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Abstract
The dispersal of Homo sapiens out of Africa is a signiﬁcant topic in human evolutionary studies. Most
investigators agree that our species arose in Africa and subsequently spread out to occupy much of
Eurasia. Researchers have argued that populations expanded along the Indian Ocean rim at
ca 60 000 years ago during a single rapid dispersal event, probably employing a coastal route towards
Australasia. Archaeologists have been relatively silent about the movement and expansion of human
populations in terrestrial environments along the Indian Ocean rim, although it is clear that Homo
sapiens reached Australia by ca 45 000 years ago. Here, we synthesize and document current genetic
and archaeological evidence from two major landmasses, the Arabian peninsula and the Indian
subcontinent, regions that have been underplayed in the story of out of Africa dispersals. We suggest
that modern humans were present in Arabia and South Asia earlier than currently believed, and
probably coincident with the presence of Homo sapiens in the Levant between ca 130 and 70 000 years
ago. We show that climatic and environmental ﬂuctuations during the Late Pleistocene would have had
signiﬁcant demographic effects on Arabian and South Asian populations, though indigenous populations would have responded in different ways. Based on a review of the current genetic, archaeological
and environmental data, we indicate that demographic patterns in Arabia and South Asia are more
interesting and complex than surmised to date.
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Introduction
Questions about the origins of Homo sapiens and the spread of humans around the world
fascinate scholars and the general public alike. In recent years, the broad outline of the
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biological and cultural evolution of our species has been documented through the efforts of
scholars from a range of ﬁelds including biological anthropology, archaeology and population genetics. Available data from these disciplines points clearly to an emergence of
H. sapiens in Africa. The earliest known fossils of H. sapiens are found in Africa, where they
are recovered from contexts dating to ca 195–160 thousand years ago (ka) (White et al.
2003; McDougall et al. 2005) Based on mitochondrial DNA (mtDNA) gene tree analysis,
the estimated time to the most recent common ancestor of all humans worldwide is ca 170 ka
(Ingman et al. 2000). However, the ancestral relationships and demographic structure of
H. sapiens populations remains complicated owing to considerable morphological variation
in fossils (e.g. Gunz et al. 2009) and evidence from autosomal and X chromosome data
suggesting that multiple archaic subpopulations contributed to the gene pool of early
H. sapiens (Garrigan and Hammer 2006). The ﬁrst secure evidence for the movement of
H. sapiens outside Africa is recorded from the Levant, where modern human fossils and
Middle Palaeolithic toolkits are found at ca 130–120 ka (Shea 2008). The extinction of
H. sapiens in the Levant at 75–70 ka has been related to rapid climatic and environmental
deterioration, which some tie to the Toba volcanic super-eruption of 74 ka and the
subsequent onset of Oxygen Isotope Stage (OIS) 4 climatic cooling (Shea 2008).
Mitochondrial analyses indicate that populations of H. sapiens exited eastern Africa via
southern Arabia (Quintana-Murci et al. 1999). Coalescence ages indicate that populations
were present in South and Southeast Asia by ca 70–50 ka (Endicott et al. 2003, 2007;
Metspalu et al. 2004; Macaulay et al. 2005; Thangaraj et al. 2005). Archaeological and fossil
evidence meanwhile demonstrate that modern humans were present in Southeast Asia and
Australia by ca 45 ka ago (O’Connell and Allen 2004; Barker et al. 2007). With respect to the
northward spread of H. sapiens from Africa, archaeologists argue that modern humans were
again present in the Levant at ca 45 ka, and spread from there to western Europe carrying
Upper Palaeolithic technologies (Bar-Yosef 2007).
Based on genetic and archaeological data, researchers have recently argued that the
dispersal of H. sapiens along the southern route would have involved a single, rapid
population movement along coastlines (Macaulay et al. 2005; Bulbeck 2007). In a summation of the evidence, Mellars (2006a) claimed that the southern dispersal route was ﬁrmly
established at 60 ka ago and that this event was marked by cresentic blade and microblade
industries and symbolic traits associated with modern human behaviour. Mellars linked
cresentic tool forms found in Sri Lanka and India to African industries, such as Howieson’s
Poort, and furthermore, observed similarities in engraved pieces found at Blombos, South
Africa, to those of Patne in India. To Mellars, this strongly indicated a direct connection
between early human colonists in Asia and their ancestors in Africa. The dispersal of
H. sapiens out of Africa 60 ka ago, more than ca 100 ka after the estimated time to the most
recent common ancestor, has raised questions about the development of cognitive, adaptive,
and behavioural abilities of earlier African populations and why it took them so long to
colonize areas outside of Africa (Mellars 2006b).
Problems with the consensus view of the southern dispersal
Although a broad consensus has formed concerning the dispersal of H. sapiens out of Africa,
a number of problems pervade current interpretation. Discussions about modern human
dispersal out of Africa have to rely on very limited fossil ﬁnds, such as those found in small
areas of the Levant (Shea 2001). The Levantine record, which appears to show an extinction
of H. sapiens at ca 75 ka, and a second advance at ca 45 ka, is clearly a limited, and
geographically biased window on the dispersal of humans across Eurasia. For the southern
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route via the Indian Ocean rim, the most serious problem for interpretation of dispersal
processes continues to be the poor fossil evidence and the lack of high resolution,
multidisciplinary archaeological research. Thus, most palaeoanthropological formulations
concerning the southern route have been entirely theoretical, drawn from evaluation of fossil
and archaeological evidence at either end of the dispersal route, in the Levant and
Australasia. The fossil evidence for H. sapiens and their predecessors in most geographic
areas along the Indian Ocean rim is virtually non-existent.
MtDNA and Y chromosome analyses repeatedly highlight the importance of the southern
route; however, such analyses often assume that modern sampled populations are an
accurate reﬂection of all past populations. Such studies rarely consider the effects of major
demographic changes (population expansions, contractions and extinctions) resulting from
climatic ﬂuctuations in the Late Pleistocene, as well as from potential Holocene processes of
farmer spread (e.g. Bellwood 2005). Since genetic studies centre on modern populations,
coalescence ages measure reproductively successful lineages rather than providing a history
of all lineages that may have been present. It nonetheless needs to be borne in mind that
forager populations that once thrived in certain areas, such as deserts (e.g. the Empty
Quarter of Arabia, or the Thar Desert of the Indian subcontinent), may have become extinct,
so that their gene pools are no longer available for sampling in contemporary populations.
Moreover, mtDNA mutation rate estimates suffer from calibration shortcomings, leading to
widely disparate ages for estimating the timing of the southern dispersal (Endicott et al.
2009; Soares et al. 2009).
Recognizing these geographic biases and limitations, various researchers have sought to
undertake more detailed and systematic studies in the overlooked but geographically critical
regions of the Indian Ocean rim (e.g. papers in Petraglia and Allchin 2007; Petraglia and
Rose 2009). Archaeologists, in particular, have begun to make substantive headway in
synthesizing existing data and in conducting new ﬁeld investigations in Arabia and South
Asia, as summarized below. While dating of archaeological sites, excavation of stratiﬁed
archaeological deposits, and detailed stone tool analyses and inter-site comparisons continue
to be more limited than is ideal, recent ﬁndings arising from current archaeological
investigations, together with new genetic research, are providing fresh, if tentative, insights
into dispersal processes.
This article considers the occupation history of human populations in Arabia and South
Asia in the Late Pleistocene. We introduce the genetic and archaeological data from each
region, followed by a discussion of the implications of the evidence. We suggest the
possibility that H. sapiens, using Middle Palaeolithic technology, dispersed from an African
source in OIS 5. We argue that mtDNA and Y chromosome data drawn from contemporary
populations record the most demographically successful lineages that survived Late Pleistocene environmental ﬂuctuations, and are thus only a partial record of the dispersal of
H. sapiens populations out of Africa. Based on synthesis of available genetic and archaeological data, and incorporation of new ﬁndings, we offer an alternative perspective on the
southern dispersal, and suggest that the story of human movements out of Africa was
probably more complex, and more interesting, than has previously been proposed.

Population history of the Arabian peninsula
Genetic studies
Genetic analyses indicate that early H. sapiens populations dispersing out of Africa passed
eastwards into the Arabian peninsula via the Horn of Africa (Quintana-Murci et al. 1999).
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The phylogenetic distribution of haplogroup M supports the notion that there was an early
population exodus from Africa (Maca-Meyer et al. 2001). As the founder ages of M and N
are similar, it has been hypothesized that both lineages were carried during the dispersal of
humans out of Africa (Forster et al. 2001). In this view, the southern coastal route was the
main corridor for population expansion, followed by a west Eurasian dispersal derived from
a radiation from India (Oppenheimer 2003; Macaulay et al. 2005).
Genetic studies targeting populations in the Arabian peninsula have become increasingly
contradictory in recent years, with some analyses now indicating only a minor African
contribution to current gene pools (e.g. Kivisild et al. 2004; Abu-Amero et al. 2007;
Alshamali et al. 2009). Others have indicated that M1 does not mark a southern dispersal
but a backﬂow to Africa by Asian or Levantine carriers (Maca-Meyer et al. 2001; Olivieri
et al. 2006; González et al. 2007). Complicating previous interpretations, the historic slave
trade and demographic inputs during the Neolithic have also been implicated as major
contributors to the presence of African and Near Eastern genes in Arabian populations
(Luis et al. 2004; Abu-Amero et al. 2007; Rídl et al. 2009). As a consequence, mtDNA
haplogroup data now shows decreasing support for the notion that Arabia was a demographic expansion centre in the Late Pleistocene; instead, the region is now viewed as a
partial record and a recipient of multiple prehistoric and historic dispersals from Africa,
India, Indonesia and Australia over the course of the Late Pleistocene and Holocene
(Cerny et al. 2008; Abu-Amero et al. 2008). Some geneticists maintain that the Horn of
Africa retains a genetic record indicative of the location having been a major intercontinental
thoroughfare in an early ‘Upper Palaeolithic’ dispersal episode, although the Levantine
corridor is considered the main African-Asian route for prehistoric gene ﬂow from the Last
Glacial Maximum (LGM) onwards (Rowland et al. 2007). Based on Y-STR diversity, other
geneticists argue that the Arabian genetic data reﬂects a mosaic pattern that challenges
interpretation of more global processes. Different regions appear to have been shaped by
distinctive geographic and historical processes, with, for example, populations in the Gulf
sharing more historical afﬁnity with Near Eastern populations, and those in Saudi Arabia
and Yemen having a relatively distinctive genetic background, perhaps due to isolation in
desert environments (Alshamali et al. 2009).
The Middle Palaeolithic record
Archaeological surveys conducted across the Arabian peninsula indicate that Middle
Palaeolithic sites are relatively numerous, and can be readily identiﬁed based on stone
tool typology (Petraglia and Alsharekh 2003). Middle Palaeolithic core reduction methods
have been described as plain ﬂake, discoidal, Levallois, and blade. The great majority of
Middle Palaeolithic sites in Saudi Arabia consist of plain ﬂake cores and unifacially
retouched tools on ﬂakes. The high incidence of stylistically irregular and unstandardized
ﬂaking techniques in Saudi Arabia may be a product of raw material quality, as the available
raw materials in many geographic regions are quartzite and ferruginous sandstone. Levallois
cores have been identiﬁed, though the frequency of Levallois elements in assemblages is
often noted to be generally low, particularly in Saudi Arabia. Some of the best and most
frequent examples of Levallois cores have been found in the Hadramawt of Yemen, where
centripetal, recurrent and convergent ﬂaking patterns have been identiﬁed (Inizan and
Ortlieb 1987; Cleuziou et al. 1992; Inizan et al. 1998; Crassard 2009).
In the Wadi Surdud of Yemen, near the Red Sea, stratiﬁed Middle Palaeolithic assemblages with Levallois assemblages have been excavated and dated to between 80 and 70 ka
(Delagnes et al. 2008; Macchiarelli 2008) (Figure 1). In the case of the Yemeni sites, it
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Figure 1. Marine Isotope Stages and recent chronometric ages for Middle Palaeolithic industries in the Arabian
peninsula. Ages of archaeological sites: Jebel Faya (Marks 2009), Shi’bat Dihya 1 (Delagnes et al. 2008; Macchiarelli
2008), Wadi Dauan (Amirkhanov 1994), Jubbah (Garrard et al. 1981), Bani Khatmah (McClure 1994), al Hatab
(Rose and Usik 2009). Marine Isotope graphic after Parker and Rose (2008).

appears that ﬂint was readily available, allowing the manufacturers to produce predictable
ﬂaking outcomes. Excavations at the Jebel Faya 1 rockshelter in the UAE have produced
stratiﬁed Middle Palaeolithic assemblages dating to OIS 5 and 3. One of the lowermost
strata at Jebel Faya (Assemblage C) has yielded an age of > 85 ka, indicating a hominin
presence in OIS 5a, and probably earlier given lower-lying stone tool assemblages.
Assemblage C consists of cordiform handaxes, foliates, Levallois and discoidal cores,
and a variety of retouched tools such as scrapers and denticulates (Marks 2009). In southern
Saudi Arabia, the Bani Khatmah site situated near Late Pleistocene lakes yielded tanged
points considered to be reminiscent of ‘Aterian’ assemblages of Africa (McClure 1994).
A number of Middle Palaeolithic sites have been identiﬁed along the Red Sea coastal plain
(Zarins et al. 1980, 1981; Whalen et al. 1981, 1988), supporting the notion that dispersing
populations used coastal routes (Petraglia and Alsharekh 2003). At several localities,
Levallois ﬂakes, blades, cores, and other tool types produced from the local lavas were
recovered. Artefacts were situated at +2 m above mean sea level and ca 75 m from the Red
Sea. In at least one case, the tools were reportedly ﬁrmly embedded in a coralline beach
terrace (Zarins et al. 1980, 1981), though this has not been supported by recent observations
(Bailey 2009). Middle Palaeolithic sites occur in potential crossing zones from Africa to
Arabia, as 25 sites have been located in Yemen, near the Bab al-Mandab Strait (Whalen and
Pease 1992). In addition to the sites situated along the Red Sea zone, Middle Palaeolithic
occurrences have been identiﬁed along the Arabian Sea margin (Amirkhanov 1994; Petraglia
2007). However, there is as yet no convincing evidence of Arabian Middle Palaeolithic
marine adaptations (Bailey 2009), and indeed undisputed evidence for maritime adaptation
does not occur in the region until the mid-Holocene (Boivin et al. 2009).
Middle Palaeolithic sites have also been found in interior zones, situated along palaeorivers, streams and lakes (e.g. Parr et al. 1978; McClure 1976, 1978; Zarins et al.
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1980, 1981). Surveys along extinct stream systems in the Hadramawt-Jawf region of Yemen
have identiﬁed the presence of numerous Middle Palaeolithic sites (Inizan and Ortlieb
1987; Cleuziou et al. 1992). The Wadi Surdud assemblages of Yemen appear to straddle
OIS 5a and OIS 4, as supported by the presence of grassland environments (based on
presence of equids and bovids) and hyperarid conditions noted by isotopic and palaeobotanical evidence (Delagnes et al. 2008). The Jubbah Basin provides one of the best cases to
support the presence of Middle Palaeolithic sites in the interior, along palaeolake margins
(Garrard et al. 1981). Seven major sedimentary units were identiﬁed in 26 m of deposits,
indicating ﬂuctuations from stillwater phases to arid and aeolian conditions in the Holocene
and Late Pleistocene (upper deposits yielded radiocarbon ages of ca 30 ka). Overlooking the
palaeolake, two surface sites with Levallois elements were identiﬁed on elevated sandstone
outcrops.
Implications of the Arabian evidence
The distribution of archaeological sites in the Arabian peninsula demonstrates that Middle
Palaeolithic hominins expanded into new territories after their initial movements out of
either Africa or the Levant. Though there are currently no known hominin fossils in Arabia,
the nearby ﬁnds of H. sapiens from Skhul and Qafzeh in the Levant are instructive and
suggest that early populations of humans could have penetrated Arabia between 130 and
75 ka ago, perhaps followed by later population spreads by ca 60–50 ka ago. Such a scenario
would be consistent with mammalian data, which indicates a movement of fauna into Arabia
from Africa in the Late Pleistocene (Delany 1989) and mtDNA studies of the Hamadryas
baboon which indicate multiple phases of range expansion from Africa, including at
ca 330 ka, 220 ka, 120–110 ka and 80 ka (Fernandes 2009).
Mitochondrial and Y chromosome data extracted from contemporary human populations
do not necessarily yield information reﬂective of the earliest exits of populations of H. sapiens
out of Africa. Indeed, interpretation of the original dispersal of humans into Arabia from a
genetic perspective has become more rather than less complicated in recent years, owing to
improvements in the sampling of regional populations. This has led to the realization that the
modern gene pool of Arabia is the consequence of a series of separate demographic events
over a long time period, including probable loss and contraction of populations as a result of
severe aridity events, and Neolithic and historic population expansions, interactions and
movements. Nevertheless, mtDNA evidence does suggest the possibility that populations
carrying L3 may have entered into Eurasia and Arabia at an early date, corresponding with
favourable environmental conditions at ca 100–80 ka (Cabrera et al. 2009). Since coalescence dates for haplogroup M average between ca 73–55 ka, there is a possibility that M
lineages may have been present in Arabia and in regions to the east by this time. In this view,
the return of arid conditions in OIS 4 would have affected the descendants of the L3 carriers,
resulting in bottlenecks and loss of lineages (Cabrera et al. 2009). Populations that survived
OIS 4 conditions would have been the direct ancestors of all present day M and N branches.
If this is the case, then it is not necessary to invoke a rapid southern dispersal to explain the
near-simultaneous existence of populations as distant as South Asia to Southeast Asia.
In the absence of detailed technological comparison, it remains difﬁcult to conclusively
support Arabian connections with the African Middle Stone Age (MSA) or the Levantine
Mousterian. It is conceivable that some Middle Palaeolithic industries, particularly in
northern Arabia, were produced by Neanderthals, though Arabian landscapes are unlike
the geographic ranges normally inhabited by these hominins (Churchill 1998). Arabian
Middle Palaeolithic assemblages in the Hadramawt of Yemen are said to resemble the
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Levantine Mousterian (Crassard 2009). This argument is supported by archaeological
investigations at the Wadi Surdud in Yemen, which show that 80–70 ka lithic assemblages
are similar to those in the Levant (Delagnes et al. 2008; Macchiarelli 2008). Such an age
range would correspond with the presence of H. sapiens in the Levant, though it is at the
margin of the Neandertal re-expansion. Certain researchers have pointed out that Arabian
assemblages are similar to those produced by H. sapiens in the African MSA (Beyin 2006).
This includes evidence that there was a late Aterian presence in southern Saudi Arabia
(McClure 1994), that foliate point styles are similar between Sudan and Oman (Rose
2004a, 2004b), and that a Nubian core technology is present in the Jebel Barakah
assemblages of the UAE (Wahida et al. 2009). The Jebel Faya assemblages in the UAE,
dating to > 85 ka, share similarities with stone tool assemblages in East and Northeast Africa,
particularly those associated with the Late Sangoan (Marks 2009).
Assemblages situated at the extreme southern and eastern margins of Arabia do not seem
to share clear technological parallels with those in central Saudi Arabia. Archaeologists
describing Middle Palaeolithic sites in Saudi Arabia repeatedly note that Levallois core
technology is under-represented in comparison with the Levantine Mousterian. Whalen and
others (1981) stressed that core reduction and ﬂake preparation methods in Arabia may have
followed their own technological trajectory, comprising a distinct stylistic tradition and
representing a speciﬁc adaptation to local environmental conditions, a point also made for
the younger assemblages at Jebel Faya (Marks 2009). Indeed, many of the technologies
found in central Saudi Arabia involve unstandardized and discoidal reduction that does not
clearly resemble that found in the Levant. Such observations are difﬁcult to interpret, but
technological and stylistic similarities with both the Levant and Africa in part reﬂect the fact
that there were different source areas for Arabian populations at different times. While the
similarity of technologies in Africa and southern Saudi Arabia, Oman and the Gulf are easier
to reconcile from the perspective of dispersal processes, it is more difﬁcult to understand
how the Yemeni assemblages relate to the Levantine Mousterian. The Hadramawt and Wadi
Surdud assemblages of Yemen do not share clear technological parallels with large parts of
Saudi Arabia, which separates Yemen from the Levant. As a consequence, this must mean
that either similar technologies remain currently unidentiﬁed in Saudi Arabia, the Yemeni
assemblages have been misinterpreted as to source area, or the Yemeni ﬁnds are the result of
technological convergence.
With respect to entry points into Arabia, it is difﬁcult to provide deﬁnitive evidence, and
indeed it is probable that populations at different times would have used different corridors
as they emerged out of Africa. If the initial dispersal source emanated from the Sinai or
Levant, it would seem likely that populations moved southwards along the Red Sea,
eventually passing along the Arabian Sea. However, if the Bab al-Mandab Strait was a
crossing zone, populations would have likely expanded in two directions, northwards along
the Red Sea and eastwards along the Arabian Sea. The presence of Middle Palaeolithic sites
near the Bab al-Mandab is suggestive of a crossing from the Horn of Africa. The Red Sea
featured shallow sea levels during OIS 6, ca 135 ka (Rohling et al. 1998), increasing the ease
of passage for populations across the Bab al-Mandab, either through an overland connection
or across a reduced waterway. Of course, it is possible that humans crossed the Strait at other
times, and if early humans employed watercraft of some form, then such waterways could
have provided relatively easy passage. If separate African populations travelled along two
corridors (i.e. North Africa, Horn of Africa) as they emerged from Africa, cultural and
biological exchanges would have taken place in Arabia, particularly along the Red Sea zone.
Once present in Arabia, site distributions clearly show that Middle Palaeolithic populations expanded into interior zones along river valleys. Mapping of sites in the Hadramawt
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indicates that populations moved up the riverine landscapes of the Jawf system, penetrating
many zones and eventually reaching the headwaters of rivers located in mountainous regions
that would have been more heavily vegetated. During climatic ameliorations, populations
probably expanded into the interior of the Arabian peninsula, settling along rivers and lakes
in inland areas. Some zones contain concentrations of sites, dense artefact accumulations
numbering into the thousands, and artefact scatters ranging over 12 500 m2 (e.g. Gilmore
et al. 1982; Whalen and Pease 1992). Hominins dependent on fresh water sources for
survival would have been challenged by increasing aridity, as clearly documented at several
points in the Late Pleistocene (e.g. Glennie and Singhvi 2002; Fleitmann and Matter
2009; Preusser 2009). Moderately dry phases would have led to signiﬁcant changes in local
ecological conditions, requiring hominins to make adaptive adjustments. The diversity of
stone tool assemblages, employing a variety of reduction strategies, may be a sign of ﬂexible
responses to local ecological change. More severe changes, including the drying of lakes,
would have driven populations to refugia where springs remained active along the Red Sea,
the Arabian Sea and the Gulf (Marks 2009; Rose and Petraglia 2009), though it is also
possible that some local populations were driven to extinction. The relative abundance of
Middle Palaeolithic sites in Arabia indicate that populations were either able to persist
through moderate climatic changes or to re-advance after the conclusion of the most arid
periods. Such contractions and depopulation events across large expanses of the desert zones
of Arabia mean that demographic interpretations involving DNA drawn from modern Arab
populations should be treated with caution.

Population history of the Indian subcontinent
Genetics
Phylogenetic patterns from both mtDNA and the Y chromosome data support the colonization of South Asia by H. sapiens who originated in Africa (Kivisild et al. 1999, 2003;
Metspalu et al. 2004; Trivedi et al. 2008). South Asian lineages belong to mtDNA
haplogroups M and N (groups U and R being major subclades of N), which are descended
from the L3 haplogroup (Kivisild et al. 1999; Macaulay et al. 2005; Torroni et al. 2006). The
coalescence dates for haplogroup M (speciﬁcally U2i, M2, R5) in South Asia average
between 73 and 55 ka, and may represent an India-speciﬁc subclade related to the original
dispersal event into the subcontinent (Kivisild et al. 2000). These early coalescence dates are
supported by those obtained from the Andamanese M31 and M32 and Malaysian M21 and
M22 lineages (Macaulay et al. 2005; Thangaraj et al. 2005). The geographic origin of the M
lineages remain uncertain, and as indicated above, include suggestions for a Southwest
Asian origin (e.g. Richards et al. 2003; Roychoudhury et al. 2001). There are arguments for
an African origin for the M1 lineage (Metspalu et al. 2004) as well as arguments for a
backﬂow to Africa (Maca-Meyer et al. 2001; Olivieri et al. 2006; González et al. 2007).
Re-evaluation of the mtDNA evidence raises the possibility that L3 populations dispersed
from Africa, reaching geographic areas along the Indian Ocean rim by 100-80 ka (Cabrera
et al. 2009).
Whatever the timing of the dispersal of H. sapiens into the subcontinent, the route or
routes out of Africa remain controversial (Forster and Matsumura 2005). The great time
depths apparent in the Andamanese and Malaysian mtDNA have been argued to support the
rapid colonization of the region as part of a southern coastal route to Australia (Endicott
et al. 2003; Macaulay et al. 2005; Thangaraj et al. 2005). Genetic research continues to
document population dispersals from the Indian subcontinent towards Southeast Asia and
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Australasia (Roychoudhury et al. 2000; Majumder 2001; Kumar et al. 2009). Proponents of
the southern dispersal route have argued for a rapid initial dispersal around the South Asian
coastline (e.g. Oppenheimer 2003, 2009), but some geneticists argue that the mtDNA
evidence simply suggests expansions of H. sapiens populations within South Asia close to its
initial colonization (Kivisild et al. 1999; Metspalu et al. 2004; Atkinson et al. 2008).
Though the distribution of haplogroup M has been used to support the southern dispersal
model, the coalescence age of haplogroup M in India (ca 45 ka) is considerably younger than
in East Asia (ca 65 ka), which does not make sense if India was part of the original route of
population movements. This has suggested to some a backward movement of populations
into South Asia after the Toba super-eruption of 74 ka ago, as a consequence of a bottleneck
and re-expansion (Oppenheimer 2003, 2009). Moreover, there have been suggestions that
there was a backward migration to India from the Andaman Islands as well as post LGM
migrations to the islands from Southeast Asia (Barik et al. 2008). Alternatively, an
explanation of this young coalescence age is that after initial human settlement, the
demographic history of the Indian subcontinent was staggered by several indigenous
Late Pleistocene expansion events around 30 ka (Sun et al. 2006), a scenario earlier
proposed based on mtDNA hypervariable region analyses (Kivisild et al. 1999), and now
conﬁrmed through examination of M coalescence estimates using synonymous substitutions
(Petraglia et al. 2009a).
Hominin fossils
Hominin fossils relevant to the initial human colonization of the Indian subcontinent have
not been recovered. The only known pre-modern fossil in South Asia was recovered from
the central Narmada river valley, at Hathnora (Sonakia 1985). The taxonomic status of the
calvarium is still disputed, as it was originally classiﬁed as Homo erectus by its discoverer, and
later identiﬁed as ‘archaic Homo sapiens’ (Kennedy 2000). Re-evaluation of the calvarium
indicates shared morphological traits with Homo heidelbergensis and H. erectus, though it may
be best classiﬁed as an indeterminate form of Homo (Athreya 2007). Geological, palaeontological and archaeological data suggest a late Middle Pleistocene association of the fossil
(Kennedy 2000), with an age of 236 ka (Cameron et al. 2004), though recent research
indicates a potential age of 160–85 ka (Patnaik et al. 2009). A key point here is that the
archaic hominin is associated with Late Acheulean artefacts.
Though fossils of H. sapiens have been reported from the Indian subcontinent, their
precise chronometric ages remain uncertain (Kennedy 2000). The most secure fossils
identiﬁed as H. sapiens are in Sri Lanka, where partial skeletons have uncalibrated radiocarbon ages of ca 31 ka in Fa Hien Cave and 28.5 ka at Batadomba-lena Cave (Deraniyagala
1992). This is supported by the recovery of fragmentary H. sapiens skeletal evidence in the
Jwalapuram Locality 9 rockshelter in southern India, dating to 17–10 ka (uncalibrated)
(Clarkson et al. 2009). There is clearly currently a wide chronological gap between the
archaic Narmada hominin and the fossils of H. sapiens that date to the latter part of the Late
Pleistocene.
The Middle Palaeolithic record
The distinction between Late Acheulean and Middle Palaeolithic tool assemblages in South
Asia is sometimes difﬁcult to identify as typological and technological changes are gradual
over the transition (Misra 1985; Petraglia et al. 2003; James and Petraglia 2009). Nevertheless, Late Acheulean assemblages are marked by the presence of diminutive bifaces
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(including handaxes and cleavers) and ﬂake tools produced from prepared cores. Late
Acheulean sites are relatively young, ranging up to 120–100 ka (Sharma and Clark 1983).
The Middle Palaeolithic of the subcontinent is abundant, with the number of identiﬁed
sites ranging into the many hundreds. Surveys in river valleys have identiﬁed large numbers
of Middle Palaeolithic sites (e.g. 115 in the Ghataprabha Basin, 80 in the Malaprabha Basin)
(Pappu and Deo 1994). Concentrations of Middle Palaeolithic sites along rivers and in
basins indicates that hominin populations were present in attractive zones over a relatively
long time interval (Korisettar 2007).
Middle Palaeolithic core reduction methods are diverse and include plain ﬂake, discoidal,
Levallois, and blade techniques (Jayaswal 1978; James and Petraglia 2005). Though these
reduction methods were widely used, the frequency of their occurrence appears to vary
across the subcontinent (James 2007, 2009). Levallois and discoidal techniques are the most
commonly identiﬁed core preparation techniques, but unprepared and cylindrical methods
(e.g. Misra 1967, 1968; Jayaswal 1978) and blade and ﬂake-blade components have also
been reported (e.g. Misra 1985, 1989, 2001; Allchin et al. 1978). The best studied Middle
Palaeolithic assemblages have been recovered in deposits from the southern Indian Jurerru
Valley dating to between 78 and 38 ka (Petraglia et al. 2007, 2009b). A variety of core types
were recovered, including multiplatform, single platform, unidirectional, and Levallois
types. Retouch is characteristically informal and unstandardized, with atypical scrapers
and notched ﬂakes forming the majority of retouched tools.
Stone tool assemblages show increasing diversity from about 45 ka ago, characterized by
the production of sites with a notable blade component. This transitional phase is traditionally classiﬁed as the ‘Upper Palaeolithic’ of South Asia, and typically divided into FlakeBlade, Blade-Based and Blade and Burin Industries (Murty 1979). The so-called Upper
Palaeolithic industries are not as common as Middle Palaeolithic industries and they appear
to be variable in core reduction methods and tool types, though there is a general increase in
the production of burins and backed tools at some sites (Murty 1979; Paddayya 1984).
South Asian microlithic industries, often referred to as ‘Mesolithic’, date to at least 29.4 ka
in India and 28.5 ka in Sri Lanka (uncalibrated) (Deraniyagala 1992; Clarkson et al.
2009; Petraglia et al. 2009a), indicating that they may be part of a diverse later Pleistocene
package. At around 30 ka, there is contemporaneity between ﬂake- and blade-based
technology and microlithic industries, suggesting that a ‘Late Palaeolithic’ label may be
more appropriate to characterize the unique character of the South Asian industries (James
and Petraglia 2005).
Middle Palaeolithic sites are found in a variety of settings, such as in upland and lowland
zones, open-air settings along perennial and seasonal streams, inter-dunal settings, and in
rockshelters and caves. Middle Palaeolithic habitation in the Thar Desert zone was possible
during periods when perennial water sources were present, though expansions of the desert
during glacial periods would have made habitation more difﬁcult (Misra 1995a,b). The
presence of Middle Palaeolithic assemblages at ca 126–108 ka in the 16R dune of the Thar
Desert corresponds with a high percentage of C4 plants and evidence for high summer rains
and a strong monsoon with the OIS 5 interglacial (Achyuthan et al. 2007) (Figure 2).
Recovery of Middle Palaeolithic assemblages in peninsular India dating to between 78 and
74 ka indicate that hominins were present during wetter environments of OIS 5a (Petraglia
et al. 2007). Ages for Middle Palaeolithic assemblages between 74 and 38 ka indicate that
hominins were present, and able to cope with more severe and ﬂuctuating ecological
conditions throughout OIS 4 and OIS 3 (Petraglia et al. 2007, 2009b). Note that, given
the prevalence of Middle Palaeolithic sites in the region and the evidence for ecological
ﬂexibility, it is likely that the current lack of sites dated ca 100–80 ka results from a shortage
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Figure 2. South Asian monsoon strength, hominin fossils and key archaeological sites and industries.

of reliable Late Pleistocene dating programmes in South Asia rather than an occupational
hiatus. There are indications that even during the most severe climatic intervals in the Late
Pleistocene, South Asia contained a mosaic of ecological settings, including woodlands,
grasslands, tropical forests and deserts, allowing populations to persist and adapt to
changing conditions (Petraglia et al. 2009a).
The evidence for the majority of the traits now commonly cited as evidence for modern
human behaviour is relatively sparse in South Asia (James and Petraglia 2005; James
2007; Petraglia 2007). Though certain traits may extend as far back ago as the Acheulean,
the clearest and most reliable evidence for symbolic thought and the construction of
structures dates to ca 45 ka and younger. After 28.5 ka, a range of novel technologies are
introduced, including the manufacture of bone tools and geometric microliths (Deraniyagala
1992; Clarkson et al. 2009). Even though the data is spatially and temporally sparse, Late
Palaeolithic populations were clearly capable of explicitly symbolic behaviour, indicating that
site occupants were behaviourally modern in their adaptations (James 2007; Petraglia 2007).
Implications of the South Asian evidence
The age range of 160–85 ka for the archaic hominin at Narmada is evidence for the survival
of these hominins in OIS 5. The presence of Late Acheulean industries dating up to 100 ka
probably relates to the presence of these archaic populations. Based on the identiﬁcation of
H. sapiens in the Levant between 130 and 75 ka, it is conceivable that the Indian Middle
Palaeolithic assemblages correspond with an early expansion of H. sapiens from the west.
Though Middle Palaeolithic assemblages have been dated to ca 128–108 ka in the 16R dune,
it is unclear who produced this industry, and unfortunately these stone tool assemblages
remain poorly described. The best dated and studied Middle Palaeolithic sites in India are
the Jwalapuram assemblages, which range in age from 78 to 38 ka (Petraglia et al. 2007,
2009). Therefore, there is a hiatus between the Late Acheulean industries at 100 ka, and the
Middle Palaeolithic assemblages dating to 78 ka, perhaps indicating that archaic hominins
were extinct by the time of the arrival of H. sapiens. If, however, the Middle Palaeolithic
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industries from 16R (128–108 ka) are a sign of the presence of H. sapiens, it is possible that
archaic and modern humans may have overlapped temporally.
The Middle Palaeolithic artefact assemblages dating to between 78 and 74 ka at
Jwalapuram in peninsular India were suggested to be the product of H. sapiens, based in
part upon their close technological similarity with MSA assemblages of Africa (Petraglia
et al. 2007). However, such a date range for H. sapiens in the subcontinent does not
correspond with genetic coalescence ages, which indicate a younger dispersal event, at
ca 70–55 ka. This temporal disjuncture led to the suggestion that the Jwalapuram assemblages may mark the presence of earlier human populations for which there is no surviving
genetic evidence (Endicott et al. 2009). Since lower conﬁdence limits place H. sapiens in
South Asia after 70 ka (Soares et al. 2009), the genetic evidence must signal that a
colonization event occurred at about this time, or alternatively, later large-scale demographic
growth may have masked the presence of earlier and smaller populations (Petraglia et al.
2009a). Since ancient DNA has not been recovered from South Asian skeletal collections, it
remains unclear whether or not small forager populations have been demographically
swamped by later population increase. Archaeological evidence suggests that Middle
Palaeolithic hominins survived the fallout from the Toba super-eruption event of 74 ka
ago (Petraglia et al. 2007). Though this evidence does not support a complete replacement
event, it does not discount the possibility that some hominin groups were more affected by
climatic and ecological changes than others, perhaps leading to the demise of some forager
populations (Jones 2007). If this is the case, it is conceivable that the gene pool of the
relatively small groups that survived Toba are no longer represented in modern sampled
South Asians due to disappearance of some lineages and later demographic expansions
(Sun et al. 2006; Atkinson et al. 2008; Petraglia et al. 2009a).
Modelling of OIS 4 environments and analysis of least cost topographic routes indicated
that H. sapiens populations probably expanded along coastlines as they entered the subcontinent (Field et al. 2007), supporting the idea of a coastal model (Bulbeck 2007).
However, only a few near-coastal and estuarine sites have been identiﬁed in the subcontinent
(Marathe 1981; Rath et al. 1997) and none of these shows marine adaptations. If H. sapiens
reached South Asia during OIS 5, when environments were most favourable, it is possible
that interior zones, rather than coastal margins, were used as dispersal corridors (Figure 3)1.
This lends support to Korisettar’s (2007) suggestion that hominin populations would have
found accessible transcontinental routes, travelling through the Himalayan passes and the
interior basins of the peninsula. In this view, transcontinental routes and the wide distribution of river valleys and basins were more conducive than coastlines to human population
movements owing to the presence of reliable freshwater resources (in the form of lakes,
streams and springs), lithic resources and varied woodland and grassland eco-zones with a
high concentration of animal communities. In this model, occupation in the geological
basins was especially attractive during periods of heightened climatic aridity. Archaeological
surveys in basins substantiate this claim as they contain a large number of Pleistocene sites
(e.g. Sharma and Clark 1983; Pappu and Deo 1994).
In contrast to the ‘human revolution’ model, the archaeological record of South Asia
shows no rapid or sudden appearance of a modern behavioural package as witnessed in
western Europe; instead, the record has been characterized as temporally gradual in its
assembly, and spatially patchy in the appearance of modern traits (James and Petraglia
2005). The clearest signature of the appearance of modern human behaviour occurs after
45 ka (well after the known presence of H. sapiens based on genetic data and archaeological
and fossil ﬁndings from Australia), when the technological record shows a gradual shift in a
more diversiﬁed technology and the rare introduction of traits considered to be part of the
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Figure 3. Reconstruction of OIS 5 environments along the Indian Ocean rim. Shown are hypothetical dispersal
routes, with the location of key archaeological sites. The dashed line through central Arabia represents a route that
takes into account the presence of palaeo-drainages (see Edgell 2006). Environmental key: 1, Mediterranean
vegetation; 2, Mediterranean park-steppe (the classic ‘fertile’ crescent vegetation famous for wild cereal progenitors
such as wheat and barley); 3, Dry steppe (of the middle East and southern Central Asia); 4, Desert; 5, Sub-Desert/
Sahel vegetation (generally of the Sudano-Sindhian ﬂoristic province); 6, Riverine corridors (marshes and gallery
forests); 7, Tropical savanna/woodland-grass mosaic (including the tropical evergreen zones of India); 8, Dry
tropical woodland (including dry deciduous zones of India); 9, Moist tropical woodland and grassland mosaic (in
particular that of eastern India and Ganges plain in which Dipterocarpaceae including Shorea are frequent; this zone
extends to Southeast Asia); 10, Moist tropical woodlands (including both Moist Deciduous zones like those in India
and true tropical rainforests); 11, Tropical montane vegetation; 12, Warm temperate hill and sub-montane
vegetation (including the vegetation of the Himalaya foothills); 13, High elevation coniferous forests and desert/
the Tibetan plateau.

modern human behavioural package (e.g. built structures). The most signiﬁcant technological shift after the use of the long-lasting Middle Palaeolithic technology occurs at ca 35–
30 ka ago (cal. BP), when microlithic industries develop across South Asia (Petraglia et al.
2009a). In this case, demographic growth and contractions in favourable ecological zones at
this time may be responsible for stimulating the development of more efﬁcient hunting
technologies. Increasing levels of symbolism (i.e. beads, rockart) during arid phases of OIS 3
and 2 may have been the consequence of territoriality and increasing levels of population
differentiation (Petraglia 2007; Clarkson et al. 2009).

Discussion: Dispersals along the Indian Ocean rim and the spread of
Homo sapiens in perspective
Timing of dispersal
The archaeological evidence compiled here suggests that H. sapiens expanded out of Africa
using Middle Palaeolithic technologies, supporting earlier theoretical arguments for a Mode
3 expansion event (Lahr and Foley 1994, 1998; Foley and Lahr 1997). Substantive
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archaeological evidence in the form of dated Middle Palaeolithic technologies in the Arabia–
South Asia transit zone now join early H. sapiens data from the Levant in supporting such an
inference (Petraglia 2007) (Figure 4). This view contrasts with the notion that expansions of
H. sapiens occurred at ca 50 ka, only after so-called modern cultural behaviours appeared
(Klein 2000) or that population movements occurred at 60 ka based on a genetic coalescence age and the appearance of cresentic tool industries (Mellars 2006a).
We suggest that the ﬁrst dispersal of H. sapiens along the Indian Ocean rim may be
considerably earlier than currently realized. The evidence for a dispersal to the Levant by
H. sapiens at 130–75 ka may not be evidence of a failed dispersal; rather, we suggest that the
Levantine populations may be one example of successful OIS 5 range expansion across
Arabia and South Asia (Figure 4). We base this inference on new ages from Middle
Palaeolithic assemblages in Arabia (> 85 ka) and in India (78–74 ka), and their technological
similarity to MSA assemblages in Africa. These chronometric ages are beyond the coalescence ages of 70–50 ka drawn from the modern human gene pool. If the earlier archaeological ages mark the presence of H. sapiens in Arabia and South Asia, it is clear that these
populations are not being sampled in the remnant tribal groups of these regions. Of course,
this argument makes much sense in Arabia, where OIS 4 and OIS 2 glacials resulted in
spatially extensive desertiﬁcation across the peninsula, almost certainly leading to signiﬁcant
population contractions or even extinctions.
The picture in South Asia is likely to be somewhat different, however. Arid phases in
South Asia would have led to the expansion of the Thar Desert, but also the production of
tropical forest refugia in southwest India and Sri Lanka, as well as the widespread creation of
fragmented, mosaic grasslands and woodland habitats in most of the subcontinent. Small
groups of foragers could have easily survived and pursued their hunting and gathering
lifestyles in this range of habitats. Though some of these small groups of Middle Palaeolithic
foragers survived the Toba super-eruption event of 74 ka, it is also possible that there were
population-level impacts (Ambrose 1998; Jones 2007). We propose that these small South
Asian populations are not represented in the modern gene pool due to demographic growth
after ca 35 ka, leading to a massive population increase and replacement in the Middle and
Late Holocene. If this scenario is accepted, it calls into question the accuracy of the view that
populations ﬁrst colonized the subcontinent at 60 ka. It is entirely possible that populations
of H. sapiens were present in South Asia for a considerable period of time, and that they
spread further eastwards at some point after 60 ka, eventually to occupy Australia before
45 ka, supported by recent genetic analysis of Indian and Australian populations
(Kumar et al. 2009). This model of course puts emphasis on the need to recover hominin
fossils, retrieve ancient hominin DNA and conduct systematic archaeological dating
programmes.
Biogeography
Several important biogeographic implications emerge from the evidence that we have
presented here. As indicated above, it is entirely conceivable that H. sapiens were present
in Arabia in OIS 5, and perhaps as early as OIS 5e. If this is the case, Neanderthal
re-occupation of the Levant at 75–47 ka may not signal the extinction of H. sapiens populations
in Eurasia, as small groups may have been present in Arabian refugia. Once H. sapiens spread
eastwards, they may have encountered Neanderthals in the upland belt of Iran and Pakistan
(Finlayson and Carrión 2007: Figure 1); alternatively, H. sapiens populations may have
avoided this already occupied zone by travelling along the non-mountainous littoral belt.
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Figure 4. Key ages for Middle Stone Age (MSA)/Mousterian/Middle Palaeolithic (MP) industries and species
superimposed on Oppenheimer’s (2009: Figure 2) gene-tree, based on ﬁrst mtDNA complete sequence data.

Once H. sapiens colonized India, it is remains unclear if archaic populations (i.e.
descendants and contemporaries of the Narmada hominin) were still present in the
subcontinent. If this is the case, we surmise that the spread of H. sapiens and the indigenous
presence of archaic hominins may be marked by Middle Palaeolithic and Late Acheulean
industries, respectively. Of course, there is also the possibility that both archaic hominins
and H. sapiens used Middle Palaeolithic technologies (similar to the evidence that Neandertals and H. sapiens in the Levant used Mousterian toolkits). It is unclear if the demise of
Neandertals and archaic populations in these regions was the product of reproductive failure
or the result of direct competition with H. sapiens, though future ﬁeld work and discoveries
will undoubtedly help to resolve this question.
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Route of dispersal
The route of Middle Palaeolithic dispersals from the west is likely to have been a complex
process. We surmise that the movement of H. sapiens out of Africa was probably not as
straightforward as implied by the single rapid coastal model. With respect to routes of
expansion, Middle Palaeolithic site distributions in Arabia suggest that H. sapiens used the
Sinai route expanding along the Red Sea to Yemen, or they may also have crossed the
Bab al-Mandab from the Horn of Africa, given the presence of sites in southwestern Yemen
and along the Arabian Sea coast (Petraglia and Alsharekh 2003). The presence of Levantinelike assemblages at 80–70 ka in Yemen and the presence of MSA-like Sangoan assemblages
at > 85 ka from UAE indicates that different routes into Arabia may have been used at
different times. Certainly, once in Arabia during OIS 5, populations would have spread into
the interior using corridors established by the presence of rivers and lakes.
As H. sapiens spread eastwards from their base in Arabia, they may have travelled into the
interior of the Iranian plateau, or they may have avoided the mountainous areas, skirting
along the littoral ﬂanks of the Arabian Sea (Field and Lahr 2005; Field et al. 2007). Mapping
the potential corridors in the mountainous and littoral zones of Iran and Pakistan would be
of great value for future assessment of dispersal routes, as it is possible that populations
reached the subcontinent through different routes. Once present in the sub-Himalayan zone
and Indo-Gangetic belt of northern India, it is likely that populations expanded into the
interior relatively quickly, using the main river valleys and basins as corridors for movement
(Korisettar 2007).

Environmental variation along the Indian Ocean rim
The ﬂuctuation of environments in the Late Pleistocene, which resulted in lake development
during humid phases and the expansion of desert landscapes during arid periods, is thought
to have played a major role in the expansion, contraction and extinction of human
populations (Lahr and Foley 1994). While Middle Palaeolithic hominins appear to have
successfully spread across landscapes in the Arabia peninsula, occupations were probably
not established over the very long-term on account of expanding desertiﬁcation. During OIS
4, large expanses of Arabia were not conducive to permanent occupation, as indicated by the
development of sand seas and the disappearance of fresh water sources such as lakes. During
arid phases, populations foraging along the interior lakes probably either went extinct or
moved into refugia in mountainous zones or along the Red Sea, the Arabian Sea and the
Gulf. While H. sapiens may have been able to adapt to less hostile ﬂuctuations in their
environments, during the most arid phases their survival would have been tenuous, perhaps
leading to some budding off of populations to other regions. In this scenario, we would
expect that Middle Palaeolithic sites and landscapes will not be as dense in Arabia as those in
other regions where ecological contexts and natural resources may have been more
dependable over the long term, such as in peninsular India.
The environmental and topographic situation in the Indian subcontinent is strikingly
different from that in Arabia, primarily on account of the presence of a diversity of ﬂora and
fauna and heterogeneous landforms, including geological basins. Though populations in the
subcontinent would have had to adjust to climatic and environmental ﬂuctuations, particularly
during OIS 4, H. sapiens would have been able to survive in a variety of ecological settings,
including in large basin settings where freshwater resources and biomass were concentrated.
The abundance of Middle Palaeolithic archaeological sites in a number of these basins suggests
that populations survived over long intervals and through climatic deteriorations.

304

M.D. Petraglia et al.

Ann Hum Biol Downloaded from informahealthcare.com by University of Queensland on 12/22/14
For personal use only.

Technology and modern human behaviour
The presence of Middle Palaeolithic archaeological sites in Arabia and South Asia is beyond
doubt, and we have hypothesized that H. sapiens expanded around the geographic regions of
the Indian Ocean rim with such prepared core technologies. However, it is impossible to
relate Arabian and Indian assemblages to their original geographic source in the absence of
systematic, inter-regional lithic comparisons. Our own quantiﬁed study of Middle Palaeolithic core technology indicated parallels between peninsular Indian assemblages and those
made by H. sapiens in the MSA of Africa (Petraglia et al. 2007). One other systematic study,
using the chaîne opératoire approach, suggested an afﬁnity between Yemeni and Levantine
industries (Crassard 2009). Otherwise, all other assemblage-based inter-regional comparisons remain observational and impressionistic, though this does not invalidate their
inferences. Indeed, the argument that some Arabian assemblages resemble Levantine or
African MSA industries is signiﬁcant, suggesting that the dispersal situation is more
complicated than currently realized. On the other hand, the view that some Arabian and
Indian Middle Palaeolithic assemblages are unique, and may share little technological or
stylistic equivalents with their surrounding regions, is interesting from a behavioural
perspective, but perhaps frustrating to those who wish to map the source of population
movements.
The archaeological record of Arabia and the Indian subcontinent show no rapid or sudden
appearance of a modern behavioural package that can be considered to signal a ‘human
revolution’ similar to the Aurignacian in Europe. The record also does not indicate the
spread of an Upper Palaeolithic package in the neighbourhood of 60 or 50 ka, when the
dispersal of H. sapiens is now widely presumed to have taken place. The Arabian Palaeolithic
lacks any material signs of symbolic behaviours, though caution is obviously warranted given
that the majority of sites in Arabia are known from surface contexts. In a re-evaluation of
Arabian sites that have been labelled ‘Upper Palaeolithic’, Maher (2009) found that these
assemblages lack the range of classic types, such as points, carinated pieces, and various
blade tools. The recovery of laminar industries in both Middle Palaeolithic and later
terminal Pleistocene/Early Holocene assemblages of Arabia should not necessarily be
considered the equivalent of Levantine or Western European industries (Marks 2009).
The so-called Upper Palaeolithic industries of South Asia are generally poorly known and
some of these assemblages may be very young. The presence of sites with laminar
assemblages in South Asia are part of a diverse set of Late Palaeolithic sites (James and
Petraglia 2005). We do not, however, consider these laminar technologies to be a sign of an
invasive population spread into the subcontinent, but instead these technological innovations appear to be part of an indigenous package that evolves regionally as a consequence of
new adaptations. On this score, we have documented that Middle Palaeolithic industries can
be found to at least 38 ka, with a major technological transition to blade and microblade
industries occurring at about 35–30 ka (Petraglia et al. 2009a). We have argued that the
trajectory of ‘modern human behaviours’ in South Asia is a distinct phenomenon in
comparison to other regions. Though gradual and rare, some hallmarks of the modern
human behavioural package make their appearance after 45 ka, and increase substantially
from 35 ka upwards. The temporally gradual and spatially patchy assembly of modern traits
in South Asia is similar to that found in the Australian record, which has been characterized
as slow and sporadic in its symbolic construction (Brumm and Moore 2005). The gradual
and mosaic-like pattern of change in cultural traits in time and space indicates that material
culture developed in fundamentally different ways as H. sapiens spread across the southern
dispersal zone.
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Final conclusion
This review indicates that there is likely still much to learn about the dispersal of H. sapiens
out of Africa. Though much evidence bearing on dispersal processes has been retrieved in
recent years, it is clear that there are major gaps in our current understanding of when, how
and why these expansions occurred. This situation calls for the recovery of much on-theground evidence to examine the dispersal and evolution of human populations in the Late
Pleistocene. It also calls for new genetic sequencing studies that may be useful for better
characterizing past population structure. Though we recognize that much research remains
to be conducted, we have nevertheless attempted to synthesize current information about the
movement of H. sapiens along the Indian Ocean rim, providing some alternative interpretations based on new evidence from Arabia and South Asia. Based on our review of the fossil,
genetic, and archaeological evidence, we argue that the expansion of H. sapiens out of
Africa was a complex process, and not simply the consequence of a single, rapid coastal
expansion at 60 ka ago. We argue that that modern human expansion into Arabia is probably
coincident with the ages of 130–70 ka for H. sapiens in the Levant, with populations reaching
South Asia by 78 ka, and perhaps earlier. Relatively young mtDNA and Y chromosome
coalescence ages are a reﬂection of re-colonization events in certain areas (e.g. deserts) and
major demographic increases in the Late Pleistocene in particular regions (e.g. South Asia),
which have had the effect of swamping the gene pools of older and smaller foraging groups.
To better understand Pleistocene expansions of human populations along the Indian Ocean
rim, we can only hope that much more archaeological research and dating will be conducted
in poorly known areas, and that fossils and ancient DNA will be recovered from the many
ideal, but presently unexcavated contexts in Arabia and South Asia.
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Note
1. OIS 5a represents a peak in July insolation at 20N, with CH4 and O18 isotope levels
showing a peak towards warmer conditions, although only about half as high as Early
Holocene levels, but the most recent high peak in methane prior to the Holocene (Ruddiman
2008: Figures 10-16, 14-8). This implies stronger monsoons than in subsequent OIS 4
(Gasse 2000; Ruddiman 2008). Actual pollen data are limited, but Arabian evidence from
ocean core (MD76135) and South Indian evidence from sea cores off the Kerala coast
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provide some indication (Van Campo et al. 1982; Prabhu et al. 2004). A partial baseline is
taken from mid-Holocene reconstruction of Adams and Faure (1997), but this has been
substantially edited by comparing their modern conditions maps with more detailed
vegetation maps and taking into account the role of topographic features. For South
Asia we used the vegetation data discussed in Puri et al. (1983), Asouti and Fuller
(2008), while for the Middle East and Arabia we used Zohary (1973) and Van Zeist and
Bottema (1991) and the discussions in Moore et al. (2000). For eastern Africa we
considered vegetation zones of Rattray (1960) and the charcoal and pollen-based Holocene
reconstructions of Neumann (1991).
MD76135 shows a peak in summed humid tropical indicators at 90 ka, surpassed only by
Early Holocene Maximum. Levels show a slight decline towards 80 ka but remain
substantial, comparable to the Mid-Holocene. We take this to indicate healthy sub-tropical
Abyssinian woodlands in the hills forests of Yemen, Dhofar and Central Oman. Tropical dry
elements show an expansion from 90 to 80 ka which is taken to represent expanding dry
savanna grassland or Sahelian-like sub-desert on the Arabian peninsula. Rhizophoraceae
pollen in core SK128A-30 off the South Indian coast shows a small but consistent presence
of Mangrove pollen greater than recent times and comparable to mid-Holocene levels. This
indicates generally favourable conditions along coasts throughout this region, which means
that Omani coasts are likely to have had more substantial and diverse mangroves than the
present day. This could have offered corridors of rich coastal resources.
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