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Abstract

Bird assemblages can be found in archeological sites throughout the Pleistocene.

Taphonomy studies are key to understanding how such assemblages were formed.

These assemblages can be generated by various agents, including human groups, ani-

mals, and natural death. In this paper, we analyzed the avifaunal assemblage from

level TE9d at the Sima del Elefante site, where corvid (Corvidae) remains are the most

abundant taxa, as reported in previous studies from that deposit. The remains of

smaller birds (Charadriiformes, Rallidae) and large raptors (Aquila cf. heliaca/adalberti,

Haliaeetus albicilla) have also been documented. Our taphonomic analysis shows that

birds of prey were the main accumulators of bird remains at the site. The presence of

modifications such as beak/talon marks and different degrees of digestion reinforce

the idea that both diurnal and nocturnal raptors were involved. Nevertheless, we can-

not rule out the accumulation by natural death of those species that could have

nested in the rocky walls of the cave. The absence of evidence of anthropogenic

activity on the bird remains from level TE9d therefore indicates that hominins were

not involved in this accumulation. These results can be considered a new contribu-

tion to the discussion on the origin of avifaunal accumulations in Pleistocene archeo-

logical contexts.
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1 | INTRODUCTION

Avifaunal studies carried out at Pleistocene sites have shown that bird

remains are frequent in archeological deposits

(e.g., Laroulandie, 2010; Lloveras et al., 2020; Núñez-Lahuerta

et al., 2016; Rufà et al., 2016). In these contexts, the remains may

have several origins, involving human action, non-human agents, or

natural death. It is at this point where taphonomy plays a key role in

distinguishing the origin of the remains at archeological sites, making

it possible to assess the role played by humans and other predators

on bird remains.

Throughout prehistory, it has been observed that anatids, phasia-

nids, columbids, and corvids were the most widely consumed taxa by

human groups (Blasco et al., 2014; Blasco & Fernández Peris, 2009;

Finlayson et al., 2012; Laroulandie, 2005). It has also been reported that

human groups as Homo neandertahlensis and Homo sapiens captured

birds for other purposes, such as symbolic reasons, or technological pur-

poses (Blasco et al., 2019; Laroulandie et al., 2016; Morin &

Laroulandie, 2012; Peresani et al., 2011; Rodríguez-Hidalgo et al., 2019;

Romandini et al., 2014). In fact, there are some evidences of Homo

neanderthalensis using elements such as bones, feathers and claws of

large raptors as ornaments (Fiore et al., 2004; Gaudzinski-Windheuser &

Niven, 2009; Mourer-Chauviré, 1989; Peresani et al., 2011; Rodríguez-

Hidalgo et al., 2019; Romandini et al., 2014; Soressi et al., 2008). These

findings have helped to reinforce the idea that Neanderthals had sym-

bolic expressions and, therefore, that their cognition could have been

just as complex as that of H. sapiens. In sites closer to the Holocene,

technological uses including the manufacture of needles, tubes and

flutes are more abundant than in earlier chronologies (García &

Menéndez, 1998; Mannermaa & Rainio, 2020; Vilette, 1983, 1999).

In addition to human activity, bird remains may be accumulated

by other agents. Birds of prey tend to generate skeletal accumulations

of hunted prey; among these remains, ingested and uneaten bones

may be found. These remains are usually accumulated mainly in roost-

ing areas such as cliffs, caves, or shelters. Their taphonomic signature

involves beak modifications and degrees of digestion observed on

bone surfaces (Bochenski et al., 1993; Bochenski & Nekrasov, 2001;

Lloveras, Cosso, et al., 2018; Lloveras, Moreno-García, et al., 2014;

Lloveras, Nadal, et al., 2014; Lloveras, Thomas, et al., 2014; Rufà &

Laroulandie, 2019). Moreover, the natural death of the birds them-

selves can also generate accumulations, particularly the skeletons of

immature individuals and eggshells (Laroulandie, 2010).

Carnivores such as foxes and lynxes also accumulate bird bones

in the cavities they use as dens (Krajcarz & Krajcarz, 2014; Rodríguez-

Hidalgo et al., 2016). These kind of accumulations have been docu-

mented at different archeological sites, such as Grotte Vaufrey

(Rufà & Laroulandie, 2021) or Arbreda Cave (Lloveras et al., 2020;

Lloveras, Garcia, et al., 2018).

There are several Early Pleistocene sites where the presence of

birds has been documented. In most of these deposits, the avifaunal

remains have been studied from a purely palaeontological perspective,

without considering taphonomic aspects (Louchart et al., 1998;

Sánchez-Marco, 2004).

The aim of this work is to characterize and determine the origin

of the avifaunal assemblage from level TE9d at Sima del Elefante, in

order to identify whether human groups or other predators were

involved in the accumulation of these remains.

2 | ARCHEOLOGICAL CONTEXT

Sima del Elefante is one of the sites located in the Sierra de Atapuerca

(Burgos). It has the largest number of avifaunal remains of all the

Sierra de Atapuerca sites, most of them accumulated in the Early

Pleistocene levels (TE14-TE7) (Huguet et al., 2017; Núñez-Lahuerta

et al., 2021). These levels represent an interval from 1.5 to 1.1 million

years ago (Cuenca-Besc�os & García, 2007; Parés et al., 2006; Rosas

et al., 2001). Some bone remains with anthropic modifications and

stone tools, have been recovered from these units (Carbonell

et al., 2008; Huguet et al., 2013, 2017; Ollé et al., 2013) (Figure 1).

Additionally, a bird radius with a cut mark was recovered from level

TE9a (Huguet et al., 2013). This is the only evidence of anthropogenic

contribution to the bird remains at the site.

Level TE9d is characterized by sedimentary beds formed of

weathered limestone blocks and brown-red gravelly clays. Birds are

the most widely taxonomic group represented in this level, but some

remains of macro and micromammals have also been recovered.

Human activity in this level is evidenced by a few chert stone tools

(Ollé et al., 2013) and anthropic modifications (cut marks and break-

age) on some macrofaunal bones, which are currently under study.

The TE9c level, immediately above the TE9d level, has been dated

yielding an age of between 1.3 and 1.1 million years. Human remains

assigned to Homo sp. have been recovered from this level, represent-

ing the oldest human fossils recovered in Western Europe (Bermúdez

de Castro et al., 2011; Carbonell et al., 2008).

The taxonomic list of birds includes a great variety of species and

some of them also represent the first fossil evidence in the Iberian

Peninsula (Núñez-Lahuerta et al., 2021; Rosas et al., 2001; Sánchez-

Marco, 2018).

3 | MATERIALS AND METHODS

In this work, all mapped bird remains from level TE9d of the Sima del

Elefante were examined.

The taxonomy was determined using the osteological collections

of the Institut Català de Paleoecologia Humana i Evoluci�o Social and the

Museu de Ciències Naturals de Barcelona, as well as anatomical descrip-

tions (Cohen & Serjeantson, 1996; Driesch & Boessneck, 1976;

Louchart et al., 2005; Tomek & Bochenski, 2000). The remains were

classified into three different weight classes considering the species

identified in this study (Núñez-Lahuerta et al., 2021) (Table 1).

The number of identified specimens (NISP), the minimum number

of elements (MNE), and the minimum number of individuals (MNI)

were calculated (Lyman, 1994a, 1994b). The ages of the individuals

were estimated based on bone porosity (Baumel et al., 1993;
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Serjeantson, 2002, 2009). The presence of medullary bone tissue

(Lentacker & Van Neer, 1996) and the identification of ancient and

modern fractures (Steadman et al., 2002) has been diagnosed.

In order to estimate the integrity of the sample, the percentage of

relative abundance (%RA) was performed (Binford, 1978; Lloveras,

Nadal, et al., 2014; Lloveras, Thomas, et al., 2014; Rufà et al., 2016).

Different anatomical ratios were calculated using the MNE: (1) the

wing/leg ratio, (Ericson, 1987); (2) the core/limb ratio,

(Bochenski, 2005; Bramwell et al., 1987), and (3) the proximal and dis-

tal ratio (Bochenski & Nekrasov, 2001) (Figure S1).

Bone surface modifications (BSM) were examined using an Olym-

pus SZ1144TR binocular microscope (magnification 15X and 40X),

and an HIROX KH8700 3D digital microscope both located in the

IPHES facilities. These analyses were performed according to already

published taphonomic methods (Andrews & Cook, 1990;

Bochenski, 2005; Laroulandie, 2000; Lloveras, Moreno-García,

et al., 2014; Lyman, 1994a).

The diurnal and nocturnal raptors signature was identified by the

presence of certain modifications on the analyzed remains, character-

istic of their activity, such as digestion damage and beak or talon

marks (Bochenski et al., 1993; Bochenski & Nekrasov, 2001;

Bochenski & Tornberg, 2003; Laroulandie, 2001, 2002; Lloveras,

Cosso, et al., 2018; Lloveras, Nadal, et al., 2014; Lloveras, Thomas,

et al., 2014; Rufà & Laroulandie, 2019). Digestion damage was classi-

fied into different degrees according to Lloveras, Moreno-García,

et al. (2014). Bird beak/talon modifications were categorized as

depressions, perforations, pecking, scratches, and chipping (Table S1

and Figure S2). Scratches and chipping are considered raptor damage

in this study due to their association with other raptor modifications.

In fact, linear marks produced by the beaks of raptors have already

been described by Fernández-Jalvo and Andrews (2016).

4 | RESULTS

A total of 1877 remains were analyzed, 1763 of which were anatomi-

cally and taxonomically identified, mostly belonging to the family Cor-

vidae (91.9% of the assemblage). Also, five different groups of

Accipitriformes, and unidentified Charadriiformes, Scolopacidae and

Rallidae aves were identified in the assemblage (Table 2). The total

minimum number of individuals (MNI) was 109.

4.1 | Taxonomic and age estimation

All the remains, except four undetermined, have been divided into

three weight sizes (Table 2). The medium-sized bird group, composed

by the Corvidae family, is the most abundant in the assemblage, with

96 individuals (MNI); the large bird group is less abundant (MNI = 8)

than the medium-sized group but shows a greater diversity of taxa.

Among the large birds, the species Haliaeetus albicilla (MNI = 2) has

been identified. Within the genus Aquila, a distinction has been made

between Aquila cf. heliaca/adalberti (MNI = 2) and Aquila/Hieraeetus

F IGURE 1 Synthetic stratigraphic column of the Sima del Elefante site and image of level TE9d. Modified from Carbonell et al., 2008 and
Núñez-Lahuerta et al., 2021. Age data from Parés et al. (2006), Van der Made (2001), Rosas et al. (2006), L�opez-García et al. (2011), Arnold and
Demuro (2015), Cuenca-Besc�os et al. (2015), and de Lombera-Hermida et al. (2015) [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Weight sizes of birds identified at TE9d at Sima del
Elefante site

Weight sizes Taxa

Large size (over 2 kg) Haliaeetus albicilla, Aquila heliaca/

adalberti, Aquila/Hieraeetus

Medium size (between

0.1 and 2 kg)

Corvus pliocaenus

Small size (between 0.02

and 0.09 kg)

Scolopacidae, Rallidae
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(MNI = 1). In addition, two groups of Aquila sp. have also been identi-

fied: Aquila sp. 1 (MNI = 2), which includes large eagles that are smal-

ler than Aquila claudeguerini (Mourer-Chauviré & Bonifay, 2018); and

Aquila sp. 2 (MNI = 1), which includes eagles smaller than Aquila sp.1,

such as Aquila fasciata or Aquila heliaca/adalberti. Some of the remains

have been assigned to Accipitridae indet. Due to a lack of identifiable

anatomical features. Among the small birds, the least abundant group

(MNI = 5), we identified some remains as belonging to the order

Charadriiformes and the families Scolopacidae and Rallidae (Table 2).

The sample is mainly composed of adult individuals (MNI = 98),

representing 89.9% of the avian assemblage. Immature individuals are

less abundant (MNI = 11), representing 10.1% of the entire sample,

including one large-sized individual, one small-sized individual, and

9 medium-sized individuals. In relation to the sex of the individuals,

we were only able to identify the presence of one corvid ulna with

medullary bone tissue, indicating that this individual was a female.

4.2 | Anatomical representation

Almost all avian skeletal elements are represented in the assemblage

(Table 2). All three weight sizes follow similar patterns, with a high

presence of long bones, such as ulnae or tarsometatarsi (Figure 2).

The cranial and axial skeleton are poorly represented throughout the

sample. The number of elements of medium-sized birds clearly out-

numbers those of the other weight size categories. A total of

F IGURE 2 %RA estimation of every skeletal
element in relation with weight sizes. (a) Column
chart %RA representation. (b) Representation of
%RA on skeletal models for each weight size
[Colour figure can be viewed at
wileyonlinelibrary.com]
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111 remains from large birds have been identified, compared to the

1725 medium-sized remains. The %RA values have been calculated

according to weight size categories. It can be observed how the gen-

eral value of the %RA in the group of large birds (10.8%) is close to

that in the group of medium-sized birds (13%). The representation

values are markedly low. The small-sized group has a slightly lower

conservation rate than the other sizes (6.1%). This could be associated

with the fragility of bird bones of all sizes, as well as the accumulation

processes of the deposit itself.

The %RA results show how elements from the medium-sized

group are the best represented in the sample. The ulna is the most

well-represented element with a total of 96.4%. The results for wings

and legs are very similar, but wings are slightly better represented.

For large birds, the tarsometatarsus is the best-represented ele-

ment with a RA of 57%. The legs, including the posterior phalanges

(RA 21%) and claws (26.8%), are better represented than the wings in

this size group. Finally, the small bird group has high values for the tar-

sometatarsus (90%). In this size group there are no elements of the

axial or cranial skeleton, except for the coracoid.

Skeletal ratios show similar values for all size categories; however,

there are minor differences in the wing/leg ratios (Table 3). Among

large and small birds, legs predominate over wings (48.1% and 44.4%,

respectively), while for medium-sized birds there is a slightly higher

value of wing elements than leg elements (54.5%). The core/limb ratio

reveals a significant tendency for all three sizes: the high presence of

limbs outweighs the representation of core bones. The small group

shows the lowest proportion of core elements (10.7%), with only

three coracoids. This is comprehensible if the great fragility of core

elements such as pelvis, sternum or scapulae of small birds is consid-

ered. The proximal/distal ratio is very similar for the three size groups

with distal elements predominating. In the TE9d level, some remains

of all bird size groups have been recovered anatomically connected.

These connections are mainly in the wing and leg extremities.

4.3 | Fragmentation

The study of the fragmentation of the remains is not conclusive in the

analysis of this assemblage due to the high modern fragmentation

(66.5%) during the excavation process. However, we have obtained

percentages on the complete remains (20.5%) and those with ancient

fractures (13.1%) by considering only the sample that has not been

altered by modern fracturing in the excavation (Table 4).

4.4 | Bone surface modifications

No evidence of anthropogenic or mammalian carnivore modification

has been found in the analyzed sample. However, damage produced

by raptors, such as digestion and beak/talon marks has been identified.

TABLE 3 Skeletal ratios by weight sizes categories

Wing/Leg Core/Limb Proximal/Distal

Large size 48.1 22.2 39.4

Medium size 54.5 16 44.2

Small size 44.4 10.7 41.9

Whole sample 58.3 17.8 45.5

TABLE 4 Main data from avifaunal
assemblage of level TE9d of Sima del
Elefante. NISP, MNE, MNI, anatomical
representation, percentages of immature
remains, complete elements, ancient
fractures and modifications on the

surface of the bones

Large size Medium size Small size

NISP 111 1725 37

MNE 91 1278 33

MNI 8 96 5

% Inmature 0.1 0.9 0.1

Main elements tmt, cmc, mand uln, cmc, tmt tmt, uln, fe/hu

Wing/Leg Leg Wing Leg

Core/Limb Limb Limb Limb

Proximal/Distal Distal Distal Distal

% Complete elements 6.5 53.1 1.4

% Old fractures 2.8 34.5 1.3

% Digested bones 2 2 29.7

% Total beak/talon marks 6.3 11.7 21.6

% Depressions 0.6 14.7 0.8

% Perforations 1.1 34.2 1.9

% Pecking 0.8 20.8 0.3

% Scratches 0 16.7 0.8

% Chipping 0 6.4 0.3

Note: The percentages in italics are calculated from the total number of remains with beaks/talon marks

identified (NISP = 360). This table includes the remains that could be classified anatomically and by

weight size (NISP = 1873), excluding a total of four indeterminate remains.
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Digestion damage is present in 2.7% of the sample (52 remains).

Light digestion is the most abundant, accounting for 82.7%, followed

by moderate (13.5%) and heavy (2%) digestion of elements.

Very few large taxa remains show digestion damage (2%), and this

is only light. Both of these remains are the first digits of the posterior

phalanges. Medium-sized digested remains (2%) display a greater vari-

ety of digestion degrees (light-moderate-heavy) however, light diges-

tion is predominant. This group shows modifications by digestion

mainly in the long bones that compose the limbs and the coracoid

(Figure 3). Specimens from the small bird group have the highest

digestion percentage (29.7%) as well as variety in intensity (light-

moderate).

Across the entire sample, modification by raptor beaks or talons

is documented in 39.6% of the remains (Figure 4). Perforations

(37.2%), pecking (21.9%), and scratching (17.5%) are the most abun-

dant types of modification. Remains from the large bird group show

few beak/talon modifications, only 6.3% of the remains of this size

show any alterations of this type, with perforation (1.1%) being the

F IGURE 3 Bones with digestion damage. (a) Light degree in proximal epiphysis of small-sized bird ulna; (b) moderate degree in distal
epiphysis of small-sized bird femur; (c) moderate degree in distal epiphysis of small-sized bird ulna; (d) moderate degree in proximal metaphysis of
medium-sized bird coracoid; (e) heavy degree in medium-sized bird mandible [Colour figure can be viewed at wileyonlinelibrary.com]
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most common modification, followed by pecking (0.8%), and depres-

sions (0.6%).

The remains from the medium-sized group present beak/talon

marks on a total of 11.7%. The most common alteration is perforation

(34.2%), mainly focused on the humerus and the ulna and being exclu-

sively unilateral. Pecking is also widely represented (20.6%). These

damage types are focused on the wing (humerus, ulna and carpometa-

carpus) and axial (coracoid) elements, followed by the legs (femur,

tibiotarsus, and tarsometatarsus) (Figure 5). Medium-sized bird

remains show the highest number of scratches (16.7%) and chipping

marks (6.4%). These modifications are mainly located on the limbs,

especially on long bones such as the humerus (19) and tarsometatar-

sus (14) (Figure 6). Scratches and chipping are more prevalent in the

medium-sized group, followed by the small bird group. These alter-

ations seem to be focused on the long bones, in a similar way to per-

forations, depressions, and pecking. The humerus is again the most

modified element. It is also remarkable that these modifications are

mainly located on the proximal epiphyses and diaphysis. Some of the

scratching/chipping marks have been found in association with other

raptor beak/talon modifications on skeletal remains. Although they

are currently under study and we cannot yet associate them with a

particular species, in this work we have considered them a raptor

signature.

The remains of small birds have the highest percentage (21.6%) of

raptor beak/talon damage. Perforations are once again the most abun-

dant marks (1.9%), mostly found on the femur (6). Scratches and chip-

ping have only been found on a total of 4 remains, all from anterior

limbs: two humeri, one coracoid, and one radius.

5 | DISCUSSION

In the lower levels of Sima del Elefante, including TE9d, the presence

of bird remains is very prominent. Analyzing them allows us to

F IGURE 4 Number of remains with bone
surface modifications: Depressions, perforations,
pecking, scratches, and chipping by weight sizes
[Colour figure can be viewed at wileyonlinelibrary.
com]
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reconstruct the habitat in which the first hominins lived, as well as

identify the role hominins or other agents played in their accumulation

inside the cavity.

Corvidae is the most widely represented group in level TE9d.

Most of the remains in this study could be associated to the extinct

species Corvus pliocaenus identified in other levels of this site (Núñez-

Lahuerta et al., 2021). The lack of palaeoecological data for this spe-

cies complicates its association with a specific ecosystem, considering

that several corvid species are ubiquitous (Boarman &

Heinrich, 2020). In any case, the high presence of corvid remains in

Pleistocene karst sites suggest that this species, like modern corvids,

prefers to inhabit rocky areas.

F IGURE 5 Beak/talon modifications on medium-sized birds. (a) perforation on humerus distal epiphysis; (b) depressions on tibiotarsus
diaphysis; (c) pecking on coracoid proximal epiphysis; (d) perforation on vertebrae; (e) pecking with associated scratches on tarsometatarsus
proximal epiphysis [Colour figure can be viewed at wileyonlinelibrary.com]
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The white-tailed eagle (H. albicilla) is one of the most remarkable

species found at the site. This raptor is a clear indicator for the pres-

ence of large water masses near the cave (Orta et al., 2020). This

interpretation is reinforced by the presence in the studied assemblage

of some small taxa from the Scolopacidae and Rallidae families. Previ-

ous studies have documented species that fit with these small taxa,

including the Common Rail (Rallus aquaticus) or the Common

Moorhen (Gallinula chloropus) (Núñez-Lahuerta et al., 2021).

The presence of other diurnal raptors in TE9d has been documen-

ted. Although we have not been able to identify all of these to species

level, some remains could be assigned to Aquila cf. heliaca/adalberti.

Both species are found in forested areas, but in the case of A. heliaca

this includes wetland areas (Meyburg et al., 2020). All these taxonomic

associations fit with those obtained in previous studies at Sima del

Elefante (Núñez-Lahuerta et al., 2021).

The presence of medullary bone tissue in a corvid ulna pro-

vides data on its seasonality. This feature indicates that the female

died shortly before egg-laying (Whitehead, 2004). Some corvids

tend to lay eggs during the spring, between February and May

(Boarman & Heinrich, 2020). However, this varies depending on

F IGURE 6 Scratching and chipping on different medium-sized elements. (a) Scratching on a tibiotarsus metaphysis; (b) Chipping on femur
distal metaphysis; (c) Chipping and beak perforation on humerus proximal epiphysis [Colour figure can be viewed at wileyonlinelibrary.com]
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the climate and species involved. In terms of age, adult individuals

predominate.

The analysis of the material in this study was carried out consider-

ing all potential bird-accumulating agents: humans, mammalian carni-

vores and raptors. This is mainly since evidence of all these agents

had already been found at different levels of the Sima del Elefante

fossil record.

The absence of anthropogenic modifications such as cut marks

and human tooth marks or anthropic breakage (Blasco et al., 2014,

2019; Blasco & Fernández Peris, 2009; Finlayson et al., 2012;

Laroulandie, 2005; Laroulandie et al., 2016; Morin &

Laroulandie, 2012; Peresani et al., 2011; Rodríguez-Hidalgo

et al., 2019; Romandini et al., 2014) suggests that hominins were not

involved in the accumulation of avifaunal remains from TE9d level.

On the other hand, no carnivorous mammal activity has been iden-

tified neither in terms of depressions, perforations, or gnawing. Not

only works on bird remains from archeological sites have been consid-

ered (Rufà & Laroulandie, 2021; Rufà et al., 2016, 2017;

Laroulandie, 2000; Lloveras, Garcia, et al., 2018; Lloveras et al., 2020),

but also neo-taphonomic studies of bird-accumulating mammalian car-

nivores (Arilla et al., 2020; Krajcarz & Krajcarz, 2014; Laroulandie, 2000;

Rodríguez-Hidalgo et al., 2016; Rufà & Laroulandie, 2020).

The presence of raptor activity indicates that these agents were

indeed involved in the avifaunal accumulation at TE9d level of Sima del

Elefante. The signature of these predators has been observed mainly

from digestion damage, anatomical representation and beak or claw

modifications that are usually isolated on bones, unilaterally disposed

(Table S1 and Figure S2). Beak/talon modifications are usually found in

the epiphyses of both the anterior and posterior elements, and are also

very small, considering the sizes of the taxa identified. Their morphol-

ogies are usually oval-circular or arc-shaped (Alonso et al., 2020;

Bochenski et al., 1993, 1997, 2009; Bochenski & Nekrasov, 2001;

Bochenski & Tomek, 1997; Laroulandie, 2000, 2002; Lloveras, Nadal,

et al., 2014; Mlíkovský, 1996; Rufà & Laroulandie, 2019).

The anatomical representation reveals that long bones, specifi-

cally the tarsometatarsus, ulna, and carpometacarpus are the most

abundant in all the weight size groups. Meanwhile, the axial (except

the coracoid) and cranial skeleton are poorly represented. The results

of this ratio provide no additional information on predators. The prox-

imal/distal ratio is the only one that sheds more light on the accumu-

lating agents in this case. The predominance of distal elements in all

size groups coincides with the patterns observed for some diurnal rap-

tors such as the Gyrfalcon (Falco rusticolus), Spanish Imperial Eagle

(Aquila adalberti), and Bonelli's eagle (Bochenski et al., 1997, 1998;

Lloveras, Nadal, et al., 2014). The greater representation of limb com-

pared to core elements reflects the dietary patterns of most diurnal

and nocturnal raptors studied (Bochenski & Tomek, 1997; Lloveras,

Nadal, et al., 2014). However, the proportions of wing and leg ele-

ments are very close to 50% for all size groups, which does not help

us to discriminate a specific accumulation agent.

The percentages of beak/talon modifications are 6.3% for the

large bird group and 11.7% and 21.6% for the medium-sized and small

groups, respectively. Among the weight sizes, the small bird group

seems to be the most susceptible to beak/talon modification. In gen-

eral terms, perforations are the most abundant damage typology, fol-

lowed by pecking and depressions. In all size groups, limb bones focus

the beak/talon modifications. Meat-rich elements such as the

humerus and femur seem to be the most heavily damaged among the

three size groups. The morphology and locations of these marks are

coincident with those observed on the bird remains consumed by

modern raptors, such as the Spanish Imperial Eagle (Bochenski

et al., 1997), White-tailed Eagle (Bochenski et al., 2009;

Mlíkovský, 1996), Bonelli's eagle (Lloveras, Nadal, et al., 2014), or

Eagle-Owl (Alonso et al., 2020; Bochenski et al., 1993; Bochenski &

Nekrasov, 2001; Bochenski & Tomek, 1997; Laroulandie, 2000, 2002;

Rufà & Laroulandie, 2019).

The digestion damage provides further evidence of raptor action

on the assemblage. Light, followed by moderate damage, is the most

abundant in the whole sample. Only one element from the medium-

sized group was found with heavy damage. The small bird group

accounts for the highest number of digested remains (29.7%). The

medium-sized individuals present a greater variety of bone elements

with digestion damage, although these remains represent just 2% of

the total number of remains for this group. The case of the large-sized

bird group is peculiar since only two posterior phalanges show diges-

tion damage. These elements are particularly meat-poor parts, so it is

unusual for a raptor to have ingested them.

Neo-taphonomic studies (Alonso et al., 2020; Bochenski

et al., 2009; Laroulandie, 2002; Lloveras, Nadal, et al., 2014; Rufà &

Laroulandie, 2019) suggest that when the size of the prey does not

allow the predator to fully ingest it, wing elements tend to be less fre-

quently ingested, while leg elements are ingested more often. In addi-

tion, it is also reported that meat-rich bones (humerus and femur)

tend to be ingested more than meat-poor bones (ulna, radius, carpo-

metacarpus, and tarsometatarsus). As stated above, this discrimination

does not apply to small-sized individuals. In the studied sample, it is

surprisingly the meat-poor elements that show the most digestion-

related alteration. The ulnae, tarsometatarsi, posterior phalanges, radii

and tibiotarsi are the most digested in the sample and, according to

the literature, these would be the least likely to be consumed.

In terms of digestion damage, nocturnal raptors are likely to have

played a greater role in the avifaunal accumulation of all size groups,

as light-moderate degrees are mainly associated with the action of

these predators. Species such as the Eagle-Owl (Bubo bubo) and

Tawny-Owl (Strix aluco) could be potential accumulating agents. The

identification of heavy damage on a medium-sized mandible may indi-

cate the occasional contribution by a diurnal raptor. Considering the

location of the damage, it could match the patterns made by the Span-

ish Imperial Eagle (Bochenski et al., 1997).

Some of the raptor species proposed as potential accumulating

agents, have also been identified among the fossil remains in the

assemblage. This is the case of H. albicilla and Aquila cf. heliaca/adal-

berti. In addition, species such as B. bubo and S. aluco have also been

proposed as potential accumulating agents in the taphonomic study

carried out on micromammals from the TE9 unit (Bennàsar

et al., 2016).
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There is little literature on the differentiation between diurnal

and nocturnal raptor contribution, partly due to a lack of neo-

taphonomic studies. Raptor activity tends to be represented in most

bird assemblages. Some of the sites where the activity of these preda-

tors has been documented are: Arbreda Cave, Mandrin Cave, Les

Fieux, Arago, Lazaret, and Gran Dolina TD10.1 (Desclaux, 1992;

Laroulandie et al., 2016; Lloveras et al., 2020; Lloveras, Garcia,

et al., 2018; Rodríguez-Hidalgo et al., 2015). Our results are similar to

those from sites such as Arbreda Cave and Les Fieux. In these two

avifaunal assemblages nocturnal birds of prey played a greater role in

the accumulation, specifically species such as B. bubo and Bubo scan-

diacus, while the diurnal raptor activity was scare.

The studied assemblage shows some evidence, such as anatomi-

cal connections, the presence of immature individuals (1%) and one

element with medullary tissue, that could be related to natural death

accumulation (Laroulandie, 2010). For this reason, we cannot rule out

the possibility that some of the remains could have been accumulated

by natural death, as previous studies have already considered, particu-

larly in terms of species such as Corvus pliocaenus (Núñez-Lahuerta

et al., 2021).

In the southern part of the site, being close to the entrance fis-

sure, we find the strongest sedimentary packages (≈2 m), which is

precisely where the greatest number of bird remains accumulate. This

could be caused by the fact that rock-dwelling birds could have

nested in this part of the cavity, as well as in the trees that would be

found at the limits of the fissure.

Regarding the interpretation of this assemblage, the results coin-

cide with those obtained previously at the site (Bennàsar et al., 2016;

Núñez-Lahuerta et al., 2021). On the other hand, as no in-depth taph-

onomic analysis related to the bird accumulating agents at Sima del

Elefante had been carried out so far, the results and interpretations

presented here complement the general interpretation of the site

(Huguet et al., 2013, 2017; Rosas et al., 2006).

6 | CONCLUSIONS

Bird remains are very frequently found at archeological sites. Charac-

terizing them and determining the origin of their accumulation is key

to understanding the processes of formation of the assemblage as

well as the interaction between different agents.

The zooarchaeological and taphonomic analyzes of the avifaunal

assemblage from TE9d level at Sima del Elefante has allowed us to

establish a series of inferences about its origin of accumulation, the

agents that acted there and the landscape exist around the site:

1. At Sima del Elefante, the abundance of birds is higher than at most

other sites with a similar chronology in the Iberian Peninsula, such

as Quibas (Sánchez-Marco, 2005), Huéscar (Sánchez-Marco, 2005),

Cueva Victoria (Gibert & Ferràndez-Cañadell, 2015; Sánchez-

Marco, 2012), Cal Guardiola (Meijer et al., 2016), and Barranc de la

Boella (Pineda et al., 2017). At level TE9d, adult corvids are the

most widely represented taxa.

2. Individuals associated with Aquila cf. heliaca/adalberti, Aquila/Hier-

aeetus and two different groups of eagles (Aquila sp. 1 and Aquila

sp. 2) have also been documented. The White-tailed Eagle

(H. albicilla) is one of the most prominent. Together with the small

individuals identified as Rallidae and Scolopacidae, these are clear

indicators of aquatic environments.

3. Raptors were the main accumulating agents at the TE9d avifaunal

assemblage Nocturnal raptors would have been the principal pred-

ator, with a lesser contribution by diurnal raptors. Considering the

patterns observed in neo-taphonomic studies, raptors such as the

White-tailed Eagle (H. albicilla), Spanish Imperial Eagle

(A. adalberti), Golden Eagle (Aquila chrysaetos), Gyrfalcon

(F. rusticolus), or Peregrine Falcon (Falco peregrinus) could have

been potential accumulating agents. In terms of nocturnal raptors,

the Eagle-Owl (B. bubo), Long-eared Owl (Asio otus), or Tawny-Owl

(S. aluco) could have participated in accumulating the bird assem-

blage. Some of these species (Bubo and S. aluco) have already been

proposed as accumulating agents in taphonomic studies of micro-

fauna from the same site.

4. No anthropogenic or mammalian carnivore evidence has been

documented. However, the natural death of some individuals who

nested on the rocky walls cannot be ruled out.

In summary, this work reveals the accumulation processes of bird

remains in level TE9d of Sima del Elefante. Diurnal and nocturnal birds

of prey, as well as the natural deaths of the individuals themselves,

have probably been the main causes of the accumulation of the

remains. These results contribute to a better understanding of the

palaeoecological and paleoenvironmental niche of both the fauna

identified, as well as the humans that frequented the Sierra de Ata-

puerca 1.2 MA.
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