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Abstract

We review and evaluate human adaptations during the last glacial-interglacial
climatic transition in southwest Asia. Stable isotope data imply that climatic
change was synchronous across the region within the limits of dating
uncertainty. Changes in vegetation, as indicated from pollen and charcoal, mirror
step-wise shifts between cold-dry and warm-wet climatic conditions, but with
lag effects for woody vegetation in some upland and interior areas.
Palaeoenvironmental data can be set against regional archaeological evidence
for human occupancy and economy from the later Epipalaeolithic to the
aceramic Neolithic. Demographic change is evaluated from summed radiocarbon
date probability distributions, which indicating contrasting - and in some cases
opposite - population trajectories in different regions. Abrupt warming
transitions at ~14.5 and 11.7 ka BP may have acted as pacemakers for rapid
cultural change in some areas, notably at the start of the Natufian and Pre-
Pottery Neolithic cultures. However temporal synchroneity does not mean that
climatic changes had the same environmental or societal consequences in
different regions. During cold-dry time intervals, regions such as the Levant
acted as refugia for plant and animal resources and human population. In areas
where socio-ecological continuity was maintained through periods of adverse
climate (e.g. Younger Dryas) human communities were able to respond rapidly
to subsequent climatic improvement. By contrast, in areas where there was a
break in settlement at these times (e.g. central Anatolia), populations were
slower to react to the new opportunities provided by the interglacial world.

Keywords: Southwest Asia, Neolithic revolution, agricultural origins, palaeo-
demography, charcoal, pollen



1. Introduction

Southwest Asia is one of the earliest and most important global centres of plant
and animal domestication. From the Neolithic farmers of this region we have
inherited cereal crops (wheat, barley, rye), pulses (pea, lentil), and domestic
animals (sheep, goat, pig, cattle) (Zohary and Hopf, 2001; Colledge et al., 2004;
Conolly et al., 2011). The increased economic productivity and new social
organization associated with this 'Neolithic revolution' during the early Holocene
were associated with population growth, increased sedentism and the
beginnings of village life (Barker, 2006). It has long been hypothesised that the
beginnings of Neolithic agriculture in southwest Asia were in some way
connected to the major shift in global climate at the end of the last Ice Age (Bar-
Yosef, 2017). In this paper we firstly review the historical development of ideas
about human adaptations in the eastern Mediterranean during the last glacial-
interglacial transition from ~16,000 to ~9000 Cal. yr BP. We then evaluate the
current evidence for climatic and ecological change from both off-site and on-site
contexts in the eastern Mediterranean region, including stable isotope
geochemistry, fossil pollen and charcoals. These are compared against regional
archaeological evidence for human occupancy and population change from the
late Epi-Palaeolithic to the end of the aceramic Neolithic. Demographic evidence
for cultural continuity or discontinuity is evaluated from summed radiocarbon
date probability distributions. Finally, we critically compare the archaeological
and palaeoenvironmental data sets in order to assess human responses and non-
responses to changes in the natural environment.

Archaeological sites in the eastern Mediterranean region older than c. 12 ka BP
(12,000 Cal. yr BP) belong to Epipalaeolithic cultures, such as the Natufian of the
southern Levant. Sites were relatively small and most were only occupied
seasonally. Many site economies included harvesting of wild cereal stands, while
others involved exploitation of wild herds of sheep, goat and gazelle. In both
cases these formed part of broadly based economies utilizing a wide range of
resources (Hillman, 1996; Harris, 1998; Rosen and Rivera-Collazo, 2012). During
the earliest aceramic Neolithic (Pre-Pottery Neolithic A or PPNA, ~11.7-10.5 ka
BP) there are clear indications of cultivation of morphologically wild cereals, for
example at the site of Jerf el Ahmar in the Euphrates valley (Willcox and Stordeur
2012). By the later pre-pottery Neolithic (=PPNB, ~10.5-9.0 ka BP) fully-fledged
farming villages had appeared widely throughout the so-called Fertile Crescent,
and indeed beyond it into central Turkey. Sites were much larger, reflecting
communities whose populations were numbered in hundreds or even thousands,
and whose mode of production was rapidly becoming based on agriculture
(Goring-Morris and Belfer-Cohen 2008).

Sites of domestication for founder crops appear to have been restricted to the
Fertile Crescent (Nesbitt, 2002). There is good bio-molecular and
archaeobotanical evidence that single-grained einkorn wheat was domesticated
in the Karaca Dag volcanic uplands of southeast Turkey during the first 1,500
years of the Holocene (Heun et al., 1997; Willcox, et al. 2009). However, bio-
archaeological evidence indicates that the crop domestication process was not
restricted to this core area (Fuller et al., 2012). For instance, morphologically-



domestic emmer wheat appears early in the Damascus basin to the south and
also further north near the middle reaches of the river Tigris at Cayont, and the
same is true for barley (Colledge et al., 2004). This suggests the possibility of
multiple independent domestication events for cereal grasses. The first domestic
sheep and goat appear at about the same time as these large-grained cereal
crops (Conolly et al.,, 2011), with the earliest dated bio-archaeological evidence
coming from the Zagros mountains of western Iran and northeastern Iraq (Zeder
and Hesse, 2000; Riehl et al., 2013).

This evidence shows that the change from a mobile, hunter-gatherer economy
to sedentary agriculture in southwest Asia was not instantaneous, but involved
a long transitional period that created new selection pressures on the crops
concerned, leading to increased frequencies of domestication traits, and with
considerable variation in individual site economies (Zeder, 2011). It may have
been the greater commitment to farming indicated by the emergence of large
nucleated communities in the later PPNB that led to the crop packages that are
familiar to us, and which became linked to developing practices of animal
husbandry (Asouti and Fuller, 2012). The package of livestock and grain crops
was subsequently 'exported' from Southwest Asia into adjacent areas, especially
north-westwards to form the basis of traditional European subsistence farming.

2. The role of climate change in the transition to agriculture in the Eastern
Mediterranean region: a brief historiography

The broad chronological coincidence between plant and animal domestication
and the shift in global climate at the end of the last ice age has long offered a
tempting explanatory framework for the emergence of agriculture. One of the
first and best known theories relating climatic change to domestication for the
eastern Mediterranean region was proposed by V.G. Childe in his book The Most
Ancient East (1928). At that time it was believed that high latitude glacial periods
were accompanied by lower latitude pluvials or wet phases (e.g. Brooks 1926;
see also Butzer, 1958; Horowitz, 1979). The Late Pleistocene Lisan Formation in
the Dead Sea basin provided field evidence of former high lake levels that was
used to support this glacial-pluvial correlation. Raphael Pumpelly had previously
inferred that Old World landscapes had witnessed a progressive drying out, or
desiccation, with water resources increasingly concentrated in locally favoured
habitats in river valleys and around lakes (Goudie 1973). In these few 'oases'
Pumpelly (1908, pp.65-66) postulated that plants, animals and humans were
forced to reside in close proximity on a reduced resource base, conditions that
led to new relationships in the form of domestication. Pumpelly’s oasis
hypothesis was related to his archaeological and geological discoveries in central
Asia rather than southwest Asia, and he offered no proper timescale for when
cereal domestication might have begun. His ideas were clearly framed within an
“environmental determinist” paradigm that was prevalent in Geography and
other disciplines at the start of the twentieth century. Childe (1928), following
Peake and Fleure (1927), transferred Pumpelly’s oasis - or propinquity -
hypothesis to the Near East, and added a clear archaeological chronology, in
what he termed the 'Neolithic agricultural revolution'. On the other hand, Childe
did not view the emergence of Neolithic farming in Southwest Asia and/or Egypt



during the early post-glacial period as climatically pre-determined. Rather he
argued that it was one among several strategies adopted in the face of
environmental change, in line with possibilist approaches to nature-culture
relations that prevailed at that time.

Systematic archaeological field research into the origins of agriculture in
southwest Asia only began in the late 1940s and 1950s with the work of R.
Braidwood, K. Kenyon and others. Excavations of “tell” sites such as Jarmo and
Jericho revealed Neolithic villages that were dated by the new radiocarbon
method back to the very start of the Holocene. These excavations showed that
whereas Childe had been correct in dating his Neolithic Revolution to near the
beginning of the Holocene, he had been wrong to place it in Mesopotamia or the
Lower Nile. Most early Neolithic sites such as Jarmo lie away from major alluvial
river valleys, often in the hilly flanks of the Fertile Crescent (a term first
proposed by J.H. Breasted in his book of the same name (1916)). Excavated
mudbrick dwellings contained charred seeds, whose subsequent analysis,
notably by archaeobotanist H. Helbaek, showed many of them to be early
domestic cereals significantly different from naturally occurring wild varieties.

Braidwood was anxious to investigate the climatic background to the emergence
of Neolithic farming, and as part of his field research in Iraqi Kurdistan invited
American geologist H.E. Wright to accompany him in the field. Wright’s
fieldwork focussed initially on evidence for past glaciation in the Zagros
mountains (Wright, 1962). At first Braidwood and his associates came to the
conclusion that there had been no significant climatic changes in Southwest Asia
during the last ~15 millennia that could explain the emergence of agriculture
(Reed and Braidwood 1960). However, as Wright (1980, p.145) later admitted,
these initial conclusions were largely based on lack of hard evidence for the Late
Glacial-early Holocene period, and that evidence was not long in coming. In
1960, Wright crossed from Iraqi to Iranian Kurdistan in order to core Zeribar, a
small lake close to the frontier (Fig. 1). According to 14C dating these sediment
cores represented a continuous record of environmental change over more than
18 ka (i.e. since before the Last Glacial Maximum). Wright collaborated with
Dutch palynologist/archaeobotanist W. van Zeist at Groningen, and also with
limnologist G.E. Hutchinson at Yale for geochemical analyses. The results (van
Zeist and Wright, 1963; Hutchinson and Cowgill, 1963; Wright 1968)
represented the first serious test of the hypothesized climatic explanation for
Childe's ‘Neolithic Revolution’. Pollen analysis showed that instead of the
present-day oak parkland, the Zeribar region was a treeless chenopod-Artemisia
steppe during the late Pleistocene, a flora typical of cold dry climatic conditions,
not one with a “pluvial” climate. Further pollen studies in Southwest Asia have
confirmed the Zeribar sequence (van Zeist and Bottema, 1991) and they indicate
a sequence of climatic and vegetation changes that was the reverse of that
predicted by the oasis hypothesis. The early Holocene witnessed a gradual re-
establishment of woodland vegetation, indicating higher precipitation, not
climatic desiccation. The geochemical data from Zeribar were in broad
agreement with the pollen evidence in indicating lower lake levels and a drier
climate in the earlier part of the record. They also represented a pioneering
example of the multi-proxy approach that is now widely adopted in studies of



past environmental change (Lotter 2003) and they encouraged Hutchinson and
Cowgill to carry out subsequent coring work and multi-proxy sediment analyses
at Lake Hula in Israel (Cowgill, 1969).
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Figure 1: Map of Southwest Asia, show key archaeological and
palaeoenvironmental sites. A-C-] indicates Aamiq, Chamsine and Al Jourd pollen
sites.

Thus, rather than contracting, the availability of environmental resources
increased in most areas of the eastern Mediterranean during the Glacial-
Interglacial transition. And rather than early Holocene oases, it would have been
in glacial-age refugia where plants, animals and humans would have been
squeezed together. Wild cereals, for example, were common only in a few areas
of the Mediterranean during glacial times, and Wright (1976) suggested that
parts of North Africa, such as Morocco, might have been significant wild cereal
refugia during the late Pleistocene. Although subsequent research has shown
this not to be true for the Maghreb, glacial-age environmental conditions were
relatively favourable in some areas of North Africa, such as Cyrenaica
(Prendergast etal.,, 2016). Overall evidence indicates that the most important
glacial refuge area for wild cereals was in the southern Levant, an area that was
less adversely affected by Late Pleistocene cold and aridity. Increases in
temperature and rainfall during the Late Glacial and early Holocene then allowed
wild cereal grasses to expand from here to occupy their present-day distribution
over the Fertile Crescent (Wright, 1993).

Although the abandonment of a simple glacial-pluvial correlation has meant that
the oasis theory as originally formulated is no longer tenable, it has re-emerged
in a much reduced and modified version. This is because expansion of the plant



and animal resources required for domestication was halted, or even reversed,
just prior to the “Neolithic Revolution”, by the climatic deterioration of the
Younger Dryas stadial (~13.0 - 11.7 ka BP). Working at the Epi-Palaeolithic/
Neolithic site of Tell Abu Hureyra on the middle Euphrates, A. Moore and G.
Hillman (1992) found evidence for declining availability of wild cereals and
pulses at the time of the Younger Dryas. They were replaced at this time by other
wild plant resources such as chenopods. Moore and Hillman proposed that
reduced availability of wild cereals and other plant foods at this time might have
acted as the stimulus for new forms of human resource use, with climatic
deterioration acting as a trigger for subsequent crop domestication (but see
Colledge and Conolly, 2010).

What is clear from the above review is that major climatic and environmental
changes occurred during the last Glacial-Interglacial transition, even if the
Pumpelly-Childe “oasis” hypothesis is no longer tenable. It is therefore not
possible to exclude climatic changes from any comprehensive model purporting
to explain the emergence of agriculture in the eastern Mediterranean region.

3. Areconstruction of climate and vegetation during the last glacial - interglacial
transition

In this section we review and analyse data sets for climatically-induced
environmental change between the Last Glacial Maximum (LGM) and ~9 ka BP in
the eastern Mediterranean region. Initially we focus on stable isotope records
from cave carbonates (speleothems), and from lake and deep marine sediments,
supplemented by other evidence, such as lake-level and mountain glacier
fluctuations. We then go on to synthesise and evaluate changes in vegetation
and land cover, primarily from pollen analysis along with plant macrofossil data,
particularly charcoals.

3.1. Stable isotope records of hydro-climate

Stable isotope data have responded rapidly and sensitively to changes in climate
and water balance, and they represent a valuable “common currency” for
climatic reconstruction. Although their precise significance varies between
different natural archives and - in some cases — between sites (cf. Roberts et al
2008), stable isotopes offer one of the best ways to provide a synthetic overview
of shifts in climatic conditions in the region during the last glacial - interglacial
transition. Data come principally from stable isotope analysis of oxygen (6180)
and carbon (613C) on endogenic or biogenic carbonates from caves, lakes and the
sea. Cave speleothems now provide some of the best isotopic records from
southwest Asia, many of which come from the Levant (e.g. Bar-Matthews et al.,
1997; Frumkin et al.,, 1999; Verheyden et al.,, 2008), thus overlapping
geographically with a key area of archaeological importance. Speleothem growth
itself implies hydrological activity and hence periods when effective water was
available (Vaks et al., 2006). Lake isotopic records are widely distributed across
the eastern Mediterranean although causal controls vary between sites,
depending mainly on the degree of hydrological lake closure. Mediterranean lake



isotope data were synthesised by Roberts et al (2008), to which can be added
records from Yammouneh in Lebanon (Develle et al., 2010) and Nar lake in
central Anatolia (Dean et al., 2015). Stable isotope analysis of foraminiferal tests
from East Mediterranean deep sea cores (e.g. Emeis et al.,, 2000) provide a means
of linking terrestrial records to the global marine isotope stratigraphy and to
North Atlantic palaeoceanography, although they generally offer a lower
stratigraphic resolution than caves and some lakes.

Some of the key isotopic records are shown in figure 2 and listed in table S1, with
site locations in figure 1. During the last glacial - interglacial transition all these
records show a shift from more positive to more negative isotopic values. For
6180, this shift is partly due to deglacial changes in the isotopic composition of
source waters in the oceans (Kolodny et al., 2005), a shift that was amplified in
the eastern Mediterranean Sea by meltwater discharge from the Eurasian ice
sheet via the Black Sea. Correcting by 1-2 per mille for lower Sea Surface
Temperatures (Almogi-Labin et al.,, 2009) surface waters in the eastern
Mediterranean Sea were isotopically heavier than at present by around 2-3 per
mille, that is, more than the 1-2 per mille ice volume effect found in the world
oceans. However, changes in §180 in lake and cave records cannot be explained
by source area composition effects alone (Almogi-Labin et al., 2009). A
significant part was also caused by changes in regional hydro-climate, as
reflected in the positive co-variance between 6180 and 613C in records from
many lakes (Roberts et al., 2008) and caves (Bar-Matthews et al,, 1997; Cheng et
al, 2015). Thus the overall regional hydro-climatic trend between the LGM and
the early Holocene was one of increasing moisture availability, in line with the
climatic conditions inferred from the pollen record at Zeribar. This long-term
isotopic trend was, however, interrupted by a Late Glacial climatic reversal that
separated two periods of rapid climate warming/wetting. The eastern
Mediterranean isotope curves closely resemble the climate-stratigraphic
sequence from the north Atlantic region, summarised by the Greenland ice core
record (Fig. 2). On the other hand, the apparent timing of isotopically-inferred
climatic changes varies between individual eastern Mediterranean sequences.
The apparent lack of synchrony between climate phases even led S. Bottema
(1995) to question whether southwest Asia experienced a phase equivalent to
the Younger Dryas stadial at all.
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Figure 2: Stable isotope records for individual cave, lake and marine sites in the
eastern Mediterranean, along with the GRIP2 Greenland ice core. In all cases
6180 except for Sofular (613C). For sources, see text and table S1. Note the scale
offset between Dim cave speleothems E2 and E3.



The weight of evidence now strongly suggests that apparent differences in the
timing of climate change between different sites, both for stable isotopes and for
pollen (discussed below), are primarily due to a lack of dating precision and
accuracy. Firstly, sequence chronologies are based on a range of different dating
methods, including *C, U-Th and varve counts, and these may not be directly
commensurable. Many of the older studies have relatively few dates, often with
conventional 1#C rather than AMS dates (e.g. Zeribar), and sometimes with large
statistical uncertainties (e.g. Eski Acigol). At some sites (e.g. Hula; Meadows
2005) there were substantial old carbon distortions of apparent 14C ages, while
changes in the Mediterranean marine *C reservoir correction are imperfectly
known. Secondly, those sites with the most detailed and internally consistent
chronologies show a much smaller range of age variations and a better match to
the Greenland ice core ages. This applies especially to cave records such as
Sofular and Jeita that are dated by U-series using mass spectrometry (Goktiirk et
al, 2011, Cheng et al., 2015). Thirdly, it is possible to identify some proxy-climate
indicators that must have changed synchronously across the region, and thus
provide time-marker horizons. M. Rossignol-Strick (1995) adopted this
approach using key pollen taxa in marine and terrestrial records - such as
chenopod pollen - to show that the apparent age of the Younger Dryas (=G-S1)
stage was in error at sites such as Hula. In similar vein, shifts in the portion of
the 8180 signal caused by changes in source water composition must be the same
age across the region, and can thus be used to correlate between records. (This
does not apply to the Black Sea, however, whose oxygen isotope stratigraphy is
different from that of the Mediterranean Sea; this in turn influenced sites such as
Sofular cave, whose 8180, came mainly from this northern source (Bahr et al.,,
2006; Goktiirk et al., 2011)). Overall, we can infer that within the “normal” limits
of dating precision (i.e. + 200-500 years), climatic changes appear to have been
synchronous across the eastern Mediterranean between ~16 and ~9 ka BP and
in tune with those in the wider Mediterranean and the North Atlantic, a
conclusion in line with that of Robinson et al. (2006). On the other hand, these
climatic shifts would not have had the same impact across the eastern
Mediterranean region.

In order to explore further climate trends during the last Glacial-Interglacial
transition, multiple isotope records listed in table S1 have been statistically
normalised to create z-scores (following Roberts et al. 2011), and time-averaged
for each of the major climate phases, which are assumed to have been
synchronous across the region. These allow an assessment of how much of the
glacial-to-interglacial change in climate was accomplished during the initial
warming/wetting step equivalent to the Bolling/Allerdd (GI-1) interstadial, and
how far the subsequent Younger Dryas (GS-1) put this climatic amelioration into
reverse. As shown in figure 3, some of the coldest and/or driest climatic
conditions were coincident with the North Atlantic Heinrich 1 event (~16-17 ka
BP), in line with other Heinrich events that correspond to phases of cold and
aridity in the eastern Mediterranean (Bartov et al., 2003). The only exception to
this is Lake Van, whose glacial-age 6180 record fails to register the positive
isotopic values found at other sites at that time, possibly because of isotopically-
light meltwater from surrounding mountain glaciers (Kwiecien et al., 2014).



% F1.0
o X X @ Lake Zeribar
X o O LakeVan
o v A
L os A Akgdl
X EskiAcigol
* LC21
x 0.6 " Jeita
[
5 ¥ Soful
* v 5 ofular
>*% @
N Soreq
0.4
* * Dim
*
ﬁ Mean
X
A 0.2
-
X Q o
\ T T T T
5 4 3 2 |
HI Bgalling-Allered  Younger Early Early
interstadial Dryas Holocene | Holocene 2
stadial

Figure 3: Synthetic isotope z-scores by climate phase for Southwest Asian stable
isotope records

During the first period of climatic amelioration (=B6lling/Allerdd interstadial,
~13-15 ka BP), normalised 6180 values show a rather large range of variation
between records (Fig. 3). At some sites (e.g. Eski Acigol, Soreq, Sofular) isotopic
values at this time were close to or even above those during the early Holocene,
implying analogous climatic conditions. However, in other records the
normalised isotopic change is only around 40-50% of that achieved by the early
Holocene. In some cases (e.g. marine cores) this may be linked to “smoothing” of
the trend due to bioturbation or mixed isotope sources. Normalised §180 values
are more tightly clustered during the subsequent climatic reversal (=Younger
Dryas stadial, 11.7-13 ka BP), with values between a quarter and a half of the full
glacial-interglacial climatic range, except at Lake Van and at Dim Cave. In other
words, inferred climatic conditions at this time appear to have been less severely
cold and dry than at the time of the H1 event, in line with similar findings
elsewhere in the world (Meltzer and Bar-Yosef, 2012). During the second phase
of climatic amelioration at the start of the Holocene (~11.7 ka BP), conditions
improved rapidly to within 20% of those in full early Holocene times (~10-8.5 ka
BP) which coincided with the formation of eastern Mediterranean Sapropel 1.
The data in figure 3 show no clear spatial patterns, although there is a suggestion
that the Younger Dryas climate reversal led a larger drop in temperatures and
moisture availability in upland interior areas (e.g. Lake Van). The overall mean
isotopic values indicate that around two-thirds of the glacial-interglacial shift in
climate was accomplished during the initial step (H1 to B/A), with a subsequent
return to values about one-third of the full shift during the Younger Dryas
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climate reversal. The second warming/wetting step at the start of the Holocene
was similar in amplitude to the first, but probably with higher absolute values of
temperature and precipitation. Significantly, as in the Greenland ice record
(Grootes and Stuiver 1997), both of the major warming steps (~14.5 and 11.7 ka
BP) appear to have been extremely rapid in Southwest Asia. At Van, Eski Acigol
and at Nar, whose lake sediment records are laminated, most of the isotopic shift
at the start of the Holocene took place in less than a century according to laminae
counts (Wick et al., 2003; Roberts et al., 2001; Dean et al,, 2015). At Eski Acigo],
this is also true for the isotope shift marking the onset of the “B6lling/Aller6d”
interstadial. These abrupt and sustained shifts in climate, with mean
temperatures rising by up to 1°C per decade, had dramatic consequences for
environmental resource availability and would have been felt directly within an
individual human lifetime.

While there is now broad agreement about the timing and phasing of climatic
change during the last Glacial-Interglacial transition in Southwest Asia, some
other research issues of palaeoclimatic reconstruction remain less clearly
resolved. One issue (discussed in section 3.1, below) relates to the explanation
for pollen evidence of a slow re-advance of trees across interior areas of Anatolia
and western Iran during the early Holocene. Another issue concerns the hydro-
climatic interpretation of Late Pleistocene high lake levels, notably in the Dead
Sea basin. As previously noted, the deep-water lake Lisan that occupied the
lowest part of the Jordan rift in glacial times was a key line of evidence in the
glacial-pluvial correlation that is now discredited for Southwest Asia as a whole.
There remain contrasting views about whether glacial-age high lake levels in
Southwest Asia were the result of a cold-dry or a cool-moist climate (e.g. Enzel et
al., 2008; Gasse et al., 2015; Stockhecke et al., 2016), as both scenarios could
have caused lake water levels to rise. It is unlikely that some areas of Southwest
Asia received an increase in precipitation while other areas nearby experienced
an absolute precipitation fall, in a kind of localised climatic see-saw. Glacial-age
high lake levels occurred across the region, for example in central Anatolia
(Roberts et al., 1999), not just in the Dead Sea basin. None the less, it is clear that
precipitation gradients between coastal and interior areas of Southwest Asia
were more marked at the LGM than they have been during the Holocene. This is
evident in glacier palaeo-equilibrium lines reconstructed from cosmogenically-
dated moraines. They show, for example, that Sandiras Dag near the coast of
southwest Turkey was glaciated to elevations around 1000 m lower than Mount
Erciyes in interior Anatolia (Sarikaya et al., 2008, 2009). This can only have been
due to much higher precipitation on coastal mountains than inland, a conclusion
supported by evidence for important glacial-age forest refugia in the coastal
uplands, compared to herb-steppe on the Anatolian plateau (see below). Overall,
coastal and more southerly areas of the eastern Mediterranean were less
severely affected by the cold-dry climate at, and immediately after, the LGM, than
were upland, interior regions. Areas such as the southern Levant therefore
maintained relatively favourable conditions for lake water balance, for plant
growth and for human occupation even at times of adverse climate, such as
during the H1 event.
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3.2 Changes in vegetation and land cover
3.2.1 Pollenrecords

Pollen analysis represents the most comprehensive way to reconstruct changes
in regional vegetation. However, it should be borne in mind that pollen
percentage data do not take account of differential production, dispersal and
preservation between individual taxa. Indeed some plant taxa, such as
Amygdalus (almond) are not represented at all in the pollen record. Partly
because of this, as well as assessing regional changes in pollen assemblages we
also compare them against woody plant taxa recorded in charcoals from
archaeological sites spanning the Late Glacial - early Holocene transition. Most
pollen sites in southwest Asia come from lakes or wetlands located in
climatically wetter areas, often in uplands, while drier/lowland areas are not so
well represented, although these were often important archaeologically. The
problems of dating precision and accuracy (discussed above) also apply to pollen
records; in fact, some of the lake isotope and pollen data derive from the same
sites and/or cores.

We focus here on pollen sequences that span most or all of the time period
between 16 and 9 ka BP from those parts of Southwest Asia where crop and
animal domestication took place (Fig. 1). Ten of the main pollen records have
been put on a common calendrical timescale in order to facilitate comparison
between them. Five of these sites derive from Anatolia and Northwest Iran,
while another five sites come from the Levant (see Table S2 for details). Figure 4
summarises changes at each site in three major plant groups; 1) steppic herbs
(Artemisia+chenopodiaceae), 2) grasses (including cereal-type) and 3) broad-
leaf trees, of which oak (Quercus) is most important. As figure 4a shows, there
was an overall decrease in herb steppe vegetation across the region during the
glacial-interglacial climatic transition. At several sites (e.g. Akgdl (Konya), Urmia
and al-Jourd), there was an initial decline in Artemisia, chenopods or both,
followed by a secondary increase, and then by a more permanent decline at the
start of the Holocene, typically between 12 and 11 ka BP. Chenopodiaceae
remained significant at some sites during the early Holocene, although this group
of taxa also includes pollen from local halophytic plants that commonly grow
around salt lakes such as Urmia. At many sites, the grass pollen curve (Fig. 4b)
shows a reverse trend to that of steppic herbs, with an overall increase over
time, although often fluctuating. There was a significant phase of grass-steppe
dominance during the opening millennia of the Holocene, especially across the
upland regions of central-east Anatolia and northwest Iran. This is commonly
associated with micro-charcoal influx peaks, implying that wildfires helped to
maintain an open grassland landscape at this time (Turner et al,, 2010). The
proportion of pollen of broad-leaf trees, especially deciduous oak, also increased
during the glacial-interglacial transition, primarily during the early Holocene
rather than late Pleistocene (Fig. 4c). Whereas this expansion occurred quite fast
in most lowland pollen records from the Levant (e.g. Ghab, Huleh), the increase
in oak pollen was rather slow in upland interior areas, and at some sites (e.g.
Zeribar) maximum Quercus values were only achieved as late as 6 ka BP. There
has been extensive discussion in the literature about whether the delayed re-
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advance of woodland was caused by climatic controls (e.g. Stevens et al., 2001;
Djamali et al., 2010), by ecological dynamics slowing the spread of trees (e.g. van
Zeist and Bottema, 1991), by human factors such as burning and grazing (e.g.
Roberts, 2002), or some combination of these different agencies (Roberts et al,,
2011). What is clear is that by the 10t millennium BP, bio-archaeological
evidence for aceramic Neolithic resource use implies that oak parklands were
being actively managed and altered (Asouti and Kabukcu, 2014). There was not
only a contrast in the timing of woodland expansion between coastal and interior
regions of Southwest Asia, but also in overall woodland cover, which was denser
in wetter, coastal areas than it was in drier interior plateaux, such as around
Lake Urmia and on the Konya plain of south central Anatolia.

In addition to these major ecosystems, some other areas of Southwest Asia were
characterised by an expansion in needle-leaf forests of pine, cedar and fir, for
example around Lake Beysehir in southwest Anatolia (Bottema and Woldring
1984). Another vegetation type that became significant during the early
Holocene was Pistacia (terebinth) parkland. This small tree is a low pollen
producer and so is under-represented in pollen diagrams (Fig. 4d), but it is clear
that Pistacia was a significant component of many of Southwest Asia’s semi-arid
landscapes during the early Holocene (see further discussion below).

This pattern of vegetation change is consistent with the sequence of Late-Glacial
climatic changes described in section 3.1 above, although there is some variation
in the timing of changes from site to site. For example, the early Holocene
decline in Artemisia and chenopods has a calculated age as early as 12.2 ka BP at
some sites (e.g. Eski Acigol) but as late as 10.5 ka BP at others (e.g. Urmia).
However the mean age for this vegetation change across all sites corresponds
quite closely to the established date for the Younger Dryas-Holocene climatic
transition at 11.7 ka BP.

13



Figure 4: Individual pollen records by sub-region (Anatolia and northwest Iran,
Levant) and plant type, vs time (see table S2 for sources); a) steppic herbs

————  Artemisia + Chenopodiaceae
a) Anatolia and Western Iran
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b) Grasses

a) Anatolia and Western Iran
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c) broad-leaf trees (note differences in % scale for Levant)

a) Anatolia and Western Iran
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d) Pistacia (selected records only, note differences in % scale)
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3.2.2 Charcoal data

Macro-charcoals from archaeological deposits provide a valuable complement to
pollen records in terms of regional vegetation history, as well as for
understanding past human use of woody plant resources (Asouti and Austin,
2005). Unlike micro-charcoals, they are identifiable to genus, and they can also
be dated directly by radiocarbon. On the other hand, the wood was collected and
selected deliberately by people, and this is likely to have introduced some
cultural taphonomic bias into the eventual charcoal assemblage that was
preserved. For example, at Epi-Palaeolithic Wadi Faynan site 16 in southern
Jordan, a dominance of Juniperus rather than Pistacia wood (whose nutshell was
ubiquitous in the archaeobotanical samples) may reflect a site-specific cultural
preference for the use of locally available juniper old wood as timber and fuel
(Mithen et al., 2007).

For this paper we have drawn on published syntheses for the southern Levant
(Asouti et al., 2015) and south central Turkey (Asouti and Kabukcu, 2014).
Along with these we have put together quantitative charcoal count data for a
number of archaeological sites in the northern Fertile Crescent, to which can be
added non-quantified data for a number of other sites, such as Kortik Tepe and
Abu Hureyra. Details of the charcoal data can be found in table S3 and summary
charts in figure 5. For these charts, count data were grouped into five time
phases and regional averages calculated (see table S4 for details).
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For the southern Levant, the regional anthracological record suggests that
vegetation and climate were substantially different from the present-day during
the Late Glacial and early Holocene. In the only pre-Natufian site for which data
are available (Nahal Neqgarot), charcoals were dominated by Juniperus, a taxon
that is absent today from the Negev Highlands (Baruch and Goring-Morris,
1997). Juniper remained a significant component of the southernmost Levantine
vegetation until post-Neolithic times, and by the Late Natufian (2Younger Dryas)
it was joined by Pistacia and in the early Holocene by Amygdalus/Prunus.
Deciduous oak only became a significant component of the wood charcoal
assemblages in the mid-late PPNB, i.e. after ~10 ka BP, and evergreen oak was
only ever a minor component. Early Holocene (Neolithic) charcoal assemblages
are notably more species-diverse than those of the late Pleistocene, including
riparian taxa (e.g. Salicaceae, Tamarix, Fraxinus). The Late Glacial vegetation of
the southern Levant would thus have been dominated by Pistacia savanna and
Juniperus-Pistacia steppe woodlands to the east and south of the Jordan valley;
this graded into Pistacia-Amygdalus-Rhamnus-Prunus-Maloideae moist
woodland steppe and deciduous Quercus woodland that grew in moister
localities, especially to the north and west of the Jordan valley, during the
opening millennia of post-glacial times.

Climate phase HI B/A YD E Hol | E Hol 1

Archaeological

period “Kebaran” Early Natufian Late Natufian PPNA-EPPNB M-LPPNB

b "D .
4
P raa ‘.

Southern
Levant

South Central
Anatolia

5

W lIran

A A

Other Juniperus

<«

Amygdalus/Prunus Quercus deciduous

Riparian taxa

Figure 5: Proportions of different wood charcoal taxa from archaeological sites
by sub-region and time period




Further north, charcoal data for sites in the Irano-Anatolian foothills and mid-
elevation slopes are absent until PPNA times. From the start of the Holocene, a
broad diversity of woody taxa is represented, especially riparian trees/shrubs
and Pistacia, along with deciduous oak and Amygdalus/Prunus, but not Juniperus.
Rosaceae-dominated grasslands would have prevailed at the onset of the
Holocene, including a small but distinct component of deciduous Quercus (Asouti
and Kabukcu, 2014). In south central Anatolia, late-glacial Epi-Palaeolithic
charcoal assemblages from Pinarbasi in the Konya basin were dominated by
Amygdalus/Prunus and Juniperus, with oak charcoals notably absent. By the time
of the early Holocene human occupation of the Pinarbasi rockshelter, juniper had
been replaced by Pistacia. In contrast, around broadly the same time at Boncuklu
in the middle of the Konya plain wetland, charcoals were dominated by riparian
taxa (notably Salicaceae). Riparian trees were also important in the initial
occupation levels at Catalhdytik (early ceramic Neolithic in date), but these were
quickly replaced by deciduous oak and - in the later levels - by juniper.

The charcoal assemblages summarised in figure 5 therefore reflect spatial
variations at both local and regional scales, as well as long-term temporal trends,
and they include a number taxa that are rare or absent in pollen records, such as
Amygdalus/Prunus and Celtis. Juniper tolerates cold winter temperatures, and
because of this it is relatively abundant in some charcoal assemblages of Late
Glacial age and/or in upland contexts (e.g. Konya basin). However, juniper was
also a significant element of wood charcoals at some sites of early Holocene age,
possibly as an early-colonising tree. Southwest Asian juniper species are shade-
intolerant and able to tolerate low-nutrient soils. A complex spatio-temporal
pattern is also true of juniper in pollen records. Juniperus is significant in Late
Glacial pollen assemblages from Lake Beysehir (Bottema and Woldring, 1984),
but is uncommon in sites from elsewhere in southwest and central Anatolia from
this time period. At Van, a high elevation lake in eastern Anatolia, juniper was
rare in Late Glacial and early Holocene times, and became a significant
component of the regional vegetation only in the last five millennia as the climate
became drier and soils more degraded (Wick et al.,, 2003).

In contrast to juniper, some other tree taxa display more coherent behaviour
across southwest Asia since the LGM, at least partly because of climatic
constraints. Deciduous oak, for example, is rare in both pollen and charcoal
records of Late Glacial age, and both types of archive show that it increased in
abundance during the early Holocene - albeit rather gradually - linked to
climatic amelioration, ecological dynamics (including wildfire and grazing), and
human management for fuel, fodder and timber. Pistacia is another tree/shrub
that expanded its range substantially in southwest Asia during the last glacial-
interglacial climatic transition. Charcoal evidence shows that in the Negev this
expansion began during the Late Glacial period (Fig. 5, tables S3 and S4). An
expansion of Pistacia during the Late-Glacial interstadial is also recorded in some
pollen records from the Levant (e.g. Al-Jourd; Cheddadi and Khater, 2016) and
eastern Anatolia (e.g. Van; Wick et al,, 2003), although this trend was reversed
during the subsequent Younger Dryas stadial (Fig. 4d). eThe main phase of
regional Pistacia dominance, however, occurred during the early Holocene, as
first recognised by Rossignol-Strick (1995). Pistacia is a low pollen producer, so
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percentage values need to multiplied by ~10 for comparison with other tree
taxa, such as oak; if this is done, there is then a good overall match between the
pollen and charcoal Pistacia data (2-5% vs 20-50%). In marine pollen records,
the Pistacia phase coincides with the S1 sapropel layer, which Rossignol-Strick
(1995, 1999) suggested was indicative of warmer winter temperatures than in
recent times. This phase is also found in many terrestrial pollen records, for
example, in eastern Anatolia/northwest Iran (e.g. Van, Zeribar) and south central
Anatolia (e.g. Eski Acigol and Nar; see Roberts et al., 2016, figure 8), where it is
dated between ~11 and ~7 ka BP. This time period therefore witnessed a
dramatic expansion of Pistacia parkland with grass understory, an ecosystem
that dominated the vegetation of southwest Asia’s semi-arid zone throughout the
Neolithic.

4. Demographic changes in southwest Asia

There have been previous attempts to infer human population trends in
Southwest Asia for the period of the late Pleistocene and early Holocene.
Guerrero et al. (2008, fig. 2) used Bocquet-Appel’s (2002) method of evaluating
the juvenility index from age distributions of skeletons as a proxy for population
growth. They found evidence of population growth in the earlier Natufian and
population stabilization in the late Natufian, with a high rate of growth returning
in the Pre-Pottery Neolithic (PPN). However, the chronological resolution of the
data was low and the method provides information on growth rates, rather than
relative population levels. The latter was attempted by Goring-Morris and Belfer-
Cohen (2010, fig 4.2), who provided estimates of site densities per thousand
years covering the period from the Upper Palaeolithic to the beginning of the
Pottery Neolithic for five different regions of mainland southwest Asia. Both the
Mediterranean southern Levant and the Tigris-Euphrates area show fairly
constant rates of increase over the period, from very low initial levels, resulting
in site densities of c.90 and 60 sites/thousand years respectively by the end of
the period. The arid southern Levant and the Transjordanian desert show
fluctuating patterns, the former with its highest peak, c.90 sites/thousand years,
in the Middle Epipalaeolithic and the latter, c.65 sites/thousand years, in the late
PPNB. For the northern Levant the pattern was rather flat, but with a trebling of
the density from Late to Final PPNB, reaching a peak of c.35 sites/thousand
years. Overall, there is some suggestion of a higher rate of increase with the
arrival of farming but it is not marked. However, these patterns too are very low
in resolution and certainly provide no basis for investigating whether there is
any connection with climate change.

To address this situation we have created a new population proxy for the period
using summed calibrated radiocarbon probabilities. For this purpose, we have
collected 1,917 14C dates from several major existing date collations (Bohner and
Schyle 2002-2006; Maher et al.,, 2011; Borrell et al,, 2015; Flohr et al,, 2016) and
a wide range of other published sources, over a slightly broader time range of 17
to 7.5 ka uncal in order to avoid edge effects. Using the resulting date list we
have carried out both an overall analysis of all the relevant dates from Southwest
Asia and an analysis on three regional subsets, 1) southern and central Levant, 2)
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northern Levant and Upper Mesopotamia, and 3) South-central Anatolia, to see if
there are regional differences in population patterns (see fig. 6)1.

Although reservations have often been expressed about the validity of summed
radiocarbon probabilities as a population proxy, they have been consistently
shown to correlate with other lines of evidence where these are available (e.g.
Woodbridge et al., 2014; Lechterbeck et al., 2014; Crema et al., 2016). Our
method largely follows the one laid out by Shennan et al. (2013) and Timpson et
al. (2014) and provides means of taking into account the effect of the calibration
curve and variation in the sample size on the resulting patterns. We reduce the
bias that is potentially introduced by the over-sampling of certain site sequences
by clustering uncalibrated dates from the same site that are within 50 years of
each other and rescaling the overall weight of these neighbours’ probability
distributions, before summing probability distributions across different sites.
This admittedly does not take into account site size and, insofar as there is
considerable evidence for an increase in average site size over time (e.g. Kuijt
2000, Borrell et al., 2015), at least until the end of PPNB, the results are likely to
underestimate the population trend for the later parts of the period.
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Figure 6: Map of archaeological sites with radiocarbon dates falling in the study
time frame, split by sub-region. Egyptian (except Sinai) and Cypriot dates have
been excluded.

1 the full analysis and radiocarbon dataset are available at UCL Discovery
repository at: http://dx.doi.org/10.14324/000.ds.1570274
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a. All Dates (normalised)
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Figure 7: Summed radiocarbon probability distributions for the whole study area
and 16-9 ka BP time period: (a) with each date normalised prior to summation,
showing the exacerbation of calibration curve artefacts, (b) un-normalised and
with a fitted exponential model, and (c) indications of departure from the fitted
exponential via a global significance value and local measures via a Monte Carlo
test.

A decision has to be made about the calibration method used, and in particular
about whether dates are normalized prior to summation. For the dataset as a
whole Fig 7a shows the summed distribution with each date normalized prior to
summation (the method used by OxCal and others), showing an exacerbation of
calibration curve artefacts in the form of spiked probability densities
corresponding to the steepest portions of the calibration curve. Fig 7b shows the
unnormalised results for the same dataset (the method used by CalPal).
Following the discussion in Weninger et al. (2015), we have opted to use the
unnormalised results in what follows as likely to give a better picture of the
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summed calibrated distribution. Figures 7a-b also show the impact of adjusting
the IntCal13 curve according to improved tree-ring calibration for this period
provided by Hogg et al (2016): in this case, there is little evidence for a major
difference and so we have continued using IntCal13 for what follows.

In order to indicate where certain portions of the time series depart from
baseline expectations, we fit an exponential model to the observed SPD (fig 7b)
and use it to simulate conditional-random SPDs, and calculate where the
observed time series departs significantly from this model (as implemented by
Crema etal,, 2016). A different choice of fitted time range (e.g. 16-0 ka cal BP)
will lead to different model residuals and observed deviation, but the overall
trend within the chosen time range (16-9 ka cal BP) is well-summarised via an
exponential curve. Substantively, this is also the pattern we would expect for
long-term population increase over the period if it simply continued trends
already established in the Epipalaeolithic. Departures from the trend potentially
inform us about deviations from the long-term growth pattern but need to be
distinguished from calibration curve effects that can also cause such deviations.
This is made possible by simulating the exponential model a large number of
times together with the calibration curve effects for the period concerned while
also taking into account the sample size of available dates, to produce a 95%
critical envelope for the model. Residuals falling outside that envelope can be
considered extreme, and therefore potentially indicate departures from the
exponential pattern, implying periods of population growth higher than the long-
term trend, or of population decline. However, we cannot be sure of this because
5% of the time the exponential model will itself generate values outside the
envelope, so we also calculate a global significance value by comparing the
overall distribution of the data residuals to the results generated by the model.

Fig 7c shows the SPDs for the data and the 95% envelope for the exponential
model for the time range 16-9 ka cal BP. The observed time series shows some
significant overall departures from the envelope for the exponential model
(global p-value=0.004). This is primarily a result of two periods where the
population proxy for Southwest Asia as a whole lies outside the modelled range.
The first of these occurs at 13.6-12.7 ka cal BP, corresponding to the
temperature decline in the latter part of the Bglling-Allergd interstadial and the
beginning of the Younger-Dryas, when inferred population levels fall below the
envelope of “expected” values. The 14C time series then rises rapidly to lie within
the exponential trend interval by ~12.5 ka, well before the end of the Younger
Dryas. From the end of the Younger Dryas at 11.7 ka until 11.1 ka BP,
corresponding to the beginning of the Holocene and the early PPNA, inferred
population is higher than predicted by the exponential model. In other words,
the demographic trend from 12.7 ka to 11.6 ka suggests a continuous period of
population growth through the Younger Dryas and into the Holocene, resulting in
a 5-fold population increase over 1,100 years. This is in keeping with Flannery’s
(1969) long-standing suggestion that increased dependence on sustainable plant
resources leads to people having more children (cf. Bocquet-Appel, 2002;
Winterhalder and Goland, 1993). In fact, that increase levels off rapidly after the
beginning of the Holocene c. 11.6 ka and continues flat until ¢.10.7 ka.
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Figure 8 shows the regionally subdivided results, again unnormalised, for which
the sample sizes are obviously greatly reduced, especially for south central
Anatolia. The extent to which each sub-region departs from the pan-regional
trend is tested via permutation of the regional labels (following the method
outlined in Crema et al,, 2016). All regions show significant departures (p-value
< 0.005) from the pan-regional pattern despite the reduced sample sizes. For
the southern Levant (Fig. 8a) the main departure is in the period c.14.5-13.5 ka,
roughly corresponding to the onset of the Bglling-Allergd interstadial and the
Early Natufian when population is significantly higher than the overall pattern
(Maher et al., 2011, 14-15). In this region there appears to be a brief period of
population growth in the middle of the Younger Dryas (—12.6 ka BP), but this
then levelled off up to —12.0 ka when there was renewed increase until 11.3 ka,
at which point a limit seems to have been reached. In total, this last increase
represents “only” a doubling of population, assuming that site sizes remained
constant.

a. Southern Levant
— SPD
95% MC envelope
positive deviation
negative deviation

n=744, sites=132, bins=463
p=0.004

b. Northern Levant / Upper Mesopotamia

— SPD
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p=0.004

c. South—-Central Anatolia
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p=0.001
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Figure 8: Summed un-normalised radiocarbon probability distributions for the
three sub-regions shown in figure 6 and the period 16-9 ka BP. The observed
SPDs of each region are separately compared to random SPDs conditioned on the
observed pan-regional model.
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In contrast, the population proxy for the Northern Levant/Upper Mesopotamia
region (Fig. 8b) is significantly below the pan-regional pattern throughout the
period 16.0-13.4 ka BP, at which point it starts a consistent upward trend that
continues throughout the Younger Dryas to reach values that significantly exceed
the global pattern from 11.7 until ~10.5 ka BP, after which it declines. In fact,
between 13.4 and 11.5 ka BP population in the northern Levant grows roughly
20-fold. This region represents the main driver of the whole Southwest Asian
pattern described above, with nearly 2000 years of major population growth
before a peak is reached not long after the start of the Holocene. Perhaps
significantly (see below), all of the sites in this region 1#C-dated to the time of the
Younger Dryas lie at intermediate elevations, between 300 and 850 mas], that
include the northern hilly flanks of the Fertile Crescent. The population peak at
the end of the growth phase corresponds to the PPNA (Borrell et al. 2015, table
1) and coincides with the first clear archaeo-botanical evidence of cereal
cultivation. It is obviously not coincidental that this is also the context for the
appearance of the remarkable monuments at such sites as Gobekli Tepe, which
can plausibly be viewed a response to the new and rapidly transformed high-
density social-environmental world. From c. 10.3 ka, it appears that a short
period of rapid decline led to a period of flat population lasting until 9.5 ka when
growth returned. Although this falls within the pan-regional confidence interval
of a slowly increasing trend during this period, it is in keeping with Borrell et
al’s (2015) claims for a settlement hiatus in the region 10.2 - 9.8 ka BP and
contrasts with the suggestion of rapid growth in the southern Levant at this time
(see also Kuijt 2008, 292-296).

Despite the much smaller number of 14C dates and sites, and the resulting wider
95% confidence interval for the pan-regional pattern (Fig. 8c), south-central
Anatolia still shows a globally significant difference from the long-term
exponential trend (p=0.001). There is a period of c. 500 years from c. 15.2 ka
when the overall population pattern is significantly exceeded but more
noteworthy is the period from c. 12.7 to 11.2 ka BP, most of the Younger Dryas
and the first 500 years of the Holocene, when population is flat and lies below
the pan-regional confidence interval, a pattern that recurs briefly from c. 10.6 to
10.3 ka. By contrast, from 10.3 to 10.1 ka BP very rapid increase to a higher
population level appears to occur in south-central Anatolia, contrasting with the
apparent demographic decline already noted in the Northern Levant during the
same period and possibly suggesting out-migration from one region to the other.
Given that most of this variation falls within the confidence interval for the
combined regions, these suggestions should be treated with caution, but it is
important to note that the significant population peak in the south central
Anatolian region corresponds to the earliest occurrence of Neolithic “packages”
such as sedentism, housing and proto-domestication of animals and plants at
sites such as Boncuklu (Baird et al., 2012) and Asikli Hoyiik (Stiner et al., 2014;
Berger et al. 2016). Conversely, the long period of low and flat population over
the period 12.7-10.3 ka in south-central Anatolia provides little evidence that it
formed part of the core area where cultivation first began. It is also noteworthy
that except for two Epi-Palaeolithic cave sequences near to the coast, all the 14C-
dated archaeological sites in south central Anatolia lie at relatively high
elevations, above ~1000 masl.
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5. Analysis and Discussion

A number of previous studies have examined the relationship between climatic
and archaeological changes during the Last Glacial-Interglacial transition in
Southwest Asia (e.g. Robinson et al., 2006; Makarewicz, 2012, Meltzer and Bar-
Yosef, 2012), but without clear agreement. For example, Blockley and Pinhasi
(2011) concluded that the onset of some the principal archaeological phases
(Natufian, PPNA) coincided with, and therefore could be seen as a response to,
the key Northern Hemisphere warming events (start of the Bglling-Allergd
interstadial and Younger Dryas-Holocene transition, respectively). By contrast,
using a very similar radiocarbon data set from archaeological sites, Maher et al.
(2011) came to a different conclusion that no clear correlation could be
demonstrated between climatic and cultural changes. Henry (2013) also
concluded that the start of the Late Natufian probably preceded the onset of the
Younger Dryas by around 500 years, and therefore cannot be seen as a direct
response to climatic deterioration.

In fact, it is difficult to resolve the issue of temporal synchronism with statistical
rigour, because of uncertainties in the precision and accuracy of the relevant age
data sets. The start of the Holocene is dated by layer counting of the Greenland
ice cores as 11,703 calendar years before AD 2000, with a 99 year uncertainty at
>95% probability (Walker et al.,, 2009). The statistical error on multiple
archaeological 14C dates is time-variable (as discussed in section 4), partly
because the 14C calibration curve is non-linear, but is not better than #200 yr at 2
SDs for this region and time period. The statistical uncertainty on the dating of
most proxy climate records from southwest Asia is even larger, partly because a
wide range of dating methods have been used and also because shifts in climate
proxies are not normally dated directly; instead their ages have to be
interpolated between dated layers. For the majority of palaeoclimatic and pollen
records discussed in sections 3.1 and 3.2, chronological precision for the start of
the Holocene can be estimated as no better than +500 yr at 2 SDs. Itis
consequently not possible to demonstrate that the temperature rise at the start
of the Holocene in Greenland (x100 yr) and in the eastern Mediterranean (2+500
yr) were synchronous with a high degree of statistical probability. However,
similarity in the shape of proxy data curves and our understanding of Northern
Hemisphere climate dynamics would give strong support to such a correlation.
In the same way, linking the proxy-climate records from either Greenland or the
eastern Mediterranean to 1C date series for archaeological cultural phases is
only possible with an uncertainty of several centuries. None the less, it would be
surprising if the largest and fastest changes in temperature and precipitation to
have occurred during the last 20 ka had not prompted some new human lifeways
in southwest Asia. The global climate shifts at ~14.5 and 11.7 ka BP were
significantly larger in amplitude than that 8.2 ka BP, for example, and also lasted
much longer (>1 ka cf. <200 yr), with societal impacts that would have hard to
avoid. The dating evidence is therefore consistent with the hypothesis that these
two periods of rapid climate change and new material cultures occurred at the
same time, even if this cannot be proved statistically.
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Equally important is the fact that climatic deterioration at the onset of the
Younger Dryas was not associated with any major shift in material culture, the
onset of late Natufian (final Epipalaeolithic) occurring before this around
13.5+0.2 ka BP (Henry, 2013). This suggests that while rapid climatic
amelioration was associated with cultural innovation, confidence and risk-
taking, climatic adversity prompted more conservative behaviours, and
maintenance of established strategies that were already tried and tested. There
are parallels here with Rosen and Rivera-Collazo’s (2012) use of adaptive cycles
to explain human responses to climate change during the Late
Pleistocene/Holocene transition in the Levant. They argued, for example, that
the Younger Dryas prompted greater societal resilience and use of low-risk
resources in the face of colder, drier climatic conditions. By contrast, in the
succeeding PPNA, the improved climate encouraged environmental opportunism
and investment in high-risk but high-yield cultivation of morphologically-wild
cereal grasses.

Rather than becoming mired in the difficulties of testing precise synchronism
between changes in climate and human culture, we have aggregated all
archaeological 14C dates, regardless of cultural period, as a proxy for past
population trends, as described in section 4. While these data should not be
over-interpreted, especially when numbers of sites/dates are low, it is clear that
different regions of southwest Asia showed different demographic trajectories
through time (Fig. 8); in fact some regions had opposing rather than similar
patterns, for example the northern Levant versus south-central Anatolia during
the Younger Dryas and the beginning of the Holocene. There is no compelling
evidence that some parts of the eastern Mediterranean region experienced
fundamentally different climatic trends during the Late Pleistocene-early
Holocene transition (e.g. with one area warming while another cooled). Instead,
similar climatic trajectories had contrasting environmental or demographic
consequences in different regions. During cold-dry time intervals (e.g. Younger
Dryas) climatically-favoured regions acted as refugia for plant and animal
resources and human populations. By contrast, most upland and interior regions
of southwest Asia, such as central Anatolia, were dominated by low-biomass,
resource-poor herb steppe at times of adverse climate, during which there is
only limited evidence of human occupation (Figure 8).

In order to explore further the spatial implications of fluctuations in climate
during the Last Glacial-Interglacial transition, we have created a series of
mapped scenarios for different time intervals in the past. This analysis draws on
the CRU TS3.10 0.5° gridded observations dataset (Harris et al., 2014;
https://crudata.uea.ac.uk/cru/data/hrg/), from which we have used mean
values of mean monthly precipitation (MMP), mean annual temperature (MAT)
and mean winter temperature (MTw, November to February) for the 1900-1950
reference period. Past precipitation and temperature in the eastern
Mediterranean have been compiled for the Heinrich 1 (H1) event, the Bglling-
Allergd interstadial, the Younger Dryas stadial, and the early Holocene.
Temperature estimates derive principally from alkenone-based SSTs (table S5),
as summarised in Almogi-Labin et al. (2009, fig. 7). These are probably
minimum estimates for changes in air temperature, especially for winter and in
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interior land areas, where temperature depression is likely to have been greater
than at the coast during the late Pleistocene. Estimates of past precipitation
derive from stable isotope data at Soreq cave and Eski Acigol, using climatic
calibration and isotope mass-balance modelling (summarised in Jones et al.,
2007). These changes were applied uniformly across the whole region (i.e. the
same drop/rise in temperature and the same % change in precipitation). Our
analysis takes no account of changes in seasonality, although GCM experiments
imply that the present-day summer drought, typical of Mediterranean-type
climates, was much less prevalent in late Pleistocene times (see Wright, 1993,
Fig. 5).

Notwithstanding these limitations and assumptions, the mapped scenarios
shown in figure 9 clearly highlight that the same changes in climate had different
consequences across the eastern Mediterranean region. Figure S10a and S10b
show, respectively, MMP and MTw, while figure 9 combines the two climate
parameters, using threshold values of -2°C (MPw) and 20 mm (MMP). Although
arbitrary, this broadly corresponds to the modern agro-climatic limit for non-
irrigated crop cultivation, and approximates to the climate space within which
cereal domestication could have taken place. For Glacial (H1) times, the eastern
Mediterranean cecumene was greatly reduced in extent, especially for interior
Anatolia and northwest Iran; in contrast, the area of favourable climate in the
southern Levant remained similar to that today. The eastern arm of the Fertile
Crescent in Upper Mesopotamia is still identifiable under this scenario, but under
climatic conditions any colder or drier than those used here, the east-west
spatial connectivity along the Fertile Crescent would have become fragmented
into isolated refugia (e.g. along river valleys). For the Bglling-Allergd interstadial
scenario, the climatically-favourable land area more than doubled in extent,
especially in areas such as the northern Levant/upper Mesopotamia and central
Anatolia, although still with weak spatial connectivity between these two
regions. It should be noted that there are divergences in climatic reconstruction
for this time interval, with some reconstructions showing precipitation values
above those at present (as used here) but others having values similar to today’s.
Thus the mapped area shown in figure 9 may be an over-estimate of the true
cecumene. During the Younger Dryas reversal there was, unsurprisingly, a
contraction in the favoured climate space, primarily involving inner Anatolia,
whereas - significantly - continuity was maintained across the whole of the
Fertile Crescent. This is consistent with the evidence for increasing population
in the northern Levant throughout the Younger Dryas. Finally, in the early
Holocene scenario, the climatic cecumene expanded to beyond its modern limits,
including parts of the Syrian desert and almost all of Anatolia except the eastern
highlands. In climatic terms, there would have been strong spatial connectivity
across the whole of southwest Asia other than the southern arid zone at this
time.
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Modelled climatic limits on cereal growth.
Areas with >= 20mm monthly precipitation and mean winter temperature >=-2°Cin yellow.

Holocene

Mean winter temperature: Modern (1901 - 1950)
Mean monthly precipitation 1901 - 1950

Early Holocene
Mean winter temperature: Modern +1°C

Mean monthly precipitation: 130% modern

Younger Dryas stadial

Mean winter temperature: Modern -4°C

Mean monthly precipitation: 75% modern

Late Glacial interstadial

Mean winter temperature: Modern -1°C

Mean monthly precipitation: 120% modern

Glacial (H1)

Mean winter temperature: Modern -7°C

Mean monthly precipitation: 60% modern

Figure 9: Mapped bio-climatic scenarios for cereal growth during different time
periods during the Last Glacial-Integlacial Transition.
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It should be stressed that the maps shown in figure 9 represent scenarios of
average climatic conditions that would have varied from year to year, and
decade to decade. Little is currently known about whether inter-annual climate
variability was different in the past from the modern instrumental period. What
the scenarios suggest, however, is 1) temporal continuity of “favourable” climatic
conditions in the southern Levant between glacial times and the early Holocene,
2) favourable climatic continuity from the Bglling-Allergd interstadial through
the Younger Dryas in Upper Mesopotamia but 3) not in south central Anatolia,
where winters became once again severe and moisture balance deficient during
Younger Dryas times.

6. Conclusion

Neolithic agriculture in Southwest Asia has its origins during the preceding
Epipalaeolithic cultures, coinciding with major changes in climate and
vegetation, and following a long period of population increase. Pollen and
charcoal evidence shows that there was an overall increase in woodland and
grassland habitats and their associated plant and animal resources during the
glacial-interglacial transition. Some of those environmental changes were of a
speed and amplitude unprecedented in the last 20,000 years. Periods of rapid
warming and wetting-up of the climate followed by climatic reversals prompted
a range of human adaptive responses, including some that - with hindsight - we
might view as evolutionary ‘false starts’ and dead ends, but others that
eventually led to domestication of selected plants and animals (Fuller et al.,
2013). Comparison of climatic and archeological data sets shows that in some
areas, abrupt warming transitions at ~14.5 and 11.7 ka BP may have acted as
pacemakers for rapid population increase, coinciding with the start of the
Natufian and Pre-Pottery Neolithic cultures, respectively. However in other
regions, such as central Anatolia, there is no clear synchronism evident between
periods of rapid climatic amelioration and demographic trends. Although there
is increasing evidence of human occupation of the Anatolian plateau during the
Late Glacial interstadial and again early in the Holocene (Baird et al., 2013), the
main rise in population and adoption of domesticates does not appear to have
occurred here until after ~10.5 ka BP, i.e. more than a millennium after the shift
in climate at the start of the Holocene.

Temporal synchroneity does not mean that climatic changes had the same
environmental or societal consequences in different regions. During cold-dry
time intervals (e.g. H1), favoured regions, such as the Levant, acted as refugia for
plant and animal resources and human population. By contrast, most upland and
interior regions were characterised by low-biomass resource-poor herb steppe
at these times, and there is only limited evidence of human occupation of the
Anatolian and Iranian plateaux. On the other hand, climate reconstructions
suggest that interior regions below ~850 masl (e.g. northern Levant, Upper
Mesopotamia, Zagros foothills) maintained conditions that were more
favourable for human occupation during the Younger Dryas stadial. This, in turn,
would have allowed continuity of settlement here between the Late Glacial
interstadial and the early Holocene. This is in good accord with 14C PDF data
which indicate a continued growth of population in the northern Levant and
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Upper Mesopotamia between ~13 and 11.3 ka BP. Unlike central Anatolia, there
is no evidence of a demographic decline in the northern part of the Fertile
Crescent coinciding with the Younger Dryas climatic reversal. Indeed, the
northern Levant evidence, in particular, shows population growth continuing
throughout the period; the peak here at the beginning of the Holocene is the
culmination of a long-term trend, supporting long-standing arguments that
increased sedentism and plant exploitation led to population growth. While
early cultivation enabled further increase, it rapidly reached a limit, indicated by
the flattening off in the population curve, and coinciding with the remarkable
ritual and symbolic PPNA developments that are now familiar. This implies that
in addition to demographic trends prompted by changes in the natural
environment, some periods of regional population growth and decline in
Southwest Asia during the early Holocene may have followed the kind of auto-
cyclic “boom and bust” pattern seen in the primary Neolithic cultures of central
and northwestern Europe (Shennan et al.,, 2013). Contrasting human responses
to favourable climatic changes may have been set by antecedent conditions
during preceding periods of climatic adversity. In areas where socio-ecological
continuity was maintained through the Younger Dryas, such as the northern
Levant, human communities and population levels clearly profited from the
opportunities offered by the subsequent amelioration of climate and resources.
By contrast, in areas where there was a climatically-driven discontinuity in
settlement during Younger Dryas times (e.g. above ~850 masl), populations
reacted more slowly to the new opportunities provided by the interglacial world.
The consequences of climate change were not equal between regions or human
communities in the past, just as they will not be in the future.
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