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Abstract

This paper describes analyses of avifauna from Levantine Late Pleistocene and Early Holocene sites at contrasting scales.
We present avian osteological data at Shubayqa, in northeast Jordan, illustrating human-bird-environment interactions over
4000 years offering interpretation of environmental change on avifaunal communities and reorientation in the nature of multi-
species relationships at a wetland environment. Comparisons to published avifaunal assemblages investigates bird-human
relationships across a broader temporal and geographical span. During the Late Pleistocene and Early Holocene, some of
our species gradually transitioned to agriculture. People hunted birds for subsistence but extensive evidence for the symbolic
importance of birds suggests complex relationships between species. Avifaunal evidence, therefore, presents insights into two
commonly suggested primary causes for the shift from hunter-foragers to agriculturalists — resource pressure and symbolic
expression. In this paper, we investigate and try to clarify the relationship between humans and birds at this transitional
period in human history, furthering discussions of the shift towards agriculture. We argue humans gradually modified the
landscape but this was not a reactionary response to resource stress. Nevertheless, this resulted in the productivity of the
landscape increasing and allowed further intensification. Feathers and talons of birds were used for millennia preceding the
shift to agriculture and the increase in bird hunting towards the end of the Pleistocene cannot be explained by the increased
role of birds in the symbolic realm. The evidence from the avifauna adds weight to the idea of ecological niche construction
activities, as people invested in specific locations, increasing productivity of habitats, thus encouraging further investment
within some environments.
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Introduction
The relationship between humans and birds

Today, even with our understanding of the physics enabling
bird flight and knowledge of avian migrations, birds fas-
cinate us. To hunter-gatherers, well attuned to nature, the
spectacle of these species was surely awe-inspiring. Migra-
tory species appearing, seemingly out of nowhere, must have
had an impact on people in the distant past. Ethnographic
and historical case studies document how birds infiltrate
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belief systems (Balzer 1996; Clarke 2016; Parmalee 1977)
and archaeologically, numerous examples of bird remains at
many sites across Southwest Asia from the Upper Palaeo-
lithic to Early Neolithic reflect symbolic or ritual behaviour.
For example beads made from chukar partridge (Alectoris
chukar) tibiotarsus bones in Natufian assemblages form part
of headdresses incorporated in human interments (Pichon
1983). Mithen (2022) interpreted the large number of diurnal
raptors within the avifaunal assemblage from Wadi Faynan
16 as linked to Shamanistic practices. To human groups that
interacted with these birds, the symbolism represented by
materials derived from these animals must have been influ-
enced by a combination of behaviour, visual and audible
characteristics of different species.

Aside from remains of birds themselves, iconographic
evidence provides another insight into past human-bird
relationships. Garfinkel and Krulwich (2023) recently pub-
lished a synthesis of avian depictions across the Pleistocene/
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Holocene boundary arguing that birds, generally a marginal
motif, became relatively common in the Pre-Pottery Neo-
lithic A (PPNA). They suggested that this reflected the
momentous transition towards settled life in agricultural
communities with birds reminding people of seasonal cycles
of activities. They went on to argue that assemblages of bird
bones at many of the PPNA sites largely reflected the ritual
importance of birds and “birds were of greater symbolic than
economic value” (Garfinkel and Krulwich 2023:10) indicat-
ing that evidence of feather removal, high frequencies of rap-
tors as well as over-representation of talons offered support
for this interpretation.

Although not necessarily juxtaposed to symbolic or ritual
association of birds and people, hunting birds primarily for
subsistence needs was also common. Analysis of subsist-
ence strategies is central to hunter-gatherer archaeology and
zooarchaeologists have often focused on the role of animals,
including birds, in past diets. The presence of avifaunal
remains at some PPNA sites, such as Shubayqa 6, primarily
relate to subsistence activities with large accumulations of
bones in middens associated with food preparation (Yeo-
mans and Richter 2020). It is impossible to divorce hunting
for subsistence from the symbolic role of animals targeted
and multi-species theoretical approaches have furthered
discussion of the multitude of ways that humans and other
species had entangled lifeways. This approach stresses the
dynamic, multidirectional and mutual constitutive relation-
ship between humans and other animals. Non-human ani-
mals act as agentive beings actively co-producing the world.
This process of “world-making” is the result of historically
situated, entangled inter-species relationships (Brittain and
Overton 2013; Pilaar-Birch 2018; Hussain et al. 2022, 2023).

As Bishop (2022) notes, use of archaeological evidence
to reveal human-bird intersections should move beyond
subjective associations towards quantitative analysis.
The problem of disentangling the interactions has been
mentioned by researchers working in diverse locations.
For example Sloan (2014:35) notes that “[a]lthough cir-
cumpolar bird subsistence encompasses intertwining eco-
nomic, sociocultural, spiritual, and symbolic components,
the dynamism and multidimensionality of these practices
have been under recognized in academic discourse on sub-
sistence.” Bishop et al. (2018:314) highlight how human-
bird interactions in Mesoamerica consist of “subsistence,
social use and ritual engagement” with individual birds
often hunted to fulfill more than one of these roles. Their
paper (Bishop et al. 2018) provides a useful summary of
archaeological evidence that helps identify motivations for
bird hunting. When researchers have access to primary
data this is a useful model but intricacies of assemblages
are summarised in publications and often lack the detail
necessary to investigate patterns across wider temporal
and spatial boundaries. In an elegant study, designed to

@ Springer

incorporate the agency of birds, Bishop (2022) developed
a quantitative approach assigning procurement scores
based on behaviour and physical characteristics of differ-
ent species. This provided an assessment of difficulty in
obtaining each bird species and, when combined with a
standardised quantification of species in the archaeologi-
cal record, showed that people inhabiting Chaco Canyon
in New Mexico (850-1150 AD) were hunting birds, with
the exception of turkeys, mainly for symbolic purposes.
However, as Bishop (2022) notes, this method requires
identification of avifaunal remains to species level so
the unique characteristics can be modelled. Behavioural
characteristics of different sexes of birds would also have
been important, but this is an even more challenging level
of detail to obtain. We have not applied the approach of
Bishop (2022) in this paper because the geographical area
covered by this review is varied and encounter rates for
different species would have been dramatically different
across the diverse environments. Furthermore, we have
difficulties in species level identifications that currently
limit the utility of the approach to our study region. In
future, attempts to model expected frequencies of taxo-
nomic groups in different locations incorporating these
additional factors into the analysis would be a fruitful line
of enquiry.

Previous synthesis of Levantine evidence

More than thirty years ago, Tchernov (1993) provided a
synthesis of avifauna from Levantine sites noting how the
diversity of birds increased from the Early Epipalaeolithic
to Late Epipalaeolithic and into the Early Neolithic. The
accompanying discussion focused on how this reflected
human responses to decreasing abundance of larger bodied
mammals with people resorting to hunting smaller prey with
a lower return. The long-term trend in mammal body size
in hunted prey is frequently interpreted as over-exploitation
of larger mammals (e.g. Stiner et al. 2009; Stutz et al. 2009;
Dembitzer et al. 2022). The symbolic role of birds is not
in the foreground in many discussions grounded in optimal
foraging theory (although see Meier et al. 2016 and Reshef
et al. 2019 for regional examples incorporating the symbolic
value of prey into human behaviour ecological models). This
contrasts with interpretations for individual sites that fre-
quently cite the role of symbolism as a driving factor in
hunting species such as diurnal raptors (e.g. Martin et al.
2013; Mithen 2022). An alternative interpretation for the
frequency of raptors during the Late Pleistocene and Early
Holocene is the possible use of raptors in falconry (Dobney
2002). Dobney (2002:82) raises the idea of falconry as an
intriguing theory but notes that we are unlikely to determine
if such activities took place.
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Scales of analysis

Differing views on informative analytical scales have led
researchers to tackle archaeological questions using different
methodological approaches. Some, such as Nims and Butler
(2019:582) argue that “[m]any key questions that archaeolo-
gists seek to answer about past socio-ecological systems are
best approached through comparative study, meta-analysis,
and regional synthesis.” A contrasting statement by Birks
et al. (2015:4) emphasises how “[h]Jumans depend almost
exclusively on their local environment, so the impacts of
climate changes on both terrestrial and wetland habitats need
to be reconstructed at local ecosystem scales in relation to
habitation sites.” Both approaches have merits and, in this
paper, we have combined analysis of human-bird interac-
tions across the Levant, at local and regional scales. These
different scales provide alternative insights into the past. The
current focus on big data does not sufficiently acknowledge
how individual events are amalgamated during the formation
of the archaeological record and intricacies of assemblages
are often condensed. At the other end of the analytic spec-
trum individual events, when identified in the archaeologi-
cal record, inform us about past human-bird interactions in
detail. When preserved, a contextual analysis of discrete
events and resultant avifaunal remains provides informative
evidence. The numerous carpometacarpus bones of Eura-
sian jays (Garrulus glandarius) interred with human burials
of Middle Neolithic date from Zvejnieki, northern Latvia,
is an eloquent example of birds interpreted as representing
totemism and shamanism (Mannermaa 2013). Within the
Levant, the presence of a golden eagle (Aquila chrysaetos)
wing in the burial of a possible shaman at Hilazon Tachtit
dated to 12,400-12,000 cal BP illustrates the symbolic role
of birds in the Early Natufian (Grosman et al. 2008). At
the MPPNB (Middle Pre-Pottery Neolithic B) site of Nahal
Efe, remains of nine raptors were recovered from the base
of a storage pit (Alcantara et al. 2023). Interpretation of
the find awaits more detailed analysis although Alcantara
et al. (2023) suggest a mix of symbolic and dietary uses
of the birds. Level of preservation in all these cases was
exceptional but often we conduct analysis on time-averaged
accumulations of material evidence, affected by a range
of taphonomic processes as opposed to individual events.
Deliberate burial or placement of remains associated with
symbolic behaviour is also likely to result in these actions
being well preserved in the archaeological record and care
is needed not to overemphasise the symbolic and ritual asso-
ciations between people and birds because impressive finds
overshadow material accumulated from daily activities.
The aim of this paper is, therefore, to contrast two scales
of analysis of avifaunal remains in an attempt to revisit the
question of why humans hunted birds at the transitional period
of the Late Pleistocene and Early Holocene. How important

was symbolic behaviour, were some species more typically
associated with these activities and was there any temporal
and geographical variation in these associations? By begin-
ning to address these questions, we hope the relationship
between humans and birds will enable additional insight into
the relative importance of symbolism and subsistence in this
key period. To investigate these hypotheses, characteristics of
faunal assemblages resulting from subsistence, utilitarian and
symbolic association between birds and people are summa-
rised in Table 1. In this paper we aim to test if the relationship
between humans and birds can be clarified and contrast how
meta-analysis and local diachronic analysis maybe informative.

Background: The four thousand year
sequence of avifauna at Shubayqa

Two sites, Shubayqa 1 and 6, are situated at the edge of a
Late Pleistocene and Early Holocene wetland in the basalt
strewn desert of Eastern Jordan. Detailed description of the
ga’, a seasonally flooded silt pan that the sites border and the
local geomorphology is discussed elsewhere (Yeomans et al.
2024 and references within). The stratigraphic sequence for
both sites is currently divided into five broad phases. Early
Natufian (14.4-14.1 cal BP), Late Natufian (13.1-13.3 cal
BP) and Final Natufian (12.2—-11.6 cal BP) at Shubayqa 1.
At Shubayqa 6 there are two architectural phases from the
Final Natufian to PPNA (12.0-11.2 cal BP) and Late PPNA
(11.0-10.6 cal BP). These five stratigraphic groups cor-
respond to four architectural phases (Fig. 1) with further
subdivision of the assemblage of Shubayqa 1 (Yeomans
et al. 2021, 2019, 2017; Yeomans and Richter 2020, 2018)
illustrating minimal change in avifaunal composition within
phases. Delays in obtaining radiocarbon dates have limited
similar detailed phase analysis of the assemblage from Shu-
bayqa 6. Further discussion of the sites, methodology of the
faunal analysis and radiocarbon dates are published else-
where (Richter et al. 2016, 2017; Yeomans et al. 2017, 2018,
2021; Yeomans and Richter 2018, 2020).

Yeomans et al. (2024) provide the number of identified
specimens (NISP) for the avifaunal assemblage from the
archaeological sequence from Shubayqa. Table 2 provides
summarised data according to different structures for Shu-
bayqa 6 allowing data to be further subdivided once dating
of individual structures is refined.

Methods

Species abundance and skeletal element
representation at Shubayqa

The faunal assemblage from Shubayqa is very fragmentary
which has made identification very challenging. Previously
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Fig. 1 a) Location of Shubayqa 1 and 6 on the edge of Qa’ Shubayqa. b) Early Natufian structure at Shubayqa 1. ¢) Late Natufian structure at
Shubayqa 1. d) Final Natufian to PPNA Phase of architecture at Shubaqya 6. €) LPPNA phase of architecture at Shubayqa 6

published NISP counts (Yeomans et al. 2024) are used to
compare frequency of different taxonomic groups. Although
there are multiple measurements of taxonomic evenness zoo-
archaeologists can use (Faith and Du 2018), a single statistic
to measure diversity within an assemblage obscures detail in
composition and we have the calculated Shannon’s, Simp-
son's and Simpson's Evenness of taxonomic diversity for the
four main phases of occupation at Shubayqa.

Skeletal element representation as a means to under-
stand the primary reason for bird procurement has been
frequently applied to zooarchaeological assemblages. This
analysis is an effective way to argue for rationale during
hunting (Bishop et al. 2018; Bovy 2012a; Finlayson et al.
2012; Lefevre and Laroulandie 2014). Analysis has already

been published for the Late Natufian period covering Anati-
dae, coot (Fulica atra) and Charadriiformes noting how
the scapula, sternum and coracoid, together forming the
triosseum complex, were significantly better represented.
This suggests that birds were hunted in large numbers for
subsistence—a pattern noted at other Natufian and PPNA
sites (Tchernov 1993). In this paper, we present the data
for Anatidae, except Anserinae for the four main phases of
occupation and is based on the relative representation of the
proximal and distal ends of the paired long bones as well
as the axial elements of the furcula and sternum compared.
Calculation is based on the minimum number of elements
(MNE) as a proportion of expected representation given the
minimum number of individual (MNI) calculations.

@ Springer
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Network science methods for visualisation
and analysis

Network analysis has been extensively applied to archaeo-
logical research and the entire toolbox of network methods
has been efficiently used for visualisation and analysis of
archaeological materials (Brughmans and Peeples 2023).
Indeed, network science provides archaeological research
with a variety of concepts and flexible analytical tools that
proved to be useful for disentangling complex phenomena
and for visualising relationships between multiple enti-
ties within complex systems of interactions (e.g. Giomi
and Peeples 2019; Jayyab and Gibbon 2022; Mazzucato
2019; Mills et al. 2013; Pereira et al. 2023). Nevertheless,
with few exceptions, network methods have been rarely
applied to zooarchaeological assemblages (Crabtree et al.
2017; Holland-Lulewicz and Holland-Lulewicz 2023; Ver-
hagen et al. 2021); in this context, network science meth-
ods are used to visualise and investigate long-term patterns
of socio-ecological relations between humans and birds
at an intra-site scale. Human-bird-centred socioecological
networks are constructed to display changes through time
within the Shubayqa 1 and 6 assemblages. We use network
methods to visualise patterns of bird families co-occurrence
through time and, from an analytical point of view, we use
simple degree centrality to assess the role of specific families
within the human-bird-centred system at Shubayqa 1 and 6.
At a regional scale we construct similarity networks of sites
based on the Morisita-Horn similarity index of zooarchaeo-
logical assemblages and we use the Louvain community
detection algorithm to define community partitions based
on similarities between sites (Fig. 11b). Methods of modu-
larity maximization are able to define partitions in networks
according to the density and strength of edges (Brughmans
and Peeples 2023; Fortunato 2010). The Louvain algorithm,
like other community detection methods, returns a com-
munity partition element that assigns each node to a mod-
ule/community (Blondel et al. 2008). All our analyses are
conducted in UCINET and VISONE (Borgatti et al. 2002;
Brandes and Wagner 2004).

Regional analysis

To set the sequence from Shubayqa in context, meta-analysis
of published avifauna assemblages across the Levant dating
from Late Pleistocene and Early Holocene was conducted.
Explorations beyond individual sites are relatively few
with most avifaunal reports present data from a single site.
Exceptions illustrate potential of regional analyses and for
example, Finlayson et al. (2012) summarised data on pres-
ence of corvids and raptors over a wide geographical area
demonstrating that Neanderthals specifically sought feathers
of these species.

The regional analysis presented here utilises published
data from avifaunal assemblages across the Levant dating
from the Upper Palaeolithic, Early, Middle and Late Epi-
palaeolithic and PPNA (Table 3). This encompasses a large
proportion of published data including the timeframe when
human societal groups shifted from hunting towards agricul-
ture. Important PPNB assemblages have not yet been fully
published so inclusion of this period awaits reports on sites
such Nahal Roded (Birkenfeld et al. 2019, 2020). Figure 2
shows location of sites included in the analysis as well as
secondary sites mentioned but not included in the statistical
analysis as they are outside the geographical focus of this
analysis or only a small number of bird bones were identi-
fied (<20). Assemblages dating to one of the chronological
subdivisions were included in the analysis and temporally
insecure data were excluded.

Meta-analysis requires data from different sites to be
comparable and consequently reduces subtleties of each site.
Identifications were grouped by family because of difficulty
in identification and also it was necessary to limit subdi-
vision of the data. Passeriformes were split into Corvidae
and other Passeriformes since most reports do not attempt
identification beyond this level. All Charadriiformes were
grouped together because of difficulty in identification of
fragmentary remains. Diurnal raptors (Accipitridae and Pan-
dionidae) included falcons (Falconidae). Although it is now
known that the Falconidae are closer to Psittaciformes than
Accipitriformes, many early analyses included Falconidae
with Accipitriformes and it is not possible to separate this
data from published sources. Owls (Strigidae and Tytonidae)
were also grouped because of infrequency and subdivision
of data reduces statistical potential. The appropriateness
of taxonomic categories could be debated but the aim here
is a preliminary investigation to understand how and why
humans interacted with birds. Although behaviour, colour
and physical characteristics probably had more importance
than their evolutionary relationship, it is impossible to group
data into categories that reflect these characteristics because
of the difficulty in identification. The data used in the analy-
sis is given in Table S1.

Several analytical methods provide us with a better under-
standing of variation in human-bird associations across the
Levant. Rarefaction is heavily dependent on sample size so
ubiquity analysis of presence is limited to the 16 assem-
blages with over 100 identified bones. To investigate the
relative proportions of the different taxonomic groups, cor-
respondence analysis on the assemblages with more than
20 bones identified was undertaken. This exploratory tech-
nique allows investigation of associations between different
sites and species. We also show a similarity index for the
different assemblages highlighting those that have a com-
parable species represented. Many potential similarity indi-
ces can describe the degree that taxonomic groups occur at
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included in the ubiquity analysis, shown by enclosed circles. Base

Fig.2 Location of sites used in the correspondence and similarity

index analysis shown in black text, others sites with small assem-
blages shown in grey. Assemblages with more than 100 NISP,

similar frequencies (Giovas 2021). For example, Sgrensen
index compares the similarity of two samples (Sgrsensen
1948) but is vulnerable to sample size differences. Giovas
(2021), in a review of the different techniques, advocates

colours reflect the current yearly rainfall

use of the Morisita-Horn index which emphases abundance
of prevalent taxa and is less sensitive to the presence of rare
taxa. Pairwise comparison of the taxonomic groups using
the Morisita-Horn index compares different assemblages.
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Correspondence analysis was performed in R version 4.3.1
using package Factoextra (Kassambra and Mundt 2020) and
the Morisita-Horn used package divo (Sadee et al. 2019).

Several published avifaunal assemblages provide details
of skeletal element representation and, to investigate the role
of raptors in past human-bird associations, the number of
ungual phalanges compared to other elements for sites was
conducted where information was available.

Results
Analysis of the Shubayqa assemblage

Figure 3 shows relative change in different taxonomic groups
of avifauna across phases of Shubayqa. This graph excludes
the Final Natufian from Shubayqa 1, due to limited sample
size, but allows visualisation of shifts in the representation
of different bird groups. Table 4 provides statistical calcula-
tions of evenness using the groupings of taxa. A graphical
representation of taxonomic diversity at Shubayqa (Fig. 4)
illustrates there is change in the diversity within the avifau-
nal assemblage at Shubayqa but that the shift is not marked.
The most common taxonomic group form more of the
assemblage at the start of the occupation of Shubayqa 6 but
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Table 4 Taxonomic diversity in the bird assemblage for four main
phases of occupation at Shubayqa. To avoid problems of identifica-
tion level, species were grouped into the following: Accipitridae,
Anatidae (Anserinae), Anatidae (non-Anserinae), Ardeidae, Charadri-
iformes, Ciconiidae, Columbidae, Corvidae, Falconidae, Gruidae,
Passeriformes (non-Corvidae), Phasianidae, Podicipedidae, Pterocli-
dae, Rallidae, Tytonidae and Strigidae

Period Shannon’s (J)  Simpson’s (1-D)  Simpson’s
Evenness
(Eyip)
Early Natufian  0.535 0.504 0.135
Late Natufuan  0.598 0.581 0.183
FN-PPNA 0.401 0.312 0.112
LPPNA 0.67 0.572 0.195

there is also an increase in the total number of taxonomic
groups represented and many of the lower ranked groups
increase.

Figure 5 a) depicts a two-mode network with two entities,
the chronological phases at Shubayqa 1 and 6 and the num-
ber of different bird families. Degree centrality performed
on the network highlights the role played by specific families
of birds throughout the entire sequence; the Anatidae both
Anatinae and non-Anserinae which are present in all the
five time-periods at the site and the Scolopacidae that are

X111

144-14.1ka cal BP 13.1-13.3ka cal BP 12.0-11.2ka cal BP 11.0-10.6ka cal BP

’ >
11..

. Waterbirds

Shorebirds
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Grassland birds

a . Other
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Percentage frequency
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a) Anserinae

b) Other Anatidae

¢) Phasianidae

d) Podicipedidae

e) Rallidae

f) Charadriiformes

g) Diurnal and nocturnal raptors

Fig. 3 Proportions of main taxonomic groups (and general habitat preferences) from Shubayqa in different phases, excluding Final Natufian at

Shubayqa 1 when minimal avifauna was present
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Fig.4 Change in rank occur- 80
rence of the dominant taxa in
the assemblage from time in the
four main phases of occupa-
tion illustrates an overall shift
towards reduced taxonomic
variety in the frequent taxo-
nomic groups but an increase in
the overall range of taxa. Upper
graph shows the four top ranked
taxonomic groups and the lower
shows the remaining taxonomic
groups

Relative abundance
N w S Ul [e)) ~
o o o o o o

=
o

o

Relative abundance
N

predominant at Shubayqa 1. Figure 5 b) shows one-mode
networks, where nodes represent numbers of bird bones
recovered for each time-period, grouped by family. These
networks depict human-bird-centred communities through
time; similarly to the previous networks, a simple explora-
tory degree centrality analysis gives the opportunity to easily
visualise the shifting importance of specific birds through
time. Very clear in numbers, is the increase of Anserinae at
Shubayqa 6 and the decrease of Charadriiformes after the
Early Natufian (see discussion).

Figure 6 provides results of the body part analysis and
shows that bones of the triosseum of Anatidae are well rep-
resented in all phases of the occupation sequence. By the
later part of the sequence, represented by the material from
Shubayqa 6, there is an increase in the proportion of other
bones including the carpometacarpus and, to a lesser extent,
the tibiotarsus and tarsometatarsus that were less well repre-
sented in earlier phases.

Regional analysis
Ubiquity analysis (Fig. 7a) provides several insights into the

association between people and birds. It is notable that diur-
nal raptors and Phasianidae are universally present at sites

m14.4-14.1ka cal BP
m13.1-13.3ka cal BP
m12.0-11.2ka cal BP

0 11.0-10.6ka cal BP

Rank abundance

h—l—(_\

2 3 4

Rank abundance
I_H iﬂ I e

8 9 10 11 12 13 14 15 16

with more than 100 identified bones. Anatidae are present
at the majority of sites and even at Hilazon Tachtit, a Late
Natufian burial ground (Grossman et al. 2008), this group is
present but represented by a single bone. Pairwise Morisita-
Horn similarity is shown in Fig. 7b. Correspondence analy-
sis (Fig. 8) shows that several taxonomic groups, positioned
further from the graph origin, are probably discriminating
between assemblages. Some of these, Charadriiformes, Gru-
idae and Threskiornithidae are only present in significant
numbers in one assemblage, Shubayqa 1, Jerf al-Ahmar and
Wadi Faynan 16 respectively reflecting local environments
of these sites. Several assemblages are dominated by diurnal
raptors, Wadi Jilat 22 (both Middle and Late Epipalaeolithic
phases), Wadi Faynan 16 (PPNA) and Meged Rockshelter
(Early Epipalaeolithic). Both correspondence and similarity
analyses suggest that the assemblages from Wadi Mataha
(Middle and Late Epipalaeolithic), Hatoula (Late Epipal-
aeolithic and PPNA), Hilazon Tachtit (Late Epipalaeolithic),
el-Wad Terrace (Late Epipalaeolithic) and, to a lesser extent,
Nahal Ein Gev II (Late Epipalaeolithic) yielded assemblages
with similar taxonomic characteristics. Phasianidae form the
major component of all these assemblages and, when exam-
ining the original data, it is clear these are mainly chukar.
Figure 8 provides a visual representation of the similarity
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«Fig.5 a) Two-mode network depicting chronological periods at
Shubayga 1 and Shubayqa 6 (green dots) and the avifauna recov-
ered within each period grouped by family (blue squares). The size
of nodes is proportional to their degree centrality scores. Degree cen-
trality refers to the number of edges each node has. The bigger the
time-period nodes (green dots), the higher the amount of bird families
recovered within the specific chronological assemblage. Differently,
the size of the blue squares refer both to the ubiquity of bird families
within each period at Shubayqa 1 and 6 and to the number of indi-
viduals recovered. Anatidae (non-anserinae) appears to be the bird
family present in all the time-periods and with the largest number of
individuals. b) one-mode co-occurrence networks of bird families by
time-period at Shubayqa 1 and 6. The size of nodes corresponds to
the centrality degree score for each node. The larger the size of nodes,
the higher the number of specimens recovered for each time-period
assemblage

between assemblages based on the Morisita-Horn pairwise
comparison with the values also provided in Table S2.

Body-part representation of raptors

Figure 9 provides the body part representation of the
Accipitridae and Falconidae combined or for individual spe-
cies when published data focused on specific species. The
red shows the ungual phalanges with light red filled colour
showing the other posterior phalanges and white outlined
with red those where differentiation was not made in publi-
cation. The two sites in the northern Levant have the highest
frequency of phalanges.

Discussion

Previous work on the avifaunal sequence at Shubayqa sug-
gested that the flooded habitat around the wetland dimin-
ished following the Early Natufian. This resulted in a lower
frequency of waders that forage in shallow pools (Yeomans
2018). The lower frequency of Charadriiformes contin-
ued into the PPNA suggesting that, following the Younger
Dryas, seasonal flooding of the qa’ providing habitats for
waders was further reduced. A modern correlate for this
change in habitat availability is Lake Agmon where absence
of mudflats and seasonally flooded areas clear of vegetation
resulted in a decline of nesting and feeding Charadriiformes
(Shy et al. 1998). An almost complete absence of avifauna
remains, compared to frequent mammalian bones, from the
period of occupation coinciding with the Younger Dryas at
Shubayqa 1 were initially suggested to reflect drying of the
wetland with migratory birds rarely visiting. Additional data,
discussed in detail below, may now offer a different inter-
pretation. There is growing evidence to suggest that effects
of the Younger Dryas in the Levant was characterised by
reduced seasonality of rainfall and a lower evaporation rate
could have resulted in wetlands being better watered (Orland

et al. 2012; Lui et al. 2013; Hartman et al. 2016; Langgut
et al. 2021).

The larger sample of bones recorded and published
recently (Yeomans et al. 2024) and the species representa-
tion at Shubayqa (Figs. 3-5), Table 4) could have a range of
underlying causes; changing subsistence patterns, variation
in hunting technology, reflect changing symbolic role of
birds or correlate to alteration in the ecological community
because of habitat alteration. There is also the question of
how other species in the wetland affected the avifauna. Most
likely, a combination of many factors were responsible and it
is extremely difficult to tease apart causes. Examining shifts
between the Late Natufian at Shubaqya 1 and the two suc-
cessive phases of occupation at Shubayqga 6 provides some
insights. The decrease in Charadriiformes after the Early
Natufian is replaced by an increase in the non-Anserinae
Anatidae and Rallidae (primarily Fulica atra). Compared
to the Late Natufian, the avifaunal assemblage from Shu-
bayqa 6 (Final Natufian to PPNA phase) is characterised
by a further increase in Anatidae and Anserinae together
with a further decrease in Charadriiformes and Rallidae and
fewer Podicipedidae. A slight increase in the frequency of
raptors is documented in the bone assemblage. Representa-
tion of Anserinae (swans and geese) increased from 0.46%
to 7.39% between the Late Natufian and the first phase of
Shubayqa 6 with the majority of the increase represented
by swans. Today, mute swans (Cygnus olor) are rare winter
visitors to the Levant but can occur in large flocks (Shiri-
hai 1996). Remains of swan identified at other sites include
Bewick’s swan (Cygnus columbianus bewickii) at Gilgal
I (Horwitz et al. 2010) and Ohalo II, and whooper swan
(Cygnus cygnus) at Ohalo II (Simmons and Nadel 1998) and
Ayn Qassiya (Edwards n.d.) although the method for species
level determinations are not clear. Today, these two species
only occur as very rare vagrants (Shirihai 1996). ‘Ain Mal-
laha (Simmons 2013) and Ksar ‘Akil (Kersten 1991) also
yielded unspecified swan remains. Bacher (1967) provides
measurements for the three species of swans and the limited
preserved measurements from Shubayqa allows us to dis-
count the smaller Bewick’s swan but, given the fragmentary
nature of the faunal remains, species level identifications are
problematic.

In seeking an ecological explanation for the increase in
swan remains, it is notable that the mute swan has sometimes
been considered a pest species damaging aquatic vegeta-
tion beds and driving away other waterfowl. In Europe, the
protected status of mute swans, warmer winters and autumn
sown cereals led to an increase in their population (Guil-
laume et al 2014). Numerous research papers focusing on
the effects of mute swans on wetlands and waterbird com-
munities were summarised by (Guillaume et al. 2014). They
note how mute swans can be territorial towards other water-
fowl especially in the breeding season but also outside the
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a)

14.4-14.1ka cal BP

11.0-10.6ka cal BP

Fig.6 Body-part representation of Anatidae, except Anserinae, from
the four main phases at Shubayqa. a) Early Natufian, b) Late Natu-
fian, c¢) Final Natufian to EPPNA and d) LPPNA. Illustrations modi-

breeding season in order to ensure food supply. Compared
to whooper and Bewick’s swans, mute swans do not tram-
ple substrate to gain access to roots and tubers, but feed on
stems and leaves, resulting in greater competition to other
waterbirds. Guillaume et al. (2014) found that mute swans
are more likely to behave territorially towards similar sized
species such as greylag geese, but they may have an indirect
effect on other waterbirds by depleting food supply. As Guil-
laume et al. (2014:199) state, “By grazing aquatic plants, the
swans can indirectly alter the biotic properties of aquatic
ecosystems, and thus be considered ecosystem engineers”,
but note that the effect depends on the individual ecologi-
cal context. In the Final Natufian to PPNA phase at Shu-
baqya, decline in other species of Anatidae, grebes, geese
and coots might be explained by competition for resources
with an increased number of swans. It is also worth noting
that, following decline in swans in the LPPNA phase, other
species of Anatidae, coots and grebes increase in frequency.
These interpretations have to be taken with caution as we
are dealing with archaeological evidence based on frequen-
cies of identified bones in an assemblage rather than counts
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b)

13.3-13.1ka cal BP

d)

12.0-11.2ka cal BP

Representation as percentage of expected
0% 100%

B

fied from vector graphics (ArcheoZoo.org/Michel Coutureau http://
dx.doi.org/https://doi.org/10.5962/bhl.title.61021). Axial bones are
shown in both left and right views

of different species of birds from an ecological survey of a
wetland. Nevertheless, the waterbird community structure
seems to have been influenced by mutual ecologies of differ-
ent species and their behaviour characteristics. Furthermore,
we have evidence that swans were breeding at Shubayqa
(Yeomans et al. 2024), hence at their most territorial.
Taphonomic evidence, as exemplified by a recent study of
avifaunal remains from Shuidonggou Locality 12 in China
(Zhang et al. 2022), provides further details of human-bird
relationships. There is evidence (Fig. 10a) in the form of
peeling marks (Pedergnana and Blasco 2016; Blasco et al.
2019) resulting from feather removal on a swan carpo-
metacarpus from Shubayqa. The body part representation
for swans does not suggest that the birds were only hunted
for feathers, but this taphonomic evidence shows that the
feathers were also utilised. This find speaks to the complex
entangled relations that linked humans and waterfowl at
Shubayqa. Being alive at Shubayqa in the Final Natufian/
PPNA would have entailed the frequent encounter and active
engagement with mute swans which contributed to the shap-
ing of the environment around the site. The inhabitants of
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Fig. 9 Comparison of frequency
of raptor ungual phalanx fre-
quency in assemblage across the
southern Levant (data fromG-
ourichon 2002, 2004; Kersten
1991; Martin et al. 2010; Tch-
ernov 1994; White et al 2021b),
grouped by period

O Axial (cranium, vertebra, furcula, synsacrum)

mWing

| Posterior phalanges except ungual

0 Triosseum (scapular, coracoid, sternum)
m Leg except posterior phalanges

m Ungual phalanges

(] Posterior phalanges not differentiated

Wadi Faynan 16 - PPNA

Netiv Hagdud - PPNA

Jerf el Ahmar (Gyps fulvus) - PPNA

Shubayqga - LEP/PPNA

Mureybet (Buteo buteo) - LEP/PPNA

Wadi Jilat 22 - M/LEP

Ksar' Akil - UP

BN

outline of peeling mark

Fig. 10 a) Swan (Cygnus sp.) carpometacarpus from the Final Natu-
fian/Early PPNA phase with evidence of peeling marks resulting from
feather removal. b-c) two polished quail tibiotarsus bones from the
LPPNA floor (153) in Space 3 found with beads manufactured from
bones of small animals, mostly mammals where identifiable, but
some could be birds bone (see Yeomans et al. 2019, Fig. 11). d) bead

the small Shubayqa community dwelt in a landscape where
mute swans were an integral part at least for some of the
year (Ingold 1996, 2000). These large birds which domi-
nated the wetland in this period, very likely, contributed to
define the identity of the community. The incorporation of
swan feathers in the Shubayqa material culture may reflect
the importance of these birds as human companions (Hara-
way 2008) during the Younger Dryas. The later (LPPNA)
use of quail bones to produce beads (Fig. 10b and 10c)
speaks to a different encounter and to different materialities
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made from the distal end of a chukar partridge tibiotarsus from the
Early Natufian hearth fill (43) in Structure 1. e) polished sandgrouse
tibiotarsus, possibly a preform for bead manufacture from backfill in
the construction cut the Late Natufian wall of Structure 2. f) Crane,
Gruidae, tibiotarsus from Shubayqa 6, Space 4 (309)

that emerge from it. These materialities reveal the intimate
engagement and the preoccupation with a type of bird usu-
ally attracted by cereal crop habitats. This shift may reflect
changing activities and webs of interspecies participation at
Shubayqa alongside the first experiments in the cultivation
of cereals (see below).

The skeletal element representation changes slightly for
the Anatidae over the sequence at Shubayqa. An explana-
tion could be that the overall numbers of waterfowl hunted
were fewer and therefore entire carcasses were transported
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to occupation locations for processing rather than ini-
tial butchery taking place at the capture site (Fig. 6). Few
Anatidae tibiotarsus bones found at Shubayqa 6 displayed
the distinctive cuts marks associated with bead manufac-
ture that had been found at Shubayqa 1 in the Late Natu-
fian (Yeomans and Richter 2018). The polished tibiotarsus
bones of quail from the LPPNA phase at Shubayqa 6 were
found in a floor with numerous bone beads from small mam-
mals, mainly hares (Yeomans et al. 2019). There seems to
be a shift in the habitats represented by the bone beads at
the two sites — bones from animals generally inhabiting the
wetland to animals that inhabit the grasslands. Was there
a symbolic connection to this change? Perhaps it reflected
the increased importance of the zone around the wetland
as people started cultivation. In the LPPNA people were
hunting numerous wetland birds, but for some reason, their
bones were less likely to be turned into items of personal
adornment even though the whole carcasses were brought
back to the settlement.

The proportion of Phasianidae in the Shubayqa assem-
blage increased significantly in the LPPNA phase where they
formed nearly 9.7% of identified remains. Where identifi-
able these were common quail (Coturnix coturnix). Quail is
considerably smaller than sand partridge (Ammoperdix heyi)
although the latter is more frequent in Jordan’s eastern desert
today. Quail is a migratory species present in the spring and
autumn (Rabou 2021). The numbers of quail recorded in
recent history has been impacted by their extensive hunt-
ing during migration especially along the north coast of the
Sinai where, at least since the early twentieth century, tens
of kilometres of bird nets targeted the migration route (Shiri-
hai 1996). Eason et al. (2016) estimate that, between 2008
and 2012, 2.0 million quail were killed annually in this area
during autumn migration. In 2012, with widespread use of
MP3 players to attract the birds, the estimate was 3.3 mil-
lion birds. The relative proportion of quail in the assemblage
compared to other Phasianidae could therefore illustrate how
this species has been targeted in recent history.

Green and Thomas (2008) surveyed the Jordanian Badia
region in 1997 noting that quail were commonly flushed
from patches of crops. Quails prefer cereal crop habitats
(usually wheat and barley) and, during breeding seasons,
remain hidden within dense vegetation (Sarda-Palomera
et al. 2012). There is clear evidence for pre-domestication
cultivation in the PPNA in other areas of the Southern
Levant (Asouti and Fuller 2013) and, although the Shu-
bayqa botanical assemblage has not been published, signifi-
cant increase in frequency of quail must have corresponded
to change in the availability of different habitats within the
vicinity of the qa’ Shubayqa. A synanthropic relationship,
with quail benefiting from new niches offered by crop culti-
vation is an obvious explanation. Similar niche construction
behaviour associated with the development of rice paddies

resulting in an increase in frequency and year-round pres-
ence of geese is interpreted as early evidence for goose
domestication in China (Eda et al. 2022). This illustrates
how we need to consider the impact of changing habitats
resulting from human activity on the long-term evolution
of the relationship between humans and birds. We have also
argued elsewhere (Yeomans et al. 2019) that dogs later in
the sequence might have allowed quail to be flushed from the
undergrowth increasing the encounter rate between humans
and quails. If change in hunting method or habitat alteration
is ultimately responsible will need reconsideration when
botanical evidence is available. Two polished tibiotarsus
bones from occupation deposits in Space 3 dating to the
LPPNA were probably bead preforms (Fig. 10b and 10c)
may have been a purely incidental use of suitable materials
but choice may also reflect behavioural characteristics of
these birds.

An example of a bead made from a chukar tibiotarsus
(Fig. 10d) is the only bone from this species of Phasianidae
in the assemblage from Shubayqa and dates from the Late
Natufian. Chukar are more common in the Mediterranean
zone of the Southern Levant. The bead made from a chu-
kar tibiotarsus from Shubayqa is most probably evidence of
contact with Natufian groups further west as it is stylisti-
cally very similar to those found at el-Wad and Hayonim
Cave which were part of headdresses (Davin 2019). Given
the absence of any other remains of chukar at Shubaqya,
Natufian groups to the west probably traded this item with
people living around the wetland at Shubayqa or the popula-
tion brought important items with them as they moved in the
landscape. There is other evidence, in the form of dentalium
beads and Cervidae remains for an extensive trade network
in the Natufian (Yeomans et al 2017).

Sandgrouse are uncommon throughout the entire Shu-
bayqa sequence. The presence of a polished tibiotarsus of
a sandgrouse from the Late Natufian phase at Shubayqa 1
may be an indication of a symbolic link to the hunting of
these species (Fig. 10e). The low frequency of sandgrouse
is in contrast to Qermez Dere where they form 77% of the
assemblage and apparently hunted primarily for subsistence
(Dobney et al. 1999). Sandgrouse are adaptable to a range
of temperatures feeding on dry seeds, which like the quail,
may have benefited from early cultivation. Sandgrouse also
have the ability to store water in their belly feathers so the
young can be provided with water without the requirement
of being adjacent to a source (Maclean 1983). Explanation
for the slight increase in the frequency at Shubayqa might
relate to changing habitats or potentially the use of dogs to
facilitate the tracking and capture of these birds (Yeomans
et al. 2019).

Rallidae represented at Shubayqa are dominated by coots
(Fulica atra) and they are especially well represented dur-
ing the Late Natufian. Due to the effort expended in diving
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for food, coots prefer shallower waters with larger areas of
reed beds (Talbi et al. 2020) and these specific habitats were
therefore probably well represented in the later part of the
Bglling-Allergd in Shubayqa. There is a gap in the occupa-
tion sequence between the Early Natufian and Late Natufian
phases so an absence of human presence and harvesting of
emergent vegetation, together with a reduction in water lev-
els of wetland, might have encouraged coots to winter at
Shubayqa. We do not know if the human residents com-
pletely left the area between the two phases but the increase
in the frequency of coots tentatively suggests a period of
lower anthropogenic impact on the wetland.

Cranes are often argued to have a symbolic importance
to Early Neolithic communities across southwest Asia. At
Catalhoyiik, two common crane tarsometatarsus bones were
worked into bone points and a wing, placed on top of cat-
tle horncores, is interpreted as part of a costume that may
have been used by humans as they recreated mating dance
of cranes (Russell and McGowan 2003). At Hallan Cemi
(11,700-11,400 cal BP), crane is represented by a higher
proportion of bones in a large communal structure (Zeder
and Spitzer 2016). Cranes are also depicted on pillars at
Gobekli Tepe (Garfinkel and Krulwich 2023). Currently,
common cranes are passage migrants in the Southern Levant
(Shirihai 1996) but have not been documented breeding and
therefore dancing. However, we do have evidence that cranes
bred at Shubayqa at least in the LPPNA (Yeomans et al.
2024). The limited knowledge we have of breeding ranges of
past distributions of cranes is highlighted by Bovy’s analy-
sis of juvenile sandhill crane (Grus canadensis) in Wash-
ington, demonstrating a wider distribution 1500 years ago
when a shell midden on Lopez Island formed (Bovy 2012b).
Although most of the material is fragmentary, there is no
evidence for a symbolic association of cranes to humans at
Shubayqa (Fig. 3f) and therefore the symbolic relationship
might be localised.

There is a slight increase in the proportion of raptors at
Shubayqa 6 compared to Shubayqa 1. Compared to other
sites in the Southern Levant, people were not targeting
these species extensively. The frequency of Accipitridae
varies throughout the entire sequence at Shubayqa but they
are never common. The body part frequency is skewed
towards terminal phalanges (Fig. 8) and, given the weight
of a common buzzard (only 0.55-0.9 kg for captive birds
and possibly less for wild birds (Okoli & Aiyedun 2014),
the amount of meat obtained by hunting this species is low.
The difficulty in obtaining these birds means it is unlikely
that these birds were extensively hunted for food. There is
also the possibility that claws and feathers were collected
from birds that died from natural causes. The main migra-
tion route for raptors in the Levant follows highlands where
soaring birds benefit from updraft. The encounter rate
between humans and raptors is lower in the Badia region
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of Jordan but, when feathers and talons of these impres-
sive birds could be obtained, people seem to have gathered
these items. Based on the body-part representation, these
birds were also consumed when hunted despite the relatively
limited meat the carcasses provided. Furthermore, none of
the ungual phalanges were found in contexts that were not
general refuse locations and some bones were burnt (Fig. 11)
as is typical for bones where food preparation was taking
place. The best evidence for symbolic use of bird remains
at Shubayqa derives from a cluster of material, probably
placed inside a bag of perishable material that was placed
against the wall of Space 1 during the PPNA. This find has
been discussed in detail elsewhere (Yeomans et al. 2021)
but contained possible figurines made from the worked foot
bones of gazelle and sheep, worked bone items and at least
one ostrich eggshell. These items were deliberately broken
and seem to represent a closure event associated with the
abandonment of the site.

In the taxonomic diversity at Shubaqya (Table 4 and
Fig. 3), there is a change with an increase in the propor-
tion of the assemblage that one family comprises, especially
in the Late Natufian to PPNA phase at Shubayqa 6. This
is possibly reflecting how some species adapt to the long-
term presence of humans. By the LPPNA phase, cultivation
created new habitats suited to species with different eco-
logical niches and there is an increase in other taxonomic
groups. The taxa present seem to be an interplay of reductive
homogenisation whereby human activity reduces the rich-
ness, abundance and evenness of ecological communities
either intentionally or accidentally (Crabtree et al. 2023)
together with an increase in foraging opportunities for some
of the less common species.

The younger dryas: Preliminary observations based
on the shubayqa sequence

Unfortunately the stratigraphic sequence from the Final
Natufian to PPNA phase at Shubayga 6 cannot yet be sub-
divided. In 2020, a paper (Yeomans and Richter 2020)
investigated the difference between a large midden (context
220) that has now been dated to the Final Natufian phase
(12,000-11,700 cal BP) within the Younger Dryas (Yeomans
et al. 2024) and midden deposits infilling Space 4 suggested
different use of two areas within the settlement. The Space
4 midden resulted from extensive processing of carcasses,
perhaps to store meat and fat for the lean season, whereas in
the midden (220) there were less frequent avifaunal remains
and the bones of mammals were not intensively processed
(Yeomans and Richter 2020). We now suspect a temporal
difference between the two middens with the wall of Space
4 cut into the (220) midden. As the wall of Space 4 was
not excavated, it was impossible to stratigraphically dem-
onstrate the relationship between the two (no construction
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Shubayqa 1 Phase 7
Early Natufian

Shubayqa 1 Phase 5
Early Natufian

Shubayqa 1 Phase 4
Early Natufian

Shubayqa 1 Phase 2
Late Natufian

Shubayqa 6 (220)
Final Natufian

Shubayqa 6 Space 4
Final Natufian to PPNA

Shubayqa 6 Space 3 and 1
LPPNA

Fig. 11 Best preserved ungual phalanges from Shubayqa, for subphases at Shubayqa 1 see Richter et al (2017)
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cut was evident). Dates from the Space 4 midden seem to
spread from the very end of the Natufian to the mid PPNA
but the earliest midden layers, as well as the hearth from
initial use of Space 4 as an occupation structure, have not
been dated. Avifauna was less frequent in the (220) midden
and, similar to the Final Natufian midden at Shubayqa 1—
this was initially interpreted as evidence of the environment
becoming drier. However, this contrasts with evidence for
more frequent wild cattle, a water dependent species, dur-
ing the Younger Dryas phase at Shubayqa 1 and in the (220)
midden. Struggling to explain this increase led to the idea
that wild cattle were concentrating around wetland areas
less prone to drying out during the period often considered
as colder and drier. However, identification of fragments of
eggshells from a breeding waterfowl in the Shubayqa 1 Final
Natufian midden disputes this reconstruction (Yeomans et al.
2024). What is exceptional about the Final Natufian material
from Shubayqa 1 and the Younger Dryas (220) midden at
Shubayqa 6, is the clear difference in the processing of mam-
malian carcasses (Yeomans and Richter 2020). The faunal
material from both were not extensively processed for the
extraction of grease as they were in the earlier and subse-
quent phases. There is also no evidence for architecture in
these phases so there is tentatively also a shift in the nature
of occupation and this is another possible explanation.
Whilst there are relatively few avifaunal remains in the
(220) midden (Fig. 12), there is an increase in the frequency
of swan bones as well as bones of juvenile waterfowl (Yeo-
mans et al. 2024) indicating the presence of conditions
suitable for breeding—i.e. water availability. Several other
papers (Orland et al. 2012; Hartman et al. 2016; Langgut
et al. 2021) focusing on localised sequences of occupation
suggest that the impact of the Younger Dryas in the southern
Levant created wetter conditions with less seasonal rainfall.
Did the effects of the Younger Dryas further north push the
range of swans further south? We know that there must have

a) Cattle as percentage of mammalian (hare size or b)
larger) taxa
Shubayqa 6 LPPNA
Shubayqa 6 Final Natufian to PPNA excl. g
(220) midden
Shubayqa 6 (220) midden
Shubayqa 1 Final Natufian
Shubayqa 1 Late Natufian
Shubayga 1 Early Natufian
0 2 4 6 8

been good conditions for ducks during the Younger-Dryas
at Shubayqa, but these were not hunted as extensively as in
the Bglling-Allergd or Early Holocene. As discussed above,
changes to the waterfowl community structure may have
come into play with influx of swans influencing the occupa-
tion of the wetland by other birds. Many questions remain as
to effects of the Younger Dryas on the range of ecosystems
of the Southern Levant that require consideration of multi-
ple lines of evidence. Based on the data presented here, the
Qa’ Shubayqa during the Younger Dryas was still a viable
wetland encouraging significant biodiversity and was a pro-
ductive location for humans to hunt prey. The current faunal
and architectural evidence suggested that the Younger Dryas
occupation was seasonal in the dry season which would
explain the absence of wintering birds but people were gath-
ering the eggs and hunting the birds that remained through
the summer months to breed. This model needs testing with
archaeobotanical and other data in the future.

Regional analysis

The results of the regional analysis suggests that there
was an important association between diurnal raptors and
humans throughout the Late Pleistocene and Early Holocene
on the basis of the ubiquity analysis. At some sites, there was
evidently a very strong association between these humans
and raptors. Wadi Jilat 22 has been interpreted as a hunt-
ing camp where procurement of feathers was paramount.
Martin et al. (2013) speculated that distinctive and unique
Jilat knives (Garrard and Byrd 1992) found at the site could
resemble flight feathers of eagles. In this context, the pos-
sible flint figurines from Early Neolithic site of Kharaysin
(Ibafiez et al. 2020) should also be mentioned and represen-
tation of bird elements in cultural material is highlighted by
Beothuk pendants representing bird feathers, feet, and tails
(Kristensen and Holly 2013). Representation of feathers in
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Fig. 12 Comparison of the frequency of a) cattle within the mammalian assemblage by phase, b) frequency of avifauna by phase and c) relation-

ship between the two frequencies with trend line
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tools is therefore possible and it would not be surprising that
birds infiltrated the symbolic ideology of cultural artefacts
manufactured from non-osseous materials as well as osse-
ous materials.

Another Levantine site dominated by diurnal raptors is
Meged Rockshelter with “identifiable avian body parts ...
strongly biased in favor of foot bones, in particular termi-
nal phalanges” (Kuhn et al. 2004:35). These included one
notched specimen but, as Kuhn et al. (2004) mention, the
bulbous articulation at the proximal end of the terminal pha-
lanx forms an ideal natural anchor point. The dominance of
diurnal raptors at Wadi Faynan 16 has also been noted and
the body-part analysis suggests that whole carcasses were
often brought to the site allowing use of feathers and tal-
ons, although there is some evidence that these birds were
occasionally consumed (White et al. 2021b). Mithen (2022)
developed an idea that feathers and talons were important
in shamanistic rituals at the site promoting symbolism as
the focus of human-bird interactions. Results of Morisita-
Horn analysis shows overall similarity of the Wadi Jilat 22,
Wadi Fayan 16 and Meged Rockshelter assemblages but
Ksar ‘Akil is also highlighted as having an assemblage with
taxonomic groups represented in similar proportions. Ker-
sten (1991) notes that more material, not analysed, consists
chiefly of phalanges of large birds of prey from the Upper
Palaeolithic phase which, if included, would probably have
resulted in a greater similarity between this site and others
dominated by diurnal raptors. The body part analysis shows
that at Jerf el Ahmar and Mureybet (Gourichon 2002, 2004),
phalanges were more common than at other sites (Fig. 9).
However, these sites clustered with sites such as Shubayqa
in the Morisita Horn hierarchical clustering (see below) with
avifauna dominated by wetland birds which may relate more
to the local environment.

The presence of beads made from the tibiotarsus bones of
chukar expresses a symbolic association of these species to
humans and they have been found with burials at Hayonim
Cave, ‘Ain Mallaha and el-Wad, with a few additional beads
manufactured from raptor tibiotarsus bones (Pichon 1983;
Davin 2019). The taste of chukar meat and difficulty in hunt-
ing these birds is also notable (Eid and Handal 2018). Argu-
ably, the symbolic importance of chukar seems widespread
across southwest Asia in the Late Pleistocene and Early
Holocene, perhaps relating to the behaviour and/or physical
characteristics of the birds. Reconstruction of human-bird
interactions can be developed with knowledge of bird life
histories, physical traits and behaviour (Overton and Hami-
lakis 2013). Chukar are striking birds with bold, black bars
on their sides, a dark band runs across the eye encircling the
white cheek and connecting under the throat. The red bill
and borders of eyes provide conspicuous markings. Males
are territorial and vocal when alerting others to the pres-
ence of predators. At the PPNA site of Wadi Faynan 16,

chukar would be expected given the local environment and
they were present in the assemblage but White et al. (2021b)
analysed the body-part and butchery evidence to conclude
the species was hunted for consumption. The association
between humans and chukar was not limited to the symbol-
ism but subsistence rationale for humans hunted this species
may not have been as important as interpreted by proponents
of the Broad Spectrum Revolution (Flannery 1969). There
seems to have been a dual purpose; humans to hunted chukar
as they provide tasty meat but the difficulty in hunting them
and perhaps their physical and behavioural characteristics
resulted in a symbolic association reflected by the use of
body-parts from this species.

The assemblages dated to the Late Epipalaeolithic at
Qumran Cave 24 and Mughr el-Hamamah stand out as dif-
ferent from others within our study area with a domination
of Columbidae and, at Qumran Cave 24, Corvidae. This has
similarities to the assemblage at Gobekli Tepe located fur-
ther to the north, spanning the Late PPNA to Middle PPNB
with an avifaunal assemblage dominated by Corvids (Peters
and Schmidt 2004). The much larger PPNB assemblage
from Qumran Cave 24 was also dominated by Columbidae
and Corvidae (Recchi and Gopher 2002) suggesting that the
composition of the earlier assemblage was related to the taxa
found in the immediate environment. Evidence of a sym-
bolic relationship is provided by a polished Corvidae bone
from Qumran Cave 24 in the PPNB phase. Overall, Corvidae
increase as percentage in assemblages dating to the PPNA
and might be related to the fact that these birds thrived in
new anthropogenic niches created by agricultural activity.
However, the symbolic importance of the taxa is noted in
other prehistoric settings (Finlayson et al. 2012; Serjeantson
and Morris 2011).

Several assemblages have similar species compositions
indicated by a dendrogram showing Morisita-Horn simi-
larity between assemblages (Fig. 13a). Figure 13b shows a
similarity network of sites (nodes) based on the Morisita-
Horn similarity scores (links) colour coded according to the
community partitions detected by the Louvain algorithm.
Sites that are part of the same community are strongly
associated according to their similarity scores. These com-
munities of sites mirror the clusters highlighted in the den-
drogram in Fig. 13a. Some aspects of these assemblages,
such as the chukar tibiotarsus beads at ‘Ain Mallaha and
the use of bird bones to manufacture beads at Shubayqa 1
and 6, illustrate the symbolic associations between humans
and birds but generally, the avifaunal assemblages seem to
mainly relate to subsistence activities and reflect the broad
environment of site location (Fig. 14). At Shubayqa 6, for
example, many of the remains of the birds were found in
middens that accumulated because of intensive carcass
processing (Yeomans and Richter 2020). Horwitz et al.
(2010:269) note that it is “most likely that the majority of
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Fig. 13 Dendrogram showing the hierarchical clustering of assem-
blages based on the Morisita-Horn similarity index with silhouettes
to indicate dominant taxonomic groups. b) Similarity network of sites
(nodes) based on the Morisita-Horn similarity index (links). The col-
our of links is proportional to the degree of similarity between pairs

the bird remains served as dietary items and were inten-
tionally trapped or hunted by the inhabitants of Gilgal.”
Although there is range of human-bird interactions, the
results seem to suggest sites fall at one end of the spectrum;
those where symbolic association of birds and humans was
stronger and those where subsistence utilisation of birds
was more important perhaps reflecting a division in the
how different people viewed avian inhabitants of the world.
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Wadi Hammeh 27

\" Mughr el Hamamah Ksar Akil

Meged Rockshelter
Wadi Jilat 22 MEP

Qumran Cave 24

Wadi Faynan 16
Wadi Jilat 22 LEP

of sites and the colour of nodes corresponds to the community parti-
tions each site has been assigned by the Louvain algorithm. Nodes
with the same colour define groups of sites that strongly correlate
because of their Morisita-Horn similarity scores.These partitions mir-
ror the clusters highlighted by the hierarchical clustering in 11a

Perhaps this is evidence that when birds were consumed
more regularly, strength of symbolic connections to birds
was weaker. The routes of migration are also likely to be
important with certain species following constrained routes
leading to different geographical and seasonal variation. It
is notable that some sites are relatively close to other sites
where there is a stronger subsistence association between
humans and birds. A recent summary of the evidence of
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Ksar ‘Akil

‘Ain Mallaha

Hilazon Tachtit
Hayonim Terrace

el-Wad Terrace

Netiv Hagdud
Gilgal

Hatoula—
Qumran Cave 24 y

s

Wadi Faynan 16

Jerf el Ahmar

Nahal Ein Gev |l

Ohalo Il
Wadi Hammeh 27

Shubaqya

Ayn Qassiya
Bawwab al-Ghazal
Wadi Jilat 22

Wadi Mataha

Fig. 14 Vegetation zones and location of sites with a similar dominant taxonomic group within assemblage shown in the Fig. 13 dendrogram
allowing visualisation of the effects of environment on the species representation

human-avian interaction in the upper Euphrates and Tigris
river basins argued that distinct modes of bird exploitation
occurred in the two areas. This was unrelated to the eco-
logical characteristics of the two environments and “bird
hunting does not seem to have been conducted to fill major

gaps in the supply of animal proteins” (P6llath and Peters
2023: 154). Although this study primarily assumed a sub-
sistence basis for the human-avian interactions, the analysis
demonstrated that intensity of bird hunting was linked to
cultural traditions.
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Sample size issues meant that several sites were not
included in the statistical analysis. The few bones from Iraq
ed-Dubb (Martin et al. 2013), Moghr el-Ahwal (Edwards
et al. 2017), Ramat Harif (Munro et al. 2020) and Ragefet
Cave (Yeshurun et al. 2013) are tentatively closer to sites
with a stronger symbolic association between humans
and birds. Nahal Rahaf 2 (Marom et al. 2022), Saaide
II (Churcher 1994) and Wadi Jilat 6 (Martin et al. 2010)
could arguably be more subsistence based association and
the nature of associations other sites such as Kharaneh IV
(Martin et al. 2010) and Tor Hamar (Hirose et al. 2022)
remain obscure. Beyond the geographic boundary of sites
included in the statistical analysis is the site of Dja'de (Gou-
richon 2004) dating to the Late PPNA and Early PPNB with
a high representation of Great bustard (Otis tarda) and Qer-
mez Dere, dated to the Early Neolithic, dominated by sand-
grouse (Pteroclidae) (Dobney et al. 1999). The dominance of
these species might reflect the effect of agricultural activity
providing opportune foraging habitats for these species of
birds with both groups of birds attracted to these niches.
At Kortik Tepe, interpretation (Emra et al. 2022) discussed
the avifauna in relation to subsistence economy of the set-
tlement despite ritual activities being well attested (Clare
et al. 2019). Interestingly, the assemblage dominated by
Great Bustard (Otfis tarda) during the Younger Dryas phase,
has an increase in Greylag goose (Anser anser) in the Early
Holocene. Attraction of the geese to agricultural activities
could be considered as a potential factor.

Preconceptions of species identified as symbolically
important

The symbolic role of raptors and corvids are often high-
lighted in literature as symbolically powerful or charged spe-
cies (Mannermaa 2013) but other species may have filled a
similar role. Waterfowl do not always come to the fore in
such interpretations as these species are often linked to sub-
sistence but several archaeological cases studies challenge
this notion. The importance of Anatidae is highlighted by
the Upper Palaeolithic site of Mal’ta, 160 km from Lake Bai-
kal in Siberia and dated to 23,000 to 21,000 cal BP (Khen-
zykhenova et al. 2019). Sixteen carved avian figurines were
recovered from the site and, of these, 13 pendants depicted
waterfowl in flight with elongated necks suggestive of swan
representations (Abramova et al. 1967). These items, carved
from mammoth ivory, had a hole at the distal end and recov-
ery of one from a grave placed on the chest of the interment,
suggests how these items were worn (Abramova et al. 1967).
In this example, the importance of waterfowl infiltrated into
the symbolic realm and based on the three species identified
in the faunal assemblage (Anser anser, Larus argentatus and
Corvus corax) the swan pendants did not reflect the impor-
tance of the species to diet and must therefore have had a
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meaning beyond subsistence (Khenzykhenova et al. 2019).
Preserved feathers allowed Urquiza and Echavarria (2018)
to show how Anatidae as well as Phoenicopteridae and
Rheidae feathers were used for paraphernalia and weapons
in Argentina. An example of a loon skull with inlaid ivory
eyes placed in a human burial at Ipiutak, Alaska provides an
illustration of how behaviour of a species provided a founda-
tion for their importance (Morrow and Volkman 1975). The
loon is difficult to hunt and only occasionally represented in
midden deposits but its hunting prowess may have led to its
symbolic importance for humans. From these few case stud-
ies, it is clear that the range of species that embedded sym-
bolic or ritual meaning to past human groups is diverse. The
approach here was to attempt to analyse the data without pre-
conceived ideas of the value (economic, symbolic or ritual)
of different species and then, based on quantitative analysis,
explore underlying characteristics to highlight potential sig-
nificance. The results suggest that diurnal raptors did have
a symbolic importance throughout the Late Pleistocene and
Early Holocene with chukar also perceived as important
especially in the Late Epipalaeolithic. There also seems to
be a divergent pattern — sites where humans have a stronger
symbolic association with birds do not appear to have relied
on birds for subsistence to the same extent as sites without
but this might relate to the local environmental conditions.
Even at sites where birds were important as part of people’s
diet, birds still influenced other aspects of people’s behav-
iour. This is unsurprising given what we know of the ben-
eficial effects of birds on humans (Whelan et al. 2008) and
the ecosystem services that avifauna provide would have
been equally important in the past. Overall, we have tried to
use Table 1 to test the hypothesis that certain bird species
were hunted for symbolic reasons and others were hunted for
subsistence reasons and the analysis has shown that it is very
difficult to separate subsistence from symbolism.

Conclusion

The presence of wetland birds at Shubayqa in the Younger
Dryas and evidence from carcass processing suggests that
resource pressure was not significant and offers support to
other criticisms focusing on the timing of the Younger Dryas
as a factor in the shift to agriculture (Maher et al. 2011). Evi-
dence for synanthropic adaptations of animals have been the
focus of recent publications (summarised by Baumann 2023)
highlighting the importance of understanding human eco-
logical niche creation on carnivores and omnivores which
benefited from scavenging opportunities and protection from
predators. Anthropogenically altered environments ben-
efited many species (e.g. Zeder & Lemoine 2022) not just
those of higher trophic level as the summary by Baumann
(2023) highlights. Niche construction activities by humans



Archaeological and Anthropological Sciences (2024) 16:185

Page250f30 185

may have promoted certain natural-cultural contact zones
to offer increasingly productive environments and hence
encourage further investment. As Zeder (2017) suggests,
the increase in symbolism as people invested more time
into certain locations and modifying these habitats, could
be explained as a means for traditional ecological knowledge
to be passed down to the next generation. Whilst there is
cultural evidence that bird symbolism increased during the
shift to the transition to agriculture (Garfinkel & Krulwich
2023), comparison of avifaunal assemblages suggests that
throughout the Late Pleistocene and Early Holocene birds
had a symbolic role for humans. Even in locations where
bird hunting was primarily for subsistence, birds still had a
symbolic role for people.

This study has shown that the association between birds
and humans over the course of the Late Pleistocene and
Early Holocene is part of a complicated web of interactions.
The people occupying the vicinity of a wetland at Shubayqa
had a complex knowledge of subsistence strategies allowing
them to mitigate short- and long-term climatic fluctuations
(although local impact of these is open to debate). Many
birds were drawn to this wetland and varied according to
habitat availability as well as human presence and their eco-
system engineering activities. These birds were hunted for
food but other roles of birds, as we see from ethnographic
examples where people are better connected to the environ-
ment, would have been equally important. Crabtree et al.
(2023) have suggested that the closer a society is to other
species in their environment the more likely they are aware
of the impact of their actions on other species. They argue
that, because of the migratory nature of many birds, past
populations will have less knowledge of the ecological
impact of their multispecies interactions with these ani-
mals. This does not necessarily seem to be the case for the
Late Pleistocene and Early Holocene of Shubayqa. Yet, the
sequence at Shubayqa, with the increased representation of
one taxonomic group through time and the overall decrease
in birds through the sequence despite prevalence of suitable
environments, might be evidence for human activity affect-
ing the community of avifauna. The long-term sequence at
Shubayqa shows the changing relationships between humans
and birds through time and this may have been related to
the influence that the humans had on the environment and
habitat availability. At the same time, the shift in human
activities may have changed their patterns of interspecies
participation as the case for the large and small waterfowl
demonstrates.

The entwined lives of humans and non-human animals as
reflected in the archaeological record is difficult to interpret
but there is now greater discussion of how the interwoven
lives of different species was multifaceted (e.g. Pilaar-Birch
2018). It is impossible to separate symbolism and subsist-
ence as the two are inextricably linked, but perhaps people

in the Late Pleistocene and Early Holocene differentiated
between species to a certain degree. We agree with the posi-
tion of Bishop (2022) that the use of statistics is needed
to avoid making assumptions on the relationship between
humans and birds in the past and to move away from sub-
jective associations. However, this currently is problematic
as without species level identification, we cannot use the
specific behaviour and physiological characteristics of birds
to investigate how birds and humans interacted. Our current
study suggests that, like much of the literature before, cer-
tain species such as raptors and chukar, may have held spe-
cific significance to people during the Late Pleistocene and
Early Holocene. However, the results also underline that it
is extremely difficult to separate symbolism and ritual from
food and subsistence. Humans hunted birds for food but
their importance as fellow inhabitants of various environ-
ments requires greater acknowledgment in archaeological
discourse. From the archaeological evidence, relationships
between the humans and non-human animals were intimate
and this is best seen from the situated zooarchaeological
evidence investigated at the microscale. Both regional and
local approaches to the analysis of archaeological data have
proved information to a certain extent, but our case study
illustrates that the intra-site scale of analysis ultimately
pushed our understanding of human-bird interactions fur-
ther. This scale of analysis should not be undervalued as
the level of information we can gain is high, even if we are
restricted to a specific locality. All-encompassing narratives
of transitions in human history are often reductionist and
micro-analytic scales give us the opportunity to observe idi-
osyncratic variation of phenomena and the complexities of
human behaviour trajectories. Environmental reconstruction
at the broad scale may not take into consideration local vari-
ations that were more perceivable to individuals and had a
larger impact on the life of individual communities.
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