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a b s t r a c t

Although hardly applied to human palaeoecology, bird fossils offer a unique opportunity for quantitative
studies of the hominin habitat. Here we reconstruct the Homo habitat niche across a large area of the
Palaearctic, based on a database of avian fauna for Pleistocene sites. Our results reveal a striking asso-
ciation between Homo and habitat mosaics. A mix of open savannah-type woodland, wetlands and rocky
habitats emerges as the predominant combination occupied by Homo across a wide geographical area,
from the earliest populations of the Lower Palaeolithic to the latest hunter-gatherer communities of the
Upper Palaeolithic. This observation is in keeping with the view that such landscapes have had long
standing selective value for hominins.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Descriptions of habitat occupation by Homo in prehistory
abound (Carrión et al., 2003; Finlayson, 2004; Ségalen et al., 2007;
Zhu et al., 2008; Joordens et al., 2009). The importance of savannah
grasslands across large areas of the Afrotropical and the Palaearctic
regions has been highlighted as central to the early hominin
dispersals (de Menocal and Bloemendal, 1995; Dennell, 2003;
Jacobs, 2004; Dennell and Roebroeks, 2005; Finlayson, 2009).
Most habitat descriptions available are qualitative, however, and
are based on general interpretations using plant and mammal
fossils as indicators. Birds have rarely been used in such studies
even though, through the specific habitat requirements of many
species, they are excellent for this purpose. Exceptions are quan-
titative reconstructions and models that have used birds as
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.
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indicators (Sánchez-Marco, 1999; Finlayson and Giles-Pacheco,
2000; Finlayson, 2006; Louchart et al., 2010). Sites of Pleistocene
Homo occupation with associated bird fossils are relatively abun-
dant and geographically and temporally widespread (Sánchez-
Marco, 2004a, b; Louchart, 2008), offering an opportunity for
a quantitative study of the Homo habitat niche across the Pleisto-
cene over a wide geographical area. Here we quantitatively
reconstruct the Homo habitat niche across a large area of the
Palaearctic, based on a database of Pleistocene sites in order to test
whether there is a common habitat pattern in Homo across a wide
geographical area and a long time range.
2. Methods

A database of 79 Palaearctic Homo occupation Pleistocene sites
with associated bird fossils was compiled (Supplementary Data). No
judgment was made regarding the nature of the bird fossil accu-
mulations in each site, in particular if they had been the product of
human activity. Instead, the presence of a bird species in a site of
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Table 1
Frequency of representation of major habitat categories in Palaeolithic sites. The figures represent the number of times in which taxa representative of each habitat category
were represented in sites. Lower Palaeolithic (LP) sites n ¼ 15; Middle Palaeolithic (MP) n ¼ 25; Upper Palaeolithic (UP) n ¼ 44. Wetland includes lakes, lagoons, marshes.
Coastal includes the intertidal fringe and shallow coastal waters. Marine refers to pelagic. Rocky are cliffs and other vegetation-free habitats with a rock substrate. Terrestrial
includes all terrestrial vegetated habitats including forests, shrublands, savannahs, grasslands, etc. Human habitat categories follow Finlayson (2006). The three lower rows
indicate the mean (�2.standard deviations) number of bird species found in Palaeolithic sites by habitat category.

Period Wetland Wetland % Coastal Coastal % Marine Marine % Rocky Rocky % Terrestrial Terrestrial %

LP 15 100 6 40 2 13.3 14 93.3 14 93.3
MP 22 88 7 28 7 28 23 92 25 100
UP 37 84.1 16 36.4 8 18.2 44 100 44 100

Period N� species Wetland Coastal Marine Rocky Terrestrial

LP 9.07 � 4.11 1.6 � 1.38 0.27 � 0.34 6.53 � 2.6 26.33 � 10.46
MP 6.2 � 2.53 2.72 � 2.46 1.16 � 0.98 10.52 � 3.22 25.48 � 12.95
UP 5.52 � 2.07 2.41 � 1.17 0.73 � 0.55 6.66 � 1.43 19.06 � 3.27
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Homo occupation was used to infer the presence of habitats typical
of that bird species in the vicinity of the site. Where a number of
species indicated a similar habitat, then confidence of the presence
of that habitat close to the site increased. 467 bird species currently
occurring in the Palaearctic (Cramp, 1977e1994) were therefore
listed in the database. 213 (45.6%) of these were recorded in the 14
Lower Palaeolithic sites identified, 229 (49%) in 25 Middle Palae-
olithic sites, and250 (53.5%) in 40Upper Palaeolithic sites. Themean
number of bird species per site was 44 in the Lower Palaeolithic; 34
in the Middle Palaeolithic; and 27 in the Upper Palaeolithic. In all,
333 (71.3%) of the species currently regularly occurring in the
western Palaearctic were represented. Each bird species was allo-
cated into five broad habitat categories (Table 1). Where species
were known to occupy more than one habitat category they were
assigned to each. The difference in number of sites from Lower (14)
to Upper (40) Palaeolithic is not considered large enough to distort
the results. They reflect a taphonomic temporal preservation
differential and possible sampling intensity.

The database compiled is a combination of many sites covered
by excavations over a distended period. Our results, however, are
based on positive data. Thus it is the presence of species which
indicates particular conditions. The fact that some speciesmay have
been missed in older excavations does not negate our conclusions.

3. Overall trends in habitat occupation

An inspection of the frequency of representation of major
habitat categories in Palaeolithic sites supports the view of a close
association between human occupation sites and wetlands,
including lakes, lagoons and marshes (Table 1). Wetlands are rich
sources of a wide range of animal and plant resources (Finlayson
and Moser, 1991) and fresh water. They appear to be central to
the Homo habitat niche. Coastal sites (e.g. intertidal fringes and
shallow coastal waters) are also of high significance (Table 1). The
lower proportion of coastal species represented is a reflection, as
expected, of the absence of coastal habitats in sites that are inland.
Many are also now submerged (Bailey et al., 2008). The presence of
marine species, being especially pronounced in the Middle and
Upper Palaeolithic, may reflect a tendency towards the exploitation
of the sea as a resource by humans. A number of the marine species
recorded, however, breed in rocky habitats so that their presence
Table 2
Number of habitats represented in Palaeolithic sites referred to in Table 1 and Supplement

Period 1 habitat % 1 habitat 2 habitats % 2 habitats 3 habitats

LP 1 6.25 0 0 8
MP 0 0 4 16 14
UP 0 0 7 15.91 20
may simply be indicative of the existence of coastal breeding
habitats. The high proportion of rocky habitat (Table 1) is not
unexpected as many of the sites in the database are caves. Rocky
habitats may therefore be over represented in the sample. The
habitat categories used reflect the generalised preferences of birds.
They are, however, not mutually exclusive. Thus, for example, the
presence of a coastal bird which exploits the rocky shore would be
scored as rocky and coastal.

Almost all sites record bird species that are indicators of
terrestrial vegetated habitats, including forests, woodlands,
savannahs, grasslands, etc. (Table 1). This indicates that the pres-
ence of other habitats should be seen in the context of mosaics or
ecotones in proximity to terrestrial vegetation. This observation is
confirmed when the number of habitats represented per site is
examined (Table 2). The results clearly show that single habitat
sites have been ignored by humans throughout the Palaeolithic.
Very few two-habitat sites are recorded and the majority of sites
are situated close to between three and five habitats (Table 2).
Thus Homo throughout the Palaeolithic seems to have exploited
habitat mosaics that have included a mix of terrestrial and aquatic
habitats.

4. Shifting strategies in habitat occupation

In order to test whether the association of hominins with bird
indicators of particular habitats was related to the natural presence
of bird species, we compared the presence of birds in hominin sites
against a database of 401 avian Pleistocene palaeontological sites
that had no human occupation (Brown, 2009). As we were unable
to attribute the sites to a specific time period, we compared the
hominin sites from each cultural period directly with this database.
In all three cases there was a positive relationship between the
presence of bird species in the palaeontological and archaeological
sites (Fig.1). The strength of the relationship increased significantly,
however, from the Lower through to the Upper Palaeolithic. This
implies that the cultural sequence LowereMiddleeUpper Palae-
olithic involved a reduction in the habitat specificity of humans.
Thus, in the Upper Palaeolithic, the presence of bird species in
hominin sites most closely resembled a random pattern of presence
depending on natural availability. It was least so in the Lower
Palaeolithic, suggesting greater habitat specificity then.
ary Data. LP¼ Lower Palaeolithic, MP¼Middle Palaeolithic, UP¼ Upper Palaeolithic.

% 3 habitats 4 habitats % 4 habitats 5 habitats % 5 habitats

50 4 26.67 2 12.5
56 1 4 6 24
45.46 10 22.73 7 15.91



Fig. 1. Distribution (frequency of occurrence in sites) of birds in hominin sites and in palaeontological sites without hominins.
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From the regression equations we estimated the deviation in the
frequency of presence of each bird species in hominin sites from
that predicted by each equation. We expressed the deviation as
a percentage of the expected. Positive deviations suggested that
the habitat associated with that particular species was found in
Table 3
Distribution of bird species occurring more frequently than expected in hominin sites by h
Lower Palaeolithic; MP Middle Palaeolithic; UP Upper Palaeolithic. Percentages refer to d

Pelagic Coastal Wetland Tundra Step

LP <1% 1 11 18 11 2
LP 1e10% 3 18 33 8 13
LP 11e25% 2 5 3 8
LP 26e50% 2 1
LP >50%
LP total 4 31 58 22 24

MP <1%
MP 1e10% 12 32 37 17 12
MP 11e25% 3 1 3 2
MP 26e50% 2
MP >50%
MP total 12 35 38 20 16

UP <1% 4 19 23 12 5
UP 1e10% 8 27 29 17 7
UP 11e25% 1 3
UP 26e50% 0
UP >50%
UP total 12 46 53 29 15
hominin sites at a greater frequency than expected by random rate
of encounter. In order to broaden the terrestrial fraction in Table 1,
we separated terrestrial species into: (a) woodland (i.e. trees and
shrubs present); (b) shrubland (shrubs, no trees); (c) savannah
(trees, no shrubs); (d) open temperate (no trees nor shrubs, mostly
abitat indicated. One bird species may represent more than one habitat category. LP
egree of deviation from expectation predicted by the regression equations in Fig. 1.

pe-Grassland Savannah Shrubland Woodland Rocky

4 3 6 6
25 8 20 16
14 5 10 14
5 2 4 1

48 18 40 37

2
28 7 19 37
13 2 7 10
1 1 6

1
42 10 28 54

7 2 10 12
19 8 17 28
5 1 1 6
1 3

32 11 28 49



Fig. 2. Cluster Analysis of Lower, Middle and Upper Palaeolithic sites by species differ-
entials from expected. The dendrogram is using average linkage (between groups).
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grassland or steppe); (e) open cold (no trees, no shrubs, mostly
tundra or montane). The intensity of the signal provided by each
species was measured in accordance with the degree of deviation
from the expected. Frequencies greater than 26% suggest a strong
signal for the habitat, 11e25% a reduced signal, and so on. In this
way we are able to assess habitat occupation by weighting the
strength of the signal from each bird species. Our results suggest
that hominins have reduced their main habitat range from the
Fig. 3. Foliage Height Diversity (FHD) of 1-ha plots associated with terrestrial bird species
frequent (left) to least frequent (right). (a) Lower Palaeolithic, (b) Middle Palaeolithic, (c) Up
species. High FHDs are associated with dense, well vertically-structured, forests. Low FHDs a
names are along the top of (a)e(c).
Lower Palaeolithic (6 habitats with frequencies >26%), through the
Middle Palaeolithic (4 habitats) to the Upper Palaeolithic (2 habi-
tats) (Table 3). Savannah and rocky habitats remained main habi-
tats throughout: savannah decreased in importance, and rocky
increased, with time. One way of interpreting this strong signal is
that it indicates habitats permanently occupied. The next order
signal (11e25%) might suggest less frequently occupied, perhaps
seasonal, habitats. In the Lower Palaeolithic coastal and tundra
habitats fit in this category. In the Middle Palaeolithic they are
joined by wetlands and woodland that were first order habitats in
the Lower Palaeolithic. In the Upper Palaeolithic coastal and tundra
habitats are reduced in rank, further supporting the idea of
increased habitat specificity. The third order signal (1e10%) could
be interpreted as indicating occupation of ephemeral habitats. If so,
the marine habitat remains in this category throughout and coastal
and tundra are added in the Upper Palaeolithic.

If our interpretation is correct and bearing in mind that the
Upper Palaeolithic pattern is that which resembles most closely the
found in frequencies of over 25% in Palaeolithic sites. Species are ranked from most
per Palaeolithic. The y-axis range indicates the total range of values sampled for all bird
re associated with unstructured uni-dimensional habitats, e.g. grasslands. Bird species
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pattern of habitat availability, our results indicate that there must
have been significant reduction in woodland and shrubland habi-
tats at this time. In effect the strongest signal of permanent habitat
is rocky, which might be linked to an increased use of caves with
climatic deterioration. The results also suggest a shifting strategy
towards intense seasonal or sporadic habitat occupation such as
tundra and the coast. This shift appears to have also involved
wetlands, woodland and probably savannah from the Middle
Palaeolithic onwards. Our results are in keeping with a progressive
climatic deterioration and increased seasonality in the Palaearctic
during the Pleistocene (Finlayson and Carrión, 2007). When all bird
species are compared together, the Lower Palaeolithic stands out as
the most distinctive period (Fig. 2).

5. Ecological structure of Homo landscapes

In order to further quantify the vegetation within the terrestrial
fraction, we analysed a database of vegetation structure associated
with breeding bird territories collected over a wide geographical
area of the Iberian Peninsula (Finlayson,1999; Finlayson, 2006). The
database consisted of 860 1-ha plots within which all breeding
Fig. 4. Tree Density (trees/ha) of 1-ha plots associated with terrestrial bird species found in f
to least frequent (right). (d) Lower Palaeolithic; (e) Middle Palaeolithic; (f) Upper Palaeolith
species names are along the top of (a)e(c).
birds and a range of vegetation structural variables were recorded
(Finlayson, 2006). We then applied the results for the terrestrial
bird species in the fossil sites in order to model the associated
vegetation structure. For the purpose of this study we focused on
two measures of vegetation structure. The first is Foliage Height
Diversity (FHD) (MacArthur andMacArthur,1961). In each 1-ha plot
sampled, percentage vegetation cover by structural layers e grass,
shrub and tree layers e was measured. Each layer was subdivided
into three subcategories according to height reached above the
ground (Fig. 3). This resulted in nine vertical vegetation categories.
Simpson’s Index (Simpson, 1949) was used to calculate diversity for
each 1-ha plot. A high diversity reflected woodland with a rich
shrub and grass layer. At the other extreme, a low diversity
reflected treeless and shrubless grassland. In Fig. 3, FHD is plotted
for all sites in which bird species (for which data were available)
found in the fossil record in frequencies greater than 25%. Only
species fully associated with terrestrial vegetation have been
included. Thus, for example, birds known to forage in terrestrial
vegetation habitats but which nest or roost in rocky habitats were
excluded as we could not separate their presence in fossil sites as
being indicative of terrestrial vegetation or rocky habitats. It is clear
requencies of over 25% in Palaeolithic sites. Species are ranked frommost frequent (left)
ic. The y-axis range indicates the total range of values sampled for all bird species. Bird



Fig. 5. Habitat Structure of 1-ha plots associated with Quail, Coturnix coturnix.
Percentage cover is represented in relationwith the height (m) of trees (categories: >6,
1e6, and <1), shrubs (categories: >1, 0.25e1, and <0.25) and grasses (categories >1,
0.25e1, and <0.25).
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from this analysis that the birds associated with Palaeolithic human
sites are species with FHD values that are intermediate between
those of dense forest or fully open habitats. Fig. 3 indicates
shrubland and savannah-type habitats and habitat mosaics that
incorporate patches of woodland within open vegetation.

The second measure used was tree density, the number of trees
per 1-ha plot (Fig. 4). The results support the vegetation cover data.
All species found in Palaeolithic sites are characteristic of lightly
wooded landscapes. Trees are usually present but generally at low
densities, mean values typically ranging from under 10 trees/ha to
approximately 35 trees/ha.

Put together these results confirm in a striking manner the close
association that humans have had with terrestrial habitats that are
structurally intermediate between dense forest and open plains
and which we refer to in a broad sense as “wooded savannahs”.
These landscapes appear in the form of vegetation mosaics that are
ecologically diverse. Furthermore, Palaeolithic sites regularly
incorporate wetlands, coastal and rocky habitats which, together
with the wooded savannahs would have formed ecologically rich
ecotones or mosaics (Kerr and Packer, 1997).

The terrestrial bird species that occurred in highest frequency in
Palaeolithic sites was the Quail Coturnix coturnix: 40% of Lower
Palaeolithic sites; 76% Middle Palaeolithic; and 45% Upper Palae-
olithic. Fig. 5 shows the habitat structure associated with this
species. Quails occupy treeless and shrubless habitats, or habitats
with low tree and shrub densities (mean< 20% cover). On the other
hand, these habitats are associated with a high cover of grasses
(Fig. 5). These results confirm the observations made so far about
the PalaeolithicHomo habitat. Open habitats with a rich grass cover,
that would have attracted herbivorous mammals, and the presence
of scattered trees and shrubs, that would have provided cover for
hunters, appear ideally suited for the Homo ambush hunting
strategy (Finlayson, 2004, 2009; Finlayson and Carrión, 2007).
6. Concluding remarks and implications in human
palaeogeography

The results described above strongly point towards a Homo
habitat occupation pattern in the Palaearctic, which closely
matches one which, in the Afrotropical region, would be associated
with a mix of wooded savannah, wetland and rocky habitats. The
consistency of the observed pattern across awide geographical area
and over the entire period of Homo occupation indicates a specific
and clear association between Homo and, ecologically rich, semi-
open savannah-type ecotonal and mosaic landscapes in which
wetlands, coastal and rocky habitats were a regular and prominent
feature.

Interestingly, this is a feature that appears to transcend species
boundaries and is a property of the genus. It is a property with
origins that could even predate the genusHomo itself. The degree of
forest cover in the habitat occupied by early hominins has been the
subject of recent controversy (White et al., 2009; WoldeGabriel
et al., 2009). Most descriptions of the habitat of early hominins in
Africa, however, support the idea of occupation of habitat mosaics
put forward in this paper. Examples include Sahelanthropus tcha-
densis at 7e6 Ma (Brunet et al., 2002); Ardipithecus ramidus at
4.5e4.3 Ma (WoldeGabriel et al., 2001; Cerling et al., 2010); Aus-
tralopithecus anamensis at 4.2e3.9 Ma (Leakey et al., 1995; White,
2003); Australopithecus afarensis at 3.6e2.9 Ma (Radosevich et al.,
1992; Bonnefille et al., 2004; Haile-Selassie et al., 2010); Austral-
opithecus robustus (de Ruiter et al., 2009), Kenyanthropus platyops at
3.5e3.2 Ma (Leakey et al., 2001); Australopithecus bahrelghazali at
3.5e3 Ma (Brunet et al., 1996); Australopithecus garhi at 2.7e2.3 Ma
(De Heinzelin et al., 1999); and Homo habilis at 2.33 Ma (Wood and
Strait, 2004).

It has been also suggested, supported by isotopic evidence from
a number of African sites, that C4 grassland expansion provided
more complex and heterogeneous habitats with expanded oppor-
tunities for early hominins (Ségalen et al., 2007). Stable isotope
analyses of pedogenic carbonates and ungulate enamel, as well as
faunal data from 2 Ma archaeological occurrences in the Oldowan
Kanjera site of southern Kenya, show that early Homowas active in
a broad spectrum of environments, from open grassland to riparian
forests (Plummer et al., 2009).

In this context, the close association found here of Homo with
mosaic environments allows us to infer the probable mechanism of
dispersals out-of-Africa through tracking habitats and habitat
mosaics that approached those in the centre of origin. Descriptions
of habitats associated with early Homo dispersing from tropical
Africa are in keeping with the results reported here: Dmanisi,
Georgia, at 1.8 Ma (Messager et al., 2011); Ain Hanech and
El-Kherba, Algeria, at 1.95e1.77 Ma (Sahnouni et al., 2011); Ubei-
diya, Israel, at 1.6e1.2 Ma (Bar-Yosef and Belmaker, 2011); the Solo
Basin at Sangiran, Indonesia, at 1.60/1.02 Ma (Bettis et al., 2009);
Zhokhoudian, China, at 780e680 ka (Ciochon, 2009); and Ata-
puerca, Spain, between 1.2 and 0.5 Ma (Rodríguez et al., 2011). The
occurrence of such habitats and landscapes along coastal areas may
explain the regular use of coastal corridors of dispersal by Homo
(Lahr and Foley, 1994; Bailey et al., 2008; Carrión et al., 2008;
Finlayson, 2008; Bailey and King, 2011). Routes inland are likely
to have followed river networks and savannah-type corridors.

Within this generalised habitat preference, our results also show
how climatic and ecological changes in the Palaearctic from the
Lower to the Upper Palaeolithic shifted the habitat occupation
pattern towards one of exploiting habitats by availability and of
intense but punctual occupation of seasonal and ephemeral habi-
tats. Thus, emphasis on particular habitats and the intensity with
which they were occupied, embedded in a broad pattern of specific
habitat occupation of savannahs, wetland and rocky mosaics,
characterised the Palaeolithic of the Palaearctic region. Thus the
selective advantages derived from occupation of such habitats in
the Afrotropics (Orians, 1998) were carried into the Palaearctic as
part of the human biological package.

The exploitation of the treeless plains of the Palaearctic and also
the Nearctic, a feature of some populations of Homo sapiens in the
Upper Palaeolithic (Finlayson and Carrión, 2007; Finlayson, 2009),
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would only have been possible with the development of projectile
technology, which would permit hunting away from cover, and
portable tool kits that would allow long-range mobility. Such
a development awaited a taxon that had been exploiting semi-open
landscape mosaics, and using savannah corridors (Dennell and
Roebroeks, 2005; Dennell, 2009), since the very origins of the
genus and probably long before that.
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