 
Fimon Lake. The latter, a lake currently 0.67 km2 wide, 
with a maximum depth of 3.8 m, at the end of MIS 3 was 
a wet and marshy area with shallow water. At the onset 
of the LGM, by 27.5 ± 0.5 cal. ka BP, the Fimon Basin 
was dammed by the Brenta river outwash fan, spreading 
from the glacier front onto the plain (Monegato et al., 
2011). Consequently, the depth of the water body incresed 
and the lake reached, during the LGM, a larger extension 
than the current one, as the lacustrine deposits testify 
(Pini et al., 2010; Monegato et al., 2011). The presence 
of slow-flowing water bodies is moreover confirmed by 

the finding, in the deposit of this cave and in the deposits 
of other sites of the Berici Hills, of Castor fiber, Alces 
alces, fishes and other water bird remains (Cassoli & 
Tagliacozzo, 1994b; Gurioli et al., 2006; Nannini & 
Romandini, 2015; Romandini et al., 2015).

The analysis of the various layers revealed a 
progressive reduction, from Layer 5 to Layer 1, of the taxa 
of rocky landscapes, with consequent relative increase of 
open and wet environment taxa (Fig. 3). Forest taxa do 
not show any relevant change in the three units, except a 
limited contraction in Layer 3. The increase in open areas 
taxa could be due to the expansion of grassland/shrubland 
steppe areas in the Berici Hills and in the plain, attested 
in the Fimon Lake pollen record (Pini et al., 2010), as a 
consequence of the increased aridity and the lowering 
of the tree line towards the LGM. The increase, in the 
upper part of the deposit, of bird taxa from wet/water 
areas could be due to the previously mentioned expansion 
of Fimon Lake in the same period, or maybe to a more 
diffused presence of wetlands in the nearby plain. These 
trends are not strong enough to suggest any major climate 
change in the investigated time interval, especially if 
we consider all the possible biases, caused for example 
by the small sample of bird remain from most of the 
stratigraphic units (except Layer 1) or by the selection 
operated by the predator responsible for the accumulation 
of the bird assemblage. Furthermore, the effects of average 
temperature variations, even of a few centigrades, are 
thought to be only barely detectable, or not detectable at 
all, in the avifaunal associations (Tyrberg, 2010). 

Palaeoclimatic elements
Palaeoclimatic indications are given by the presence of 

two cold-adapted species in Layer 1: Bubo scandiacus and 
Surnia ulula. During the cold phases of the Pleistocene, as 
mentioned before, these two species were spread further 
south of their current range, as indicated by the fossil 
records (Tyrberg, 1998, 2008; Bedetti & Pavia, 2007; 
Holm & Svenning, 2014). Bubo scandiacus is currently 
distributed at the high latitudes of the Boreal hemisphere, 
where it breeds in the Arctic tundra, from sea level to 
uplands. The species is also partially migratory, nomadic 
and irruptive (Cramp, 1998). B. scandiacus fossil remains 
have been found in several Italian Late Pleistocene 

Fig. 3 (color online)- Percentage share of bird taxa from different 
environments (open, rocky, forest, water), concerning Layers 1, 3 
and 5 of Buso Doppio del Broion Cave.
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localities, including few North-Eastern Italy sites dated to 
the end of MIS 3 and MIS 2: the Layers D1d-D1e of the 
Grotta di Fumane deposit (Cassoli & Tagliacozzo, 1994a), 
Sandalja II (Tyrberg, 1998) and Covolo di Trene (Tonon, 
1977; Romandini and Nannini, 2012). In the Late Glacial, 
B. scandiacus has not been detected in North-Eastern 
Italy (Gala & Tagliacozzo, 2010). S. ulula is currently 
distributed at the high latitudes of the northern hemisphere, 
where it lives in the Boreal taiga, in conifer (or even mixed) 
forests with clearings. S. ulula is a dispersive species in 
response to regional variations in food availability with 
population fluctuations (Cramp, 1998). The other Italian 
fossil record of this species dates back to the LGM 
layers of Arene Candide Cave, in Liguria (Cassoli, 1980; 
Tyrberg, 1998, 2008). The displacement of the geographic 
distribution of this cold-adapted species during the Late 
Pleistocene is further confirmed by its finding in Upper 
Pleistocene deposits of Northern Vietnam (Boev, 2008).

The fossil presence of these two species at the mid-
latitudes can thus be considered a climatic marker, 
attesting the presence of a climate clearly colder than the 
current one. Their presence in Layer 1 suggests a possible 
harshening of the climate, with respect to the units below, 
towards the onset of the LGM. The harshening is also 
indicated by the presence of Lepus timidus in the upper 
part of the deposit (Nannini & Romandini, 2015). Among 
the bird taxa found in this deposit, we detected species that 
currently live at higher altitudes in the Alpine belt, such 
as Lyrurus tetrix, Tetrao urogallus, Aquila chrysaetos, 
Aegolius funereus, Pyrrhocorax graculus, Pyrrhocorax 
pyrrhocorax, Nucifraga caryocatactes, Prunella collaris, 
Tichodroma muraria, Loxia curvirostra. Of these species, 
those that live at lower altitudes are spread starting from 
800 m a.s.l.; some of them, such as Pyrrhocorax graculus, 
can reach up to 2800 m a.s.l. (Brichetti & Fracasso, 2003, 
2004, 2006, 2007, 2011, 2013). It is worth to remember 
that many of these species can, occasionally, reach lower 
altitudes, especially during the winter, but they very rarely 
reach the maximum height of Berici Hills (444 m a.s.l.). 
Because of their current altitudinal distribution, most of 
these species are now absent from the Berici Hills and are 
spread only in the Alps at higher altitudes. The Berici Hills 
are isolated in the plain and the closest higher peaks can 
be found at more than 20 km far away from the cave, in 
the Venetian Prealps. These species probably came from 
shorter distance, likely from the Berici Hills or the nearby 
plain (see the taphonomy section). Thus, their presence 
at considerably lower altitudes than today, during the 
investigated time interval, confirms the downward shifting 
of the vegetation biomes, and attests to the presence of 
a climate colder than the current one during the end of 
MIS 3 and the onset of the LGM, as at least one of the 
above-mentioned species has been found in each layer, 
except for Layer 7 (where the number of remains is too 
small to be representative). During the LGM, the tree 
line reached its lowest peak at 7-800 m a.s.l. (Ravazzi 
et al., 2004, 2007), whereas today it is located at about 
2000 m a.s.l. in the Alps. In the case of the Berici Hills, 
the reduction of the forest cover during the colder phases 
is moreover confirmed by the presence of Capra ibex, 
Rupicapra rupicapra and Marmota marmota, at least in 
the upper part of the deposit (Nannini & Romandini, 2015; 
Romandini et al., 2015).

CONCLUSION

The richness of fossil birds in the deposit of 
Buso Doppio del Broion Cave (at least 44 different 
species), allowed us to support palaeoenvironmental and 
palaeoclimatic reconstructions. During the end of MIS 
3, the Berici Hills and the nearby Po-Venetian plain were 
characterised by a variety of different environments, 
such as open Boreal conifer forests or mixed forests, 
open areas with rocky cliffs or crags, grasslands, steppes 
and slow flowing water bodies. The wide variety of 
water birds that we identified might have been derived 
from the Fimon Lake, the closest water body, which, at 
the end of MIS 3, was a marshy area (Pini et al., 2010), 
or from wetlands in the plain, close to the Berici Hills 
(Miola et al., 2006; Rossato & Mozzi, 2016). Anyway, 
slow flowing water bodies seem to be constantly present 
during the investigated period. Their presence close to 
the cave is furthermore confirmed by the finding of many 
fish vertebrae (mostly cyprinids and salmonids) in the 
deposit (Romandini et al., 2015). The bird taxa indicate an 
increase, towards the beginning of the LGM, in water and 
open environments, supported by the Fimon Lake pollen 
record (Pini et al., 2010). The presence of Bubo scandiacus 
and Surnia ulula remains, two cold-adapted species 
currently distributed in tundra and taiga areas at the high 
latitudes of the Boreal hemisphere, is a clear marker of a 
climate colder than today. Their presence in the upper part 
of the stratigraphic sequence only, suggests a harshening 
towards the beginning of the LGM. Other indications of 
a colder climate than today is the finding at low altitudes 
of species that now live in high mountain environments 
in Italy. Noteworthy is the presence in the deposit of 
some species rarely or never reported before in the Italian 
Pleistocene fossil record, such as Troglodytes troglodytes 
and Phoenicurus ochruros from Layer 5, which represent 
the first discovery of these two species in the Pleistocene 
Italian deposits, and the remain of Surnia ulula, that 
represents the second Italian fossil record of this species. 
This contribution provides important new data also about 
the palaeobiogeography and palaeoecology of Boreal bird 
species and gives new insights about palaeoenvironment 
and palaeoclimate of North-Eastern Italy at the end of MIS 
3. The palaeobiogeography of bird species is a topical 
issue: to investigate the impact of current climate change 
on bird species distributions and how they will be affected 
by future long-term climate global warming, we need to 
understand how they reacted in the past to climate induced 
habitat shifts, in terms of ability of the species to track 
the shifting habitats, but also in terms of adaptations or 
adjustments by phenotypic plasticity. This purpose can be 
fulfilled through the analysis of the avian fossil record, 
which helps to reconstruct the palaeobiogeography of 
bird species in the past under the oscillating climatic 
conditions that characterised the Pleistocene. Furthermore, 
modern techniques like phylogenetic analysis and species 
distribution modeling are more often used together with 
the analysis of the fossil record. Thanks to this multi-
disciplinary approach, researchers can explain how 
climate change can be at the origin of speciation processes, 
make reliable predictions of future distribution of bird 
species and ensure appropriate conservation programs 
for the most endangered species.
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