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A B S T R A C T

Small-prey exploitation has been considered an important component of socio-economic development of past human groups. Consequently, several studies have set 
the focus on taphonomical analysis of small animals such as birds or leporids. Nevertheless, human groups are not the only agents that can produce bone accu
mulations, as archaeological assemblages can also be the result of non-human predators and natural phenomena. For this reason, it is essential to determine the 
taphonomical pattern of each potential accumulator, with the aim of identifying their inputs. This work presents the first taphonomical analysis of an avian sample 
from Valdegoba Cave. The assemblage shows a mixed origin of both human and non-human (probably a nocturnal bird of prey) predator contributions. Clear ev
idence of human processing − such as the presence of cut marks − demonstrates intentional bird processing. Neanderthal groups from Valdegoba therefore show a 
broad spectrum diet, from large herbivores to small animals. These findings position Valdegoba cave as a unique Mousterian site in the region, thereby expanding the 
understanding of Neanderthal behaviour and small-prey use.

1. Introduction

The way in which Neanderthals hunted and processed their prey has 
constituted a focal point in the investigation of their behavioural pat
terns. The variability of bioclimatic factors is considered a relevant issue 
to explain variability in human behaviour and subsistence strategies 
(Carrión et al., 2018; Ochando et al., 2022; Albouy et al., 2024). There is 
ample proof of big game consumption by neanderthal groups (e.g. 
Stiner, 1995; Gaudzinski and Roebroeks, 2000; Richards and Trinkaus, 
2009; Smith, 2015; Blasco and Peris, 2021; Gaudzinski-Windheuser 
et al., 2023). In general, large herbivores have been considered to be 
more profitable, as their return of calories is higher than that of smaller 
prey (Stiner et al., 2000). Nevertheless, several studies have focused on 
the analysis of small prey (Speth and Tchernov, 2002; Blasco and Peris, 
2009, 2012; Cochard et al., 2012; Hardy et al., 2013; Rufà et al., 2014; 
Nabais and Zilhão, 2019; Blasco et al., 2016a, 2016b; Morin et al., 2019; 
Blasco et al., 2022). There is, however, still a need for a well-established 
corpus of knowledge. The exploitation of avian resources in particular, is 
a promising field of study to shed light on Neanderthal ecological 
interactions.

The oldest evidence of bird processing by human groups can be 
found at TE9 level from the Sima del Elefante site (Atapuerca, Spain), 

with a dating of 1.2 million years (Ma) (Huguet et al., 2013). Except 
other Early Pleistocene isolated findings (Güleç et al., 2009), a system
atic bird hunting is well-established from the Middle Palaeolithic (Blasco 
and Peris, 2009; Peresani et al., 2011; Finlayson et al., 2012; Blasco 
et al., 2013; Fiore et al., 2016; Martínez-Valle et al., 2016; Gómez-Oli
vencia et al., 2018). However, bird-use by human groups can sometimes 
be difficult to identify at archaeological sites, as cut-marks are usually 
rare − although not absent (e.g., Ripoll, 2001) − in small-prey bones. 
Their small size made it easy to process their bones using teeth or hands, 
and tools were not always necessary (Romero et al., 2016; Val et al., 
2016). For this reason, it is essential to recognise other taphonomic traits 
such as tooth-marks, burnt bones, or fractures produced by flexion 
(Finlayson et al., 2012; Fiore et al., 2016) which, together with the 
presence of cut-marks, would indicate human processing.

Recent neo-taphonomic studies have valued the role of birds in 
Neanderthal diets (e.g., Nabais et al., 2024). Moreover, birds were 
hunted not only for nutritional purposes, elements like feathers and 
claws could also have been utilised (Peresani et al., 2011; Finlayson 
et al., 2012; Morin and Laroulandie, 2012; Romandini et al., 2014; 
Radovčić et al., 2015; Blasco and Peresani, 2016; Negro et al., 2016; 
Majkić et al., 2017; Blasco et al., 2019; Rodríguez-Hidalgo et al., 2019). 
Although small animal bones in archaeological sites can be attributed to 
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human groups, other predators such as birds of prey (Bochenski et al., 
1993; Bochenski and Tomek, 1994; Bochenski, 1997; Bochenski et al., 
1999; Laroulandie, 2002; Bochenski, 2005; De Cupere et al., 2009; 
Bochenski et al., 2009; Lloveras et al., 2014a, 2014b; Royer et al., 2019; 
Rufà and Laroulandie, 2019; Alonso et al., 2020; Marqueta et al., 2023) 
and mammalian carnivores (Mallye et al., 2008; Rodríguez-Hidalgo 
et al., 2016; Rufà and Laroulandie, 2020) may have also contributed to 
the formation of avian assemblages.

Post-depositional processes could alter previous modifications of 
bones, hindering the correct interpretation of the archaeological 

assemblage. It is therefore clear that archaeological assemblages show 
mixed contributions by numerous agents. For this reason, the study of 
anthropogenic accumulations is sometimes difficult to tackle, as they are 
usually the result of different overlapping activities and occupation 
events. The capture of quick-flying game could imply the use of so
phisticated technology such as traps or snares (Blanco et al., 2021), 
which would be an indicator of the complexity of Neanderthal groups. 
Based on the above, it can be stated that birds played an important role 
in Neanderthal behaviour and subsistence strategies, as previously 
proposed by Laroulandie (2010). It is therefore essential to identify 

Fig. 1. Location of Valdegoba cave (modified from Rodríguez-Gómez et al., 2022).

Fig. 2. Cross-sections (A) and the stratigraphic profile of the excavated area (B) of Valdegoba cave (modified from Quam et al., 2001).
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characteristic taphonomic patterns that facilitate the recognition of 
anthropogenic and non-anthropogenic manipulation of small prey 
bones. In this paper the results of the analysis of an avian assemblage 
from Valdegoba cave are presented with the aim of shedding light on the 
interactions between Neanderthals and other predators.

2. Materials and methods

2.1. Study area: Valdegoba

Valdegoba is a set of three cavities located in the north of the Iberian 
Peninsula (42◦ 32′ 30 “ N, 0◦ 05′ 10″ W), 28 km northwest of Burgos city 
(see Fig. 1). It is situated at an altitude of 930 m, 35 m above the current 
course of the Urbel River (Díez et al., 1989; Terradillos-Bernal and Díez, 
2018). The cave and its contents were already known by the local 
people, but its importance was not recognised until 1980. In 1986, it was 
decided to apply for an excavation permit in order to avoid repeated 
looting of the cave (Díez et al., 1989). The archaeological deposit from 
the central cavity was excavated between 1987 and 1991, and again in 
2006 (Díez et al., 1989; Díez et al. 2014). All the sediments were water- 
screened in the Urbel River using meshes of various sizes (0.1 mm, 0.2 
mm and 0.5 mm). The site was occupied by Neanderthal groups between 
Marine Isotope Stages 5c and 3. The environment was classified as 
mixed, with rocky areas, mountain and deciduous forests, and open 
areas (Feranec et al., 2010; Díez et al., 2014).

The Valdegoba karstic system is located on the southern edge of the 
Cantabrian Mountain range, on top of a Turonian (upper Cretaceous) 
calcareous outcrop. Of the three caves that form the system, the central 
cavity is the one containing the archaeological site. This cavity is filled 
with clay materials and scattered blocks. The stratigraphic sequence (see 
Fig. 2) was defined from the study of the four archaeological test pits 
carried out (Díez et al., 1989): 

- Unit F (Level 8): is separated from the rest of the sequence by a 
distinct erosive scar. It contains mixed materials from underlying 
levels.

- Unit E (Level 7): speleothem throughout the cavity, sealing the 
sedimentation.

- Unit D (Levels 4–6): clastic deposits containing lithic remains, faunal 
remains of large mammals, and human remains of Homo nean
derthalensis, all of them slightly displaced from their original 
position.

- Unit C (Level 3): fragments of small stalagmite concretions and 
speleothems without continuity throughout the cavity.

- Unit B (Level 2): red clay accumulation (80 to 90 cm) occupying the 
entire cavity.

- Unit A (Level 1): speleothems from the base of the sequence.

The dating of the Valdegoba archaeological deposit is based on 
Uranium series, (Level 7, two dates, 95 ka and 73 ka), C14 (Level 5, 
48.400 ± 3.300 years before present (OxA-21970, close to the limit of 
the 14C technique) and AAR (93.26 ka Level 6, 138.74 ka Level 5 and 
121.86 ka Level 4) (Díez et al., 2014). Five specimens of human remains 
have been attributed to Homo neanderthalensis (Quam, et al., 2001). The 
excavations have yielded numerous faunal remains, with herbivores 
constituting 87 % of the assemblage. The dominant species (59 %) is the 
chamois (Rupicapra rupicapra). However, carnivores were also repre
sented, with Vulpes vulpes, Crocuta crocuta, Canis lupus and Ursus arctos as 
the most abundant carnivore species. Regarding small mammals, the 
presence of cold-adapted species such as Microtus nivalis, Marmota 
marmota, and Castor fiber should be highlighted. Moreover, the remains 
of Castor fiber and Lutra lutra suggest the proximity of the cave to a river 
(Quam et al., 2001; Díez et al., 2014). A large part of animal bones shows 
evidence of human processing, including cut-marks and percussion- 
marks (Díez, 2006; Rodríguez-Gómez et al., 2022). However, carni
vore damage − gnawing, digested bones, scores and pitting − has also 

been documented (Díez, 2006). Seasonality studies have revealed 
intensive resource-use by Neanderthals, with a predominance of adult 
herbivores over juveniles (Alonso and Díez, 2009). Lithic tools recov
ered from Unit D reveal a similar proportion of flint and quartzite 
(Terradillos-Bernal and Díez, 2018), probably from the cave vicinity 
(Díez et al. 2014). The presence of flakes and flake tools stands out, 
produced through complex knapping methods (Terradillos-Bernal and 
Díez, 2018).

2.2. Anatomical and taxonomical analysis

The avian sample was taxonomically classified by one of us (A. S. M) 
using the reference bird collection from the Universidad Autónoma de 
Madrid (UAM) archaeozoology laboratory (Sánchez-Marco, 2004; 
2005), and the works of Howard (1980) and Livezey and Zusi (2007). In 
cases where specific assignment to a species category was not possible, 
the specimens were classified by genus (e.g. Columba) or family (e.g. 
Anatidae). Most bones were anatomically classified, except those that 
could not be classified and were categorised as ‘indeterminate’. The 
status of ossification of bones was used to distinguish between adult and 
juvenile remains (Hargrave, 1970; Lefèvre and Pasquet, 1994). All the 
remains were quantified to calculate the Number of Identified Speci
mens (NISP), minimum number of elements (MNE) and minimum 
number of individuals (MNI) (Lyman 1994). To compare the number of 
recovered bones in relation to the number of bones expected to be 
recovered, the relative abundance (RA) index was determined and 
shown as a percentage (Dodson and Wexlar 1979; Lyman 1994). Other 
ratios were also calculated to evaluate the proportion of wing elements 
(humeri, ulnae, carpometacarpi) with respect to leg elements (femora, 
tibiotarsi, tarsometatarsi) (the total number of wing elements divided by 
the sum of wing and leg elements) (Ericson 1987), the proportion of core 
elements (sterna, scapulae, coracoides, pelves) with respect to limb el
ements (humeri, femora, ulnae, tibiotarsi, tarsometatarsi, carpometa
carpi, radii) (total number of core elements divided by the sum of core 
and limb elements) and the proportion of proximal elements (scapulae, 
coracoides, humeri, femora, tibiotarsi) with respect to distal elements 
(ulnae, tarsometatarsi, carpometacarpi, radii) (total number of proximal 
elements divided by the sum of proximal and distal elements) (Bramwell 
et al., 1987; Bochenski and Nekrasov 2001). All indexes were calculated 
based on the MNE and shown as a percentage.

2.3. Taphonomical analysis

2.3.1. Fragmentation
Fragmentation degree was assessed following Bochenski et al. (1993)

for long bones, pelvis, sternum, mandible and skull. For scapulae, cor
acoids, ribs, vertebrae and phalanges the classification proposed by 
Lloveras et al. (2014b) was applied. The fragmentation degree was 
calculated based on the NISP and shown as a percentage. Long bone 
fragmentation was assessed following previous works (Pérez, 2014, 
2019, 2023; Real, 2017, Real et al., 2022). The work of Pérez (2014) was 
based on the breakage patterns proposed by Villa and Mahieu (1991). 
Thus, bones were classified as complete or fragmented bones. Regarding 
the latter, it was noted whether they preserved the proximal, distal or 
diaphyseal part. According to Villa and Mahieu (1991), different pa
rameters such as fracture angle, fracture line and fracture edge are useful 
to determine the condition of the bone (fresh or dry) at the moment of 
the breakage. Fracture angle was classified as right, oblique or mixed 
angle. Fracture lines were categorised as transverse, curved or longitu
dinal. The fracture edge was classified as smooth or irregular. Fractures 
produced by flexion, as a consequence of the hyperextension of the bone, 
were also considered. These fractures were documented by Fiore and 
colleagues for bird remains (2020). The bones were also analysed 
searching for the loss of cortical tissue related to disarticulation, which is 
referred to as arrachement (Laroulandie, 2000; Laroulandie et al., 2008; 
Fiore et al., 2020). Additionally, the completeness of the sample was 
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Table 1 
NISP, (MNE) and MNI of the Valdegoba bird assemblage. Cra: cranium; ste: sternum; fur: furcula; cor: coracoid; ver: vertebra; sca: scapula; syn: synsacrum; hum: humerus; rad: radius; uln: ulna; cmc: carpometacarpus; 
wph: wing phalanx; fem: femur; tib: tibiotarsus; tmt: tarsometatarsus; pph: posterior phalanx; tal: talon; keel: keel.

cra ste fur cor ver sca syn hum rad uln cmc wph fem tib tmt pph tal keel TOTAL MNI

Anatidae ​ ​ ​ 5(5) ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ 1(1) ​ ​ 1(1) 9(9) 7
Anas querquedula ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Anas crecca ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Anas platyrhynchos ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1
Somateria ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Anser fabalis ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 2(2) 1
Anas acuta/platyrhynchos ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ 1(1) 1
Anatidae ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Phasianidae ​ ​ ​ 4(3) ​ 2(2) ​ 3(2) ​ 2(2) 3(2) ​ 1(1) ​ 6(5) ​ ​ ​ 21(17) 7
Perdix perdix ​ ​ ​ 3(2) ​ 1(1) ​ 3(2) ​ ​ 3(2) ​ ​ ​ 6(5) ​ ​ ​ 16(12) 3
Gallus ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Tetrao tetrix ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ 1(1) 1
Lagopus mutus ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Coturnix coturnix ​ ​ ​ ​ ​ 1(1) ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1
Columbidae ​ ​ ​ 3(3) ​ 6(6) 1(1) 5(4) 10(6) 10(9) 8(7) 9(9) 5(4) 5(4) 8(7) 1(1) ​ 1(1) 72(62) 9
Columba ​ ​ ​ ​ ​ 1(1) 1(1) 1(1) 2(1) 2(2) 1(1) 1(1) ​ ​ 3(2) 1(1) ​ ​ 13(11) 2
Columba palumbus ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ 1(1) 1
Columba livia/oenas ​ ​ ​ 3(3) ​ 5(5) ​ 4(3) 8(5) 8(7) 7(6) 8(8) 5(4) 4(3) 5(5) ​ ​ 1(1) 58(50) 6
Falconiformes ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ 2(2) 1
Falconiformes ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ 2(2) 1
Falconidae 1(1) ​ ​ 7(7) ​ 4(4) ​ 4(4) ​ 4(4) 1(1) ​ 5(5) 5(5) 7(6) ​ ​ ​ 38(37) 12
Falco peregrinus ​ ​ ​ 1(1) ​ ​ ​ 1(1) ​ ​ 1(1) ​ 2(2) ​ 1(1) ​ ​ ​ 6(6) 1
Falco tinnunculus ​ ​ ​ ​ ​ 2(2) ​ 2(2) ​ ​ ​ ​ 1(1) 2(2) ​ ​ ​ ​ 7(7) 2
Falco tinnunculus/ 

columbarius
​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ 1(1) 2(2) ​ ​ ​ 4(4) 1

Falco tinnunculus/ 
columbarius/subbuteo

​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2

Falco tinnunculus/subbuteo ​ ​ ​ 3(3) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 3(3) 2
Falco naumanni 1(1) ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ 2(2) 1(1) 3(2) ​ ​ ​ 8(7) 2
Falco ​ ​ ​ 3(3) ​ 2(2) ​ ​ ​ 1(1) ​ ​ ​ 1(1) 1(1) ​ ​ ​ 8(8) 2
Accipitridae ​ ​ ​ 1(1) ​ ​ ​ 1(1) ​ 1(1) 1(1) ​ 4(4) ​ 2(2) ​ 2(2) ​ 12(12) 9
Gyps fulvus ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Gypaetus barbatus ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Accipiter gentilis/Buteo sp. ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ 1(1) 1
Accipiter gentilis ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Buteo sp. ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ 1(1) ​ ​ ​ 2(2) 1
Buteo lagopus ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ 1(1) 1
Buteo buteo ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ 2(2) 1
Milvus migrans ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ 1(1) 1
Aegypius monachus ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) ​ 2(2) 1
Strigidae ​ ​ ​ 3(3) ​ 1(1) ​ ​ 1(1) 2(2) 3(3) ​ ​ ​ 2(2) ​ ​ ​ 12(12) 2
Athene noctua ​ ​ ​ 3(3) ​ 1(1) ​ ​ 1(1) 2(2) 3(3) ​ ​ ​ 2(2) ​ ​ ​ 12(12) 2
Otididae ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ 1(1) 1
Tetrax tetrax ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ 1(1) 1
Caprimulgidae ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Caprimulgidae ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Hirundinidae ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2
Delichon urbicum ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Hirundo rustica ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Alaudidae ​ 1 

(1)
​ ​ ​ ​ ​ 5(5) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 6(6) 4

Galerida cristata ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1

(continued on next page)
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Table 1 (continued )

cra ste fur cor ver sca syn hum rad uln cmc wph fem tib tmt pph tal keel TOTAL MNI

Alauda arvensis ​ 1 
(1)

​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1

Galerida ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1
Alaudidae ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Muscicapidae ​ ​ ​ ​ ​ ​ ​ 6(6) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 6(6) 5
Muscicapa striata ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2
Saxicola torquata ​ ​ ​ ​ ​ ​ ​ 3(3) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 3(3) 2
Oenanthe oenanthe ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Turdidae 1(1) ​ ​ ​ ​ ​ ​ 8(8) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 9(9) 7
Turdus philomelos ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2
Turdus iliacus ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Turdus viscivorus ​ ​ ​ ​ ​ ​ ​ 3(3) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 3(3) 2
T.pilarus ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Turdus 1(1) ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1
Motacillidae ​ ​ ​ ​ ​ ​ ​ 4(4) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 4(4) 2
Anthus spinoletta ​ ​ ​ ​ ​ ​ ​ 4(4) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 4(4) 2
Sturnidae ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2
Sturnus ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2
Passeridae 2(2) ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 3(3) 2
Petronia petronia 2(2) ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 3(3) 2
Fringillidae 3(3) ​ ​ ​ ​ ​ ​ 18(18) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 21(21) 13
Pinicola enucleator 2(2) ​ ​ ​ ​ ​ ​ 17(17) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 19(19) 11
Chloris chloris 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Acanthis flammea ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Emberizidae ​ ​ ​ ​ ​ ​ ​ 8(8) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 8(8) 4
Emberiza calandra ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1
Emberiza citrinella ​ ​ ​ ​ ​ ​ ​ 6(6) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 6(6) 3
Prunellidae ​ ​ ​ ​ ​ ​ ​ 6(6) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 6(6) 5
Prunella modularis ​ ​ ​ ​ ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 2
Prunella collaris ​ ​ ​ ​ ​ ​ ​ 4(4) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 4(4) 3
Corvidae 8(8) 2 

(2)
11 
(11)

131 
(104)

59 
(59)

77 
(77)

30 
(30)

124 
(80)

78 
(43)

145 
(89)

128 
(94)

66 
(59)

103 
(68)

108 
(77)

112 
(72)

56 
(56)

12 
(12)

16 
(16)

1266 
(957)

65

Pyrrhocorax graculus 7(7) 2 
(2)

11 
(11)

120 
(94)

59 
(59)

74 
(74)

30 
(30)

113 
(70)

75 
(41)

130 
(76)

113 
(80)

63 
(56)

96 
(61)

98 
(70)

97 
(61)

55 
(55)

12 
(12)

13 
(13)

1168 
(872)

49

Pyrrhocorax pyrrhocorax 1(1) ​ ​ 8(7) ​ 3(3) ​ 9(8) 3(2) 9(7) 14(13) 3(3) 3(3) 7(4) 10(7) 1(1) ​ 3(3) 74(62) 8
Pica pica ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1(1) ​ 1(1) 2(2) ​ ​ ​ ​ 5(5) 1
Corvus corone ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 2(1) ​ ​ ​ 3(2) 1
Corvus monedula ​ ​ ​ ​ ​ ​ ​ ​ ​ 3(3) ​ ​ 2(2) ​ 1(1) ​ ​ ​ 6(6) 2
corvidae ​ ​ ​ 1(1) ​ ​ ​ 2(2) ​ 1(1) ​ ​ 1(1) ​ 2(2) ​ ​ ​ 7(7) 2
cf. Garrulus glandarius ​ ​ ​ ​ ​ ​ ​ ​ ​ 1(1) ​ ​ ​ ​ ​ ​ ​ ​ 1(1) 1
Corvus corone/frugilegus ​ ​ ​ 2(2) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 2(2) 1
Total 15 

(15)
3 
(3)

11 
(11)

154 
(126)

59 
(59)

90 
(90)

31 
(31)

197 
(151)

89 
(50)

164 
(107)

147 
(111)

75 
(68)

118 
(82)

118 
(86)

139 
(96)

59 
(59)

14 
(14)

18 
(18)

1501 
(1177)

160
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estimated according to three degrees proposed by Bochenski (2005): 
high (>60 % complete), moderate (30–60 % complete) and low (<30 % 
complete). To assess the proportion of complete bones, the following 
equation modified from Laroulandie (2000) was applied: number of 
complete bones × 100/total NISP.

2.3.2. Surface modifications
The sample was analysed using a Motic SMZ-140 stereomicroscope 

with 40x magnification. Mechanical modifications produced by carni
vores or birds of prey – such as pits, punctures, scores and beak/talon 
marks – were documented. Alterations produced by the beak or talons 
can be defined as grooves with a flat or rounded bottom (Cáceres 2002). 
Nevertheless, punctures are more common modifications (Bochenski 
and Tornberg 2003; Bochenski et al., 2009). Digestion damage was 

classified according to Andrews (1990): absent (0), light (1), moderate 
(2), strong (3) and extreme (4). The sample was also analysed searching 
for anthropogenic modifications like cut- and tooth-marks, as well as 
burning damage. In general, cut marks are defined as straight grooves 
with an V-shaped cross-section (NOE-Nygaard, 1989). Post-depositional 
modifications were recorded, including fissures, chemical corrosion, 
root-etching, calcite coating and manganese oxide deposits 
(Behrensmeyer 1978; Fernández-Jalvo and Andrews 1992; 2016). 
Location and distribution of surface modifications were always 
documented.

Fig. 3. RA percentage of the different skeletal elements for the Corvidae family (bek = beak; ste = sternum; fur = furcula; cor = coracoid; ver = vertebra; sca =
scapula; syn = synsacrum; hum = humerus; rad = radius; uln = ulna; cmc = carpometacarpus; wph = wing phalanx; fem = femur; tib = tibiotarsus; tmt =
tarsometatarsus; pph = posterior phalanx; tal = talon; keel = keel).

Table 2 
Wing-to-leg (WL), core-to-limb (CL) and proximal-to-distal (PD) ratios based on the MNE. Some families (Muscicapidae, Hirundinidae, Turdidae, Motacillidae, 
Fringillidae, Passeridae, Sturnidae, Caprimulgidae, Emberizidae and Prunellidae) lacked the skeletal elements necessary to calculate CL and PD (Caprimulgidae) ratios.

wing leg WL ratio core limb CL ratio proximal distal PD ratio

Anatidae 2 1 66.6 5 3 62.5 5 3 62.5
Phasianidae 6 6 50 5 12 29.4 8 9 47
Columbidae 20 15 57.1 9 41 18 21 29 42
Falconidae 9 16 36 13 25 34,2 25 11 69
Accipitridae 3 6 33.3 1 9 10 6 4 60
Strigidae 5 2 71.4 4 8 33.3 4 8 33.3
Caprimulgidae 1 − 100 − − − − − −

Hirundinidae 2 − 100 − − − 2 − 100
Alaudidae 5 − 100 1 5 16.7 5 − 100
Muscicapidae 6 − 100 − − − 6 − 100
Turdidae 8 − 100 − − − 8 − 100
Motacillidae 4 − 100 − − − 4 − 100
Sturnidae 2 − 100 − − − 2 − 100
Passeridae 1 − 100 − − − 1 − 100
Fringillidae 18 − 100 − − − 18 − 100
Emberizidae 8 − 100 − − − 8 − 100
Prunellidae 6 − 100 − − − 6 − 100
Corvidae 263 217 55 183 523 26 406 298 57
Total 369 263 58.7 221 626 26 535 362 59.6
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3. Results

3.1. Anatomical and taxonomical analysis

The analysed sample involved a total of 1501 avian specimens cor
responding to an MNI of 160. Corvidae (84.4 % of the whole sample) 
was the most abundant family (NISP = 1267). The Corvidae group 
mainly consisted of Alpine chough (Pyrrhocorax graculus) (NISP =
1174), followed by the Red-billed chough (Pyrrhocorax pyrrhocorax) 
(NISP = 69), although other species were also present (see Table 1). 
Accipitridae, Corvidae, Anatidae and Falconidae were families with a 
higher variety of species (see Table 1). The assemblage was dominated 

by adult individuals, as just three remains from Columbidae (Columba 
livia/oenas), Falconidae (Falco sp.) and Corvidae (Pyrrhocorax graculus) 
families corresponded to immature animals. A predominance of post- 
cranial elements over cranial elements was documented. However, 
most skeletal elements were represented to a greater or lesser degree. 
Regarding the RA index, the best-preserved elements were coracoids and 
carpometacarpi (80 % and 72.3 %, respectively), followed by ulnae 
(68.5 %) and humeri (61.5 %) (see Fig. 3). On the other hand, cranial 
elements (including beak, nasal and premaxillary bones, and mandibles) 
showed very low representation, implying an important loss of these 
skeletal elements. It should be noted that the RA index was calculated 
only for Corvidae family, as other taxa showed very few remains that 

Table 3 
Bone completeness and percentage (%) for each taxon. Note that those families or species showing no complete bones were excluded from this table.

Total NISP Complete % Limb 
bones

Crania Coracoids Scapulae Sternum Vertebrae Phalanges Furcula

Anatidae 4 ​ ​ ​ ​ ​ ​ ​ ​ ​
Anas platyrhynchos 2 1(50 %) ​ ​ 1(50 %) ​ ​ ​ ​ ​
Anser fabalis 2 1(50 %) ​ ​ 1(50 %) ​ ​ ​ ​ ​
Phasianidae 16 ​ ​ ​ ​ ​ ​ ​ ​ ​
Perdix perdix 16 4(25 %) 3(18.75 

%)
​ ​ 1(6.25 %) ​ ​ ​ ​

Columbidae 71 ​ ​ ​ ​ ​ ​ ​ ​ ​
Columba 13 5(38.4 %) 3(23 %) ​ ​ ​ ​ ​ 2(15.3 %) ​
Columba livia/oenas 58 25(43.1 %) 15(25.8 

%)
​ 1(1.7 %) 2(3.44 %) ​ ​ 7(12 %) ​

Falconidae 24 ​ ​ ​ ​ ​ ​ ​ ​ ​
Falco peregrinus 6 3(50 %) 3(50 %) ​ ​ ​ ​ ​ ​ ​
Falco tinnunculus 7 2(28.5 %) 2(28.5 %) ​ ​ ​ ​ ​ ​ ​
Falco tinnunculus/subbuteo 3 2(66.7 %) ​ ​ 2(66.7 %) ​ ​ ​ ​ ​
Falco 8 2(25 %) ​ ​ 2(25 %) ​ ​ ​ ​ ​
Accipitridae 3 ​ ​ ​ ​ ​ ​ ​ ​ ​
Gypaetus barbatus 1 1(100 %) ​ ​ 1(100 %) ​ ​ ​ ​ ​
Aegypius monachus 2 2(100 %) ​ ​ ​ ​ ​ ​ 2(100 %) ​
Strigidae 12 ​ ​ ​ ​ ​ ​ ​ ​ ​
Athene noctua 12 5(41.7 %) 2(16.7 %) ​ 2(16.7 %) 1(8.3 %) ​ ​ ​ ​
Hirundinidae 2 ​ ​ ​ ​ ​ ​ ​ ​ ​
Delichon urbicum 1 1(100 %) 1(100 %) ​ ​ ​ ​ ​ ​ ​
Hirundo rustica 1 1(100 %) 1(100 %) ​ ​ ​ ​ ​ ​ ​
AlaudidaeGalerida 

cristataAlauda arvensis
312 1(100 %)1(50 

%)
1(100 %) ​ ​ ​ 1(50 %) ​ ​ ​

Muscicapidae 6 ​ ​ ​ ​ ​ ​ ​ ​ ​
Muscicapa striata 2 2(100 %) 2(100 %) ​ ​ ​ ​ ​ ​ ​
Saxicola torquata 3 2(66.7 %) 2(66.7 %) ​ ​ ​ ​ ​ ​ ​
Oenanthe oenanthe 1 1(100 %) 1(100 %) ​ ​ ​ ​ ​ ​ ​
TurdidaeTurdus 

philomelosTurdus 
iliacusTurdus viscivorus

9213 2(100 %)1 
(100 %)2 
(66.7 %)

2(100 %) 
1(100 %) 
2(66.7 %)

​ ​ ​ ​ ​ ​ ​

Turdus pilarus 1 1(100 %) 1(100 %) ​ ​ ​ ​ ​ ​ ​
Turdus 2 1(50 %) 1(50 %) ​ ​ ​ ​ ​ ​ ​
Motacillidae 4 ​ ​ ​ ​ ​ ​ ​ ​ ​
Anthus spinoletta 4 2(50 %) 2(50 %) ​ ​ ​ ​ ​ ​ ​
Sturnidae 2 ​ ​ ​ ​ ​ ​ ​ ​ ​
Sturnus 2 1(50 %) ​ 1(50 

%)
​ ​ ​ ​ ​ ​

Passeridae 3 ​ ​ ​ ​ ​ ​ ​ ​ ​
Petronia petronia 3 2(66.7 %) 1(33.3 %) 1(33.3 

%)
​ ​ ​ ​ ​ ​

Fringillidae 20 ​ ​ ​ ​ ​ ​ ​ ​ ​
Pinicola enucleatorChloris 

chloris
191 6(31.6 %)1 

(100 %)
6(31.6 %) 1(100 

%)
​ ​ ​ ​ ​ ​

Emberizidae 8 ​ ​ ​ ​ ​ ​ ​ ​ ​
Emberiza calandra 2 2(100 %) 2(100 %) ​ ​ ​ ​ ​ ​ ​
Emberiza citrinella 6 2(33.3 %) 2(33.3 %) ​ ​ ​ ​ ​ ​ ​
Prunellidae 6 ​ ​ ​ ​ ​ ​ ​ ​ ​
Prunella modularis 2 2(100 %) 2(100 %) ​ ​ ​ ​ ​ ​ ​
Prunella collaris 4 3(75 %) 3(75 %) ​ ​ ​ ​ ​ ​ ​
CorvidaePyrrhocorax 

graculusPyrrhocorax 
pyrrhocoraxPica 
picaCorvus 
monedulaCorvidae

1260116874567 370(31.7 %) 
26(38.8 %)1 
(20 %)1(16.7 
%)1(14.2 %)

123(10.5 
%)16 
(23.8 %)1 
(20 %)1 
(16.7 %)

​ 66(5.6 %)5 
(7.4 %)1 
(14.2 %)

14(1.2 %) 
1(1.5 %)

​ 55(4.7 %) 111(9.5 %) 
4(6 %)

1(0.08 
%)

Total 1455 491(32.7 %) 203(13.5 
%)

2(0.1 
%)

82(5.5 %) 19(1.2 %) 1(0.06 
%)

55(3.7 %) 128(8.5 
%)

1(0.06 
%)
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could bias the results. Likewise, a higher proportion of upper limb bones 
was observed according to the wing-to-leg ratio, as the percentage 
exceeded 50 % in most cases. Limb elements were more abundant than 
core elements, except for the Anatidae family. However, the Anatidae 
family was composed of just 9 bones, so conclusions should be made 
carefully. Additionally, proximal-to-distal ratio showed a higher pro
portion of proximal elements for most groups (see Table 2). Note that 
some families were excluded, as the skeletal elements necessary for 
calculating the ratios were absent.

3.2. Taphonomical analysis

3.2.1. Fragmentation
The completeness of the sample was moderate, as complete elements 

comprised 32.9 % of the analysed remains. The bones that were docu
mented as complete more times were coracoids, followed by humeri, 
wing phalanges, vertebrae and carpometacarpi. Many carpometacarpi 
(38.7 %) lacked the minor metacarpal. Amongst complete limb bones 
(NISP = 203), those that were complete were primarily humerus (NISP 
= 66) and carpometacarpi (NISP = 62), comprising 32.5 % and 30.5 % 

Fig. 4. Fractures produced by flexion on a tibiotarsus from Pica pica (A), a tarsometatarsus (B) and ulna (C; C1 = posterior view; C2 = ventral view) from Pyr
rhocorax graculus.

Fig. 5. Fresh fractures on a coracoid from Perdix perdix (A) and a humerus from Falco tinnunculus (B). Presence of arrachement on a carpometacarpus of Somateria (C).
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Fig. 6. Post-depositional modifications on avian remains from Valdegoba cave. A = manganese oxides on a distal ulna from Lagopus mutus; B = calcite coating on a 
humerus from Phyrrocorax phyrrocorax; C = trampling on a coracoid from the genus Falco.

Table 4 
Modifications produced by non-human and human predators. (*) The column “fractures” refers to those fractures produced by flexion, as in Fiore et al., 2020.

Punctures Digestive damage Cut-marks Fractures* Arrachement
light moderate strong total

coracoides 3 1 ​ 1 2 2 12 ​
scapula ​ ​ ​ ​ ​ 1 ​ 1
humerus 15 2 2 3 7 ​ 29 ​
radius ​ 2 ​ ​ 2 ​ ​ ​
ulna 7 1 ​ 1 2 ​ 21 2
carpometacarpus 4 ​ ​ ​ ​ ​ 2 ​
wing phalanx 5 ​ ​ ​ ​ ​ ​ ​
femur 3 10 3 ​ 13 ​ 21 ​
tibiotarsus ​ ​ 1 1 2 ​ 24 ​
tarsometatarsus ​ 1 ​ 1 2 ​ 8 ​
TOTAL 37 (2,4%) 17 (1,13 %) 6 (0,4%) 7 (0,5%) 30 (2 %) 3 (0.2 %) 117 (7,8%) 3 (0.2 %)

Table 5 
Post-depositional modifications NISP and percentage (%) by skeletal element.

Post-depositional modifications
fissures chemical corrosion root-eching calcite coating manganese total

rib 1 ​ ​ 1 3 5
sternum ​ ​ ​ ​ 1 1
furcula ​ ​ ​ 1 ​ 1
coracoides 26 ​ 1 8 44 79
vertebra 6 ​ ​ 6 3 15
scapula 12 ​ ​ ​ 12 24
humerus 24 ​ ​ 16 52 92
radius 8 ​ ​ 1 11 20
ulna 27 ​ 1 4 34 66
carpometacarpus 26 ​ 1 12 25 64
wing phalanx 8 ​ ​ 10 16 34
femur 17 ​ ​ 3 22 42
tibiotarsus 17 1 2 5 18 43
tarsometatarsus 22 ​ ​ 6 22 50
posterior phalanx ​ ​ ​ 2 5 7
talon ​ ​ ​ ​ 1 1
keel 2 ​ 1 1 2 6
TOTAL 196 (13 %) 1 (0,06 %) 6 (0,4%) 76 (5 %) 271 (18 %) 550 (36,64)
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of complete limb bones respectively. Cranium, sternum and scapulae 
were rarely complete. However, as the absolute numbers for these 
skeletal elements were low, results were not highly reliable. It is worth 
noting that the only species in Table 3, are those with at least one 
complete bone. The most abundant fracture angle on long bones was 
oblique angle (NISP = 519; 34.5 %), followed by mixed (NISP = 188; 
12.5 %) and right types (NISP = 50; 3.3 %). The dominant fracture line 
type in the assemblage was curved fracture line (NISP = 696; 46.4 %), 
and most bones showed smooth edges (NISP = 696; 46.4 %). Fractures 
related to flexion and arrachement (Figs. 4 and 5) were recorded in a total 
of 117 and 3 bones, representing 7.8 % and 0.2 % of the sample, 
respectively. They were documented mainly within the Corvidae family, 
as expected given that it was the most abundant family in the assem
blage. Fractures related to flexion were commonly found on humeri 
(NISP = 29) and tibiotarsi (NISP = 24), followed by ulnae (NISP = 23) 
and femora (NISP = 21). Additionally, arrachement was documented 
mainly on the ulnae, although the scarcity of this type of modification 
hindered significant inferences.

3.2.2. Surface modifications
Post-depositional modifications (see Fig. 6) were documented in the 

third (36.6 %) of the analysed bones. Long bones were the most affected 
bones, among which the humerus stood out, with 16.7 % of bones with 
post-depositional modifications. The most common alterations were 
fissures and manganese oxide deposits, comprising 13 % and 18 % of the 
sample, respectively. Calcite coating was also relatively abundant, while 
root-etching and chemical corrosion appeared on a small portion of the 
sample (see Table 5).

Several mechanical modifications (pits and punctures) were docu
mented in the analysed avian sample. Overall, this type of modification 
was found on the surface of 37 bones, 2.4 % of the sample. In some cases 
(NISP = 4; 0.3 %), multiple punctures were recorded on the same bone. 
They appeared mainly on the surface of long bones, mainly the humerus 
(NISP = 15; 1 %) (see Table 4), concentrated on both proximal and distal 
epiphysis. The Corvidae family had the largest number of bones with pits 
or punctures (NISP = 30, 2 %), easily expected, as it is the most 

represented family in the assemblage (see Fig. 7).
Digestive damage was documented on 30 remains, 2 % of the ana

lysed sample. A predominance of light digestion damage was docu
mented, followed by strong and moderate damage (see Table 4). The 
most affected bones were the humerus and the femur, although diges
tion damage was documented on other long bones and coracoids (see 
Table 4). As occurred with mechanical modifications, the most affected 
family was Corvidae. The proximal and distal ends of the bones were the 
most damaged parts (see Fig. 8).

Regarding anthropogenic modifications, unmistakable disarticula
tion cut marks were documented on 3 remains, 0.2 % of the analysed 
sample (see Table 4). These marks can be classified as incisions, and they 
were recorded on the proximal part of a scapula from Pyrrhocorax gra
culus and on the proximal part of two coracoids from the Anatidae 
family. All were straight and showed an oblique orientation (see Fig. 9). 
No other anthropogenic modifications such as tooth marks or burn 
damage were observed.

4. Discussion

Archaeological assemblages are usually a combination of inputs from 
different agents, leading to the formation of complex palimpsests 
(Bailey, 2007). Consequently, deciphering the origin of bone remains 
can be a difficult task. It is therefore necessary to determine the 
taphonomical pattern of both non-anthropogenic and anthropogenic 
predators. The results presented in this work from the analysis of the 
bird assemblage from Valdegoba cave shed some light on this issue. This 
accumulation points to a mixed contribution by carnivores and humans, 
reflecting the complex dynamics of the site. The most common post- 
depositional modifications in the assemblage (fissures and manganese 
oxides) were documented below 20 % of the sample. Moreover, the 
relative abundance percentage shows that all skeletal elements were 
represented to a greater or lesser degree. Therefore, it can be concluded 
that there is a good preservation of bones. This information is consistent 
with the fact that the bird remains were identified by species category in 
most cases.

Fig. 7. Punctures on a wing phalanx (A) and a humerus (B) from Phyrrocorax graculus.
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The analysis of the avian assemblage from Valdegoba reveals a 
predominance of the Alpine chough (Pyrrhocorax graculus). As corvids 
are habitual inhabitants of caves and shelters (Cramp and Brooks, 1992), 
their presence in archaeological sites can be expected. However, it is 
essential to determine the origin of bone accumulations. In the case of 
natural or catastrophic deaths, a similar representation of all skeletal 
elements should be expected (Laroulandie, 2000; Rufà and Laroulandie, 
2021), which was not documented in the present study. The presence of 
immature individuals and anatomical connections would also be highly 
probable (Delestrade and Stoyanov, 1995; Laroulandie, 2000; Rufà and 
Laroulandie, 2021; Garcia-Fermet et al., 2023). However, in the case of 
Valdegoba cave, no anatomical connections were documented, and the 
presence of juvenile individuals was extremely low (0.1 % for both 
Corvidae and other taxa). It should be noted that, even if the remains 
were deposited naturally, post depositional processes might have altered 
their original distribution.

As proposed by Ericson (1987), a predominance of wing bones over 
leg bones might be an indicator of natural accumulation, as human 
groups would mostly use bones from posterior extremities, richer in 
meat. However, a predominance of wing elements, as in the case of 
Valdegoba, has been also documented on accumulations produced by 
both diurnal and nocturnal birds of prey and mammalian carnivores 
(Bochenski et al., 1993, 1997, 1999, 2009; Bochenski and Tomek, 1997; 
Laroulandie, 2000, 2002; Bochenski and Nekrasov, 2001; Monchot and 
Gendron, 2009; Lloveras et al., 2014a, 2014b; Alonso et al., 2020). On 
the other hand, other factors could affect the differential conservation of 

skeletal elements (Livingston, 1989; Bovy, 2002, 2012; Cruz, 2005; 
Broughton et al., 2007). According to these authors, it should be ex
pected that the denser bones would be better preserved. Nevertheless, 
the bone density hypothesis is not always useful (Bovy, 2002).

Therefore, other taphonomic traits should be considered when 
assessing an avian accumulation. In the present work, mechanical 
modifications produced by teeth, beak or claws were recorded on 2.4 % 
of corvid bones (2 % of the whole assemblage), while digestion damage 
was documented on 2 % within this family (1.6 % of the whole assem
blage). Nocturnal birds of prey usually swallow their prey whole. 
Therefore, those ingested bones commonly show digestion damage to a 
slight or moderate degree. Bone assemblages of these types of predators 
commonly show a predominance in both wing-to-leg and proximal-to- 
distal ratios, while core elements are usually scarce. They could also 
produce mechanical modifications, although their percentages can vary 
(Bochenski et al., 1993; Bochenski and Tomek, 1994, 1997; Bochenski 
and Nekrasov, 2001; Laroulandie, 2000, 2002; Royer et al., 2019; 
Alonso et al., 2020). Regarding diurnal birds of prey, digested damage 
and the amount of mechanical modifications varies depending on the 
processing of the remains. The ratios are also highly variable, as the 
predominance of specific skeletal elements is different for each predator. 
For ingested bones, strong and extreme digestion degrees could be ex
pected, as well as a low representation of beak or claw damage, and a 
major amount of leg bones over wing bones (Bochenski et al., 1997; 
Lloveras et al., 2014a, 2014b). On the contrary, for non-ingested re
mains digestive damage is nonexistent, and mechanical modifications 

Fig. 8. Digestion damage on a humerus from Perdix perdix (A) and a distal femur from Buteo sp. (B).
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appear on a high percentage of the bones. In general terms, wing ele
ments outnumber leg elements (Bochenski et al., 1997; Laroulandie, 
2000, 2002; Bochenski and Tornberg, 2003; Bochenski et al., 2009; 
Lloveras et al., 2014a, 2014b; Wertz et al., 2021). Focusing on 
mammalian carnivores, mechanical modifications (including pits and 
punctures) and crenulated edges are extremely common for non- 
ingested remains. Additionally, digestive damage reaches extreme 
corrosion degrees, and ratios can be variable (Laroulandie, 2000; Mallye 
et al., 2008; Monchot and Gendron, 2009; Rodríguez-Hidalgo et al., 
2016; Rufà and Laroulandie, 2020).

Among birds exploited by hominins, diverse taxa such as anatids, 

corvids, phasianids and columbids have been recorded (e.g., Díez et al., 
1995; Laroulandie, 2005; Blasco and Peris, 2009; Sánchez-Marco and 
Quesada, 2010; Romero et al., 2017; Goffette et al., 2020; Lloveras et al., 
2020, 2022). Although human presence is widely demonstrated in 
Valdegoba cave (Terradillos-Bernal and Díez, 2018; Quam et al., 2001), 
its taphonomic pattern on small prey might be difficult to detect. In fact, 
cut marks comprised just 0.2 % of the analysed assemblage, and no burnt 
bones were recorded. The scarcity of cut marks is usual in other bird 
assemblages, as in the case of Bolomor Cave where the presence of this 
type of anthropogenic modification was documented on approximately 
15 % of the sample (Blasco and Peris, 2012). Overall, cut marks are 

Fig. 9. Cut marks on two coracoids from the Anatidae family (A = Anas platyrhynchos; B = Anatidae), and a scapula from Pyrrhocorax graculus (C).
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usually below 20 % of the avian assemblages of several Middle Palae
olithic sites alongside Europe, and higher percentages are a consequence 
of small sample size (Steadman et al., 2002; Morin and Laroulandie, 
2012; Romero et al., 2017; Lloveras et al., 2018; Blasco et al., 2022). 
However, in spite of their scarcity, cut marks are clear evidence of 
human contribution to the avian assemblage of Valdegoba cave. As 
mentioned in previous paragraphs, cut marks were classified as incisions 
with oblique orientation. Regarding the location of these three cut marks 
(two coracoids and one scapula) they might be related to the disartic
ulation of the wings. As seen in previous experimental works about bird 
processing by humans, cut marks are common modifications on both 
scapulae and coracoids (Nabais et al., 2024). Following the work of 
Steadman et al. (2002), the access through the coracoid and scapular 
region could be related with meat removal. Some authors (Tagliacozzo 
and Gala, 2004; Blasco et al., 2016a) have documented cut marks on 
coracoids, associated with defleshing activities. The anthropogenic 
processing of birds for nutritional purposes is well documented at both 
Middle Palaeolithic and Upper Palaeolithic sites (e.g., Laroulandie, 
2003; Blasco and Peris, 2009; Bochenski et al., 2009; Laroulandie et al., 
2016, 2020; Martínez-Valle et al., 2016; Lloveras et al., 2018). On the 
Iberian Peninsula, evidence of Middle Palaeolithic anthropogenic 
exploitation of bird resources is well established for the eastern (Blasco 
and Peris, 2009; Martínez-Valle et al., 2016; Lloveras et al., 2020, 2022), 
southern (Finlayson et al., 2016), and northern (Gómez-Olivencia et al., 
2018) areas. Nevertheless, on the Spanish plateau, there is still a lack of 
archaeological sites with evidence of small-prey consumption. In fact, 
Valdegoba is, so far, the only archaeological site in the interior of the 
Iberian Peninsula with evidence of Neanderthal activity. In this context, 
the results of the analysis of avian remains from Valdegoba cave are 
highly significant as they lay the groundwork for future studies.

On the other hand, there is a possibility that this modification is 
related to the exploitation of feathers. The exploitation of birds for 

feather removal is similarly documented in several European Middle 
Palaeolithic sites such as Gorham’s Cave, Vanguard Cave, Cova Negra, 
Fumane and Ibex Cave (Laroulandie, 2010; Peresani et al., 2011; Fin
layson et al., 2012; Blasco et al., 2016a; Fiore et al., 2016; Martínez- 
Valle et al., 2016). The Upper Pleistocene site of Gran Dolina (Ata
puerca, Burgos, Spain) has also yielded avian remains with cut marks, 
probably associated with feather removal (Blasco et al., 2013; 
Rodriguez-Hidalgo et al., 2017). It is commonly accepted that the 
presence of cut marks on wing bones might indicate a particular interest 
for feathers (Fiore et al., 2020). It should be noted that the disarticula
tion is a considerably more probable explanation for the presence of cut 
marks in Valdegoba cave. However, the exploitation of feathers is a 
possibility that should not be ruled out.

Due to the overall scarcity of cut marks on avian archaeological as
semblages, it is essential to search for other taphonomic modifications 
related to human activity. The analysis of fractures in the present work 
sheds light on this issue. In fact, oblique fracture angles, curved fracture 
lines, and smooth edges of bones are usually associated with fresh 
fractures (Fiore et al., 2020). It can be therefore concluded, in the case of 
Valdegoba, that most bones were fractured when they still preserved 
organic material. These fractures resemble those recorded by Ripoll 
(2001) for leporid bones. Fresh fractures might be the result of several 
processes, including humans, carnivores, and trampling (e.g., Villa and 
Mahieu, 1991; Villa et al., 2004; Sala and Arsuaga, 2018; Rufà and 
Laroulandie, 2021). For this reason, they are not a uniquely anthropo
genic modification, and they should be analysed together with other 
traits. In addition to fresh bone fractures, fractures produced by flexion 
and the presence of arrachement as a consequence of the disarticulation 
of bones are considered to be characteristic of human processing. These 
anthropogenic modifications are probably related to the consumption of 
birds by Neanderthals, as documented in other archaeological sites (e.g., 
Blasco and Peris, 2009; Blasco et al., 2014; Gómez-Olivencia et al., 2018; 

Fig. 9. (continued).
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Martínez-Valle et al., 2016; Romero et al., 2017). Moreover, together 
with the presence of cut marks, they would support the hypothesis of 
anthropogenic bird processing at Valdegoba Cave.

Based on the results presented in this paper, the taphonomic pattern 
of corvid bones from Valdegoba fits with that produced by some 
nocturnal birds of prey, together with anthropogenic input. Natural 
accumulation can be discarded, as there are no anatomical connections, 
and the presence of immature individuals is practically non-existent. 
Consequently, the presence of the Corvidae family might respond to a 
complex combination of human and non-human action. Mixed accu
mulation of avian remains has also been documented in other Middle 
Palaeolithic sites, such as La Crouzade Cave (France) (Garcia-Fermet 
et al., 2023), Pié Lombard (France) (Romero et al., 2017) or Scladina 
Cave (Belgium) (Goffette et al., 2024). Among other relatively abundant 
families in the assemblage, the presence of the Columbidae family in
dicates the contribution of external agents, as the members of this family 
are not usual cave inhabitants (SEO BirdLife, 2024). Nevertheless, the 
Rock dove (Columba livia) is known to use rocky hollows and ledges as 
roost sites (Díaz et al, 1996). Therefore, their bones could be accumu
lated as a consequence of natural deaths. However, as mentioned above, 
other agents (including non-anthropogenic and anthropogenic predators 
and natural processes) might have altered those bones. Mechanical 
modifications were documented on one bone from the Columbidae 
family (0.1 % of the whole assemblage), while four bones showed a 
slight degree of digestion (0.1 % of the assemblage). Although the 
number of bones is too low to make confident inferences, the results 
point to some raptor as an external accumulator. On the other hand, it is 
highly probable that most of the remains of Falconidae respond to nat
ural accumulation, as there are no bones with mechanical modifications 
or digestive damage. Moreover, bird species within this family usually 
use caves or shelters for nesting (SEO BirdLife, 2024). Nevertheless, the 
number of remains from the Falconidae family are scarce. For this 
reason, conclusions based on the analysis of those bones should be 
reached carefully.

5. Conclusions

The bird assemblage from Valdegoba cave is the result of different 
accumulation agents. The mixed contribution of both human and non- 
human predators seems to be the main explanation for the presence of 
avian bones. This can be easily established for the Corvidae family, 
especially the Alpine chough (Pyrrhocorax graculus) and the Red-billed 
chough (Pyrrhocorax pyrrhocorax), as they are the most abundant taxa. 
Other bird species show a lower representation, hindering accurate 
conclusions. In any case, it can be concluded that, at least for the Cor
vidae family, the principal agent of the accumulation was probably a 
nocturnal bird of prey, in addition to anthropogenic input.

Evidence of anthropogenic use of birds in Valdegoba cave is sup
ported not only by the presence of cut marks, but also fractures produced 
by flexion and arrachement, which could confirm the exploitation of 
birds by neanderthal groups. It can therefore be concluded that the bird 
assemblage presented in this study responds to a complex taphonomic 
story in which diverse agents took part. It is important here to emphasise 
the need for neo-taphonomical studies that characterise the pattern of 
both human and non-human predators, as well as that of natural events. 
The data obtained would help the correct interpretation of archaeolog
ical palimpsests, and to understand the relationship between human 
groups and their environment.
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Lefèvre, C., & Pasquet, E. (1994). Les modifications post-mortem chez les oiseaux: 
l’exemple de l’avifaune holocène de Patagonie australe. Outillage peu élaboré en os 
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Pérez, L., 2023. Subsistencia neandertal en los valles de Alcoi: análisis de los conjuntos 
faunísticos del yacimiento de El Salt (Alicante). Diputación de València Servicio de 
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