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Final Rank Ordering of Your Interests for 2024 HE group

1st run: Origin of MHs = 6, Myths of HE = 4
2nd run: Pre-homo hominins 3, Myths 2, Fossilizations 2


1 Pre-Homo hominins 222
• 2 Great Myths of Human Evolution 1111 22
• 3 Fossilization And Dating in Human Evolution 22
• 4 Origin of Modern Humans - Chris Stringer 111111    2
• 5 Any topics or books you want to review



Question

 Science Updates 
 Large number of studies in last 4 months
 Question of when to present them
 Continue 1 hour update, 1 hour topic
 Or occasionally add extra 2 hour session



MtDNA puzzles



mtDNA issues

 Ron Arenson: H. heidelbergensis fits in with Neanderthals and MH - as I 
understand it H heidelbergensis is ancestral to Neandertals but not us. 

 And that mtDNA and nDNA don’t show the same hierarchy - possibly 
related to the inclusion of mtDNA from MH into neandertal early on. 

 As I understand it, ancestral Eve (mtDNA) and ancestral Adam (nuclear 
DNA) seem quite different. And the separation of MH and Denisovans 
appear earlier than MH and Neanderthals, yet Denisovans and 
Neanderthals are close cousins and their separation was quite recent.



mtDNA issues

 CJV response: 
 I think I now understand your puzzlement, which was mine from the 

time the Sima de los Huesos mtDNA was first analyzed as being more 
Denisovan, but their nuclear DNA is Neandertal. Also relates to why N 
mtDNA turned out to be from MH. It appears that in introgressions, 
MtDNA can later be swapped out for a better version via natural 
selection.



D mt DNA

 The D mtDNA being older than the N mtDNA first came from the 2010 
Krause study: "The complete mitochondrial DNA genome of an 
unknown hominin from southern Siberia" which compares chimps, N, D, 
and MH mt DNA, states: Assuming an average divergence of human 
and chimpanzee mtDNAs of 6 million years ago, the date of the most 
recent common mtDNA ancestor shared by the Denisova hominin, 
Neanderthals and modern humans is approximately one million years 
ago (mean 1,040,900  years ago; 779,300–1,313,500 years ago), or 
twice as deep as the most recent common mtDNA ancestor of modern 
humans and Neanderthals (mean 465,700 years ago; 321,200–618,000 
years ago). “



mtDNA

 Although the absolute dates depend on several assumptions and are subject 
to uncertainty, the fact that the divergence of the Denisova hominin mtDNA is 
about twice as old as the divergence of Neanderthal and modern human 
mtDNAs is robust to most assumptions.”

 Sima Ns at 430 Ka; with D mtDNA

 Rogers study: N-D split at 744 Ka; implies N-MH  split was earlier

 J. Hublin, who argues that Neanderthal features emerged gradually in 
Europe, over an interval that began 500–600 Ka. C. Stringer would argue for 
earlier date.



mtDNA

 Also: "Although nuclear DNA sequences are needed to clarify 
definitively the relationship of the Denisova individual to present-day 
humans and Neanderthals, the divergence of the Denisova mtDNA 
lineage on the order of one million years shows that it was distinct from 
the initial radiation of H. erectus that first left Africa 1.9 Myr ago, and 
perhaps also from the taxon H. heidelbergensis, if the latter is the direct 
ancestor of Neanderthals. 

 An unambiguous association of the Denisova mtDNA with 
morphologically defined hominin taxa awaits determination of mtDNA 
sequences from more complete skeletal remains." 



CJV understanding

 Originally I took the 1-million-year-old D mtDNA as indicating it came from the 
4-6% H. erectus DNA found in Ds. But Krause seems to imply that this was 
not the origin of the mtDNA and we still await explanation of the origin of this 
D mtDNA. 

 My understanding is that the LCA of MH and Ns is yet to be determined. They 
split off from each other circa 700 Ka? (or earlier) and then Ns and Ds split 
later at 400-500 Ka. How you can have D mtDNA being 1 Ma old, while N 
mtDNA is not, is a still a puzzle to me. 

 Remember that Ns got their mtDNA and Y chromosome from MHs after 300 
Ka; and it still is present in the late Ns

 This is as far as I have gotten. 
 Natural selection has played some interesting shifts in N, D, and MH DNA. 



Prufer et al 2013

 Prufer et al. 2013 article which discusses archaic introgression into 
Denisovans. 

 Core paragraph: “…we considered a scenario where Denisovans received 
gene flow from a hominin whose ancestors diverged deeply from the lineage 
leading to Neanderthals, Denisovans and present-day humans. We find that 
this scenario is consistent with the data, as also suggested by others, and 
estimate that 2.7-5.8%...of the Denisova genome comes from this putative 
archaic hominin which diverged from the other hominins 0.9-1.4 million years 
ago. An approximate Bayesian computation again supports the third scenario  
and estimates that 0.5-8% of the Denisovan genome comes from an 
unknown hominin which split from other hominins between 1.1 and 4 million 
years ago." 

 This study includes famous graphic: 





R. Cann 1987 study of mtDNA

 1987, R. Cann: all current human mtDNA originated from a single population 
from Africa, at the time dated to between 140,000 and 200,000 years ago = 
today’s Haplogroup L

 Mitochondrial Eve is the most recent common matrilineal ancestor for all 
modern humans; Mitochondrial Eve: had at least two daughters who both 
have unbroken female lineages that have survived to the present day. 

 As of 2015, estimates of the age of the Y-MRCA range around 200,000 to 
300,000 years ago, roughly consistent with the emergence of anatomically 
modern humans

 Another 2013 study (based on genome sequencing of 69 people from 9 
different populations) reported the age of Mitochondrial Eve between 99 and 
148 kya and that of the Y-MRCA between 120 and 156 kya.



N mtDNA

 Modern humans contributed mtDNA to the Neanderthal lineage, but not to 
any Denisovan mitochondrial genomes yet sequenced.

 The mtDNA sequence from the femur of a 400,000-year-old early N from the 
Sima de los Huesos Cave in Spain was found to be related to those of 
Neanderthals and Denisovans, but closer to Denisovans, and the authors 
posited that this mtDNA represents an archaic sequence which was 
subsequently lost in Neanderthals due to replacement by a modern-human-
related sequence.

 Although the ancestors of Neandertals at Sima de los Huesos carry mtDNA 
most closely related to that of Denisovans, the mtDNA and the Y 
chromosome of later Neandertals are more closely related to that of modern 
humans. 



DNA Replacements

 Neandertals and modern humans share their mtDNA and Y chromosome 
from ancestors who lived around 410 ka and 370 ka, respectively, which is at 
least 100,000 years more recent than their estimated split time. 

 Alternatively, divergent mtDNA could have also resulted from the persistence 
of an ancient mtDNA lineage which only went extinct in modern humans and 
Neanderthals through genetic drift. Modern humans contributed mtDNA to the 
Neanderthal lineage, but not to the Denisovan mitochondrial genomes yet 
sequenced. The mtDNA sequence from the femur of a 400,000-year-old “H. 
heidelbergensis” from the Sima de los Huesos Cave in Spain was found to be 
related to those of Neanderthals and Denisovans, but closer to Denisovans, 
and the authors posited that this mtDNA represents an archaic sequence 
which was subsequently lost in Neanderthals due to replacement by a 
modern-human-related sequence.



MH, N, D DNA

 Denisova 3's mtDNA differs from that of modern humans by 385 bases 
(nucleotides) out of approximately 16,500, whereas the difference between 
modern humans and Neanderthals is around 202 bases. In comparison, the 
difference between chimpanzees and modern humans is approximately 1,462 
mtDNA base pairs. 

 This suggested that Denisovan mtDNA diverged from that of modern humans 
and Neanderthals about 1,313,500–779,300 years ago; whereas modern 
human and Neanderthal mtDNA diverged 618,000–321,200 years ago. 
Krause and colleagues then concluded that Denisovans were the 
descendants of an earlier migration of H. erectus out of Africa, completely 
distinct from modern humans and Neanderthals.

 However, according to the nuclear DNA (nDNA) of Denisova 3, Denisovans 
and Neanderthals were more closely related to each other than they were to 
modern humans.



Various dates for D-N split based on molecular clock

Using the percent distance from human–chimpanzee last common 
ancestor, Denisovans/Neanderthals split from modern humans about 
804,000 years ago

Using a mutation rate of 1×10−9 or 0.5×10−9 per base pair (bp) per 
year, the Neanderthal/Denisovan split occurred around either 236–
190,000 or 473–381,000 years ago respectively.

 Using 1.1×10−8 per generation with a new generation every 29 
years, the time is 744,000 years ago. 

Using 5×10−10 nucleotide site per year, it is 616,000 years ago



mtDNA

 According to M. Meyer, the Sima de los Huesos sample is old enough 
that it could represent an ancestor to both Denisovans and 
Neanderthals. 

 However, it is also possible that H. heidelbergensis is not ancestral to 
either group, but later interbred with the Denisovan lineage.



Sima de los Huesos

 Most importantly, the Sima de los Huesos specimen is so old that it probably 
predates the population split time between Denisovans and Neanderthals, 
which is estimated to one-half to two-thirds of the time to the split between 
Neanderthals and modern humans, which is estimated to be 170 to 700 Ka 
ago. 

 The Sima de los Huesos hominins may be related to the population ancestral 
to both Neanderthals and Denisovans. Considering the age of the Sima de 
los Huesos remains and their incipient Neanderthal-like morphology, this 
scenario seems plausible to us, but it requires an explanation for the 
presence of two deeply divergent mtDNA lineages in the same archaic group, 
one that later recurred in Denisovans and one that became fixed in 
Neanderthals, respectively



Gene flow

 Another possible scenario is that gene flow from another hominin 
population brought the Denisova-like mtDNA into the Sima de los 
Huesos population or its ancestors. Such a hominin group might have 
also contributed mtDNA to the Denisovans in Asia. 

 Based on the fossil record, more than one evolutionary lineage may 
have existed in Europe during the Middle Pleistocene (780-126 Ma). 
Several fossils have been found in Europe as well as in Africa and Asia 
that are close in time to Sima de los Huesos but do not exhibit clear 
Neanderthal traits. 

 Furthermore, there may have been relict populations of still earlier 
hominins, notably those classified as Homo antecessor.



Have I confused you enough yet?
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Early Humans in Britain in last 1 Ma: Springer heads the Ancient Human 
Occupation of Britain & Pathways to Ancient Britain Projects since 2001



Out of Africa 1 – H. erectus - 1.8 Ma?



Major climate changes, esp. in last 100 Ka



Ukraine
~1.4 MA





Britain in last 1 M years

 Interglacial at 900 Ka – oldest dates of human occupation in Britain





No humans in Britain in either period

Peak of
Last 
Glaciation:
Steppe-tundra;
Sea level drop

Peak of 
interglacial



Repeated severe glaciations



Footprints at Happisburgh, UK – 850 Ka – along proto-river 
Thames



Oldest footprints outside of Africa – H. antecessor or erectus



Landbridge to Europe at 700 Ka; Acheulean tools at 600 Ka



Mauer mandible, type specimen of H. heidelbergensis, 610 Ka = 
Same time period – possibly in Britain?



Boxgrove – 480 Ka



H. heidelbergensis? 800-480 Ka



Protoglacial lake erupts creating beginning of English Channel,  
separating Britain from Europe ~450 Ka



~400 Ka: 10,000 Acheulean axes at Swanscombe, with partial 
female skull



Sima de los Huesos Ns are
similar to  Swanscombe skull – 
both have a suprainiac fossa



Boxgrove & Sima de los Huesos: similar but distinct populations 
(tibia similar, but not teeth)





120-80 Ka – hippos in Thames; Britain an island; no humans



Doggerland (60-8 Ka) – warming period doubled the size of England; then 
catastrophic release of water from a North American glacial lake and a tsunami from 
a submarine landslide off Norway inundated it



Neandertals return to Britain at 60 Ka



La Cotte de St. Brelade, Jersey: teeth of 2 individuals, less than 
48 Ka; hybrids



H. sapiens arrives in Britain; ~34 and ~15 Ka



In 900 K years, 11 arrivals (during interglacial periods) and 10 departures (during 
glacials) by 4 human species (H. antecessor, heidelbergensis, Ns, MHs)





Mostly Out of Africa: How, When, Where
Changing theories of Human Evolution

Huxley Lecture 2023

 - Prof Chris Stringer



1960s: only 2 Homo species (MH, N), and a belief in a N 
evolutionary stage of MH origins



Loring Brace: Culture drove change between MP and UP



1970s: Noone thought Africa was MH’s place of origin



Place of origin of H. sapiens c. 1970s
“H. sapiens” included Ns, H erectus

But strict H. sapiens origin: 

N model – MHs originated from Ns; 

Generalized N model  Clark Howells - N 
developed in Europe; H sapiens in 
Western Asia/Africa

Brace: everywhere had its N stage that 
became MHs

Multiregional model: Weidenreich, Coon, 
Wolpoff; Only 1 species (MH) for 1.5 My, 
all over developed from prior local forms 
– archaic to modern forms

Minority view, Bill House: MHs unique, 
originated in unknown single area



Hypotheses for human origins

 Early debates (mid- to late-20th century) centered around the question 
of which model was correct: 
Multiregional model: Humans evolved in a loosely connected manner 

locally across Africa and Eurasia, and evolution was largely 
independent for many hundreds of thousands (or millions) of years

Recent African origin (RAO) or Out of Africa (OoA) model: We all 
trace our ancestry back to a relatively recent common ancestor that 
lived within Africa, where our species underwent evolutionary 
transitions before dispersing across the globe



Stringer vs Wolpoff

 For 27 years, Chris Stringer and Milford Wolpoff have been at odds about 
where and how our species was born. 

 Stringer, a paleoanthropologist at the Natural History Museum in London, 
held that modern humans came out of Africa, spread around the world, and 
replaced, rather than mated with, the archaic humans they met.

 But Wolpoff, of the University of Michigan, Ann Arbor, argued that a single, 
worldwide species of human, including archaic forms outside of Africa, met, 
mingled and had offspring, and so produced Homo sapiens. 

 The battle was long and bitter: When reviewing a manuscript in the 1980s, 
Wolpoff scribbled “Stringer's desperate argument” under a chart; in a 1996 
book, Stringer wrote that “attention to inconvenient details has never been 
part of the Wolpoff style.” At one tense meeting, the pair presented opposing 
views in rival sessions on the same day—and Wolpoff didn't invite Stringer to 
the meeting's press conference. “

 It was difficult for a long time,” recalls Stringer.



Multiregional model



Until the 1980s, Multiregional model was predominant

Until the 1980s, the multiregional model appeared to be the 
leading hypothesis among paleoanthropologists, in which ...

·Neanderthals were the direct ancestors of present-day 
Europeans

·In East Asia, H. erectus or a related regional group were the 
direct ancestors of MHs, and likewise within Africa

·Technologies, cultures and genetics evolved locally, with only 
intermittent connections and exchanges between regions



1970: C. Stringer – PhD trip around Europe; saw Jebel Irhoud fossil in 
Paris (then dated at 40 Ka) = African N; Stringer thought it was MH



1974: Ns were separate species from MHs; not ancestral



1976: only 2 species: H. sapiens & H erectus; nothing in Africa 
that looked like precursor to H. sapiens; 
most African fossils
dated to only 40-50 Ka;

Libby got Nobel Prize in
1960 for Radiocarbon
Dating



(Accelerator mass spectrometry)

Revolution in Dating methodology



1978

 No hints that Africa was source of Modern Humans

 Facial differences:
Neandertal skull vault is long and low; large brain; face is distinctive
MH vault is globular; small, flat face



1980s: introduction  of cladistics: relationships via derived 
features; Ns as distinct species; Stringer introduces the name  
H. heidelbergensis for Petralona, Broken Hill skulls



Petralona (400-200 Ka) & Broken Hill (300 Ka); prior dating at 
600 Ka



1987: Mitochondrial Eve: R. Cann called her “Lucky Mother”, the 
one who succeeded; first genetic proof of recent African origin 
(RAO) for MHs



Introduction of newer dating methodology

Shifts in leading hypotheses

But the 1980s and 90s, opinions began to change. This was due to vastly 
improved methods for dating fossil remains.

Radiocarbon dating: only works within the last 50 thousand years

New non-radiocarbon dating methods are accurate to much older times



Redating of Near East Ns and MHs: temporal alterations of 2 
groups



New dating for Qafzeh/Skhul MHs: MHs originally dated to 40-
50 Ka; 1988 dating ~100 Ka; prior to Ns; taken as evidence that 
Ns not ancestors of MHs



1988: Highly controversial Stringer/Andres paper, highlighting 
differences b/ MR vs ROA; RAO wins 

Criticisms of this paper:
Impossible 
Prescientific
Antievolutionary
Divisive
Already falsified
Fatally flawed
Nonsense
Great leap backward
Implying a holocaust?



Multiregional Evolution vs Recent African Evolution



Stringer’s original 
view:
In Ns, both archaic 
vault and faces get 
larger

In MHs, vault 
becomes globular, 
face smaller

No longer accepts this
view

1994: more possible ancestors in Africa from new datings (Qafzeh); 
Ns evolved in own direction



Today, only 1 modern 
human species; only 
1 skeletal type

But stop calling Ns 
“archaic”





Ns die out by 
42 Ka

No known 
extinction dates 
for Denisovans 
(~25 Ka)



Species concepts



H. sapiens is a distinct species morphologically



LCA: where and when = uncertain; H. heidelbergensis?; 
Europe, Asia, Africa?  744 Ka?



In 2000, this was the model: Origin in East Africa



2016: Chris Stringer: The origin and evolution of Homo 
sapiens

 If we restrict the use of Homo sapiens in the fossil record to specimens 
which share a significant number of derived features in the skeleton with 
extant H. sapiens, 
 the origin of our species would be placed in the African late middle 

Pleistocene, ~300 Ka 
based on fossils such as Omo Kibish 1, Herto 1 and 2, and the 

Levantine material from Skhul and Qafzeh. 

 However, genetic data suggest that we and our sister species Homo 
neanderthalensis shared a last common ancestor in the middle 
Pleistocene approximately 400–700 ka. 

Chris Stringer, 2016



The origin and evolution of Homo sapiens

 The African fossil record will document early members of the sapiens 
lineage showing only some of the derived features of late members of 
the lineage.

 Stringer argues that human fossils such as those from Jebel Irhoud, 
Florisbad, Eliye Springs and Omo Kibish 2 do represent early members 
of the species, 
but variation across the African later middle Pleistocene/early Middle 

Stone Age fossils shows that there was not a simple linear 
progression towards later sapiens morphology, and there was 

chronological overlap between different ‘archaic’ and ‘modern’ 
morphs.



The origin and evolution of Homo sapiens 

 Even in the LSA  (~50 Ka) within and outside Africa, we find H. sapiens 
specimens which are clearly outside the range of Holocene members of 
the species, showing the complexity of recent human evolution.

 Extant H. sapiens share specific morphological traits: high neurocranium, 
rounded in lateral profile, a small face retracted under the frontal bone, a 
true chin even in infants, small discontinuous supraorbital tori, a 
lengthened post-natal growth period and life history, and a narrow trunk  
and pelvis



The origin and evolution of Homo sapiens 

 In addition, distinctive morphologies of elements of inner ear anatomy are 
being increasingly well characterized in H. sapiens. 

 In the cranial vault, the shape of the parietal region in H. sapiens seems 
particularly distinctive and makes a significant contribution to globularity in 
both lateral and occipital views



MHs & Ns

A second major question concerns the mode of evolution of the 
species H. sapiens—whether punctuated or gradual. 

The subsequent European record had indicated a gradual 
accretion of further Neanderthal synapomorphies (a homologous 
character that originated in an ancestral species, i.e. midface 
pulled forward)

A third question is the nature of the last common ancestor (LCA) 
of the sapiens and neanderthalensis lineages, and when that 
LCA lived. 



H. heidelbergensis

 Since 1983, Stringer has built the case that shape resemblances 
between the Broken Hill and Petralona crania indicate the existence of 
a widespread middle Pleistocene population which can be called Homo 
heidelbergensis if the Mauer mandible is also included, or H. 
rhodesiensis (Broken Hill), if it is not.

 (In 2016) He argued that this species represents the most reasonable 
LCA for the neanderthalensis and sapiens lineages, with their common 
origin placed at about 400 ka based on the estimated mtDNA 
coalescence date of the two lineages; but by 2023, he no longer holds 
this position. Now believes H. heidelbergensis is only the ancestor of 
Ns, not African sapiens



The origin and evolution of Homo sapiens 

 A fourth question follows from the previous ones. 

 Once the Neanderthal and modern human lineages began to evolve, 
did more ancient (and perhaps ‘ancestral’) morphologies in Eurasia and 
Africa soon die away, or could they have persisted alongside their 
‘descendants’ for a considerable time? 

 And if the latter, was there gene exchange? 



Origin of H. sapiens

 There is growing evidence of the survival of what could be considered as 
earlier middle Pleistocene morphologies (cf. H. heidelbergensis or H. 
rhodesiensis) into at least the later middle Pleistocene of Europe and 
Africa. 

 Genetic exchanges could also have been occurring in the middle 
Pleistocene.



Origin of H. sapiens

 The fossil record in Africa is still relatively sparse and poorly dated, and 
is dominated by material from East Africa. 

 Huge expanses of Central and West Africa were clearly inhabited during 
the later middle Pleistocene, (evidence of artefacts), but not a single 
fossil has yet been recovered to identify who those early inhabitants 
were. 

 Thus, the available record is probably highly biased and 
unrepresentative of the continent as a whole.



Chris Stringer on “archaic Homo sapiens”
• Anatomically modern human morphology is typically seen in the high and 

rounded skull, the small face, the chin, the lighter-built skeleton with a narrow 
pelvis. 

• This pattern is found in Africa back to between 150-200 ka (Herto 1 and 2, Omo 
I).

• Beyond 200 ka, there are specimens in the Homo sapiens line that do not yet 
show the majority of the modern features: Florisbad, Eliye Springs, Ngaloba, 
Jebel Irhoud. 

• Different African specimens are showing different combinations of these 
modern human and archaic features.



Traits

 In Europe, the recent redating of the Sima de los Huesos fossils to at 
least 400 ka suggests that many Neanderthal features, particularly in 
the face, jaws and teeth, were already well developed by that time, 

 An alternative model has a much older proposed LCA for the 
neanderthalensis and sapiens lineages, based on the ‘modern’ H. 
antecessor face from Gran Dolina, Atapuerca, dated to approximately 
850 ka. 

 Such a model would imply that this facial morphology was retained in 
the descendant sapiens lineage, but was lost in that of the 
Neanderthals.



Is modern face actually primitive; for both MH and Ns – we kept 
it, Ns more derived



African evolution of H. sapiens

 The fossil record available to reconstruct the evolution of H. sapiens in 
Africa is still relatively sparse and poorly dated, and is dominated by 
material from the fossiliferous sedimentary basins of Est Africa. 

 The major African fossils: 
 (a) North-west and North Africa: Jebel Irhoud, and some partial fossils
 (b) Southern Africa: Florisbad, Klasies River Mouth fossil
 (c) East Africa: Eliye Spring, Ngaloba Laetoli, Omo 1 & 2, Herto, Singa
 (d) Western Asia (Skhul and Qafzeh): Skhul, Qafzeh,  



Interpreting the African middle–late Pleistocene fossil human 
record

 During the past 25 years, the Recent African Origin model has 
dominated discussions about the evolution of H. sapiens, but with the 
recent modifications to it demanded by evidence of introgression from 
archaic humans such as Neanderthals and Denisovans outside Africa. 

 The date of origin of H. sapiens in this model has also changed in the 
face of new discoveries and dating work and is now often placed at 
about 200 ka, with the generally accepted first appearance of 
‘anatomically modern humans’ (that is to say fossils that predominantly 
share the skeletal morphology of extant humans) in the form of the Omo 
Kibish 1 skeleton and the somewhat younger Herto material. 



Pan-African evolution

 There was wide morphological variation in fossil human crania associated with 
early MSA archaeology in Africa, ranging from material like Florisbad and 
Jebel Irhoud. This array of fossils shows differing combinations of archaic and 
derived (recent H. sapiens-like) traits. These variations already suggest that 
there is probably not a simple, linear relationship between an ancestral 
heidelbergensis-like morphology and that of H. sapiens. 

 Alternatively, as suggested by Stringer, this variation might instead reflect the 
coexistence of morphologically distinct populations during the later middle 
Pleistocene in Africa. 

 Evolution may at times have progressed independently in different areas, with 
morphological substructure leading on to the eventual coalescence of the full 
suite of H. sapiens characteristics.



Not African multiregionalism; use Pan-Africanism.

 Stringer has called this an ‘African multiregionalism’, with many 
potentially interfertile subdivisions of the evolving sapiens species 
across Africa.  He now calls it Pan-Africanism.

 Others have used the analogy of a braided stream for what they 
consider to be an open genetic network for different human lineages 
across the whole Old World, but I think the most appropriate application 
for this analogy is in the middle Pleistocene of Africa. 



Braided Stream?

 The imperfect chronological control over the African middle Pleistocene 
record provides only very limited support for an ordered progression 
from ‘archaic sapiens’ to ‘modern sapiens’ through time. 

 Instead we see morphologically varied fossils such as Broken Hill, 
Florisbad and Omo Kibish 1 apparently juxtaposed in close temporal 
proximity. 

 There is also growing evidence of the survival of even younger 
elements of archaic morphology into the late Pleistocene at sites like 
Eyasi, Iho Eleru and Lukenya Hill



Climate

 While later Pleistocene Eurasia suffered both large-scale and sharp 
millennial-scale climatic oscillations, which were especially reflected in 
fluctuations of temperature, these changes in Africa were expressed 
much more in terms of precipitation. 

 In turn, this could have had direct demographic effects on human 
populations. For example, ~150 ka was predominantly arid, with the 
probable isolation or even extinction of small human populations across 
Africa. By contrast, the warmest part of MIS5 (approx. 120 ka) may 
have been a time of population expansions and interconnections. 



Climate

 Refugia in which populations could weather the worst of climatic 
downturns have been suggested as a key driver of morphological and 
perhaps adaptive Behavioural changes in Eurasia, but in Africa climatic 
ameliorations could have been equally important in seeding denser and 
more networked populations, facilitating both genetic and cultural 
changes. 

 The result of these processes was the composite we call modern H. 
sapiens, genetically, morphologically and behaviorally, but there was 
never a single center of origin, and despite later homogenization, some 
ancient substructure could have persisted



Pleistocene morphological variation across much of the African 
continent.

 In Stringer’s doctoral research, he found that, despite its Late Stone 
Age associations and overall ‘modern’ shape, the Iho Eleru fossil from 
Nigeria was idiosyncratic, since it also showed affinities to archaic 
fossils such as Ngandong, Saccopastore 1 and Omo 2. 

 Its dating was recently confirmed as late Pleistocene (approx. 14 ka) 
but also confirmed was its morphological distinctiveness from recent 
African crania. Despite its late date, it showed morphometric shape 
affinities to the much older Elandsfontein, Ngaloba, and Skhul and 
Qafzeh fossils. 



Archaics

 Various specimens emphasize how little we still know about late 
Pleistocene morphological variation across much of the African 
continent. 

 These fossils may indicate deep Pleistocene population substructural 
variation, possibly including hybridization between late H. sapiens and 
surviving archaic hominin lineages, variation which was subsequently 
lost



H. antecessor face: primitive or derived?

 Friedline et al. conducted a wide-ranging morphometric study of the 
faces of various fossil crania in order to better place H. antecessor 
developmentally and phylogenetically. They confirmed that its 
morphology was largely shared with H. sapiens and that this would 
probably have persisted into adulthood. However, they argued that this 
morphology was largely primitive and that it had probably evolved and 
re-evolved several times in human evolution, and therefore had to be 
used with caution phylogenetically. 

 In their view, the true ‘modern’ facial morphology could only be reliably 
traced back to later middle Pleistocene fossils such as Jebel Irhoud 1.



H. antecessor

 But there are further relevant data. First, microscopic study of the facial 
growth of the immature H. antecessor fossil confirmed that it does show 
homologies with the maxillary developmental pattern of recent H. 
sapiens, a pattern argued to be derived, not primitive, 

 A second study has concluded that the facial ontogeny of immature 
Sima de los Huesos fossils (dated approx. 400 ka) instead show 
homologies with later neanderthalensis specimens



Morphologies

 Moreover, using the latest estimates of the autosomal human mutation 
rate, the divergence date of the neanderthalensis and sapiens lineages 
can indeed be placed earlier, between 550 and 765 ka, which would be 
consistent with only the oldest suggested examples of heidelbergensis 
as potentially representing the LCA. 

 An alternative would be to consider a H. antecessor-like morphology as 
more likely for the LCA of H. sapiens and H. heidelbergensis, with the 
heidelbergensis group exemplified by Arago, Petralona, Bodo and 
Broken Hill having more in common facially with the Sima fossils and 
subsequent Neanderthals.



Basal MH: 2017 - Jebel Irhoud new dating to 300 Ka: modern 
face, archaic vault



Omo Kibish 1: oldest aMH; originally dated 233 Ka; now 172 Ka



Again, evidence that “archaic” and “modern” anatomies overlapped
in Africa - found only a few km apart, these crania have both been dated
to ~172 ka and are very different in cranial shape...



Omo Kibish human remains:  Omo 1, 171 Ka



Omo 2: more archaic



African & Israeli sapiens fossils ~300-100 Ka show high variation = No 
clear pattern of change; even at Omo, 2 same aged distinct fossils



Behavioral Modernity models – See CJV Homo sapiens Pt 3 talk

Two models, 2000:

• 1. R. G. Klein, Archeology and the evolution of human behavior. Evol. 
Anthropol. 9, 17–36 (2000). = Cognitive/neuronal genetic change at 50 
Ka

• 2. S. Mcbrearty, A. S. Brooks, The revolution that wasn’t: A new 
interpretation of the origin of modern human behavior. J. Hum. Evol. 39, 
453–563 (2000): 
• One of the most-cited papers in the history of Paleolithic archaeology. This paper 

argued that behavioral modernity arose in Africa over a long period of time, and 
that it is visible very early in the MSA archaeological record. This view challenged 
European-centric models for human evolution that argued for a sudden 
appearance of behavioral modernity in Europe during the Upper Paleolithic.



Modern 
behaviors 
and their 
time 
depths in 
Africa.  
Sally 
McBrearty 
& Alison 
S. Brooks.



Revolution that still isn’t (E. Scerri & M. Will, 2023): Dynamic 
metapopulation: multiple complex cultural patterns – beads, feathers, 
hafting; tech & cultures that appear, disappear, reappear

While much emphasis has been 
given to innovation and variability in 
the MSA record, long periods of 
stasis and a lack of cumulative 
developments argue further against 
a strictly gradualistic nature in the 
record. Instead, we are confronted 
with humanity’s deep, variegated 
roots in Africa, and a dynamic 
metapopulation that took many 
millennia to reach the critical mass 
capable of producing the ratchet 
effect commonly used to define 
contemporary human culture. 



Pan African Model of H. sapiens in Africa – E. Scerri, C. Stringer

No single area of origin: 
Various regions contributed 
to the final pattern of H. 
sapiens

‘Scerri: “Humans did not stem 
from a single ancestral 
population in one region of  
Africa, as is often claimed. 
Instead our African ancestors 
were diverse in form and 
culture, and scattered across 
the [entire] continent’”



Only 10% of Africa has been explored for hominin fossils



Broken Hill as African pre-sapiens:  Wrong model



Explosive 2020 study: Dating  change of African “H. 
heidelbergensis/Broken Hill” from 600 Ka to 300 Ka: not LCA of 
H. sapiens



H. heidelbergensis?

Broken Hill: 300 Ka – 
not ancestral, but 
contemporaneous to 
basal MHs

Indicates an earlier split 
time for MHs and Ns = 
>700 Ka



More complications: in S. Africa, a small brained species, 285 
Ka





First forays into Europe

 Only a few years ago it was still possible to argue that even though H. 
sapiens began to disperse from its ancestral African homeland at least 60 ka 
ago, the arrival of our species in Europe took much longer, perhaps only 
occurring with the arrival of Aurignacian industries about 41 ka ago 

 This delay was hypothesized to have been caused by the need to develop 
adaptations to colder European environments, or possibly because the 
resident human species H. neanderthalensis successfully excluded H. 
sapiens for many millennia. 

 However, since 2019 there has been a succession of publications that 
demonstrate a longer-term potential co-existence of early H. sapiens and late 
Neanderthals not only in western Asia, as previously observed, but also in 
Europe. Moreover, ancient DNA evidence shows that this overlap was 
accompanied by multiple episodes of interbreeding 



CJV’s Review of 15 known introgression events: See aDNA talks

 mtDNA Gene flow from Neanderthals 
 mtDNA Gene flow from Denisovans 
 1. The most referenced introgression: 2% N DNA into MH 
 2. N DNA into Ds and vise versa
 3. Ghost population of Archaic Hominin (H. erectus?) into Denisovan 

DNA = 2-6% of D
 4. Archaic Asian hominin DNA into MHs
 5. MH DNA into Ns – 200 Ka: Ns who gave us 2%, already had 3-6% of 

MH DNA in their DNA
 6. N’s mtDNA  inherited from MHs – 270 Ka



Genetic evidence for 15 known introgression events

 7. MH DNA into nuclear N genome in Middle East ~100 Ka
 8. MH DNA into Altai Ns ~100 Ka
 9. Altai N DNA into East Asian MHs ~100 Ka
 10. N DNA into Ds
 11. Oase-1: early MH HG with N DNA
 12. D DNA into MHs
 13. Archaic hominin into MHs in Africa
 14. Archaic DNA in the San of South Africa
 15. Ghost lineages in 4 West African Groups





Neandertal: A different kind of human

Neandertal

Modern Human



Distinctive middle ear morphologies



Endocast shape: distinctive N and MH brain shapes



Basal and derived Ns and MHs



Globular skull shape of MHs based on CT endocranial data



MH genetics leave Africa



aDNA revolution starts in 2010



2010: 1-2% N DNA in MHs



• How did introgressions happen?

• Capturing females

• Opportunistic 
pairings

• Peaceful 
exchanges on 
absorption

• Adopting orphans



All early MHs in Europe had N DNA

Blue circles. Neanderthals; red circles, 
modern humans; 
1, El Sidrón, Spain (~49 Ka); 
2, Spy, Belgium (37-39 Ka; 
3, Goyet, Belgium (42-43 Ka); 
4, Les Cottés, France (43 Ka); 
5, Vindija, Croatia (44 Ka); 
6, Mezmaiskaya, Russia (43-45 Ka); 
7, Oase l, Romania (40 Ka)
8, Zlaty Kun, Czechia (45 Ka)
9, Bacho Kiro, Bulgaria (44 Ka)
10, Ust’-Ishim, Russia (45 Ka)



CJV: Earliest H. sapiens, Ns

 765–550 Ka: MH-N split
 415 KA: earliest Ns at Sima de los Huesos, Spain
 315 Ka: Jebel Irhoud, Morocco
 300 Ka: Kabwe/Broken Hill, Zambia (H. rhodesiensis); not 600 Ka or H. 

heidelbergensis
 259 Ka?: Florisbad, South Africa 
 171 Ka: Omo, Ethiopia 
 160 Ka: Herto, Ethiopia
 90 Ka: Skhul, Israel



Sima de los Huesos 
Cranium 5 Jebel Irhoud, H. sapiens Omo 1, H. sapiens

Herto Skhul, Israel Florisbad Apidima
Zlat-ka, Czech

Kabwe/Broken Hill



List of earliest H sapiens in Europe

 270 Ka: Hohlenstein–Stadel, Germany (N femur with sapiens mtDNA)

 210 Ka: Apidima, Greece

 60 Ka: estimated N-MH interbreeding in Western Eurasia (Near East); 
consistent with introgressed modern human genes in a 50 Ka-old 
Neandertal from the Altai Mountains of Siberia

 54 Ka: Mandrin Grotto, France: a MH tooth; then again at 45 Ka



List of earliest H sapiens in Europe

 Earliest credible evidence H. sapiens stone tools found in South-Central 
Europe (Bohunician industry): Brno-Bohunice and Stránská skála 
(Moravia) (48 Ka), Bacho Kiro and Temnata Cave (Bulgaria), 
Dzierzyslaw (Poland)

 45 Ka: Ranis, Germany: 10 bones -- – (no later European descendants) 
(N % untested)

 45 Ka: Zlat-ka (Czech Republic) (3% N) 



List of earliest H sapiens in Europe

 45 Ka: Bacho Kiro cave, Bulgaria (3% N) ++ (had European 
descendants)

 45 Ka: Ust’-Ishim, Siberia (3% N) --
 44-42: Kent’s Cave, Britain
 42 Ka: Peştera cu Oase, Romania  (6% N) -- 
 40 Ka: Tianyuan, China ++
 39-36 Ka: Kostenki 14, Russia  (?% N ) ++
 38-36 Ka: Buran-Kaya, Crimea ++
 30 Ka: Sungir, Russia (3% N) ++



Map of western Eurasia showing areas and estimated dates of possible Neandertal–
modern human hybridization (in red) based on fossil samples from indicated sites.



But surprisingly, no sapiens DNA in late Ns



One way gene flow from N to MH: would lead to N decline



The last pieces of a puzzling early meeting: Y chromosomes transferred 
from H sapiens to Neanderthals between 350,000 to 150,000 years ago

 All sequenced Neanderthal mitochondria are much more similar to the 
human mitochondrion than either are to the Denisovan mitochondrion, 
suggesting a total replacement of this organelle and evidence that H. 
sapiens females contributed to gene flow; dated to 300 to 150 Ka

 This gene flow event is shared among all sequenced Neanderthals
 Petr, et al., 2020: 3 N males, 2 D males: mirror exactly the findings from 

the mitochondrion study—complete replacement of Neanderthal Y 
chromosomes (and no replacement of Denisovan Y chromosomes) with 
H. sapiens Y chromosomes

 It unequivocally shows that both male and female H. sapiens con-
tributed to gene flow, suggesting that both H. sapiens and Neanderthal 
populations accepted children of mixed heritage

Mikkel Heide Schierup, 2020



Reason for MH Y chromosome 
replacement in Ns: 
accumulations of deleterious 
variants on the Neanderthal Y 
chromosome  caused it to have 
a lower fitness than the H. 
sapiens Y chromosome.



Petr, et al., 2020

 Sequencing Y chromosomes from two Denisovans and three 
Neanderthals shows that the Y chromosomes of Denisovans split 
around 700 thousand years ago from a lineage shared by Neanderthals 
and modern human Y chromosomes, which diverged from each other 
around 370 thousand years ago. 

 Evidence indicates replacement of both the mitochondrial and Y 
chromosomal gene pools in late Neanderthals. 

 This replacement is plausible if the low effective population size of 
Neanderthals resulted in an increased negative genetic load in 
Neanderthals relative to modern humans.



MHs mt and Y DNA replaced N versions

 Autosomal genomes show that Neanderthals and Denisovans are sister 
groups that split from modern humans between 550 and 765 Ka ago.

 By contrast, the mtDNAs of Neanderthals and modern humans are 
more similar to one another [TMRCA of 360 to 468 ka ago] than to the 
mtDNAs of Denisovans. 

 Notably, ~400-ka-old early Neanderthals from Sima de los Huesos were 
shown to carry mitochondrial genomes related to Denisovan mtDNAs. 
This suggests that Neanderthals originally carried a Denisovan-like 
mtDNA, which was later completely replaced through ancient gene flow 
from an early lineage related to modern humans



6% of N DNA  is from MHs

 2023 Sarah Tishkoff study: Neanderthals inherited at least 6% of their 
genome from a now-extinct lineage of early modern humans. 

 All of the sub-Saharan populations contained Neanderthal-like DNA, 
indicating that this phenomenon is widespread. 

 In most cases, this Neanderthal-like DNA originated from an ancient 
lineage of modern humans that passed their DNA on to Neanderthals 
when they migrated from Africa to Eurasia around 250,000 years ago. 
As a result of this modern human-Neanderthal interbreeding, 
approximately 6% of the Neanderthal genome was inherited from 
modern humans.



N DNA in MHs and MH DNA in Ns is deleterious

 There is also evidence of Neanderthal ancestry that was introduced to 
these populations when modern humans bearing Neanderthal genes 
migrated back into Africa. Neanderthal ancestry in these sub-Saharan 
populations ranged from 0 to 1.5%, and the highest levels were 
observed in the Amhara from Ethiopia and Fulani from Cameroon.

 Most of the modern human DNA was in noncoding regions of the 
Neanderthal genome, indicating that modern human gene variants were 
being preferentially lost from coding sections of the genome, which 
suggests that having modern human genes in a Neanderthal 
background is detrimental to N fitness. Both modern humans and 
Neanderthals slowly rid themselves of the alleles of the other group.



RAO: Recent African Origin – strict 
version no longer tenable

Multiregionalism: Wolpoff; falsified 
– Chinese local H. erectus did not 
evolve into MHs

Assimilation: Fred Smith & E. 
Trinkaus

RAO+ Hybridization: G. Bauer

Braided stream model: only 
braided stream from Africa

RAO+ hybridization: most evidence

    



The Persian Plateau served as Hub for Homo sapiens after the 
main Out of Africa dispersal - Leonardo Vallini, et al., 2024

 A new study combining genetic, paleoecological, and archaeological evidence 
has unveiled the Persian Plateau as a pivotal geographic location serving as a 
hub for Homo sapiens during the early stages of their migration out of Africa.

 Homo sapiens spread out of Africa between ~70-60 Ka ago. However, it 
appears that once outside of Africa, human populations did not expand across 
all of Eurasia until ~45 kya. 

 The geographic whereabouts of these early settlers in the timeframe between 
~70-60 to 45 kya has been difficult to reconcile. 

 Study combined genetic evidence and palaeoecological models to infer the 
geographic location that acted as the Hub for our species during the early 
phases of colonization of Eurasia. Leveraging on available genomic evidence 
we show that populations from the Persian Plateau carry an ancestry 
component that closely matches the population that settled the Hub outside 
Africa. 



Persian plateau unveiled as crucial hub for early human 
migration out of Africa



Persian Plateau

 With the paleoclimatic data available to date, we built ecological models 
showing that the Persian Plateau was suitable for human occupation 
and that it could sustain a larger population compared to other West 
Asian regions, strengthening this claim.

 The geographically widespread and stable colonization of Eurasia 
appears to have occurred at ~45 kya through multiple population 
expansions associated with a variety of stone tool technologies. 

 Earlier incursions into Europe have been recorded, however, they failed 
to leave a significant contribution to later populations. 



The Hub

 A chronological gap of ~20 ky between the Out of Africa migration (~70–
60 kya) and the stable colonization (~45 kya) of West and East Eurasia 
can be identified, for which the geographic location and genetic features 
of this population are poorly known.

 On the basis of genetic and archaeological evidence, it has been 
suggested that the Eurasian population that formed the first stable 
deme outside Africa after ~70–60 kya can be characterized as a Hub 
population, from which multiple population waves emanated to colonies 
Eurasia.



Early dispersals of MHs: Australia 65 Ka



L. Slimak: Mandrin, France at 54 Ka: 1500 Neronian points



Mandrin: One tooth in layer E is MH (by morphology, not DNA); 
all others are N



Early MHs in Europe at 45 Ka



Bacho Kiro at 44 Ka 



Initial Upper Palaeolithic humans in Europe had recent 
Neanderthal ancestry - 2021
 Modern humans appeared in Europe by at least 45,000 years ago, but 

the extent of their interactions with Neanderthals, who disappeared by 
about 40,000 years ago, and their relationship to the broader expansion 
of modern humans outside Africa are poorly understood. 

 Here we present genome-wide data from three individuals dated to 
between 45,930 and 42,580 years ago from Bacho Kiro Cave, Bulgaria. 
They are the earliest Late Pleistocene modern humans known to have 
been recovered in Europe so far, and were found in association with an 
Initial Upper Palaeolithic artefact assemblage. 

Mateja Hajdinjak, et al., 2021



Bacho Kiro

 Unlike two fossils of similar ages from Romania and Siberia who did not 
contribute detectably to later populations, Bacho Kiro individuals are 
more closely related to present-day and ancient populations in East 
Asia and the Americas than to later west Eurasian populations

 This indicates that they belonged to a modern human migration into 
Europe that was not previously known from the genetic record, and 
provides evidence that there was at least. some continuity between the 
earliest modern humans in Europe and later people in Eurasia

 Moreover, we find that all three individuals had Neanderthal ancestors a 
few generations back in their family history, confirming that the first 
European modern humans mixed with Neanderthals and suggesting 
that such mixing could have been common.



Archaeological sites that have yielded genetic data and/or IUP 
assemblages. Sites with modern human genome-wide data older than 40 
kyr bp 



Europe at 47 Ka

 The transition between the Middle and Upper Palaeolithic periods in 
Europe, which started about 47 ka, overlapped with the spread of 
modern humans and the disappearance of Neanderthals, which 
occurred by about 42 ka. 

 Analyses of the genomes of Neanderthals and modern humans have 
shown that gene flow occurred between the two hominin groups 
approximately 60–50 ka, probably in southwestern Asia. However, 
owing to the scarcity of modern human remains from Eurasia that are 
older than 40 kyr, genome-wide data are available for only three 
individuals of this age. 



 For example, whereas the roughly 42,000 to 37,000-year-old ‘Oase1’ 
individual from Romania and the roughly 45,000-year-old ‘Ust’Ishim’ 
individual from Siberia do not show specific genetic relationships to 
subsequent Eurasian populations, the ~40,000-year-old ‘Tianyuan’ 
individual from China contributed to the genetic ancestry of ancient and 
present-day East Asian populations. 

 Another open question is the extent to which modern humans mixed 
with Neanderthals when they spread across Europe and Asia. 

 Direct evidence of local interbreeding exists only for the Oase1 
individual, who had a recent Neanderthal ancestor in his family history.



Bacho Kiro

 Here, we analyze genome-wide data from human specimens found in direct 
association with an Initial Upper Palaeolithic (IUP) assemblage of artefacts in 
Bacho Kiro Cave, Bulgaria

 it is debated whether the IUP represents a dispersal of modern humans 
across middle-latitude Eurasia, the diffusion of certain technological ideas, 
instances of independent invention, or a combination of some or all of these. 

 The IUP is contemporaneous with late Neanderthal sites in central and 
western Europe and precedes later Upper Palaeolithic techno-complexes in 
Europe, such as the Protoaurignacian and the Aurignacian, by several 
thousand years.



Bacho Kiro and Oase1

 Five human specimens were recovered from Bacho Kiro Cave in recent 
excavations. They consist of a lower molar and four bone fragments. 
They have been directly radiocarbon-dated to between 45,930 and 
42,580 Ka, and their mitochondrial genomes are of the modern human 
type, suggesting that they are the oldest Upper Palaeolithic modern 
humans that have been recovered in Europe (in 2021).

 Produced additional data from a mandible that was found outside any 
archaeological context in Peștera cu Oase, Romania (referred to as 
‘Oase1’). The mandible was directly dated to about 42–37 ka, although 
this may be an underestimate as the dating was performed before 
recent technical improvements



Related to East Asians

 When comparing the Bacho Kiro Cave individuals to present-day populations, 
we found that the IUP individuals share more alleles with present-day 
populations from East Asia, Central Asia and the Americas than with 
populations from western Eurasia.  And with the roughly 40,000-year-old 
Tianyuan individual from China.

 All IUP Bacho Kiro Cave individuals had recent Neanderthal ancestors in 
their immediate family histories (6-7 generations back).

 We found that the IUP individuals carried 3.8%, and 3.4% Neanderthal DNA, 
respectively. This is more than the average of 1.9% found in other ancient or 
present-day humans, except for the Oase1 individual, who had a close 
Neanderthal relative (6.4%). More similar to the Vindija 33 and Chagyrskaya 
Neanderthals than to the Altai Neanderthal



Conclusions

 Selection against Neanderthal DNA variants occurred within a few 
generations.

 In conclusion, the Bacho Kiro Cave genomes show that several distinct 
modern human populations existed during the early Upper Palaeolithic 
in Eurasia. Some of these populations, represented by the Oase1 and 
Ust’Ishim individuals, show no detectable affinities to later populations, 
whereas groups related to the IUP Bacho Kiro Cave individuals 
contributed to later populations with Asian ancestry as well as some 
western Eurasian humans such as the GoyetQ116-1 individual in 
Belgium.



Genetics

 Eventually populations related to the IUP Bacho Kiro Cave individuals 
disappeared in western Eurasia without leaving a detectable genetic 
contribution to later populations. 

 Finally, it is striking that all four of the European individuals who 
overlapped in time with late Neanderthals and from whom genome-wide 
data have been retrieved had close Neanderthal relatives in their family 
histories.  

 This suggests that mixing between Neanderthals and the first modern 
humans that arrived into Europe was perhaps more common than is 
often assumed.



Modern immigration with common genetic ancestry less than 60 
Ka



There were also dispersals of modern humans
from Africa >60,000 years ago...



Encountering  Ns in Europe



In 2000, Stringer thought interbreeding was rare & we’d never 
find evidence of it. But we did in 2010.

26 Ka



Early MHs with N DNA





Lost lineages of early European MHs



Oase 1 MH had N GGGGGG grandfather (9%) despite a strong 
chin



N Dna was negatively selected in MHs (as was MH DNA in N)



In Australia at 65 Ka (tools & pigment use) + critique (45 ka)



MHs in China at 80 Ka





N DNA in current MHs is still active.

Neanderthal DNA in us appears 
to be associated with:

 Immune systems
 metabolism of fats and 

    starches
 keratin (skin and hair)
 thromboses
 Crohn’s disease
 lupus
 biliary cirrhosis
 rheumatoid arthritis
 schizophrenia
 addictive behavior
 type 1 balding
 susceptibility to COVID
 Menopause age
 Morning person  

     chronotype
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