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ARTICLE INFO ABSTRACT

Editor: H Falcon-Lang The end of the Pleistocene to the Holocene is a moment of particular interest, as several environmental changes
coincided with some significant culture shifts: the Middle-to-Upper Palaeolithic and the Palaeolithic to Neolithic
transitions. Here we present the analysis of the environmental conditions during this period in the Northeast
Iberian Peninsula, based on the bird remains from Cova Foradada (Calafell, Tarragona), a site known for its
archaeological record, including the symbolic use of imperial eagle phalanges. The stratigraphic sequence of the
site is divided into five units, spanning from the Late Pleistocene (Units V to III) to the Northgrippian (Units II
and I). A total of 1310 avian remains from these five units have been analysed, revealing the presence of at least
25 bird taxa. This suggests a landscape dominated by open areas with forest or scattered trees. The presence of
four species, currently absent around the site, could be related to habitat expansions during colder periods, or to
sporadic visits to the area. The layers in Unit IV show a trend towards a reduction in woodlands and an increase
of open areas, which may be related to the Heinrich 4 event (ca. 40Ka). The layers in Unit IIl show the lowest
proportion of woodlands and the highest proportions or rocky areas in the sequence. In the Holocene units the
presence of water bodies is indicated by the presence of aquatic taxa. Diurnal birds of prey appear to be the main
contributors to the bird accumulation, and probably also contributed to the accumulation of leporids. The impact
of humans on birds at the site has been documented in several remains, confirming the mixed origin of the avian
accumulation and contributing to increasing cases of interaction between humans and large diurnal raptors
during Iberian prehistory.
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1. Introduction shaped the transition between the Middle and Upper Palaeolithic, with

the demise of Neanderthal populations, the emergence of anatomically

The Late Pleistocene and the Early Holocene are characterized by
significant climatic and landscape variability (Naughton et al., 2009;
Gonzalez-Sampériz et al., 2017). Climate variations generally impacted
ecosystems, which is detected in the size of mammal populations and
their distribution, with extirpations and appearances of species adapted
to changing environments (Ersmark et al., 2019; Gamboa et al., 2024).
These landscape variations, associated with cyclic climatic changes,

modern humans, the development and geographic distribution of the
Upper Palaeolithic cultures, and the late arrival of the Neolithic (Benazzi
etal., 2011; Lopez-Garcia et al., 2012; Timmermann, 2020). This strong
climatic variability also affected the distribution of the birds, leading to
changes in the distribution of avian taxa, and variations in the pop-
ulations diversity (Holm and Svenning, 2014; Carrera et al., 2022). The
analysis of the Pleistocene and Holocene assemblages has proven that
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birds are useful climatic and palaeoenvironmental indicators (Sanchez-
Marco, 2004; Ntunez-Lahuerta et al., 2018), which can shed light on the
landscapes and the past relationships between birds, human and carni-
vores in the past.

This work aims to analyse the avian assemblage from the Late
Pleistocene to Holocene sequence of Cova Foradada in order to:

1) Characterize the origin of the bird accumulation across the different
units;

2) To perform a palaeoecological analysis;

3) This approach is expected to shed light on the Mediterranean envi-
ronment and landscape during the Late Pleistocene to Holocene, and
the effects of the climatic oscillations in the past ecosystems.

1.1. Cova Foradada site

The Cova Foradada site is a small cave located in the town of Calafell,
in Tarragona (NE of the Iberian Peninsula) (Fig. 1A), at 1.8 km from the
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Mediterranean coastline. It opens at 110 m.a.s.l., at the top of L’Escar-
nosa hill. The archaeological record of the cave was accidentally
discovered in 1997, with the finding of several Late Neolithic human
remains.

The cave is developed in Miocene (Serravalian-Tortonian) calcar-
enites, in discordant contact with Lower Cretaceous (Valanginian-Bar-
remian) limestones and dolomites. Cova Foradada has a circular
entrance (Fig. 1B) that gives access to a 14 m? chamber, where the
excavation was conducted. A travertine formation forms a 7 m long
ascending ramp, which reaches an upper, smaller entrance (Morales
et al., 2019).

The stratigraphic sequence described for the main chamber includes
Upper Pleistocene to Northgrippian units. Major Units V, IV and III are
Pleistocene in age, and Units II and I are Holocene (Fig. 1C, D).

Unit V is the lower unit of the infilling, and it is comprised of a
breccia with travertine cobbles and boulders, infilled with calcareous
muddy sands.Unit IV is a stratified breccia of boulder-size travertine
slabs with calcareous muddy sands infilling the space between the
boulders. It is also subdivided in three layers IV, IV.1 and IV.2, due to the
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Fig. 1. Cova Foradada context. A: Location of the site; B: Entrance of the cave; C: Lithostratigraphic column; D: Stratigraphic reconstruction of the cave infilling.

Modified from Morales et al. (2019).
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presence of two tabular travertine strata.

Unit III is the most complex unit, and it is subdivided in the
archaeological layers IIIn, IlIg and IIIc. Due to the erosive processes, Unit
III is unevenly distributed along the main chamber. Layer Illn is
comprised by a breccia with calcarenite fragments, yellow sands and
charcoal remains. Layer IIIg is composed of yellow calcareous sands, and
is almost sterile in archaeological remains. Layer Illc is the first
continuous Pleistocene layer and it is composed of massive pale brown
calcareous sands, with calcarenite slabs. It also contains charcoal and
combustion structures (Morales et al., 2019).

Unit II is a small lenticular stratum comprised by brown sandy clays
with calcarenite rocks from the cave roof. This unit is also affected by
bioturbation, trampling, and the funerary activities related to Unit I.

Unit I is composed of calcarenite breccias with dusty organic sand,
pebbles and charcoal and tabular ashes. It is thoroughly affected by
bioturbation, including burrowing, root growth an anthropic activity.

The Pleistocene sequence, comprising Units V to III, is characterized
by continuous use of the cave by carnivores, with short and sporadic
human occupations leaving scarce archaeological evidence. The taxo-
nomic representation, skeletal, and mortality profiles from the faunal
assemblage is similar across the Pleistocene sequence. Middle-sized
birds and leporids are the most abundant groups in Units V to III. The
next group in abundance are the carnivores, with Lynx pardinus, Ursus
arctos, Panthera pardus and Crocuta crocuta. Other carnivore mammals
appear occasionally in the assemblage, as is it the case of Vulpes vulpes,
Canis/Cuon sp. and Panthera leo, represented mostly by isolated ele-
ments. The Iberian lynx Lynx pardinus is the species with the highest
representation across Units V to III. A few specimens of ungulates such as
Cervus elaphus, Bos/Bison sp. and Equus sp., have been also identified in
the assemblage, together with some remains of cf. Testudo hermanni
remains documented in Layer IIlc. Large avian raptors are also recorded
in the assemblage, highlighting the presence of several species in Unit IV
(Morales et al., 2019; Rodriguez-Hidalgo et al., 2019).

1.1.1. The archaeological record

The Cova Foradada sequence includes the southernmost European
record for the Middle-to-Upper Palaeolithic transition. Unit IV is char-
acterized by the presence of Chatelperronian technology. A pedal pha-
lanx of an Imperial Eagle Aquila [heliaca] adalberti with cut-marks was
recovered from layer IV.1, representing the first evidence in the Iberian
Peninsula for the symbolic use of eagle talons (Rodriguez-Hidalgo et al.,
2019).

Within the Unit III, Layer IIIn dates back to the Early Gravettian and
is characterized by the abundance of pierced shell ornaments, and a
small stone-tool assemblage containing Gravettian points and micro-
gravettes. Layer Illc belongs to the Early Aurignacian and is character-
ized by the presence of Dufour bladelets and bone and antler artefacts,
along with combustion features.

Unit II shows relicts of a Late Upper Palaeolithic occupation, totally
disturbed by subsequent funerary dynamics (Morales et al., 2016).The
Holocene deposits of Unit I have been interpreted as a sepulchral
accumulation, with over 2500 human remains, dating back to the Late
Neolithic-Chalcolithic and the Early Cardial Neolithic (Oms et al., 2014;
Moreno-Ibanez et al., 2021, 2022).

1.1.2. Taphonomy of the Cova Foradada

Concerning the taphonomic analyses of the Cova Foradada assem-
blages, previous preliminary analysis have shown that the bone assem-
blages of the Pleistocene levels of Cova Foradada presented a mixture of
accumulations generated by natural processes, such as small carnivo-
rous mammals, large raptors, large carnivorous mammals and small but
significant activity of humans (Morales et al., 2019; Rodriguez-Hidalgo
et al.,, 2019). Based on actualistic studies (Rodriguez-Hidalgo et al.,
2013; Rodriguez-Hidalgo et al., 2016), the presence of abundant leporid
remains with high percentages of complete foot bones and significant
levels of long-bone breakage, among other factors, suggests that the cave
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primarily served as an Iberian lynx den. In the same preliminary anal-
ysis, we pointed out that large raptors probably also contributed to the
accumulation of leporid bones. The presence of heavily digested com-
plete long limb bones is one of the main arguments supporting this
hypothesis (Lloveras et al., 2018) as well as the relative abundance of
bones of large birds of prey in various units.

Hyenas and leopards also used the cave, leaving taphonomic signa-
tures such as large tooth marks (furrowing in the epiphysis of long bones
from large-sized ungulates), breakage of large mammals’ bones and
coprolites, but their influence on the accumulation of birds is unlikely.
Despite the non-anthropogenic origin of most of the faunal assemblage,
almost every layer at Cova Foradada has yielded anthropogenically
modified bones, suggesting that hominins contributed to the formation
of the assemblage, mainly through the consumption of small game such
as rabbits. The presence of abundant midshaft bone cylinders with
notches from what are possibly human bite marks, burned rabbit bones
and some cut marks are the main elements that enable the interpretation
of part of the rabbit remains as being of anthropogenic origin (Morales
et al., 2019; Rodriguez-Hidalgo et al., 2019).

The Cova Foradada site was occupied ephemerally but recurrently by
Palaeolithic foragers from around Heinrich Event 4 (40,000 to 39,000
years BP) until the Late Glacial-Early Holocene period. Later during the
middle Holocene, Neolithic and Chalcolithic groups used the cave as
place for a collective burial (Cebria et al., 2011; Morales et al., 2016;
Moreno-Ibanez et al., 2022). One of the most significant characteristics
of the Palaeolithic use of Cova Foradada is the brief nature of the oc-
cupations. This transitory use is further evidenced by the almost insig-
nificant anthropogenic impact on the faunal assemblages of every
stratigraphic unit (Morales et al., 2019). Despite this minimal evidence
of human habitation in the cave based on taphonomic outcomes and the
sparse presence of cultural remains, nearly all layers of the Cova For-
adada have produced bones showing taphonomic modifications gener-
ated by human activity.

2. Material and methods

A total of 1310 avian remains from the fieldwork campaigns 2006 to
2016 and corresponding to the Units V to I have been analysed. The
sample include the materials recorded during the systematic excavations
and those recovered during the sediment washing and sieving process.
The remains have been photographed with a Sony 58 and measured
using a digital-calliper and the software ImageJ (Schneider et al., 2012).

Both osteological keys (Erbesdobler, 1968; Kraft, 1972; Fick, 1974;
Janossy, 1983; Gilbert et al., 1985; Solti, 1996; Tomek and Bochenski,
2000; Wojcik, 2002; Kessler, 2015, 2016; Bochenski et al., 2022) and
comparative anatomy collections (Laboratorio de Arqueociéncias in
Lisbon and Muséum National d’Histoire Naturelle in Paris) have been
used to assign the remains. The taxonomy follows the work of Billerman
et al. (2022), which also has been used as the main reference for the
current distribution and habitat preferences analysis of the taxa identi-
fied. For their past distribution, the syntheses works of Tyrberg (2008)
and Hernandez-Carrasquilla (1993) have been used as main references.

For the taphonomic remarks of the site, the state of conservation of
the bird remains have been analysed. The proportion between complete
and incomplete bones has been calculated for each layer, allowing to
distinguish between three main groups of raptor birds: group 1 (com-
plete bones <30%) includes the pellets of diurnal birds of prey; group 2
(30-60% complete bones) includes owl pellets; and group 3 (complete
bones >60%) includes uneaten remains of diurnal birds of prey
(Bochenski, 2005).

To distinguish whether the assemblage is composed of pellets or
uneaten remains, the ratio between wing elements (total number of
humeri, ulnae and carpometacarpi) and leg elements (total number of
femora, tibiotarsi and tarsometatarsi) (Ericson, 1987) has been applied.
A 1:1 ratio suggests pellet remains, while a predominance of wing ele-
ments suggests uneaten remains. An overrepresentation of leg remains
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could indicate human consumption of the preys, but the results of this
ratio must be interpreted carefully as it has been shown that the pre-
dominance of wing elements can also be related to human action (Liv-
ingston, 1989; Laroulandie, 2010; Finlayson et al., 2012). To shed light
on this issue, the presence of other bone modifications such as cut-marks
have been analysed, as human processing has already been identified in
large-sized diurnal raptor remains from the assemblage (Rodriguez-Hi-
dalgo et al., 2019).

The ratio between proximal (total number of scapulae, coracoids,
humeri, femora, and tibiotarsi) and distal elements (total number of
ulnae, radii, carpometacarpi and tarsometatarsi) has been calculated
(Bochenski and Nekrasov, 2001) to distinguish between three different
groups: group 1, which includes pellets of diurnal birds of prey (1:1
ratio); group 2, which includes the pellets of nocturnal birds of prey and
uneaten remains of diurnal birds of prey (proximal elements slightly
predominant); and group 3, which includes uneaten remains from eagle
(proximal elements clearly predominant). The predominance of prox-
imal elements could also suggests human activity over the preys (Lar-
oulandie, 2010).

The Habitat Weighting method has been applied to perform a
palaeoenvironmental approach (Evans et al., 1981; Andrews, 2006). For
this, the habitat preferences of the taxa have been described based on
five habitat types: woodlands (WO), open humid areas (OH), water
(WA), open dry areas (OD) and rocky areas (RO). The data base of Birds
of the World has been used as a basis for the taxa habitat scores (Bill-
erman et al., 2022) (Table 1).

Table 1
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3. Results
3.1. Avian assemblage

At least 25 different taxa have been identified in the assemblage
(including the data from Rodriguez-Hidalgo et al., 2019) (Table 1):
Anseriformes indet., Tetrao urogallus (Fig. 2A), Alectoris rufa (Fig. 2B),
Alectoris sp., Galliformes indet., Columba livia (Fig. 2C), Columba livia/
oenas, Columbidae indet., Charadriiformes indet., Gyps fulvus, Aquila
[heliaca] adalberti, Aquila sp., cf. Aquila sp., cf. Accipiter sp., Milvus mil-
vus, Haliaeetus albicilla (Fig. 2Q), Accipitridae indet., Athene noctua
(Fig. 2D), Dendrocopos sp. (Fig. 2E), Falco naumanni (Fig. 2F), Falco
tinnunculus (Fig. 2G), Falco sp., Lanius meridionalis, Pica pica (Fig. 2H),
Pyrrhocorax pyrrhocorax (Fig. 21,J,K), Pyrrhocorax graculus (Fig. 2L),
Pyrrhocorax sp., Corvus monedula (Fig. 2M), Corvus frugilegus (Fig. 2N),
Corvus sp., Corvidae indet. 1 (middle sized), Corvidae indet. 2 (small
sized), Corvidae indet., Hirundo rustica, Sturnus sp., Turdus viscivorus,
Turdus torquatus (Fig. 20), Turdus sp., Montifringilla nivalis (Fig. 2P),
Motacillidae indet., Passeriformes indet., and Aves indet (Table 1).

3.1.1. UnitVv

Unit V is characterized by a low number of remains and low diversity
(Fig. 3). Corvidae is the most abundant group in the assemblage, led by
the presence of P. pyrrhocorax. The proportion represented by small-
sized Passeriformes is the lowest of all the sequence.

Bird remains from the Late Pleistocene to middle Holocene site of Cova Foradada. NISP: number of identified specimens. MNI: minimum number
of individuals. WO: woodland. OH: open humid. WA: water bodies. OD: open dry. RO: rocky areas. The colour code of the first column corre-

sponds to Fig. 3.

I n lin lic v Iv.1 V.2 v | Habitat Weighting data
TAXA NISP  MNI | NISP  MNI | NISP  MNI | NISP  MNI | NISP MNI | NISP  MNI | NISP MNI | NISP MNI OH WA OD RO
-Anseriformes indet. 1 0 06 04 O [
Tetrao urogallus 1 1 0 0 0 0
Alectoris rufa 3 1 1 0 0 0 0 0
Alectoris sp. 1 1 1 2 1 1
Galliformes indet. 6 1 1 1 2
Columba livia 1 0 0 0 02 08
Columba livia/oenas 1 1 3 1 1
Columbidae indet. 1
Charadriiformes indet. 1
Gyps fulvus 1 0 0 0 08 0.2
Aquila [heliaca] adalberti 3 1 3 1 0.5 0 0 05 0
Aquila sp. 1
cf. Aquila sp. 1
cf. Accipiter sp. 1 1 0 0 0 0
Milvus milvus 1 1 05 02 0 03 o0
Halieetus albicilla 2 1 04 0 04 0 02
Accipitridae indet. 1 1 2 1
Athene noctua 1 0 05 0 05 0
Dendrocopos sp. 1 1 0 0 0 0
Falco naumanni 3 1 0 0 0 1 [
Falco tinnunculus 2 1 2 1 1 03 02 0 05 O
Falco sp. 3 2 1 6 2 6 1 1
Lanius meridionalis 1 01 o0 0 09 O
Pica pica 1 1 1 3 1 01 05 0 04 O
Pyrrhocorax pyrrhocorax 10 1 22 3 32 4 36 6 46 5 33 4 7 1 0 03 0 0o 07
Pyrrhocorax graculus 1 1 3 2 1 1 1 0 03 0 0 07
Pyrrhocorax sp. 1 3 2 5 1 7 2 5 2 3 2 0 0.3 0 0 0.7
Corvus monedula 1 1 01 04 0 04 01
Corvus frugilegus 2 0.1 0 0 09 0
Corvus sp. 1 1 2 1 1 3 2
Corvidae indet. (ms) 16 2 33 14 44 46 45 3
Corvidae indet. (ss) 5
Corvidae indet. 6 5 5 2 5
Hirundo rustica 1 0 04 01 04 01
Sturnus sp. 1
Turdus viscivorus 1 05 02 0 03 0
Turdus torquatus 2 1 0.5 0 0 05 0
Turdus sp. 4 1 2 2 1 3 2 13 3 11 3 13 4 2 1
Turdidae indet. 1
Montifringilla nivalis 1 0 0 0 05 05
Motacillidae indet. 1
Passeriformes indet. 39 1 37 14 110 81 56 1
.Aves indet. 39 1 32 15 113 84 72 7
Total 129 13 139 90 363 295 253 28
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Fig. 2. Bird remains from the Late Pleistocene to middle Holocene site of Cova Foradada. A: Tetrao urogallus, distal left tibiotarsus, cranial view (Unit I G9 451); B:
Alectoris rufa, left tarsometatarsus, dorsal view (Layer IV F8 2780); C: Columba livia, proximal left ulna, cranial view (Layer IV D8 1056); D: Athene noctua, proximal
left tarsometatarsus, dorsal view (Layer IV F8 3200); E: Dendrocopos sp., distal right carpometacarpus, dorsal view (Layer IV.2 D7 305-310); F: Falco naumanni, right
carpometacarpus, ventral view (Layer IV.2 D7 305-310); G: Falco tinnunculus, right ulna, ventral view (Layer IV.1 E8 3229); H: Pica pica, right ulna, ventral view
(Layer IV.1 D6 888); I: Pyrrhocorax pyrrhocorax, left coracoid, ventral view (Layer IV.2 E6 280-300); J: Pyrrhocorax pyrrhocorax, left humerus, caudal view (Layer Illc
E8 2464); K: Pyrrhocorax pyrrhocorax, left femur, caudal view (Layer IV.2 F8 340-350); L: Pyrrhocorax graculus, left carpometacarpus, ventral view (Layer IV E8
2820); M: Corvus monedula, left carpometacarpus, ventral view (Layer IV.1 D6 290-300); N) Corvus frugilegus, right tarsometatarsus, dorsal view (Layer IV.2 F8
340-350); O: Turdus torquatus, left humerus, caudal view (Layer IV.2 F8 300-305); P: Montifringilla nivalis, left humerus, caudal view (Layer IV D8 1263); Q:
Haliaeetus albicilla, left coracoid, dorsal view (Layer II E8 2300). Scale bars = 1 cm.

3.1.2. Unit IV

Unit IV is the richest unit of the sequence in terms of both number of
specimens and diversity, although this latter aspect could be related to
the differences in the number of identified specimens (Fig. 3). This Unit
is divided in three archaeological layers (Layer IV, Layer IV.1 and Layer
IV.2) which show similar proportions for the main avifaunal groups
(Fig. 3), including high proportions of Corvidae and non-Corvidae
Passeriformes.

Layer IV presents the assemblage with the lowest proportion of
corvids in the Pleistocene sequence, and a higher proportion of non-
corvid taxa than in Layers IV.1 and IV.2, including Columbiformes,
four different large-sized Accipitridae, Athene noctua, and Montifringilla
nivalis.

Layers IV.1 and IV.2 are more similar to each other, presenting a very

similar composition of the main groups (Fig. 3) including the presence of
Alectoris, Falco tinnunculus, large-sized Corvidae, and different species of
Turdus (Table 1). Layer IV.2 is slightly more diverse, and also includes
the presence of an undetermined Anseriformes, Columba livia/oenas,
Dendrocopos sp., and Falco naumanni.

3.1.3. Unit III

Unit IIT (layers IIIn and Illc), is richer than Units I and II. Corvidae
remains dominates, especially in Layer Illc, followed by small-sized
Passeriformes (including Turdus sp.) (Table 1, Fig. 3). P. pyrrhocorax
is the most abundant species in Unit III, while its sister species P. graculus
has also been recorded. Some subtle differences have been observed in
the taxa composition. Apart from Corvidae and small passerines, Galli-
formes and Columba livia/oenas appear in Layer IIIn while undetermined
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Fig. 3. Proportion between the five main avifaunal groups in each layer. Passeriformes does not include the Corvidae remains. Raptors include both diurnal and
nocturnal birds of prey (colour code in Table 1). n taxa: number of taxa, NISP: number of identified specimens.

Accipitridae, and kestrels (Falco tinnunculus and Falco sp.) are recorded
in Layer IIlc.

3.1.4. Unitll

Unit II yielded the poorest avian assemblage in terms of number of
specimens, (Table 1), yet it shows a relatively high diversity (Fig. 3). Itis
dominated by the Corvidae family, including one large-sized corvid
(Corvus sp.), as well as Alectoris sp., Turdus sp., and Haliaeetus albicilla. It
presents the highest proportion of Galliformes from all the sequence.

3.1.5. UnitI

The assemblage from Unit I is dominated by the presence of non-
Corvidae Passeriformes (Fig. 3), including Lanius meridionalis, Hirundo
rustica, Sturnus sp., Turdus sp., and an indeterminate Motacillidae, Cor-
vidae (including P. pyrrhocorax), while the presence of Tetrao urogallus
can be also highlighted. Undetermined Columbidae, Charadriiformes
and Falco tinnunculus remains have also been identified in Unit I.

3.2. Taphonomic remarks

Most of the bones are incomplete, and no great differences have been
identified between the percentage of complete and incomplete bones
across the different levels (Fig. 4A). Likewise, no major differences have
been observed between the different groups from each layer, with the
percentage of complete and incomplete bones varying between 83% and
89%. Although these results could align with the action of diurnal birds
of prey (Bochenski, 2005), the trampling effect related with the occu-
pation dynamics (Morales et al., 2019) could have had also led to bone
breakage.

Ulnae are the most common elements in Units IV and II, while Layer
IlIn and Unit I are dominated by carpometacarpi, and Layer IIlc by
humeri. Beyond the cut-marks already described for an imperial eagle
Agquila [heliacal] adalberti pedal phalange from layer IV.1 (Rodriguez-
Hidalgo et al., 2019), one cut mark on a coracoid of a white-tailed eagle
(Haliaeetus albicilla) form the Unit II have been observed. The mark is
located in the subcoracoscapularis and/or scapulohumeralis cranialis
muscle insertion (Fig. 5). Punctures have been identified in a Tetrao
urogallus distal tibiotarsus from Unit I (Fig. 4B).

Wing vs. Leg and Proximal vs. Distal ratios have been calculated
exclusively for the different layers of Unit IV and Unit III. Unit I is
strongly affected by bioturbation and intense sepulchral activity (Oms
et al., 2014; Moreno-Ibanez et al., 2022), and the low number of remains
from Units V and II hampers the possibility of a deep taphonomic
analysis (Table 1). Both ratios have been calculated for the dominant
Corvidae and non-Corvidae Passeriformes groups from each layer. The
rest of the avian groups have not been included in this analysis as the
number of remains is low and the results would not be representative.

3.2.1. UnitIV

The avian assemblages from Unit IV layers are dominated by the
presence of wing elements, while the proportion between proximal and
distal elements varies across layers and groups.

Corvids and non-Corvidae Passeriformes from layer IV show a pre-
dominance of wing elements (Fig. 4C), and a very slight predominance
of distal elements (Fig. 4D). The results are similar for Layer IV.1, with
both groups showing the same proportions. Wing elements predominate
in the assemblage (Fig. 4C), and the proportion of proximal vs distal is
balanced (Fig. 4D). In Layer IV.2, there are differences in the results for
small passerines and corvids. The proportion of wing elements in pas-
serines reaches the 80% (Fig. 4C). There is also a slight predominance of
proximal elements (Fig. 4D). In corvids, the wing elements are also
dominant, but in a lesser proportion than in the passerine birds (Fig. 4C).
Finally, there is also a slight predominance of distal elements.

3.2.2. UnitIII

Unit III is dominated by the presence of wing and proximal elements
in both corvids and small passerines both in Layers IIIn and Illc,
although some differences can be highlighted. The small passerines from
Layer IlIn show a clear dominance of proximal and wing elements
(Fig. 4C). The results fit with a group II raptor (Fig. 4D). The proportion
between wing and legs elements in corvids show a slight predominance
of wing elements (Fig. 4C). The proportion of proximal and distal ele-
ments is also close to 50% (Fig. 4D).

The assemblage from Layer Illc is also dominated by wing and
proximal elements, and the differences between small passerines and
corvids are smaller than in Layer IIIn. Wing elements are clearly more
abundant than leg ones in non-corvid (Fig. 4C). The proportion between
proximal and distal elements passerines is close to 50% (Fig. 4B). Wing
elements are most abundant in Corvidae too, but not as dominant as in
passerines (Fig. 4C),. Proximal elements are more abundant than distal
ones.

3.3. Palaeoenvironmental reconstruction

The results of the Habitat Weighting method point to a relatively
stable landscape, dominated by open areas with forests or scattered trees
(Fig. 6). Units V and II yielded the most distinct results, but the low
number of remains recovered in both units must be considered when
interpreting these results. In general terms, the avian assemblage is
dominated by the presence of middle-sized corvids, Galliformes, Pass-
eriformes resembling what has been defined from other Upper Pleisto-
cene assemblages from the north of the Iberian Peninsula (Sdnchez-
Marco, 2005; Tyrberg, 2007; Ntnez-Lahuerta et al., 2016, 2021).

Unit V,along to Unit II, is the poorest in terms of diversity and
number of remains (Fig. 3). The results of the Habitat Weighting method
point to an open landscape (Fig. 6) reflecting the preference of the
representatives of the Pyrrhocorax genus, which dominate in the unit
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Fig. 4. Taphonomic remarks of the Cova Foradada bird assemblage A: Proportion between complete and incomplete elements in each layer; B: Punctures in a distal
tibiotarsus of Tetrao urogallus from Unit I (Scale bar 0.5 mm); C: Wing versus leg elements proportion, D: Proximal versus distal elements proportion. (P: non-Corvidae
Passeriformes; C: Corvidae; P: Pellet; U: Uneaten; S: Subfossil).C and D published data (left part of the graphic) from: Bramwell et al., 1987; Bochenski et al., 1993,
1997, 1998, 1999; Bochenski and Tomek, 1994; Mlikovsky, 1996; Laroulandie, 2000, 2002; Bochenski and Nekrasov, 2001; Bochenski and Tornberg, 2003;
Rodriguez-Hidalgo et al., 2019.

(Madge, 2020). Unit IV is divided in three layers. The three yielded The avian assemblages from the layers IIIn and IIlc yielded results
similar results in the Habitat Weighting analysis (Fig. 6), with a land- with the lowest proportion of woodlands, and highest proportion of
scape dominated by the presence of open areas, and presence of rocky areas (Fig. 6), reflecting the high dominance of Pyrrhocorax rep-
woodlands of scattered trees. A tendency towards the reduction of resentatives in both layers. The diversity in the layers from Unit III is
woodlands and an increase of rocky areas is observed towards the top of low, but this seems to be more related with the low number of remains
the Unit IV. The presence of the white-winged Snowfinch Montifringilla recovered in both layers. Also, the composition of the assemblage is
nivalis can be highlighted for Layer IV. Nowadays its presence in the similar to the other units.

Iberian Peninsula is limited to the central parts of the Pyrenees (Sum- The results of Unit II point to the highest proportion of water bodies
mers-Smith and Bonan, 2020). in the entire sequence (Fig. 6), but the results of the Habitat Weighting
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Fig. 5. Coracoid of Haliaeetus albicilla (Unit II E7 2300) showing an oblique cut mark in the central area of the ventral view a); detail at different magnifications
observed using 3D digital microscope HIROX KH-8700 b) & c) (scale bar 1 cm in a, 1 mm in b & ¢).
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Fig. 6. Results of the Habitat Weighting analysis in the different layers of the
Cova Foradada Sequence.

method in this level may not reflect the landscape, as it yielded the
poorest avian assemblage of the sequence both in terms of diversity and
number of remains (Fig. 3). The high proportion of water bodies is due to
the presence of Haliaeetus albicilla, which appears in various aquatic
environments in northern Europe and is sporadic in the Iberian Penin-
sula (Orta et al., 2020).

The landscape reconstruction from Unit I reflects a similar propor-
tion of woodlands, open humid, open dry and rocky areas, plus a small
proportion of water bodies (Fig. 6). It yielded the most diverse assem-
blage from the sequence, despite not having the highest number of re-
mains. Here the presence of the western capercaillie must be
highlighted.

4. Discussion
4.1. Taphonomy of the site

During the analysis carried out in this work we have been able to
identify a new evidence of human manipulation of bird remains. A cut
mark on a coracoid of a white-tailed eagle (Haliaeetus albicilla) form the
Unit II was found. The location of the mark, which cuts the sub-
coracoscapularis and/or scapulohumeralis cranialis muscle, is common

in other birds from archaeological assemblages and has been interpreted
as a defleshing cut and also as a consequence of wing disarticulation
(Diez Fernandez-Lomana et al., 1995; Laroulandie, 2002; Blasco and
Fernandez Peris, 2009; Lloveras and Nadal, 2020). Human processing of
birds has already been proven at the site (Rodriguez-Hidalgo et al.,
2019). The use of birds of prey as food and for their symbolic value, such
as for their feathers, wings, talons or secondary products, has been
widely discussed and abundant evidence has been presented since the
Middle Palaeolithic/Middle Stone age, being a recurring behavior dur-
ing the European Upper Palaeolithic (Serjeantson, 2009; Rodri-
guez-Hidalgo et al., 2019).

In light of the stratigraphic complications arising from various post-
depositional processes, such as trampling, bioturbation, and sediment
removal in Unit II it is prudent to refrain from establishing hypotheses
concerning this bone. However, it is undoubtedly one more piece of
evidence of anthropogenic manipulation of large birds of prey during
the prehistory of the Iberian Peninsula.

Regarding the anthropogenic role, all the assemblages are dominated
by the presence of wing elements. According to Ericson (1987), this
should allow us to discard the human processing of the birds in the
formation of the assemblage. Nevertheless, this ratio has been criticised
(Livingston, 1989), and even a predominance of wing elements has been
interpreted as a reflection of the use of feathers in Neanderthal contexts
(Finlayson et al., 2012). This fact, along with the presence of cut-marks
in the large-sized diurnal raptors in the Units IV and II points to an in-
fluence of humans as an accumulation agent.

The results of the taphonomic analysis from Unit IV varies across
layers. Layers IV and IV.1 show a similar proportion for both small
passerines and corvids, pointing to the same predator acting over both
groups, likely an eagle (Bochenski and Nekrasov, 2001; Bochenski,
2005). The results from Layer IV.2 are different, and point also to the
action of hawks. Layers IV and IV.1 show the higher proportion and
diversity of diurnal birds of prey, including taxa such as Aquila [heliaca]
adalberti, Accipiter and Milvus, while Falco appears in a lower proportion.
The presence of these taxa is compatible with the taphonomic results for
Layers IV and IV.1. Accordingly, Layer IV.2 shows the higher proportion
of Falco spp. remains, fitting with the similarities found in the pro-
portions. The possible influence of the humans accumulating raptors
must be considered when understanding the high diversity of raptors in
Unit IV, as it has been already documented (Rodriguez-Hidalgo et al.,
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In Unit III the results point to different predators affecting the small
passerines and the corvids. Small passerines show proportions compat-
ible with the action of Imperial eagles and hawks, and the corvid pro-
portions are compatible with the action of large-sized Accipitridae or
Strigiformes (Bochenski and Nekrasov, 2001; Bochenski, 2005). No bird
of prey has been identified in Layer IlIn, but an indeterminate Accipi-
tridae and Falco tinnunculus and Falco sp. appear in Layer Illc.

Lynx dens have been identified along most of the Pleistocene
sequence, with a high number of lynx remains recovered. The high
number of leporid may be related with the action of the lynxes, but also
with the action of large raptors (Morales et al., 2019). The taphonomic
results of the avian assemblage also fit with the action of raptorial birds,
which is compatible with the presence of dens (of lynxes or other car-
nivores) in the cave, although contribution of these carnivores in the
avian accumulation seems to be sporadic.

To sum up, the results point to the mixed origin of the avian as-
semblages found along the sequence from Cova Foradada, with birds of
prey as main accumulators, but with lynxes and humans acting over the
birds occasionally. These results are compatible with the activity of taxa
such as imperial eagles and hawks (Bochenski and Nekrasov, 2001:
Bochenski, 2005). This, along with the continued presence of birds of
prey along the sequence, suggest the presence of a cache or nest site in
the surroundings of the cave. The future systematic and taphonomic
analysis of the avian eggshell remains recovered from these layers will
shed light on this issue.

4.2. Palaeoenvironmental inferences

The results of palaeoenvironmental reconstruction point to a land-
scape dominated by open areas with forests or scattered trees (Fig. 6).
Some of the taxa identified in the assemblages are nowadays absent, or
have a sporadic presence in this region, as it is the case of Montifringilla
nivalis from the Layer IV, Pyrrhocorax graculus from Units I, III, IV and V,
Haliaeetus albicilla from Unit II, and Tetrao urogallus from Unit I.

4.2.1. UnitV

Unit V is along to Unit II the poorest in terms of diversity and number
of remains (Fig. 3). The results of the Habitat Weighting method reflect
the open landscape preferences of Pyrrhocorax, which dominate the unit
assemblage (Fig. 6). The presence of P. graculus in the area of the site is
currently limited to sporadic sightings. Nevertheless, during the Late
Pleistocene its distribution was broader (Carrera et al., 2022), and it has
been identified in many sites of the north of the Iberian Peninsula
(Elorza, 1990; Moreno-Garcia, 2017; Ntunez-Lahuerta et al., 2018, 2021;
Suarez-Bilbao et al., 2020, among others).

4.2.2. Unit IV

The progressive change in the landscape observed in Unit IV
(reduction of woodlands, increase of rocky areas) could be reflecting the
two phases observed in the Iberian Peninsula of the Heinrich 4 event (ca.
40Ka), with a first cold humid moment (reflected by the presence of
Anseriformes) and a subsequent main cold drier phase (Naughton et al.,
2009). This moment of climatic deterioration has been detected in other
sites of the north of the Iberian Peninsula, with different responses
depending on their geographic location: in Terrasses de la Riera dels
Canyars in the Mediterranean coast, the proxies point a dry open,
steppe-dominated landscape with scattered trees (Daura et al., 2013;
Lopez-Garcia et al., 2013), while in the Cueva del Conde in the Canta-
brian coast, the small vertebrates point to open humid meadowlands
(Lopez-Garcia et al., 2011). The presence of the white-winged snowfinch
Montifringilla nivalis can be highlighted for Layer IV. Nowadays its
presence in the Iberian Peninsula is limited to the central parts of the
Pyrenees (Summers-Smith and Bonan, 2020). This expansion to the
southern lower altitudes can reflect the cooling related to Heinrich 4
event, although M. nivalis sporadically occurs in the area nowadays
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(Summers-Smith and Bonan, 2020), and its presence during the Late
Pleistocene and Holocene in the Balearic archipelago has been
confirmed (Guerra, 2015 and references therein). In the Iberian Penin-
sula, M. nivalis has been identified in the MIS3 levels from Cueto de la
Mina, in Asturias (Sanchez-Marco, 2005).

4.2.3. UnitIII

According to its age, Layer Illc could correlate with the Greenland
Interstadial 8, a moment characterized by an increasing tendency to-
wards woodland, which is not reflected in the obtained results
(Sanchez-Goni et al., 2009; Morales et al., 2019). The diversity in the
layers from Unit III is low, but this seems to be more related with the low
number of remains recovered in both layers. Also, the composition of the
assemblage is similar to the other units. Thus, the avian assemblage of
Unit IIT does not provide enough arguments to establish or discard its
relationship with GI-8.

4.2.4. UnitII

The high proportion of water bodies observed in Unit II is due to the
presence of, Haliaeetus albicilla, which appears in various aquatic envi-
ronments in northern Europe and is sporadic in the Iberian Peninsula
(Orta et al., 2020). Its presence at Unit II at Cova Foradada represents
the last known fossil record on the Mediterranean coast of the Iberian
Peninsula. The fossil record of the white-tailed eagle is common in the
European Pleistocene (Tyrberg, 2007); however, its presence decreases
during the Late Pleistocene and Holocene periods. Its presence near the
Mediterranean coast in this chronology may be related with the cooling
pulses that occurred in the Late Pleistocene-Holocene transition (Bjork
et al., 1998).

4.2.5. Unitl

Unit I is characterized by similar proportions of woodlands, open
humid, open dry and rocky areas, and a small proportion of water
bodies. T. urogallus has been identified in this assemblage, and it is ab-
sent from this region. Also, its distribution in the Iberian Peninsula is
scarce and limited to the Pyrenees and Picos de Europa (de Juana and
Kirwan, 2020). It has only been recorded at the site of Laminak II from
the Basque Country (Hernandez-Carrasquilla, 1993). According to the
chronology of Unit I (5-4.4 ky cal BP), the presence of T. urogallus in the
Unit I assemblage of Cova Foradada could be related to the cooling
episode which affected the Iberian Peninsula prior to the 4.2 ky event,
during the Neoglaciation (Kumar, 2011; Moreno-Ibanez et al., 2022).
The sporadic movement for feeding requirements, or for searching new
logged areas cannot be ruled out (Borchtchevski and Moss, 2014).

5. Conclusions

The analysis of the bird remains (NISP = 1310) revealed the presence
in the assemblages from Cova Foradada of at least 25 different taxa, with
a notable presence of eight different raptorial taxa. The general
composition of the bird assemblage is similar to the current one in the
area, and those from other Upper Pleistocene sites of the Iberian
northeast. The landscape reflected by the assemblages is stable
throughout the sequence and is dominated by open landscapes with the
presence of forests or scattered trees. Four species appearing in the avian
assemblage are currently absent in the area of the site: T. urogallus,
H. albicilla, P. graculus and M. nivalis. Their record in the site could be
related to expansions of the habitat during colder moments, or to spo-
radic visits to the area. The Pleistocene Units IV and III yielded the
highest number of remains and show slight differences in the landscape
reconstruction results. Unit IV layers shows a tendency towards a
reduction in woodlands and an increase of open areas, which may be
related to the Heinrich 4 event (ca. 40Ka). Unit III layers show the lowest
proportion of woodlands and the highest proportions or rocky areas in
the sequence. In the Holocene units, presence of water bodies is indi-
cated by the presence of aquatic taxa such as Anseriformes and
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H. albicilla.

Concerning the origin of the avian accumulation, the diurnal birds of
prey seem to be the main actors in the bird accumulation. These birds of
prey probably also contributed to the abundant accumulation of leporid
fossils remains throughout the sequence. Additionally, the action of
human on birds at the site has been documented, contributing to
increasing cases of interaction between humans and large diurnal rap-
tors during Iberian prehistory.
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