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ABSTRACT - In this study the presence of Buteo sp. is documented from the Late Miocene (early Messinian MN 13) of Roddi, north-
western Italy. The findings are based on an almost complete skeleton discovered within a 1.5-m-thick succession of laminated grey-brown
marls, which have yielded numerous fish and plant remains. Despite the limited osteological information that can be obtained from this fossil,
it exhibits some morphological characters that support its attribution to the extant genus Buteo, of which it represents the oldest confirmed
record worldwide. It has been suggested that Buteo originated from a Neotropical ancestor, colonized Central and North America after the
closure of the Panama Isthmus in the late Cenozoic, and reached Eurasia during the Pleistocene, while the Old World Buteo lineage evolved
more recently, during the Late Pleistocene. The specimen from Roddi pushes back the divergence between the Old World and New World
Buteo lineages by more than 6 Million years earlier than previously thought. Consequently, a revision of the phylogeny of the Buteoninae,

including data from the fossil record, and its paleobiogeographical implications is recommended.

INTRODUCTION

The Accipitridae is one of the families of diurnal
raptors included in the order Accipitriformes together with
Cathartidae, Pandionidae and Sagittariidae by Dickinson
et al. (2013), or with Pandionidae and Sagittariidae by
Del Hoyo et al. (2014), who consider Cathartidae as the
sole family within Cathartiformes. Following Lerner &
Mindell (2006), do Amaral et al. (2009) and Mindell et
al. (2018), the accipitrid subfamily Buteoninae mainly
includes New World taxa except for the cosmopolitan
Buteo, and Butastur, whose four species currently occur
in Asia and Africa (Winkler et al., 2020).

The fossil record of the Accipitridae dates back to the
early Eocene of Egem in Belgium with a tarsometatarsus
and two ungueal phalanges attributed to Accipitridae
by Mayr & Smith (2019). In addition, Milvoides kempi
Harrison & Walker, 1979 was described based on a
tarsometatarsus from the late Eocene of England, with a
few other remains being known from Oligocene localities
in Belgium and France (Harrison & Walker, 1979; Mayr,
2009, 2022; Mayr & Hurum, 2021). Most of the Paleogene
fossil species have been described based on isolated
bones, very few of them being known by the same skeletal
elements. Because of the lack of shared skeletal elements,
the affinities between these species cannot be determined
and their attribution to a particular genus-level taxon is
therefore questionable. More generally, the relationships
of most of the Paleogene and Neogene accipitrids are
poorly constrained owing to the fragmentary nature of
their remains (Mayr, 2017) and the molecular analyses
only recently provided a phylogenetic framework for the
intrafamilial relationships of the Accipitridae (Lerner &
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Mindell, 2006; Lerner et al., 2008; do Amaral et al., 2009;
Mindell et al., 2018).

Within the Accipitridae, and the subfamily Buteoninae
in particular, the oldest taxon tentatively referred to Buteo
is B. circoides Kurockin, 1968 from the middle Oligocene
of Mongolia; however, Mayr (2009, 2022) considered the
attribution of those fragmentary remains as problematic.
Some species of Buteo have been described from the
Oligocene and Neogene of North America (Brodkorb,
1964; Cracraft, 1969), although their tentative assignment
to Buteo was based on a superficial similarity with the
extant species of Buteo, and the authors already recognized
that there are some substantial morphological differences
(see also Mayr & Perner, 2021). In addition, the
synonymisation of Geranoaetus with Buteo proposed by
Wetmore (1933) resulted in the attribution of at least nine
extinct species from the Oligocene and Neogene of North
America (Brodkorb, 1964) to the recent genus Buteo.
The nine species listed by Brodkorb (1964) show similar
morphological characters that could be plesiomorphic
for most of the Accipitridae, thereby implying that their
assignment to Buteo needs re-evaluation (see, e.g., Mayr,
2009, 2022).

Two species of Buteo have also been described from
the Miocene of Europe, that is, B. pusillus Ballmann, 1969
and B. spassovi Boev & Kovachev, 1998 from the Middle
Miocene of France and the Late Miocene of Bulgaria
respectively (Ballmann, 1969; Boev & Kovachev, 1998).

The holotypic carpometacarpus of Buteo pusillus
shows a number of differences from that of the recent
species of Buteo; in particular, the facies articularis
ulnocarpalis is concave and not flat, the small crest
between the processus pisiformis and the trochlea carpalis
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Fig. 1 - Sketch map of Italy showing the position of the fossil locality
of Roddi (Cuneo, Italy).

is absent, the os metacarpalis alularis is extremely concave
in dorsal view, and there is a small tuberculum below the
processus pisiformis in ventral view. Although the holotype
specimen has been properly described, the characters
pointed out by Ballmann (1969) are not apomorphic for the
genus Buteo, but more likely synapomorphic for various
lineages among the Accipitridae. For those reasons, we
consider the attribution of B. pusillus to the genus Buteo
as questionable.

Buteo spassovi was described based on a nearly
complete tibiotarsus (Boev & Kovachev, 1998). Its
generic attribution is only tentative as the original
description does not include any apomorphic character
of the genus Buteo and the authors solely provided a
differential diagnosis with modern and fossil species of
Buteo and Milvus. In addition, the illustrations associated
with the descriptive analysis are inadequate to understand
the actual morphology of the holotypic tibiotarsus.
For these reasons, also in the case of B. spassovi, the
attribution to the genus Buteo is in need of a revisionary
study and will be not considered hereafter. Therefore,
based on our current knowledge, the reliable fossil record
of the genus Buteo starts from the Pleistocene of the
Old World (Mlikovsky, 2002), while its presence in the
Oligocene and Neogene of Europe and North America
should be necessarily re-examined.

The goal of this paper is to describe a nearly complete
articulated accipitrid skeleton found in the Messinian
(Late Miocene) locality of Roddi, in the vicinity of the
city of Alba (Cuneo Province, north-western Italy) (Fig.

1).

GEOLOGICAL SETTING

The fossil described herein was found in 1985 during

the construction works carried out at the foothill of Roddj,
a small village close to Alba (Fig. 1). The specimen was
found, together with hundreds of extraordinarily well-
preserved fossil fishes and leaves, including palm leaves
that are more than 1 m long, in a 1.5-m-thick succession
of laminated grey-brown marls alternating with fine sandy
levels (Cavallo & Pavia, 1985). According to calcareous
nannofossils (Helicosphaera cf. sellii [Bukry & Bramlette,
1969], Reticulofenestra pseudoumbilicus [Gartner, 1967])
and planktic foraminiferans (Globorotalia humerosa
Takayanagi & Saito, 1962, G. acostaensis acostaensis
Blow, 1959 and G. praemargaritae Catalano & Sprovieri,
1969), the Roddi section can be attributed to the lower
Messinian (Gaudant et al., 2008), at 6.3 Million years
(Ma). The paleontological content of the site has been
cursorily described by Gaudant et al. (2008) and indicates
a relatively shallow-water depositional environment, no
more than 200 meters deep and not far from the coastline,
as suggested by the consistent amount of very well-
preserved plant remains (Cavallo & Pavia, 1985; Gaudant
etal., 2008). The ichthyofaunal assemblage of Roddi was
compared with that of other Late Miocene fish-bearing
localities of the Piedmont Basin, i.e., Pecetto di Valenza
(Gaudant et al., 2010) and the Tanaro River (Gaudant
et al., 2007). All of these localities are characterized
by abundant sardines and lanternfishes that represent
the vast majority of the fish assemblage, suggesting a
highly productive marine environment (Gaudant et al.,
2008, 2010). At Roddj, this is confirmed by the abundant
remains of calcareous phytoplankton associated to
planktic and benthic foraminiferans, these latter also
comprising species (e.g., Bulimina elongata d’Orbigny,
1846) adapted to exploit organic-rich substrates and
eventually oxygen-poor conditions, which limited the
activity of the scavengers and may have favoured the
preservation of articulated vertebrate carcasses (Gaudant
et al., 2008).

MATERIAL AND METHODS

The studied fossil is almost complete, in part and
counterpart, with the main slab including the dorsal
portion of the specimen (Fig. 2) and the counterpart
showing its ventral portion (Fig. 3). After its discovery,
the specimen was only preliminarily prepared and,
unfortunately, coated with a solution of vinyl glue to
preserve it. The analysis has been mostly carried out on
the main part, as the counterpart is hardly informative,
apart from the relatively well-preserved coracoids.

The specimen required matrix and glue removal
before examination and was prepared using thin
entomological needles. This is particularly true for small
portions where the bones were still embedded in the
sediment, such as the carpal joint of the left wing and
the right pedal phalanges (Figs 4 and 5). In addition, the
glue was removed from a few portions of the slab where
feather imprints are preserved.

The morphological analyses have been performed
using a Leica M205 stereomicroscope, while the analysis
of the feather imprints has been performed with a JEOL
JSM IT300LV scanning electron microscope (SEM;
JEOL Limited, Tokyo, Japan).
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Fig. 2 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi, part. Cmc: carpometacarpus; rad: radius; uln: ulna; hum: humerus; fem:
femur; tibiot: tibiotarsus; tmt: tarsometatarsus; dex: right; sin: left. Scale bar corresponds to 5 cm.
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Fig. 3 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi, counterpart. Hum: humerus; cor: coracoid; dex: right; sin: left. Scale bar

corresponds to 5 cm.

In order to estimate the relationships of the Old World
Buteo species and their divergence time within the more
recent Accipitridae and Buteoninae phylogenies (Lerner &
Mindell, 2005; Lerner et al., 2008; do Amaral et al., 2009;
Mindell et al., 2018), we performed a first investigation
with a Bayesian analysis conducted in BEAST 1.10.4
(Drummond et al., 2012). We utilized a concatenated
alignment of two mitochondrial genes (Cyt b of 1052bp
and ND2 of 1016 bp), we selected sequences from 92
species of Accipitridae and three Accipitriformes (Pandion
haliaetus [Linnaeus, 1758)], Sagittarius serpentarius
[Miller, 1779], Phalcoboenus megalopterus [Meyen,
1834]) from Lerner & Mindell (2005) and Lerner et al.
(2008).

For fossil calibration, we used the stem Pandionidae
from the Middle Miocene of California (Becker, 1985),
the oldest stem Accipitridae from the early Eocene of
Belgium (54.5-50.5 Ma) (Mayr & Smith, 2019), the oldest
representatives of the clade including, among others,
Buteoninae and Aquilinae from the early Miocene (23-16
Ma) (Mayr, 2017), and the fossil from Roddi dated to the

early Messinian at 6.3 Ma. Analyses were run under the
GTR + G +1, the best-fit substitution model estimated for
each locus by PartitionFinder (Lanfear et al., 2012), using
a Yule sampling priors, and an uncorrelated lognormal
relaxed clock (Drummond et al., 2012). For these analyses,
20 billion of generations were run twice, sampled every
1000 generations, the first 10% of the generations were
discarded as burn-in. The MCMC output was analyzed in
Tracer version 1.7.1 to evaluate whether valid estimates
of the posterior distribution of the parameters had been
obtained. Trees were summarized using TreeAnnotator
version 1.10.4, and were visualized in FigTree version
1.4.4 (Rambaut et al., 2018).

The fossil is housed in the collections of the Museo
Civico Craveri di Storia Naturale di Bra, Cuneo,
Italy (MCCB) with accession number MCCB 03740.
Osteological terminology follows Baumel & Witmer
(1993). The fossil was compared with recent skeletal
material preserved in the Marco Pavia Ornithological
Collection (MPOC) stored in the Dipartimento di Scienze
della Terra of the Universita degli Studi di Torino.
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SYSTEMATIC PALEONTOLOGY

Order AccIpPITRIFORMES Vieillot, 1816
Family ACCIPITRIDAE Vigors, 1824

Genus Buteo Lacépede, 1799

Buteo sp.
(Figs 2-8)

Material - Anearly complete skeleton (MCCB 03740),
in part and counterpart, lacking part of the skull, the distal
right wing, and the distal left foot.

Measurements - The measurements are in mm and
indicate the greatest length of each measurable bone (*
indicates estimated values) - Right coracoid: 40.1; right
humerus: 91.8; right radius: 102.0%; right ulna: 110.1;
right carpometacarpus: 52.5; right femur: 64.1; left femur:
62.3; right tibiotarsus: 94.5; left tibiotarsus: 92.8; left
tarsometatarsus: 74.0%; left phalanx 1 digit II: 5.3; left
phalanx 2 digit II: 14.5%; left phalanx 2 digit III: 7.8; left
phalanx 3 digit I11: 12.7; left phalanx 4 digit I1I: 11.7; left
phalanx 1 digit I'V: 6.3; left phalanx 2 digit IV: 4.6; left
phalanx 3 digit 4: 4.0; left phalanx 4 digit IV: 10.4%; left
phalanx 5 digit IV: 9.4 (see also Tab. 1).

Description - The two slabs preserve the skeleton
in unequal parts, as what is referred to as the main part
(Fig. 2) contains the back portion of the specimen with
almost all the preserved bones, while the counterpart (Fig.
3) is badly damaged, as some parts were lost during the
excavation. As a consequence, the counterpart only shows
the ventral portion of the specimen with the sternum and
coracoids and portions of the main long bones. Overall,
the specimen is almost complete as only a few parts are
missing, particularly the rostral parts of the skull and
mandible, part of the right wing (the distal humerus,
proximal ulna and radius, part of the carpometacarpus
and the wing phalanges), the distal half and all the pedal
phalanges of the left leg, and a few phalanges of the right
foot. The specimen in the main part is exposed in ventral
view, lying on his back with the neck slightly curved
rightward and the wings and legs almost symmetrically
spread. On the other hand, in the counterpart the ventral
portion of the specimen is exposed in dorsal view, with
the morphology of the sternum hidden by bone fragments
and the impressions of the viscera. All the bones are
still articulated with each other, except for a few pedal
phalanges, which are slightly displaced but still showing
their original association. The wing bones are articulated
with the slightly extended wings and the distal elements
tilted frontally and partially displaced, especially the right
carpometacarpus, resulting in the exposition of the cranial
surfaces of the humeri, ventral sides of radius and ulna,
and dorsal side of the carpometacarpi.

Almost all the bones are partially fragmented due to
diagenetic compression and compaction, and the outer
bone surfaces are commonly not exposed because the
bones were split longitudinally along their main shafts
during the opening of the two slabs. A few portions of
the right wing and left foot were still embedded in the

Fig. 4 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi.
Left carpometacarpus with os carpi radiale (ocr), phalanx alularis
(pal), and phalanx digit minoris (pdm) in anatomical position. Scale
bar corresponds to 10 mm.

sedimentary matrix and the preparation allowed the
examination of the distal part of the carpometacarpus
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Coracoid Humerus Radius Ulna Carpometacarpus Femur Tibiotarsus  Tarsometatarsus
X GL 44.5 107.5 112.8 119.1 58.0 56.2 86.8 52.7
Pemnis apivorus  (N) (10) @ @ @ ©) ©) @) @
-Log 0 0 0 0 0 0 0 0
X GL 29.9 73.2 81.7 85.5 42.9 47.9 62.3 33.4
Hlanus N) © ®) ®) ® ® © ®) ®
-Log -0.17181 -0.16707 -0.14033 -0.1438 -0.13097 -0.06953 -0.14373 -0.19781
) X GL 34.4 76.6 81.5 85.6 413 42.8 62.1 34.3
eioes N) ® ®) ®) @®) @®) @®) ®) @®
-Log -0.11141 -0.14716 -0.14108 -0.14337 -0.14783 -0.11906 -0.14498 -0.18633
] X GL 60.1 164.1 185.1 193.2 85.0 81.9 127.4 911
Pl N) ®) (®) (®) (®) (®) ®) (®) (®)
- Log 0.13076 0.183461 0.214987 0.209991 0.166119 0.163384  0.166779 0.237353
) XGL 43.7 104.7 123.6 130.5 60.1 711 99.1 59.7
Mo N) (16) (24) (13) (13) (13) (16) (14) (13)
- Log -0.00736 -0.0114 0.060734 0.039748 0.015558 0.101971  0.281803 0.053872
) XGL 30.8 65.6 69.4 727 37.3 53.7 72.8 50.5
o eeomicus () ™) ©) ©) ©) ©) @ ©) ©)
-Log -0.15861 -0.21487 -0.21075 -0.21431 -0.19122 -0.02019 -0.07583 -0.019
X GL 45.2 92.9 96.5 103.8 56.7 78.4 105.6 o
Accipiter gentilis ~ (N) (29) (25) (25) (26) (25) (28) (26) (25)
- Log 0.007732 -0.06338 -0.06789 -0.05979 -0.00929 0.144212  0.085612 0.168286
ci XGL 43.8 106.5 118.5 1241 64.5 72.9 110.1 87.1
aoruginosus N) ©) ®) ®) ®) ®) @) ®©) ®)
- Log -0.00583 -0.00437 0.021421 0.017756 0.046356 0.112761 0.103351 0.21764
XGL 37.6 88.4 98.7 104.7 56.6 65.6 94.8 725
Circus cyaneus (N) (8) (6) (6) (6) (6) (8) (5) 6)
-Log -0.0722 -0.08529 -0.05796 -0.056 -0.01023 0.067069  0.038686 0.138292
X GL 48.8 125.7 137.0 144.3 727 69.2 86.4 54.6
Milvus milvus (N) (6) (4) (3) (3) (3) (6) (3) (2)
-Log 0.04045 0.067667 0.084196 0.08315 0.098305 0.09015 -0.00196 0.015544
X GL 44.9 117.0 129.6 137.47 68.0 64.6 84.1 54.6
Milvus migrans () (14) (10) (10) (10) (10) (1) (10) 8)
-Log 0.004277 0.036456 0.060085 0.062192 0.069209 0.059945 -0.01328 0.015246
X GL 47.2 113.2 125.0 1321 68.5 79.6 102.9 69.5
s N) (10) ®) ®) ®) ®) ) ®) ®)
-Log 0.025604 0.022169 0.044404 0.044846 0.072263 0.15067 0.074268 0.120017
X GL 53.2 126.9 141.6 149.7 75.5 89.0 118.7 87.9
Buteo rufinus (N) (12) (12) (11) (12) (12) (12) (11) (12)
-Log 0.077942 0.071756 0.098675 0.099338 0.114728 0.199402  0.136079 0.222167
XGL 43.3 102.5 114.9 121.5 60.8 74.8 100.9 75.1
Buteo buteo (N) (25) (19) (19) (18) (25) (26) 21) (20)
-Log -0.01116 -0.02063 0.00809 0.008665 0.02019 0.123513  0.065629 0.153854
Butep sp. GL 401 91.8 102.0 110.1 525 64.1 94.5 74.0
RODDI
-Log -0.04483 -0.06874 -0.05678 -0.03423 -0.04327 0.056693  0.037127 0.147186

Tab. 1 - Measurements (in mm) of the greatest length (GL) of the major long bones of Buteo sp. from Roddi compared with the mean values of
the same bones of selected Accipitridae species, and the values of the log differences (- Log) with Pernis apivorus, selected as standard in Fig. 9.

with the phalanx digiti minori, the os carpi radiale (Fig.
4), the proximal ulna of the left wing, and almost all the
pedal phalanges (Fig. 5).

The preserved part of the skull consists of its posterior
part showing a rounded outline and the orbital area
partially covered by the matrix. Due to poor preservation,
it is not possible to recognize any detail except for the
arcus jugalis, occurring above the mandible, and the

processus mandibularis of the os quadratum. The mandible
has a linear outline and ends with a rounded morphology
and a small fenestra. Some of the rings of the trachea are
still preserved in anatomical position and visible below
the skull (Fig. 6). The vertebral column is recognizable,
especially in the main slab, and the vertebrae are clearly
identifiable, especially the cervical and the upper thoracic
trait, while the lower thoracic trait is concealed. The ribs
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Fig. 5 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi.
Right distal tarsometatarsus (tmt) with the pedal phalanges of the
digits I-IV. Scale bar corresponds to 10 mm.

are clearly visible in both slabs with the uncinate processes
well preserved; in the counterpart the sternal ribs are
embedded and aligned almost parallel to the vertebral
column. The pelvis is crushed longitudinally, likely along
the crista dorsolaterali ilii, making the dorsal outline well
recognizable in the part. The pelvis is quite narrow with
a rounded and laterally extended margo iliolateralis.
The ala praeacetabularis ilii is not visible, but the distal
outline of ilium is concave. No foramina intertransversaria
are visible. In the counterpart the impressions of the
alae ischii are clearly visible, as well as the processus
terminalis ischia. Only the distal part of the synsacrum
is preserved with the extremitas caudalis synsacri and
the vertebrae caudales, of which the processus transversi
are clearly identifiable. The caudal vertebrae are visible
in both slabs, with the corpi vertebrae and the pygostyle
preserved in the main part and their impressions including
those of the processus transversus also in the counterpart.
The pygostyle is elongated, but no other morphological
details are visible as it is dorsoventrally preserved. The
coracoids are mostly preserved in the counterpart. The
left coracoid is partially embedded in the matrix and
slightly tilted dorsolaterally with the rounded processus
acrocoracoideus clearly recognizable together with
the processus lateralis. The right coracoid is preserved
dorsoventrally being mostly not acrocoracoideus, still

embedded in the sedimentary matrix. The outline of the
processus acrocoracoideum is recognizable together with
the lateral outline of the facies articularis humeralis. The
area of the processus procoracoideus and the processus
lateralis is preserved with the cranial part of the scapula.
The furcula is broken and its original shape is no longer
recognizable, although the two processus acromialis are
visible between the coracoids. The sternum is preserved
in the counterpart, but its dorsal morphology is completely
concealed by bone fragments and impressions of the
viscera. The left humerus is relatively elongate and slightly
curved, with the dorsal outline of the crista deltopectoralis
characterized by a pointed process in its distal half and by
a depression close to this process, which is visible in the
counterpart. There is a single tuberculum supracondylaris
dorsalis. The condylus ulnaris is the only preserved portion
of the distal end, but it is incomplete. The radius and
ulna are heavily crushed and only a portion of the cotyla
ventralis and olecranon can be recognized, together with
the tuberculum ligament collateralis ventralis, which
is smooth. The preparation revealed the complete os
carpi radiale, still in anatomical position, showing its
caudal side. The os carpi ulnare is not recognizable. The
carpometacarpus is completely preserved, although its
proximal end is crushed, and part of the distal end was
partially embedded in the matrix or covered by the glue.
The preparation and the removal of the glue revealed the
morphology of the sulcus interosseus and the presence
of an almost uncrushed phalanx digit minoris, with a
longitudinal crest along the entire bone. Only the proximal
part of the first phalanx digit majoris is preserved although
heavily crushed. Both the femora are complete and
lateromedially compressed, hence their morphology was
largely altered by diagenetic compression. These bones are
preserved in their anatomical position, being disarticulated
from the pelvis. In particular, in the counterpart, the
section of the caput femori is recognizable. Both tibiotarsi
are preserved in the main slab, with the left one being
lateromedially exposed with only a small part of the distal
end not crushed, while the right one is craniocaudally
associated with the respective fibula. Unfortunately,
the main slab is broken along the right tibiotarsus and
tarsometatarsus and was badly restored just after its

Fig. 6 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi.

Detail of the trachea with some of the preserved rings. Scale bar
corresponds to 1 mm.
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Fig. 7 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi. a)
View of the feather imprints on the right side of the neck. Scale bar
corresponds to 1 mm. b) Detail of the same area (SEM image) with
the impressions of the barbules still evident. Scale bar corresponds
to 20 um.

discovery, thereby preventing the observation of additional
anatomical details and preparation of the surfaces of
the bones, especially the articulation between the right
tibiotarsus and tarsometatarsus. The right tarsometatarsus
is complete and the bone surface locally well preserved.
Only the trochlea metatarsi I is preserved with the fovea
ligament collateralis visible. The left tarsometatarsus was
probably complete but is now broken about 19 mm distally
from the proximal end. The right pedal phalanges are
partially preserved. All the recognizable pedal phalanges
are complete and partially connected to each other and to
the tarsometatarsus, except for the left phalanx 1 digit I,
which is only partially preserved.

What appear to be impressions of soft tissues are
visible along the left femur and tibiotarsus, including two
black rounded masses preserved in the main slab along
the femurs. Soft tissues are preserved in the abdominal
cavity, although no organs or other soft structures are
clearly recognizable.

Around the body and the neck in both part and
counterpart, numerous feather imprints are preserved as
a thin dark organic-rich film (Fig. 7a). Surprisingly, no
traces of the larger wing feathers (primaries, secondaries
and wing coverts) and of the rectrices are present. The

preserved feathers are concentrated mainly around the
neck and the axillaries. A detailed analysis of the slab
surface where feather imprints are located using both
optical microscope and scanning electron microscope
reveals the preservation of part of the original feather
structure with the impression of the barbules (Fig. 7b).

Comparisons - The fossil clearly represents a member
of the Accipitriformes due to the general morphology of
the wing and leg bones, and of the pedal phalanges. It can
be assigned to the Accipitridae because of the elongated
tarsometatarsus, which excludes any attribution to the
Pandionidae and Cathartidae, being at the same time not
so elongated as in the Sagittariidae.

The morphology of certain skeletal elements is
partially altered by the taphonomic and diagenetic
processes as well as by the excavation procedure.
Nevertheless, some morphological details can be
observed and are useful for the phylogenetic assignment
of the fossil. In particular, the os carpi radiale (Fig.
8) shows: 1) the sulcus for the tendon of musculus
ulnometacarpalis ventralis that is very marked; 2) the
sulcus for the tendon of musculus extensor carpi radialis
that is dorsally rather than proximodorsally situated;
3) the cranial surface of the bone that bears a marked
fossa and is proximally slanting. These three characters
conform to the derived morphology described by Mayr
(2014, p. 429) as characteristic of the os carpi radiale of
the accipitrid lineages Harpiinae, Circinae, Melieraxinae,
Accipitrinae, Milvinae, Haliaeetinae, Buteoninae, and
Aquilinae, thereby excluding the Elaninae, Perninae,
Circaetinae and all the Old World vultures. The
radial carpal bone of the fossil is furthermore 4) fully
consistent with that of the Buteoninae in caudal view
by having the symmetrical sides of the notch for tendon
of musculus ulnometacarpalis ventralis and a relatively
small tuberculum distal to the crest dividing the facies
articularis radialis from the facies articularis ulnaris; 5)
the distoventral projection in caudal view (Mayr, 2014,
fig. 1c) is more pointed ventrally, like in Buteo, and not
distally bent as in Hieraaetus; 6) the proximal outline
of the facies articularis radialis in caudal view shows a
point in the middle as in Buteo, whereas in Hieraaetus
this outline is gently curved, bearing a small bulge; 7)
the facies articularis ulnaris on the caudal side of the os
carpi radiale is as deep as in Buteo, while it is shallower
in Hieraaetus; 8) the proximal outline of the sulcus for
the tendon of musculus extensor carpi radialis is curved
in caudal view (Mayr, 2014, fig. 1¢), almost forming a
right angle between the dorsal and the proximal parts
of the sulcus as in Buteo, while it is not as marked as
in Circus or straight as in Hieraaetus, where it is 45°
proximally oriented with respect to the ventral/dorsal axis
of the bone; 9) the sulcus for the tendon of the musculus
extensor carpi radialis is proximally pointed as in Buteo
and not smooth as in Hieraaetus (see also character 4
above). In addition, 10) on the distal carpometacarpus
the synostosis metacarpalis distalis is similar to Buteo
(it is not as wide as in Accipiter and not as narrow as in
Hieraaetus); 11) the small tuberculum in the synostosis
metacarpalis distalis that is characteristic of Circus is
absent; 12) the articulation with phalanx digiti minoris
is not as protruding distally as in Accipiter; 13) the first
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Fig. 8 - Buteo sp., MCCB 03740, from the Late Miocene of Roddi. Left os carpi radiale compared with those of other Buteo species and
selected species of the Accipitridae lineages related to the Buteoninae. The upper row for each taxon shows the cranial view, while the lower
row shows caudal view. BUTBUT, Buteo buteo (MPOC 1665); BUTRUF, Buteo rufinus (MPOC 1540); BUTLAG, Buteo lagopus (MPOC
1517); BUTJAM, Buteo jamaicensis (Gmelin, 1788) (MPOC 1121); HALALB, Haliaeetus albicilla (Linnaeus, 1758) (MPOC 1494); MILMIL,
Milvus milvus (Linnaeus, 1758) (MPOC 300); CIRAER, Circus aeruginosus (Linnaeus, 1758) (MPOC 739); ACCGEN, Accipiter gentilis
(Linnaeus, 1758) (MPOC 1700); MELCAN, Melierax canorus (Rislachi, 1799) (MPOC 2318); AQUHEL, Aquila heliaca Savigny, 1809

(MPOC 716); HIEPEN, Hieraaetus pennatus (Gmelin, 1788) (MPOC 1624). Specimens are not to scale.

and second phalanges of the pedal digit II are separated
(Fig 5), allowing to exclude all the members of Milvinae
and Haliaeetinae; 14) the pedal phalanges are also not
extremely elongated as in the bird-feeding Accipiter
or weak as in the hymenopteran-eating Pernis; 15) the
second phalanx of the pedal digit III are robust and stout
as in Buteo and not as elongated as in Accipiter, weak as
in Circus or extremely stout as in Hieraaetus.

The limb proportions of the Roddi specimen indicate
a mid-sized Accipitridae with no extreme elongation of
the wings and legs compared to the rest of the body (Tab.
1). These proportions are strongly reminiscent of those
of aerial generalist among accipitrids (Buteo, Aquila,
Hieraaetus) rather than those of the more specialized

taxa, like Accipiter, Circus or Milvus. In particular, the
ratio between the various bones and between wings and
legs of the Roddi specimen is consistent with the genus
Buteo, in particular with the Palearctic species Buteo
buteo (Linnaeus, 1758) and Buteo rufinus (Cretzschmar,
1829), whereas it differs from the Holarctic Buteo lagopus
(Pontoppidan, 1763) and other accipitrid genera (Fig. 9).

Therefore, it is reasonable to conclude that the detailed
morphological analysis of the skeletal remains suggests
that the specimen from Roddi documented herein can be
referred to the extant genus Buteo. The poor preservation
of certain skeletal structures, especially the epiphysis of
the long bones, prevents any species-level attribution,
including the possibility of the description of a new taxon.
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Fig. 9 - Simpson’s Log-Ratio diagram comparing the dimensions of the long bones of Buteo sp. from Roddi (MCCB 03740) with those of
B. buteo, B. rufinus, B. lagopus, Elanus caeruleus (Desfontaines, 1789), Aviceda cuculoides (Swainson, 1837), Kaupifalco monogrammicus
(Temminck, 1824), Milvus milvus, M. migrans (Boddaert, 1783), Hieraaetus pennatus, Circus cyaneus (Linnaeus, 1766), C. aeruginosus,

Accipiter gentilis, and Circaetus gallicus (Gmelin, 1788). Pernis apivorus (Linnaeuas, 1758) is selected as standard.

DISCUSSION

The Buteo specimen discovered at Roddi represents the
oldest confirmed fossil that can be referred to this genus,
providing new insights about the evolutionary history of
the genus Buteo and, more generally, of the subfamily
Buteoninae. The morphological features that can be
observed in the specimen are indicative of a close affinity
to the Palearctic species Buteo buteo and B. rufinus, with
broad implications in our knowledge of the evolutionary
history of the genus Bufteo within the Buteoninae.

The Accipitridae, and the Buteoninae in particular,
have been the subject of several phylogenetic studies,
based on molecular or integrated approaches (Lerner &

Mindell, 2005; Griffith et al., 2007; Lerner et al., 2008;
do Amaral et al., 2009; Mindell et al., 2018). In addition,
phylogenetic analyses have been carried out on the genus
Buteo or on the relationships between Western Palearctic
species (Riesling et al., 2003; Jowers et al., 2019). All
of these studies agree with a Neotropical origin of the
genus Buteo, a colonization of Central and North America
between 7.7 and 3.3 Ma related to the closing of the
Panama Isthmus, while the Old World group of Buteo
species originated after a dispersal event from North
America during the Pleistocene (do Amaral et al., 2009).
This framework is consistent with the assumption that
the Old World Buteo species form a monophyletic group
representing the most recent radiation within the genus
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Fig. 10 - Bayesian chronogram inferred using BEAST (time scale in Ma) based on concatenated mitochondrial dataset (Cytb and ND2). Error
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(Riesling et al., 2003). However, the relationships between
the Old World Buteo species, i.e., the most derived clade
following do Amaral et al. (2009, fig. 3), are less well
resolved than those among the rest of the examined taxa.

As pointed out above, the Buteoninae lack any
unambiguous evidence in the pre-Pleistocene fossil
record (Mayr, 2017), with negative implications for our
understanding of the divergence times of the various
lineages, especially the more basal nodes (do Amaral et
al., 20009, fig. 4). Arecent analysis of the Palearctic species
of Buteo (Jowers et al., 2019) indicates a very recent
split between Buteo buteo, B. hemilasius Temminck &
Schlegel, 1845 and B. rufinus, as also confirmed by the
phylogenetic analyses of the whole subfamily (do Amaral
et al., 2009).

The fossil described herein has a clear impact on the
reconstruction of the evolution of the genus Buteo, in

particular the Old World lineage, and of the Buteoninae
in general, since the specimen from Roddi predates the
first occurrence of the Palearctic clade of Buteo by ca.
6 Ma compared to what previously hypothesized using
molecular data (do Amaral et al., 2009; Mindell et al.,
2018; Jowers et al., 2019). The use of the Roddi specimen
as a calibration point in the phylogeny of the Accipitridae
pushes back in time the separations between the various
lineages of this genus. In particular, the time-calibrated
analyses estimated the split between the Old and New
World clades of Buteo at 6.633 Ma (6.501-6.964 95%
HDP), with the African taxa included in the former (Fig.
10). Further analyses using an integrative approach with
sequence data, morphology, and biogeographic data could
help to clarify the origin and evolutionary history of the
genus Buteo. It is nevertheless evident that the presence
of a Buteo species with clear affinities to the Palearctic
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taxa in the Late Miocene of Italy clearly contrasts the
hypothesis of a late Middle Pleistocene-Late Pleistocene
origin of the Palearctic clade of Buteo (including B. buteo,
B. rufinus, and B. hemilasius) (Jowers et al., 2019), as also
confirmed by the presence of Buteo buteo and B. rufinus
in the Middle Pleistocene European fossil record around
400 ky and 125 ky, respectively (Tyrberg, 2008).

The fossil from Roddi might also suggest an opposite
scenario for the evolutionary history of the genus Buteo
within the Buteoninae, with the presence of an Old World
ancestor in the Eurasiatic lineage of Buteo dating back
to the Late Miocene and a successive colonization of
the Nearctic via Beringia and later colonisation of South
America. This hypothesis would be consistent with the
lack of confirmed Buteo remains in the pre-Pleistocene
American fossil record.

CONCLUSIONS

The almost complete, articulated skeleton of Buteo
sp. from the Late Miocene of Roddi represents the oldest
remain of Accipitridae found in Italy and one of the
few complete bird skeletons in the entire Italian fossil
vertebrate record. Unfortunately, the preservation is not
fully adequate to allow for an identification at the species
level. Nevertheless, the specimen is greatly significant
since it represents the oldest unambiguous record of
the genus Buteo worldwide and its affinities to the Old
World lineage of Buteo species pushes back its divergence
more than 6 Ma earlier than previously hypothesized (do
Amaral et al., 2009; Mindell et al., 2018). The specimen
described herein might support an Eurasian origin of the
genus Buteo, a subsequent Neogene spread into North
America and, finally, a colonisation of the whole American
continent. The relationships of the Accipitridae within the
Accipitriformes are currently regarded as well resolved
(Mindell et al., 2018), with the Buteoninae as part of
a large clade that includes most of the extant species
together with the Aquilinae and Accipitrinae, and the
phylogenetic relationships within the Buteoninae being
also well resolved. However, the specimen described
herein provides evidence of a different scenario in the
evolution of the genus Buteo (do Amaral et al., 2009;
Mindell et al., 2018), revealing the necessity of a complete
revision of the Buteoninae phylogeny, which should take
into account also the fossil record and its biogeographic
significance. This specimen also confirms the relevance of
improving our knowledge of the Neogene fossil record of
the Piedmont region, as this area was characterized by a
unique condition in the Italian scenario, both in the marine
and continental domains, as testified by its remarkable
fossils (e.g., Colombero et al., 2014, 2017; Pavia et al.,
2022 and references therein).
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