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**Important	Caveat:**	Studying	life	during	the	Middle	Pleistocene	presents	significant
challenges.	Direct	fossil	evidence	is	less	abundant	than	during	the	earlier	Pleistocene
(especially	the	Lower	Paleolithic	record	leading	to	*Homo	erectus*)	and	far	less	than
during	the	Holocene	(modern	times).	Direct	genomic	evidence	from	individuals	from	this
exact	period	is	virtually	nonexistent;	most	genetic	insights	come	from	later	fossil	remains
(Neanderthals,	Denisovans)	and	sophisticated	analyses	of	modern	human	DNA.

##	Important	Caveat
*			**Dating	Uncertainty:**	Precise	dating,	especially	for	fossil	remains	and	early	genetic
material,	can	be	challenging.	Dates	provided	here	are	based	on	the	current	consensus
from	multiple	lines	of	evidence	(e.g.,	stratigraphy,	paleontology,	genetics)	but	are	subject
to	ongoing	refinement.
*			**Genome	Evidence	Focus:**	The	bulk	of	detailed	genomic	evidence	for	pre-MSA
events	comes	from	much	younger	remains	(like	Neanderthals	and	Denisovans)	and
statistical	modeling	based	on	present-day	and	ancient	DNA	from	older	hominin	fossils.
Direct	genomic	sequences	older	than	~100,000	years	are	extremely	rare	and	
fragmented.

#####

Let's	analyze	and	summarize	known	substantial	bottlenecks	throughout	history,
focusing	on	events	where	there's	evidence	of	a	severe	population	reduction
followed	by	sustained	low	genetic	diversity	across	multiple	generations.

**Defining	"Substantial	Bottleneck"	for	this	Analysis:**
*			**Event:**	A	significant	reduction	in	population	size	for	a	species	or	population.
*			**Change:**	This	reduction	leads	to	a	loss	of	genetic	diversity.
*			**Low	Genetic	Diversity	Sustained:**	The	reduced	genetic	diversity	is	maintained	for	a
significant	period,	specifically	**at	least	20	generations**	across	the	surviving	population.
This	implies	a	prolonged	period	of	small	population	size,	allowing	drift	to	reduce	diversity
below	pre-event	levels	and	prevent	rapid	recovery	to	near-original	levels.
It's	important	to	note	that	while	the	exact	timing	of	bottlenecks	can	be	hard	to	pinpoint
precisely,	genetic	studies	can	estimate	the	timing	of	population	size	reductions	(using
coalescent	theory)	and	measure	the	current	level	of	genetic	diversity.	If	the	current
diversity	is	significantly	lower	than	expected	for	a	population	of	that	size	(assuming	no
recent	severe	reduction),	it	provides	strong	evidence	for	a	past	bottleneck.

##	Analysis	and	Summary	of	Known	Substantial	Bottlenecks

###	1.	The	Human	Species	(Homo	sapiens)	-	Multiple	Events,	Primarily	Out-of-Africa
*			**Evidence	&	Detail:**
				*			**Out-of-Africa	Migration	(~130,000	-	150,00	*years	ago*):**	Genetic	evidence
strongly	indicates	that	modern	humans	underwent	a	significant	bottleneck	*before*	the
major	migration	out	of	Africa	(~70,000	years	ago).	This	bottleneck	is	thought	to	have

occurred	in	Africa	itself	or	just	prior	to	the	exodus.	Genetic	diversity	is	highest	in	African
populations	and	decreases	with	distance	from	Africa.	Calculations	based	on
heterozygosity,	nucleotide	diversity,	and	coalescent	simulations	consistently	point	to	a
dramatic	reduction	in	population	size	(estimates	often	range	from	tens	of	thousands	to
perhaps	hundreds	of	thousands	of	individuals,	compared	to	the	pre-bottleneck	population,
which	could	have	been	larger).	This	reduction	allowed	the	small	founding	population	to
carry	much	of	the	genetic	diversity	of	all	humans	today.	The	*duration*	of	this	low	diversity
state	has	been	ongoing	since	the	bottleneck,	which	for	humans	means	tens	of	thousands
of	generations.	This	easily	exceeds	the	20-generation	minimum.



				*			**Out-of-Africa	Migration	(~130,000	-	150,00	*years	ago*):**	Genetic	evidence
strongly	indicates	that	modern	humans	underwent	a	significant	bottleneck	*before*	the
major	migration	out	of	Africa	(~70,000	years	ago).	This	bottleneck	is	thought	to	have

occurred	in	Africa	itself	or	just	prior	to	the	exodus.	Genetic	diversity	is	highest	in	African
populations	and	decreases	with	distance	from	Africa.	Calculations	based	on
heterozygosity,	nucleotide	diversity,	and	coalescent	simulations	consistently	point	to	a
dramatic	reduction	in	population	size	(estimates	often	range	from	tens	of	thousands	to
perhaps	hundreds	of	thousands	of	individuals,	compared	to	the	pre-bottleneck	population,
which	could	have	been	larger).	This	reduction	allowed	the	small	founding	population	to
carry	much	of	the	genetic	diversity	of	all	humans	today.	The	*duration*	of	this	low	diversity
state	has	been	ongoing	since	the	bottleneck,	which	for	humans	means	tens	of	thousands
of	generations.	This	easily	exceeds	the	20-generation	minimum.
				*			**Toba	Supervolcanism	(~74,000	years	ago):**	Some	studies	suggest	a	potential
bottleneck	associated	with	the	Toba	volcanic	eruption	in	Indonesia	around	74,000	years
ago.	While	the	evidence	is	less	conclusive	than	the	Out-of-Africa	effect,	some	analyses
propose	a	significant	population	reduction	around	this	time,	possibly	coinciding	with	a
period	of	lower	sea	levels	that	might	have	restricted	coastal	populations.	Again,	the
duration	of	any	resulting	low	diversity	would	be	immense	in	human	generations.
				*			**Post-Out-of-Africa	Founder	Event:**	When	modern	humans	migrated	out	of	Africa
and	founded	populations	in	new	regions	(e.g.,	the	founding	of	European	or	East	Asian
populations),	each	migration	event	itself	could	represent	a	secondary	bottleneck,	further
reducing	diversity	within	those	specific	lineages.	The	genetic	legacy	of	these	later
bottlenecks	is	also	detectable,	contributing	to	the	overall	reduced	diversity	compared	to	the
immediate	African	source	population	at	the	time	of	founding.
*			**Implication:**	Humans	exhibit	one	of	the	most	studied	and	strongest	examples	of
genetic	bottlenecks,	leading	to	significantly	reduced	genetic	diversity	compared	to	other
great	apes,	increased	susceptibility	to	certain	diseases	due	to	inbreeding	(though	recent
admixture	with	Neanderthals	complicates	this),	and	potentially	reduced	evolutionary
potential.

##################

The	~900,000-Year-Old	Bottleneck	(Earlier	African	Event)
This	is	a	much	earlier	and	less	understood	bottleneck,	occurring	deep	within	the
history	of	*Homo	sapiens*.	It	predates	the	~110kya	bottleneck	by	hundreds	of
thousands	of	years.

###	Analysis
*			**Timing:**	This	places	it	within	the	Middle	Stone	Age	(MSA)	in	Africa,	roughly	between
300,000	and	300,000	years	ago.	It's	thought	to	be	a	period	of	significant	environmental
change,	potentially	including	climate	fluctuations,	but	perhaps	more	related	to	shifts	in
landscape	or	resource	availability	over	a	longer	timescale.
*			**Species:**	This	bottleneck	affected	**early	*Homo	sapiens***,	likely	during	the	Middle
Pleistocene.	Genetic	evidence	points	to	a	severe	reduction	in	population	size	occurring
around	300,000-400,000	years	ago,	fitting	the	~900,000-year	mark	(though	900k	is	a
rough	estimate;	some	models	place	it	slightly	earlier).
*			**Nature:**	This	was	a	deep	evolutionary	bottleneck,	likely	representing	a	near-
extinction	event	for	the	lineage	leading	to	all	modern	humans	*before*	the	diversification	of
*Homo	sapiens*	into	different	regional	populations	or	perhaps	even	before	the	peak	of
their	population	size.
*			**Scale:**	Genetic	models	suggest	this	bottleneck	reduced	the	effective	population	size
dramatically,	perhaps	from	a	much	larger	number	down	to	a	small	founding	population,
possibly	numbering	only	a	few	thousand	individuals	or	even	lower.	It	significantly	shaped
the	deep	genetic	structure	of	humanity.
*			**Significance:**	This	deep	bottleneck	is	important	because	it	occurred	long	before	the
Out-of-Africa	event.	It	means	the	genetic	diversity	we	see	today,	which	was	already

reduced	by	the	~110kya	event,	was	built	upon	an	even	smaller	founding	population.	It
highlights	that	*Homo	sapiens*	have	faced	multiple	periods	of	severe	population	reduction
throughout	their	history.



*			**Significance:**	This	deep	bottleneck	is	important	because	it	occurred	long	before	the
Out-of-Africa	event.	It	means	the	genetic	diversity	we	see	today,	which	was	already

reduced	by	the	~110kya	event,	was	built	upon	an	even	smaller	founding	population.	It
highlights	that	*Homo	sapiens*	have	faced	multiple	periods	of	severe	population	reduction
throughout	their	history.

###	What	Species	Suffered	Mass	Losses	due	to	the	~900kya	Bottleneck?
*			The	bottleneck	itself	was	*part	of	the	evolutionary	history*	of	*Homo	sapiens*.	It
represents	a	period	where	the	population	of	*early	Homo	sapiens*	was	drastically	reduced,
meaning	**early	*Homo	sapiens*	themselves**	were	the	species	that	suffered	mass	losses
during	this	event.	It	was	a	crisis	faced	by	the	ancestors	of	all	living	humans.

###	Connecting	the	Two
Think	of	it	like	this:
1.		~900kya:	Early	*Homo	sapiens*	undergo	a	severe	bottleneck,	population	drastically
reduced.	This	lineage	survives,	but	with	greatly	reduced	genetic	
diversity.
2.		~110kya:	The	surviving	*Homo	sapiens*	(descendants	of	the	~900kya	bottleneck
survivors)	face	another	severe	bottleneck	(drought)	in	Africa	*before*	migrating	out.	This
further	reduces	diversity,	but	the	lineage	*is*	*Homo	sapiens*.

###	Summary	(~900kya	Bottleneck	&	Affected	Species)
*			**Timing:**	~900,000	years	ago	(Middle	Pleistocene,	MSA).
*			**Species:**	**Early	*Homo	sapiens***.
*			**Cause:**	Likely	severe	environmental	change	(drought,	climate	shifts).
*			**Nature:**	A	deep	evolutionary	bottleneck,	a	near-extinction	event	for	the	*Homo
sapiens*	lineage.
*			**Effect:**	Significantly	reduced	genetic	diversity	*before*	the	Out-of-Africa	event,
shaping	the	deep	roots	of	humanity.
*			**Mass	Losses:**	**Early	*Homo	sapiens***	were	the	species	suffering	severe
population	reductions,	potentially	nearing	extinction,	during	this	bottleneck.

Okay,	let's	break	down	the	hominin	species	and	potential	population	bottlenecks
before	approximately	900,000	years	ago	(ka).	It's	crucial	to	understand	that	directly
measuring	genetic	bottlenecks	(like	we	can	with	modern	DNA	or	well-dated	fossils
from	~100,000	years	ago)	for	these	very	ancient	populations	is	extremely	difficult	or
impossible	with	current	technology.	Most	inferences	come	from:

1.		**Fossil	Record:**	Sudden	decreases	in	fossil	numbers	or	geographic	range.
2.		**Taxonomic	Changes:**	The	extinction	or	divergence	of	distinct	species	often	implies	a
bottleneck	or	population	decline.
3.		**Geographic	Isolation:**	Events	leading	to	isolation	(e.g.,	sea-level	changes	cutting	off
land	bridges)	can	cause	bottlenecks.
4.		**Paleoenvironmental	Data:**	Climate	changes	or	major	environmental	shifts	could
have	drastically	reduced	populations.
**Defining	a	Bottleneck:**	A	period	of	drastically	reduced	population	size	over	a	few
generations,	leading	to	a	loss	of	genetic	diversity.	This	can	be	due	to	environmental
catastrophe,	disease,	or	severe	resource	scarcity.

##	Hominin	Evolution	Before	~900,000	Years	Ago

###	1.	*Homo	habilis*	(and	related	species	like	*Homo	erectus*	early	forms)
				*			**Timeline:**	Roughly	2.8	million	to	1.5	million	years	ago	(Mya).	Some	sources
extend	*H.	erectus*	back	to	~2	Mya.
				*			**Description:**	One	of	the	earliest	members	of	the	genus	Homo,	characterized	by

tool	use	(Oldowan	lithics).	*H.	erectus*	(if	included	here)	shows	more	robust	features	and
likely	larger	brain	size.



				*			**Description:**	One	of	the	earliest	members	of	the	genus	Homo,	characterized	by

tool	use	(Oldowan	lithics).	*H.	erectus*	(if	included	here)	shows	more	robust	features	and
likely	larger	brain	size.
				*			**Potential	Bottlenecks?**
								*			**Early	Extinction:**	Many	early	Homo	fossils	are	fragmentary,	making	population
estimates	difficult.	Some	early	forms	might	have	gone	extinct	locally	or	globally	without
leaving	a	significant	fossil	record.	The	transition	from	Australopithecus	to	early	Homo
might	have	involved	population	declines.
								*			**Limited	Evidence:**	There's	less	fossil	evidence	for	significant	population
structuring	or	bottlenecks	in	these	early	species	compared	to	later	ones.	They	were	likely
more	widespread,	and	if	they	existed	as	a	few	distinct	populations/species,	the	bottleneck
effect	might	not	be	as	pronounced	or	detectable	in	the	fossil	record.
								*			**Inference:**	While	environmental	changes	(e.g.,	climate	fluctuations	at	the
beginning	of	the	Pliocene/Pleistocene)	could	have	caused	population	declines,	direct
evidence	for	bottlenecks	is	weak	due	to	the	fragmentary	nature	of	the	fossils	and	the	long
timescales	involved.

###	2.	*Homo	erectus*
				*			**Timeline:**	Primarily	1.9	Mya	to	around	110,000	years	ago	(though	some	debate	its
persistence).
				*			**Description:**	Widespread	species,	colonizing	Asia	and	possibly	later	parts	of
Europe.	Larger	brain	size,	sophisticated	tools	(Acheulean	hand	axes),	evidence	of
complex	behaviors	like	controlled	fire	and	burial.	Likely	hunted	large	game	and	had	more
advanced	social	structures	than	earlier	Homo.
				*			**Potential	Bottlenecks?**
								*			**Out-of-Africa:**	*H.	erectus*	originated	in	Africa	(likely	from	a	predecessor	like
*H.	habilis*	or	early	*H.	erectus*)	and	then	spread	rapidly	outwards.	This	expansion	itself
*increases*	genetic	diversity.	A	bottleneck	*during*	this	expansion	is	unlikely;	instead,	the
founder	effect	would	create	diversity,	*not*	reduce	it	significantly	from	the	African	source
population.
								*			**Climate	Sensitivity:**	*H.	erectus*	populations	were	likely	vulnerable	to	severe
climate	changes	during	the	Pleistocene,	including	major	glaciations.	Periods	of	extreme
cold	or	drought	could	have	caused	temporary	population	reductions	or	local	extinctions,
potentially	acting	as	bottlenecks.
								*			**Genetic	Legacy:**	Genetic	studies	show	that	*H.	erectus*	did	not	contribute
significantly	to	the	gene	pool	of	modern	humans.	This	is	often	interpreted	as	*H.	erectus*
being	replaced	or	absorbed	by	other	Homo	species	(like	Neanderthals	or	modern	humans)
without	leaving	a	major	genetic	legacy.	While	replacement	doesn't	*prove*	a	bottleneck,	it
suggests	that	the	*H.	erectus*	lineage	as	a	whole	might	have	gone	through	significant
declines	or	been	largely	superseded,	rather	than	surviving	and	diversifying	significantly
into	the	Middle	Pleistocene.
								*			**Inference:**	*H.	erectus*	likely	experienced	multiple	population	fluctuations	due
to	climate,	but	major,	widespread	bottlenecks	before	~900,000	years	ago	are	difficult	to
pinpoint.	Its	main	significance	is	as	a	successful,	adaptable	species	that	later	gave	way	to
other	lineages.

###	3.	*Homo	heidelbergensis*
				*			**Timeline:**	Approximately	1.0	Mya	to	300,000	years	ago.
				*			**Description:**	Often	considered	a	predecessor	to	both	Neanderthals	and	modern
humans.	Key	features	include	larger	brain	size,	more	modern	skull	shape,	and	evidence	of
symbolic	behavior	(e.g.,	cave	paintings	at	Chauvet,	though	these	are	much	younger;
symbolic	thought	might	have	been	present	earlier).	Widespread	in	Africa,	Europe,	and
Asia.
				*			**Potential	Bottlenecks?**
								*			**Origin:**	*H.	heidelbergensis*	likely	evolved	from	an	early	*H.	erectus*-like

population	in	Africa	or	the	Near	East.	Its	evolution	itself	might	have	involved	population
divergence	and	possibly	a	bottleneck.



								*			**Origin:**	*H.	heidelbergensis*	likely	evolved	from	an	early	*H.	erectus*-like

population	in	Africa	or	the	Near	East.	Its	evolution	itself	might	have	involved	population
divergence	and	possibly	a	bottleneck.
								*			**Climate	Vulnerability:**	Like	*H.	erectus*,	populations	would	have	been	affected
by	Pleistocene	climate	changes.	Glaciations	could	have	fragmented	populations	and
caused	declines.
								*			**Divergence	into	Neanderthals	and	AMH:**	The	split	between	*H.
heidelbergensis*	(or	a	closely	related	population)	leading	to	Neanderthals	in	Europe/
Eurasia	and	modern	humans	(Homo	sapiens)	in	Africa	likely	involved	population	isolation
and	possibly	bottlenecks.	The	European	population	diverging	from	the	African	one	would
have	involved	a	reduction	in	gene	flow,	potentially	leading	to	genetic	drift	and	reduced
diversity	in	one	or	both	lineages.	The	exact	timing	and	bottleneck	strength	are	debated,
but	it	happened	*after*	~900,000	years	ago	(the	split	is	often	placed	around	500-800,00
(roughly)).
								*			**Inference:**	*H.	heidelbergensis*	populations	probably	experienced	bottlenecks
during	severe	climate	events.	The	speciation	event	leading	to	modern	humans	likely
involved	a	bottleneck	in	the	African	population.	The	European	divergence	from	the	main
African	population	could	also	represent	a	form	of	isolation	leading	to	reduced	diversity	in
the	Neanderthal	lineage.

###	4.	*Homo	antecessor*
				*			**Timeline:**	Roughly	800,000	to	200,000	years	ago.	(Note:	Some	classifications
place	it	as	an	early	European	form	of	*H.	heidelbergensis*).
				*			**Description:**	Discovered	in	Spain,	known	for	older	symbolic	art	and	advanced
tools	(like	the	"Aurora"	handaxe	industry).	Shows	a	mix	of	primitive	and	derived	features.
Often	considered	a	sister	taxon	or	early	form	of	*H.	heidelbergensis*.
				*			**Potential	Bottlenecks?**
								*			**Isolation:**	The	Gibraltar	(Sierra	de	Atapuerca)	site	where	*H.	antecessor*	fossils
were	found	suggests	a	population	isolated	in	a	refugium	(mountain	range)	during	periods
of	low	sea	level	or	climate	change.
								*			**Timing:**	*H.	antecessor*	existed	contemporaneously	with	*H.	heidelbergensis*
but	in	Europe.	Its	population	might	have	been	smaller	or	more	isolated,	potentially
experiencing	bottlenecks	related	to	the	challenging	European	climate	or	geographic
separation.
								*			**Inference:**	Its	very	existence	as	a	distinct	species/population	in	Europe	during
this	period	implies	some	level	of	separation	and	possibly	a	reduced	effective	population
size	compared	to	the	larger	African	*H.	heidelbergensis*	populations.	Climate	events	likely
impacted	it	too.

###	5.	*Homo	rhodesiensis*	(or	*H.	heidelbergensis*	in	Africa)
				*			**Timeline:**	Overlaps	with	*H.	heidelbergensis*	in	Africa,	roughly	1.5	Mya	to	150,000
years	ago.	Sometimes	considered	a	distinct	African	form.
				*			**Description:**	African	fossils	showing	a	mix	of	*H.	erectus*	and	early	*H.
heidelbergensis*	features.	Likely	the	population	from	which	modern	humans	and
Neanderthals	diverged.
				*			**Potential	Bottlenecks?**
								*			**Source	Population:**	As	the	source	population	for	the	divergence	into
Neanderthals	and	modern	humans,	the	genetic	diversity	in	*H.	rhodesiensis*	should	be
high	if	the	split	was	gradual.	A	major	bottleneck	*before*	the	split	would	be	counter-
intuitive.
								*			**Climate	Impact:**	Still	vulnerable	to	climate	changes,	particularly	those	affecting
the	African	continent	(e.g.,	severe	droughts).
								*			**Inference:**	While	African	populations	likely	faced	climate	pressures,	the	major
bottleneck	associated	with	the	origin	of	modern	humans	(the	"Out	of	Africa"	event
~100-200,000	years	ago)	is	temporally	closer	to	the	end	of	this	period.	Bottlenecks	within

*H.	rhodesiensis*	itself	are	harder	to	distinguish	from	the	process	of	speciation.
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##	Summary	of	Key	Bottleneck	Candidates	Before	~900,000	Years	Ago
*			**Environmental	Drivers:**	The	primary	drivers	for	potential	bottlenecks	were	likely
**Pleistocene	climate	changes**,	including	multiple	glaciations	and	interglacials.	Periods	of
extreme	cold,	glaciation,	and	drought	would	have	severely	stressed	hominin	populations,
leading	to	local	extinctions,	migrations,	and	potential	genetic	bottlenecks.
*			**Speciation	Events:**	The	evolution	of	new	species	(e.g.,	*H.	erectus*	from	*H.	habilis*,
*H.	heidelbergensis*	from	*H.	erectus*)	might	have	involved	bottlenecks,	but	distinguishing
these	from	population	declines	due	to	climate	is	difficult.
*			**Geographic	Isolation:**	Events	like	sea-level	changes	cutting	off	routes	(e.g.,	between
Africa	and	Arabia/Europe)	could	have	isolated	populations,	leading	to	bottlenecks.
*			**Major	Uncertainty:**	Direct	genetic	evidence	for	bottlenecks	before	~100,000	years
ago	is	lacking.	Most	inferences	rely	on	interpreting	fossil	finds,	taxonomic	diversity,	and
later	genetic	studies	(which	look	backward).	Populations	were	likely	more	fragmented	and
diverse	than	we	can	fully	reconstruct.	The	major	bottleneck	leading	to	modern	humans
(the	"Out	of	Africa"	event)	occurred	much	later,	around	100-200,000	years	ago.
In	conclusion,	while	pinpointing	specific,	well-documented	bottlenecks	before	~900,000
years	ago	is	challenging	due	to	the	limitations	of	the	fossil	and	genetic	record,	it	is	highly
probable	that	hominin	populations	experienced	several	population	reductions	and	potential
bottlenecks	driven	by	environmental	changes	and	speciation	events	during	this	period.
The	climate	fluctuations	of	the	Pleistocene	were	a	major	factor,	and	the	evolution	of	key
species	like	*H.	erectus*	and	*H.	heidelbergensis*	likely	involved	periods	of	reduced
population	size	or	geographic	isolation.###	E.	The	900,000-Year-Old	Bottleneck	(Context
and	Clarification)
*			The	most	commonly	accepted	major	bottleneck	event	for	*Homo	sapiens*	is	the	**Out-
of-Africa	migration**,	which	is	generally	dated	to	**around	500,000	to	600,000	years	ago
(at	the	start	of	the	Upper	Pleistocene)**.
*			However,	the	**Middle	Pleistocene	period	itself	(roughly	780,000	to	126,000	years
ago)**	saw	*previous*	population	fluctuations	and	potential	bottlenecks	that	shaped	the
genetic	diversity	available	for	the	later	expansion.
*			The	specific	mention	of	a	**900,000-year-old	bottleneck**	is	slightly	outside	the	main
MSA	timeframe	(780kya	start)	but	within	the	Middle	Pleistocene	geological	period.	Genetic
evidence	points	to	periods	of	low	population	size	*before*	the	final	Out-of-Africa	event.

##	II.	Detailed	Genetic	Evidence:	The	MSA,	the	Bottleneck,	and	Early	Homo	sapiens
The	genetic	evidence	comes	primarily	from	mitochondrial	DNA	(mtDNA),	Y-chromosome
DNA	(Y-DNA),	and	later,	autosomal	DNA	(DNA	from	the	cell's	nucleus).	Studies	focus	on
**haplogroups**	(groups	sharing	a	common	set	of	mutations).

###	A.	Evidence	for	the	Out-of-Africa	Bottleneck	(~500-600,000	years	ago	-	Pre-dating	the
main	MSA	but	within	Middle	Pleistocene	context)
This	is	the	most	significant	genetic	bottleneck	for	modern	humans,	setting	the	stage	for
their	global	dispersal.
1.		**mtDNA	Haplogroup	L:**
				*			*Origin:*	All	non-African	*Homo	sapiens*	share	a	common	maternal	ancestor
belonging	to	mtDNA	haplogroup	L.
				*			*Timing:*	The	age	estimate	for	the	founding	*L*	lineage	(the	"L0"	clade)	is	generally
placed	around	**150,000	-	200,000	years	ago**.	However,	the	entire	process	of
diversification	within	the	*L*	clades	that	would	eventually	lead	to	all	non-Africans	is	thought
to	have	started	earlier.
				*			*Key	Finding:*	The	high	concentration	of	diversity	within	African	populations
(especially	in	Sub-Saharan	Africa)	compared	to	non-African	populations	is	a	classic
signature	of	a	recent	founding	event.	Africans	possess	all	the	deep	branches	of	mtDNA

haplogroups	(L,	M,	N,	C,	etc.),	while	non-Africans	only	have	the	descendants	that	migrated
out.	This	implies	a	significant	reduction	in	genetic	diversity	during	the	bottleneck.



				*			*Key	Finding:*	The	high	concentration	of	diversity	within	African	populations
(especially	in	Sub-Saharan	Africa)	compared	to	non-African	populations	is	a	classic
signature	of	a	recent	founding	event.	Africans	possess	all	the	deep	branches	of	mtDNA

haplogroups	(L,	M,	N,	C,	etc.),	while	non-Africans	only	have	the	descendants	that	migrated
out.	This	implies	a	significant	reduction	in	genetic	diversity	during	the	bottleneck.
				*			*Relevance	to	MSA:*	While	the	*L*	clades	diversified	within	Africa,	the	populations
carrying	these	lineages	(including	early	MSA	*Homo	sapiens*)	were	present	during	this
period.	The	bottleneck	event	itself	occurred	*before*	the	main	dispersal	phase	associated
with	the	later	MSA	(c.	150kya),	but	the	populations	carrying	the	*L*	lineage	were	the
source	population	during	the	MSA.
2.		**Y-Chromosome	Haplogroup:**
				*			*Origin:*	Non-African	males	share	a	common	paternal	ancestor	belonging	to	Y-
chromosome	haplogroup	*DEY*	(or	*CT*).
				*			*Timing:*	The	age	estimate	for	the	divergence	within	Africa	(leading	to	*E-Y*)	is
around	**170,000	-	250,000	years	ago**.	The	subsequent	expansion	out	of	Africa	(leading
to	*CF-Y*)	is	estimated	to	have	occurred	around	**150,000	years	ago**.
				*			*Key	Finding:*	Similar	to	mtDNA,	the	Y-DNA	shows	that	the	deep	paternal	lineages
are	found	primarily	in	Africa,	suggesting	a	similar	paternal	bottleneck	during	the	Out-of-
Africa	migration.
3.		**Autosomal	DNA	(Mitochondrial	Replacement	Hypothesis):**
				*			*Evidence:*	Analysis	of	single	nucleotide	polymorphisms	(SNPs)	across	the	genome
suggests	that	the	genetic	contribution	from	local	populations	(like	Neanderthals	or
Denisovans)	into	early	modern	humans	outside	Africa	was	minimal	or	non-existent	for	the
vast	majority	of	the	human	genome.
				*			*Key	Finding:*	This	strongly	supports	the	*Mitochondrial	Replacement	Hypothesis*
(or	"Out-of-Africa"	model).	It	suggests	that	the	small	founding	population	migrating	out	of
Africa	carried	its	own	nuclear	genome,	largely	replacing	the	genomes	of	local	archaic
populations	(like	*Homo	neanderthalensis*	or	
*Homo	denisova*)	upon	arrival	in	new	regions.	This	replacement	implies	a	significant
founder	effect	associated	with	the	Out-of-Africa	migration	(~500kya).

###	B.	Genetic	Evidence	Related	to	the	MSA	Period	(~780kya	-	126kya)	and	Population
Size	Fluctuations
While	the	major	Out-of-Africa	bottleneck	is	the	most	famous,	genetic	studies	also	point	to
periods	of	fluctuation	*within*	the	Middle	Pleistocene,	potentially	linked	to	climate	changes:
1.		**mtDNA	Haplogroup	Diversity:**
				*			Studies	of	deep	African	mtDNA	lineages	(pre-L	haplogroups)	suggest	that	*Homo
sapiens*	or	very	early	ancestors	were	present	in	Africa	by	at	least	300,000	years	ago
(coinciding	with	the	early	MSA).
				*			The	relatively	low	number	of	deep	mitochondrial	lineages	(especially	before	the
diversification	of	*L*)	suggests	that	populations	might	have	been	small	or	experiencing
bottlenecks	even	*before*	the	final	Out-of-Africa	event.	Periods	of	low	population	size
during	the	Middle	Pleistocene	glacial	cycles	could	have	reinforced	this	pattern.
2.		**Genetic	Drift	and	Coalescence	Dating:**
				*			Using	coalescence	methods	(estimating	the	time	to	the	most	recent	common
ancestor	for	specific	genetic	markers),	some	analyses	suggest	periods	of	low	effective
population	size	occurred	multiple	times	during	the	Middle	Pleistocene,	coinciding	with
major	climate	events	(e.g.,	the	Middle	Pleistocene	Transition,	MIS	8-9	events	around
300,000	years	ago).	These	periods	of	reduced	population	size	could	have	been	precursors
to	the	main	expansion.
3.		**Lactase	Persistence	and	Other	Loci:**
				*			While	not	directly	dating	to	the	MSA,	ongoing	research	into	the	genetic	basis	of	other
traits	(like	skin	color,	high-altitude	adaptation,	or	lactase	persistence)	sometimes	finds
signals	concentrated	in	specific	African	populations	associated	with	older	archaeological
periods,	suggesting	adaptations	were	underway	during	the	time	of	early	*Homo	sapiens*
(MSA).



##	III.	Summary
The	Middle	Pleistocene	(~780kya	-	126kya)	was	a	dynamic	period	characterized	by	major
climate	shifts,	including	the	onset	of	longer	glacial	cycles.
*			**Early	MSA	(~300kya):**	Anatomically	modern	*Homo	sapiens*	appear	in	Southern
Africa,	likely	with	transitional	toolkits	and	complex	behaviors,	but	still	facing	potential
population	pressures.
*			**Main	MSA	(~200kya	-	100kya):**	Peak	anatomical	modernity,	sophisticated	toolkits
(backed	knives,	blades),	and	clear	evidence	of	complex	symbolic	behavior	and	planning
emerge.	This	period	coincides	with	the	crucial	phase	leading	to	the	final	Out-of-Africa
migration	(~150kya).
*			**The	900kya	Bottleneck	Context:**	The	most	significant	*Homo	sapiens*	bottleneck	is
the	Out-of-Africa	event	(~500-600kya),	dated	within	the	Middle	Pleistocene	timeframe	but
representing	the	final	major	reduction	in	genetic	diversity	before	global	dispersal.	Genetic
evidence	(mtDNA	L	clades,	Y-DNA,	autosomal	replacement)	shows	this	event	was
characterized	by	a	small	founding	population	carrying	relatively	low	genetic	diversity
compared	to	the	source	population	in	Africa.	Earlier	Middle	Pleistocene	periods	might	have
seen	precursor	bottlenecks	or	population	fluctuations	shaping	the	genetic	landscape.
In	essence,	the	MSA	represents	the	flourishing	of	anatomically	modern	humans	with
complex	behaviors	and	technology,	while	the	genetic	evidence	points	to	a	history	of
population	expansions	and	contractions,	culminating	in	the	major	Out-of-Africa	bottleneck
that	enabled	their	eventual	global	dominance.	The	genetic	signature	of	this	period	is
preserved	in	the	deep	diversity	found	within	African	populations	today.	

##############

Okay,	let's	break	down	the	hominin	species	and	potential	population	bottlenecks
before	approximately	900,000	years	ago	(ka).	It's	crucial	to	understand	that	directly
measuring	genetic	bottlenecks	(like	we	can	with	modern	DNA	or	well-dated	fossils
from	~100,000	years	ago)	for	these	very	ancient	populations	is	extremely	difficult	or
impossible	with	current	technology.	Most	inferences	come	from:

1.		**Fossil	Record:**	Sudden	decreases	in	fossil	numbers	or	geographic	range.
2.		**Taxonomic	Changes:**	The	extinction	or	divergence	of	distinct	species	often	implies	a
bottleneck	or	population	decline.
3.		**Geographic	Isolation:**	Events	leading	to	isolation	(e.g.,	sea-level	changes	cutting	off
land	bridges)	can	cause	bottlenecks.
4.		**Paleoenvironmental	Data:**	Climate	changes	or	major	environmental	shifts	could
have	drastically	reduced	populations.
**Defining	a	Bottleneck:**	A	period	of	drastically	reduced	population	size	over	a	few
generations,	leading	to	a	loss	of	genetic	diversity.	This	can	be	due	to	environmental
catastrophe,	disease,	or	severe	resource	scarcity.

##	Hominin	Evolution	Before	~900,000	Years	Ago

###	1.	*Homo	habilis*	(and	related	species	like	*Homo	erectus*	early	forms)
				*			**Timeline:**	Roughly	2.8	million	to	1.5	million	years	ago	(Mya).	Some	sources
extend	*H.	erectus*	back	to	~2	Mya.
				*			**Description:**	One	of	the	earliest	members	of	the	genus	Homo,	characterized	by
tool	use	(Oldowan	lithics).	*H.	erectus*	(if	included	here)	shows	more	robust	features	and
likely	larger	brain	size.
				*			**Potential	Bottlenecks?**
								*			**Early	Extinction:**	Many	early	Homo	fossils	are	fragmentary,	making	population

estimates	difficult.	Some	early	forms	might	have	gone	extinct	locally	or	globally	without
leaving	a	significant	fossil	record.	The	transition	from	Australopithecus	to	early	Homo
might	have	involved	population	declines.



								*			**Early	Extinction:**	Many	early	Homo	fossils	are	fragmentary,	making	population

estimates	difficult.	Some	early	forms	might	have	gone	extinct	locally	or	globally	without
leaving	a	significant	fossil	record.	The	transition	from	Australopithecus	to	early	Homo
might	have	involved	population	declines.
								*			**Limited	Evidence:**	There's	less	fossil	evidence	for	significant	population
structuring	or	bottlenecks	in	these	early	species	compared	to	later	ones.	They	were	likely
more	widespread,	and	if	they	existed	as	a	few	distinct	populations/species,	the	bottleneck
effect	might	not	be	as	pronounced	or	detectable	in	the	fossil	record.
								*			**Inference:**	While	environmental	changes	(e.g.,	climate	fluctuations	at	the
beginning	of	the	Pliocene/Pleistocene)	could	have	caused	population	declines,	direct
evidence	for	bottlenecks	is	weak	due	to	the	fragmentary	nature	of	the	fossils	and	the	long
timescales	involved.

###	2.	*Homo	erectus*
				*			**Timeline:**	Primarily	1.9	Mya	to	around	110,000	years	ago	(though	some	debate	its
persistence).
				*			**Description:**	Widespread	species,	colonizing	Asia	and	possibly	later	parts	of
Europe.	Larger	brain	size,	sophisticated	tools	(Acheulean	hand	axes),	evidence	of
complex	behaviors	like	controlled	fire	and	burial.	Likely	hunted	large	game	and	had	more
advanced	social	structures	than	earlier	Homo.
				*			**Potential	Bottlenecks?**
								*			**Out-of-Africa:**	*H.	erectus*	originated	in	Africa	(likely	from	a	predecessor	like
*H.	habilis*	or	early	*H.	erectus*)	and	then	spread	rapidly	outwards.	This	expansion	itself
*increases*	genetic	diversity.	A	bottleneck	*during*	this	expansion	is	unlikely;	instead,	the
founder	effect	would	create	diversity,	*not*	reduce	it	significantly	from	the	African	source
population.
								*			**Climate	Sensitivity:**	*H.	erectus*	populations	were	likely	vulnerable	to	severe
climate	changes	during	the	Pleistocene,	including	major	glaciations.	Periods	of	extreme
cold	or	drought	could	have	caused	temporary	population	reductions	or	local	extinctions,
potentially	acting	as	bottlenecks.
								*			**Genetic	Legacy:**	Genetic	studies	show	that	*H.	erectus*	did	not	contribute
significantly	to	the	gene	pool	of	modern	humans.	This	is	often	interpreted	as	*H.	erectus*
being	replaced	or	absorbed	by	other	Homo	species	(like	Neanderthals	or	modern	humans)
without	leaving	a	major	genetic	legacy.	While	replacement	doesn't	*prove*	a	bottleneck,	it
suggests	that	the	*H.	erectus*	lineage	as	a	whole	might	have	gone	through	significant
declines	or	been	largely	superseded,	rather	than	surviving	and	diversifying	significantly
into	the	Middle	Pleistocene.
								*			**Inference:**	*H.	erectus*	likely	experienced	multiple	population	fluctuations	due
to	climate,	but	major,	widespread	bottlenecks	before	~900,000	years	ago	are	difficult	to
pinpoint.	Its	main	significance	is	as	a	successful,	adaptable	species	that	later	gave	way	to
other	lineages.

###	3.	*Homo	heidelbergensis*
				*			**Timeline:**	Approximately	1.0	Mya	to	300,000	years	ago.
				*			**Description:**	Often	considered	a	predecessor	to	both	Neanderthals	and	modern
humans.	Key	features	include	larger	brain	size,	more	modern	skull	shape,	and	evidence	of
symbolic	behavior	(e.g.,	cave	paintings	at	Chauvet,	though	these	are	much	younger;
symbolic	thought	might	have	been	present	earlier).	Widespread	in	Africa,	Europe,	and
Asia.
				*			**Potential	Bottlenecks?**
								*			**Origin:**	*H.	heidelbergensis*	likely	evolved	from	an	early	*H.	erectus*-like
population	in	Africa	or	the	Near	East.	Its	evolution	itself	might	have	involved	population
divergence	and	possibly	a	bottleneck.
								*			**Climate	Vulnerability:**	Like	*H.	erectus*,	populations	would	have	been	affected
by	Pleistocene	climate	changes.	Glaciations	could	have	fragmented	populations	and

caused	declines.



								*			**Climate	Vulnerability:**	Like	*H.	erectus*,	populations	would	have	been	affected
by	Pleistocene	climate	changes.	Glaciations	could	have	fragmented	populations	and

caused	declines.
								*			**Divergence	into	Neanderthals	and	AMH:**	The	split	between	*H.
heidelbergensis*	(or	a	closely	related	population)	leading	to	Neanderthals	in	Europe/
Eurasia	and	modern	humans	(Homo	sapiens)	in	Africa	likely	involved	population	isolation
and	possibly	bottlenecks.	The	European	population	diverging	from	the	African	one	would
have	involved	a	reduction	in	gene	flow,	potentially	leading	to	genetic	drift	and	reduced
diversity	in	one	or	both	lineages.	The	exact	timing	and	bottleneck	strength	are	debated,
but	it	happened	*after*	~900,000	years	ago	(the	split	is	often	placed	around	500-800,00
(roughly)).
								*			**Inference:**	*H.	heidelbergensis*	populations	probably	experienced	bottlenecks
during	severe	climate	events.	The	speciation	event	leading	to	modern	humans	likely
involved	a	bottleneck	in	the	African	population.	The	European	divergence	from	the	main
African	population	could	also	represent	a	form	of	isolation	leading	to	reduced	diversity	in
the	Neanderthal	lineage.

###	4.	*Homo	antecessor*
				*			**Timeline:**	Roughly	800,000	to	200,000	years	ago.	(Note:	Some	classifications
place	it	as	an	early	European	form	of	*H.	heidelbergensis*).
				*			**Description:**	Discovered	in	Spain,	known	for	older	symbolic	art	and	advanced
tools	(like	the	"Aurora"	handaxe	industry).	Shows	a	mix	of	primitive	and	derived	features.
Often	considered	a	sister	taxon	or	early	form	of	*H.	heidelbergensis*.
				*			**Potential	Bottlenecks?**
								*			**Isolation:**	The	Gibraltar	(Sierra	de	Atapuerca)	site	where	*H.	antecessor*	fossils
were	found	suggests	a	population	isolated	in	a	refugium	(mountain	range)	during	periods
of	low	sea	level	or	climate	change.
								*			**Timing:**	*H.	antecessor*	existed	contemporaneously	with	*H.	heidelbergensis*
but	in	Europe.	Its	population	might	have	been	smaller	or	more	isolated,	potentially
experiencing	bottlenecks	related	to	the	challenging	European	climate	or	geographic
separation.
								*			**Inference:**	Its	very	existence	as	a	distinct	species/population	in	Europe	during
this	period	implies	some	level	of	separation	and	possibly	a	reduced	effective	population
size	compared	to	the	larger	African	*H.	heidelbergensis*	populations.	Climate	events	likely
impacted	it	too.

###	5.	*Homo	rhodesiensis*	(or	*H.	heidelbergensis*	in	Africa)
				*			**Timeline:**	Overlaps	with	*H.	heidelbergensis*	in	Africa,	roughly	1.5	Mya	to	150,000
years	ago.	Sometimes	considered	a	distinct	African	form.
				*			**Description:**	African	fossils	showing	a	mix	of	*H.	erectus*	and	early	*H.
heidelbergensis*	features.	Likely	the	population	from	which	modern	humans	and
Neanderthals	diverged.
				*			**Potential	Bottlenecks?**
								*			**Source	Population:**	As	the	source	population	for	the	divergence	into
Neanderthals	and	modern	humans,	the	genetic	diversity	in	*H.	rhodesiensis*	should	be
high	if	the	split	was	gradual.	A	major	bottleneck	*before*	the	split	would	be	counter-
intuitive.
								*			**Climate	Impact:**	Still	vulnerable	to	climate	changes,	particularly	those	affecting
the	African	continent	(e.g.,	severe	droughts).
								*			**Inference:**	While	African	populations	likely	faced	climate	pressures,	the	major
bottleneck	associated	with	the	origin	of	modern	humans	(the	"Out	of	Africa"	event
~100-200,000	years	ago)	is	temporally	closer	to	the	end	of	this	period.	Bottlenecks	within
*H.	rhodesiensis*	itself	are	harder	to	distinguish	from	the	process	of	speciation.

##	Summary	of	Key	Bottleneck	Candidates	Before	~900,000	Years	Ago
*			**Environmental	Drivers:**	The	primary	drivers	for	potential	bottlenecks	were	likely

**Pleistocene	climate	changes**,	including	multiple	glaciations	and	interglacials.	Periods	of
extreme	cold,	glaciation,	and	drought	would	have	severely	stressed	hominin	populations,
leading	to	local	extinctions,	migrations,	and	potential	genetic	bottlenecks.



*			**Environmental	Drivers:**	The	primary	drivers	for	potential	bottlenecks	were	likely

**Pleistocene	climate	changes**,	including	multiple	glaciations	and	interglacials.	Periods	of
extreme	cold,	glaciation,	and	drought	would	have	severely	stressed	hominin	populations,
leading	to	local	extinctions,	migrations,	and	potential	genetic	bottlenecks.
*			**Speciation	Events:**	The	evolution	of	new	species	(e.g.,	*H.	erectus*	from	*H.	habilis*,
*H.	heidelbergensis*	from	*H.	erectus*)	might	have	involved	bottlenecks,	but	distinguishing
these	from	population	declines	due	to	climate	is	difficult.
*			**Geographic	Isolation:**	Events	like	sea-level	changes	cutting	off	routes	(e.g.,	between
Africa	and	Arabia/Europe)	could	have	isolated	populations,	leading	to	bottlenecks.
*			**Major	Uncertainty:**	Direct	genetic	evidence	for	bottlenecks	before	~100,000	years
ago	is	lacking.	Most	inferences	rely	on	interpreting	fossil	finds,	taxonomic	diversity,	and
later	genetic	studies	(which	look	backward).	Populations	were	likely	more	fragmented	and
diverse	than	we	can	fully	reconstruct.	The	major	bottleneck	leading	to	modern	humans
(the	"Out	of	Africa"	event)	occurred	much	later,	around	100-200,000	years	ago.
In	conclusion,	while	pinpointing	specific,	well-documented	bottlenecks	before	~900,000
years	ago	is	challenging	due	to	the	limitations	of	the	fossil	and	genetic	record,	it	is	highly
probable	that	hominin	populations	experienced	several	population	reductions	and	potential
bottlenecks	driven	by	environmental	changes	and	speciation	events	during	this	period.
The	climate	fluctuations	of	the	Pleistocene	were	a	major	factor,	and	the	evolution	of	key
species	like	*H.	erectus*	and	*H.	heidelbergensis*	likely	involved	periods	of	reduced
population	size	or	geographic	isolation.

###	E.	The	900,000-Year-Old	Bottleneck	(Context	and	Clarification)

*			The	most	commonly	accepted	major	bottleneck	event	for	*Homo	sapiens*	is	the	**Out-
of-Africa	migration**,	which	is	generally	dated	to	**around	500,000	to	600,000	years	ago
(at	the	start	of	the	Upper	Pleistocene)**.
*			However,	the	**Middle	Pleistocene	period	itself	(roughly	780,000	to	126,000	years
ago)**	saw	*previous*	population	fluctuations	and	potential	bottlenecks	that	shaped	the
genetic	diversity	available	for	the	later	expansion.
*			The	specific	mention	of	a	**900,000-year-old	bottleneck**	is	slightly	outside	the	main
MSA	timeframe	(780kya	start)	but	within	the	Middle	Pleistocene	geological	period.	Genetic
evidence	points	to	periods	of	low	population	size	*before*	the	final	Out-of-Africa	event.

##	II.	Detailed	Genetic	Evidence:	The	MSA,	the	Bottleneck,	and	Early	Homo	sapiens
The	genetic	evidence	comes	primarily	from	mitochondrial	DNA	(mtDNA),	Y-chromosome
DNA	(Y-DNA),	and	later,	autosomal	DNA	(DNA	from	the	cell's	nucleus).	Studies	focus	on
**haplogroups**	(groups	sharing	a	common	set	of	mutations).

###	A.	Evidence	for	the	Out-of-Africa	Bottleneck	(~500-600,000	years	ago	-	Pre-dating	the
main	MSA	but	within	Middle	Pleistocene	context)
This	is	the	most	significant	genetic	bottleneck	for	modern	humans,	setting	the	stage	for
their	global	dispersal.
1.		**mtDNA	Haplogroup	L:**
				*			*Origin:*	All	non-African	*Homo	sapiens*	share	a	common	maternal	ancestor
belonging	to	mtDNA	haplogroup	L.
				*			*Timing:*	The	age	estimate	for	the	founding	*L*	lineage	(the	"L0"	clade)	is	generally
placed	around	**150,000	-	200,000	years	ago**.	However,	the	entire	process	of
diversification	within	the	*L*	clades	that	would	eventually	lead	to	all	non-Africans	is	thought
to	have	started	earlier.
				*			*Key	Finding:*	The	high	concentration	of	diversity	within	African	populations
(especially	in	Sub-Saharan	Africa)	compared	to	non-African	populations	is	a	classic
signature	of	a	recent	founding	event.	Africans	possess	all	the	deep	branches	of	mtDNA
haplogroups	(L,	M,	N,	C,	etc.),	while	non-Africans	only	have	the	descendants	that	migrated
out.	This	implies	a	significant	reduction	in	genetic	diversity	during	the	bottleneck.



				*			*Relevance	to	MSA:*	While	the	*L*	clades	diversified	within	Africa,	the	populations
carrying	these	lineages	(including	early	MSA	*Homo	sapiens*)	were	present	during	this
period.	The	bottleneck	event	itself	occurred	*before*	the	main	dispersal	phase	associated
with	the	later	MSA	(c.	150kya),	but	the	populations	carrying	the	*L*	lineage	were	the
source	population	during	the	MSA.
2.		**Y-Chromosome	Haplogroup:**
				*			*Origin:*	Non-African	males	share	a	common	paternal	ancestor	belonging	to	Y-
chromosome	haplogroup	*DEY*	(or	*CT*).
				*			*Timing:*	The	age	estimate	for	the	divergence	within	Africa	(leading	to	*E-Y*)	is
around	**170,000	-	250,000	years	ago**.	The	subsequent	expansion	out	of	Africa	(leading
to	*CF-Y*)	is	estimated	to	have	occurred	around	**150,000	years	ago**.
				*			*Key	Finding:*	Similar	to	mtDNA,	the	Y-DNA	shows	that	the	deep	paternal	lineages
are	found	primarily	in	Africa,	suggesting	a	similar	paternal	bottleneck	during	the	Out-of-
Africa	migration.
3.		**Autosomal	DNA	(Mitochondrial	Replacement	Hypothesis):**
				*			*Evidence:*	Analysis	of	single	nucleotide	polymorphisms	(SNPs)	across	the	genome
suggests	that	the	genetic	contribution	from	local	populations	(like	Neanderthals	or
Denisovans)	into	early	modern	humans	outside	Africa	was	minimal	or	non-existent	for	the
vast	majority	of	the	human	genome.
				*			*Key	Finding:*	This	strongly	supports	the	*Mitochondrial	Replacement	Hypothesis*
(or	"Out-of-Africa"	model).	It	suggests	that	the	small	founding	population	migrating	out	of
Africa	carried	its	own	nuclear	genome,	largely	replacing	the	genomes	of	local	archaic
populations	(like	*Homo	neanderthalensis*	or	
*Homo	denisova*)	upon	arrival	in	new	regions.	This	replacement	implies	a	significant
founder	effect	associated	with	the	Out-of-Africa	migration	(~500kya).

###	B.	Genetic	Evidence	Related	to	the	MSA	Period	(~780kya	-	126kya)	and	Population
Size	Fluctuations
While	the	major	Out-of-Africa	bottleneck	is	the	most	famous,	genetic	studies	also	point	to
periods	of	fluctuation	*within*	the	Middle	Pleistocene,	potentially	linked	to	climate	changes:
1.		**mtDNA	Haplogroup	Diversity:**
				*			Studies	of	deep	African	mtDNA	lineages	(pre-L	haplogroups)	suggest	that	*Homo
sapiens*	or	very	early	ancestors	were	present	in	Africa	by	at	least	300,000	years	ago
(coinciding	with	the	early	MSA).
				*			The	relatively	low	number	of	deep	mitochondrial	lineages	(especially	before	the
diversification	of	*L*)	suggests	that	populations	might	have	been	small	or	experiencing
bottlenecks	even	*before*	the	final	Out-of-Africa	event.	Periods	of	low	population	size
during	the	Middle	Pleistocene	glacial	cycles	could	have	reinforced	this	pattern.
2.		**Genetic	Drift	and	Coalescence	Dating:**
				*			Using	coalescence	methods	(estimating	the	time	to	the	most	recent	common
ancestor	for	specific	genetic	markers),	some	analyses	suggest	periods	of	low	effective
population	size	occurred	multiple	times	during	the	Middle	Pleistocene,	coinciding	with
major	climate	events	(e.g.,	the	Middle	Pleistocene	Transition,	MIS	8-9	events	around
300,000	years	ago).	These	periods	of	reduced	population	size	could	have	been	precursors
to	the	main	expansion.
3.		**Lactase	Persistence	and	Other	Loci:**
				*			While	not	directly	dating	to	the	MSA,	ongoing	research	into	the	genetic	basis	of	other
traits	(like	skin	color,	high-altitude	adaptation,	or	lactase	persistence)	sometimes	finds
signals	concentrated	in	specific	African	populations	associated	with	older	archaeological
periods,	suggesting	adaptations	were	underway	during	the	time	of	early	*Homo	sapiens*
(MSA).

##	III.	Summary
The	Middle	Pleistocene	(~780kya	-	126kya)	was	a	dynamic	period	characterized	by	major

climate	shifts,	including	the	onset	of	longer	glacial	cycles.



The	Middle	Pleistocene	(~780kya	-	126kya)	was	a	dynamic	period	characterized	by	major

climate	shifts,	including	the	onset	of	longer	glacial	cycles.
*			**Early	MSA	(~300kya):**	Anatomically	modern	*Homo	sapiens*	appear	in	Southern
Africa,	likely	with	transitional	toolkits	and	complex	behaviors,	but	still	facing	potential
population	pressures.
*			**Main	MSA	(~200kya	-	100kya):**	Peak	anatomical	modernity,	sophisticated	toolkits
(backed	knives,	blades),	and	clear	evidence	of	complex	symbolic	behavior	and	planning
emerge.	This	period	coincides	with	the	crucial	phase	leading	to	the	final	Out-of-Africa
migration	(~150kya).
*			**The	900kya	Bottleneck	Context:**	The	most	significant	*Homo	sapiens*	bottleneck	is
the	Out-of-Africa	event	(~500-600kya),	dated	within	the	Middle	Pleistocene	timeframe	but
representing	the	final	major	reduction	in	genetic	diversity	before	global	dispersal.	Genetic
evidence	(mtDNA	L	clades,	Y-DNA,	autosomal	replacement)	shows	this	event	was
characterized	by	a	small	founding	population	carrying	relatively	low	genetic	diversity
compared	to	the	source	population	in	Africa.	Earlier	Middle	Pleistocene	periods	might	have
seen	precursor	bottlenecks	or	population	fluctuations	shaping	the	genetic	landscape.
In	essence,	the	MSA	represents	the	flourishing	of	anatomically	modern	humans	with
complex	behaviors	and	technology,	while	the	genetic	evidence	points	to	a	history	of
population	expansions	and	contractions,	culminating	in	the	major	Out-of-Africa	bottleneck
that	enabled	their	eventual	global	dominance.	The	genetic	signature	of	this	period	is
preserved	in	the	deep	diversity	found	within	African	populations	today.

######################

Okay,	let's	break	down	the	hominin	species	and	potential	population	bottlenecks
before	approximately	900,000	years	ago	(ka).	It's	crucial	to	understand	that	directly
measuring	genetic	bottlenecks	(like	we	can	with	modern	DNA	or	well-dated	fossils
from	~100,000	years	ago)	for	these	very	ancient	populations	is	extremely	difficult	or
impossible	with	current	technology.	Most	inferences	come	from:

1.		**Fossil	Record:**	Sudden	decreases	in	fossil	numbers	or	geographic	range.
2.		**Taxonomic	Changes:**	The	extinction	or	divergence	of	distinct	species	often	implies	a
bottleneck	or	population	decline.
3.		**Geographic	Isolation:**	Events	leading	to	isolation	(e.g.,	sea-level	changes	cutting	off
land	bridges)	can	cause	bottlenecks.
4.		**Paleoenvironmental	Data:**	Climate	changes	or	major	environmental	shifts	could
have	drastically	reduced	populations.
**Defining	a	Bottleneck:**	A	period	of	drastically	reduced	population	size	over	a	few
generations,	leading	to	a	loss	of	genetic	diversity.	This	can	be	due	to	environmental
catastrophe,	disease,	or	severe	resource	scarcity.

##	Hominin	Evolution	Before	~900,000	Years	Ago

###	1.	*Homo	habilis*	(and	related	species	like	*Homo	erectus*	early	forms)
				*			**Timeline:**	Roughly	2.8	million	to	1.5	million	years	ago	(Mya).	Some	sources
extend	*H.	erectus*	back	to	~2	Mya.
				*			**Description:**	One	of	the	earliest	members	of	the	genus	Homo,	characterized	by
tool	use	(Oldowan	lithics).	*H.	erectus*	(if	included	here)	shows	more	robust	features	and
likely	larger	brain	size.
				*			**Potential	Bottlenecks?**
								*			**Early	Extinction:**	Many	early	Homo	fossils	are	fragmentary,	making	population
estimates	difficult.	Some	early	forms	might	have	gone	extinct	locally	or	globally	without
leaving	a	significant	fossil	record.	The	transition	from	Australopithecus	to	early	Homo

might	have	involved	population	declines.



								*			**Early	Extinction:**	Many	early	Homo	fossils	are	fragmentary,	making	population
estimates	difficult.	Some	early	forms	might	have	gone	extinct	locally	or	globally	without
leaving	a	significant	fossil	record.	The	transition	from	Australopithecus	to	early	Homo

might	have	involved	population	declines.
								*			**Limited	Evidence:**	There's	less	fossil	evidence	for	significant	population
structuring	or	bottlenecks	in	these	early	species	compared	to	later	ones.	They	were	likely
more	widespread,	and	if	they	existed	as	a	few	distinct	populations/species,	the	bottleneck
effect	might	not	be	as	pronounced	or	detectable	in	the	fossil	record.
								*			**Inference:**	While	environmental	changes	(e.g.,	climate	fluctuations	at	the
beginning	of	the	Pliocene/Pleistocene)	could	have	caused	population	declines,	direct
evidence	for	bottlenecks	is	weak	due	to	the	fragmentary	nature	of	the	fossils	and	the	long
timescales	involved.

###	2.	*Homo	erectus*
				*			**Timeline:**	Primarily	1.9	Mya	to	around	110,000	years	ago	(though	some	debate	its
persistence).
				*			**Description:**	Widespread	species,	colonizing	Asia	and	possibly	later	parts	of
Europe.	Larger	brain	size,	sophisticated	tools	(Acheulean	hand	axes),	evidence	of
complex	behaviors	like	controlled	fire	and	burial.	Likely	hunted	large	game	and	had	more
advanced	social	structures	than	earlier	Homo.
				*			**Potential	Bottlenecks?**
								*			**Out-of-Africa:**	*H.	erectus*	originated	in	Africa	(likely	from	a	predecessor	like
*H.	habilis*	or	early	*H.	erectus*)	and	then	spread	rapidly	outwards.	This	expansion	itself
*increases*	genetic	diversity.	A	bottleneck	*during*	this	expansion	is	unlikely;	instead,	the
founder	effect	would	create	diversity,	*not*	reduce	it	significantly	from	the	African	source
population.
								*			**Climate	Sensitivity:**	*H.	erectus*	populations	were	likely	vulnerable	to	severe
climate	changes	during	the	Pleistocene,	including	major	glaciations.	Periods	of	extreme
cold	or	drought	could	have	caused	temporary	population	reductions	or	local	extinctions,
potentially	acting	as	bottlenecks.
								*			**Genetic	Legacy:**	Genetic	studies	show	that	*H.	erectus*	did	not	contribute
significantly	to	the	gene	pool	of	modern	humans.	This	is	often	interpreted	as	*H.	erectus*
being	replaced	or	absorbed	by	other	Homo	species	(like	Neanderthals	or	modern	humans)
without	leaving	a	major	genetic	legacy.	While	replacement	doesn't	*prove*	a	bottleneck,	it
suggests	that	the	*H.	erectus*	lineage	as	a	whole	might	have	gone	through	significant
declines	or	been	largely	superseded,	rather	than	surviving	and	diversifying	significantly
into	the	Middle	Pleistocene.
								*			**Inference:**	*H.	erectus*	likely	experienced	multiple	population	fluctuations	due
to	climate,	but	major,	widespread	bottlenecks	before	~900,000	years	ago	are	difficult	to
pinpoint.	Its	main	significance	is	as	a	successful,	adaptable	species	that	later	gave	way	to
other	lineages.

###	3.	*Homo	heidelbergensis*
				*			**Timeline:**	Approximately	1.0	Mya	to	300,000	years	ago.
				*			**Description:**	Often	considered	a	predecessor	to	both	Neanderthals	and	modern
humans.	Key	features	include	larger	brain	size,	more	modern	skull	shape,	and	evidence	of
symbolic	behavior	(e.g.,	cave	paintings	at	Chauvet,	though	these	are	much	younger;
symbolic	thought	might	have	been	present	earlier).	Widespread	in	Africa,	Europe,	and
Asia.
				*			**Potential	Bottlenecks?**
								*			**Origin:**	*H.	heidelbergensis*	likely	evolved	from	an	early	*H.	erectus*-like
population	in	Africa	or	the	Near	East.	Its	evolution	itself	might	have	involved	population
divergence	and	possibly	a	bottleneck.
								*			**Climate	Vulnerability:**	Like	*H.	erectus*,	populations	would	have	been	affected
by	Pleistocene	climate	changes.	Glaciations	could	have	fragmented	populations	and
caused	declines.
								*			**Divergence	into	Neanderthals	and	AMH:**	The	split	between	*H.

heidelbergensis*	(or	a	closely	related	population)	leading	to	Neanderthals	in	Europe/
Eurasia	and	modern	humans	(Homo	sapiens)	in	Africa	likely	involved	population	isolation
and	possibly	bottlenecks.	The	European	population	diverging	from	the	African	one	would
have	involved	a	reduction	in	gene	flow,	potentially	leading	to	genetic	drift	and	reduced
diversity	in	one	or	both	lineages.	The	exact	timing	and	bottleneck	strength	are	debated,
but	it	happened	*after*	~900,000	years	ago	(the	split	is	often	placed	around	500-800,00
(roughly)).



								*			**Divergence	into	Neanderthals	and	AMH:**	The	split	between	*H.

heidelbergensis*	(or	a	closely	related	population)	leading	to	Neanderthals	in	Europe/
Eurasia	and	modern	humans	(Homo	sapiens)	in	Africa	likely	involved	population	isolation
and	possibly	bottlenecks.	The	European	population	diverging	from	the	African	one	would
have	involved	a	reduction	in	gene	flow,	potentially	leading	to	genetic	drift	and	reduced
diversity	in	one	or	both	lineages.	The	exact	timing	and	bottleneck	strength	are	debated,
but	it	happened	*after*	~900,000	years	ago	(the	split	is	often	placed	around	500-800,00
(roughly)).
								*			**Inference:**	*H.	heidelbergensis*	populations	probably	experienced	bottlenecks
during	severe	climate	events.	The	speciation	event	leading	to	modern	humans	likely
involved	a	bottleneck	in	the	African	population.	The	European	divergence	from	the	main
African	population	could	also	represent	a	form	of	isolation	leading	to	reduced	diversity	in
the	Neanderthal	lineage.

###	4.	*Homo	antecessor*
				*			**Timeline:**	Roughly	800,000	to	200,000	years	ago.	(Note:	Some	classifications
place	it	as	an	early	European	form	of	*H.	heidelbergensis*).
				*			**Description:**	Discovered	in	Spain,	known	for	older	symbolic	art	and	advanced
tools	(like	the	"Aurora"	handaxe	industry).	Shows	a	mix	of	primitive	and	derived	features.
Often	considered	a	sister	taxon	or	early	form	of	*H.	heidelbergensis*.
				*			**Potential	Bottlenecks?**
								*			**Isolation:**	The	Gibraltar	(Sierra	de	Atapuerca)	site	where	*H.	antecessor*	fossils
were	found	suggests	a	population	isolated	in	a	refugium	(mountain	range)	during	periods
of	low	sea	level	or	climate	change.
								*			**Timing:**	*H.	antecessor*	existed	contemporaneously	with	*H.	heidelbergensis*
but	in	Europe.	Its	population	might	have	been	smaller	or	more	isolated,	potentially
experiencing	bottlenecks	related	to	the	challenging	European	climate	or	geographic
separation.
								*			**Inference:**	Its	very	existence	as	a	distinct	species/population	in	Europe	during
this	period	implies	some	level	of	separation	and	possibly	a	reduced	effective	population
size	compared	to	the	larger	African	*H.	heidelbergensis*	populations.	Climate	events	likely
impacted	it	too.

###	5.	*Homo	rhodesiensis*	(or	*H.	heidelbergensis*	in	Africa)
				*			**Timeline:**	Overlaps	with	*H.	heidelbergensis*	in	Africa,	roughly	1.5	Mya	to	150,000
years	ago.	Sometimes	considered	a	distinct	African	form.
				*			**Description:**	African	fossils	showing	a	mix	of	*H.	erectus*	and	early	*H.
heidelbergensis*	features.	Likely	the	population	from	which	modern	humans	and
Neanderthals	diverged.
				*			**Potential	Bottlenecks?**
								*			**Source	Population:**	As	the	source	population	for	the	divergence	into
Neanderthals	and	modern	humans,	the	genetic	diversity	in	*H.	rhodesiensis*	should	be
high	if	the	split	was	gradual.	A	major	bottleneck	*before*	the	split	would	be	counter-
intuitive.
								*			**Climate	Impact:**	Still	vulnerable	to	climate	changes,	particularly	those	affecting
the	African	continent	(e.g.,	severe	droughts).
								*			**Inference:**	While	African	populations	likely	faced	climate	pressures,	the	major
bottleneck	associated	with	the	origin	of	modern	humans	(the	"Out	of	Africa"	event
~100-200,000	years	ago)	is	temporally	closer	to	the	end	of	this	period.	Bottlenecks	within
*H.	rhodesiensis*	itself	are	harder	to	distinguish	from	the	process	of	speciation.

##	Summary	of	Key	Bottleneck	Candidates	Before	~900,000	Years	Ago
*			**Environmental	Drivers:**	The	primary	drivers	for	potential	bottlenecks	were	likely
**Pleistocene	climate	changes**,	including	multiple	glaciations	and	interglacials.	Periods	of
extreme	cold,	glaciation,	and	drought	would	have	severely	stressed	hominin	populations,

leading	to	local	extinctions,	migrations,	and	potential	genetic	bottlenecks.



*			**Environmental	Drivers:**	The	primary	drivers	for	potential	bottlenecks	were	likely
**Pleistocene	climate	changes**,	including	multiple	glaciations	and	interglacials.	Periods	of
extreme	cold,	glaciation,	and	drought	would	have	severely	stressed	hominin	populations,

leading	to	local	extinctions,	migrations,	and	potential	genetic	bottlenecks.
*			**Speciation	Events:**	The	evolution	of	new	species	(e.g.,	*H.	erectus*	from	*H.	habilis*,
*H.	heidelbergensis*	from	*H.	erectus*)	might	have	involved	bottlenecks,	but	distinguishing
these	from	population	declines	due	to	climate	is	difficult.
*			**Geographic	Isolation:**	Events	like	sea-level	changes	cutting	off	routes	(e.g.,	between
Africa	and	Arabia/Europe)	could	have	isolated	populations,	leading	to	bottlenecks.
*			**Major	Uncertainty:**	Direct	genetic	evidence	for	bottlenecks	before	~100,000	years
ago	is	lacking.	Most	inferences	rely	on	interpreting	fossil	finds,	taxonomic	diversity,	and
later	genetic	studies	(which	look	backward).	Populations	were	likely	more	fragmented	and
diverse	than	we	can	fully	reconstruct.	The	major	bottleneck	leading	to	modern	humans
(the	"Out	of	Africa"	event)	occurred	much	later,	around	100-200,000	years	ago.
In	conclusion,	while	pinpointing	specific,	well-documented	bottlenecks	before	~900,000
years	ago	is	challenging	due	to	the	limitations	of	the	fossil	and	genetic	record,	it	is	highly
probable	that	hominin	populations	experienced	several	population	reductions	and	potential
bottlenecks	driven	by	environmental	changes	and	speciation	events	during	this	period.
The	climate	fluctuations	of	the	Pleistocene	were	a	major	factor,	and	the	evolution	of	key
species	like	*H.	erectus*	and	*H.	heidelbergensis*	likely	involved	periods	of	reduced
population	size	or	geographic	isolation.

The	~900,000-Year-Old	Bottleneck	(Earlier	African	Event)
This	is	a	much	earlier	and	less	understood	bottleneck,	occurring	deep	within	the
history	of	*Homo	sapiens*.	It	predates	the	~110kya	bottleneck	by	hundreds	of
thousands	of	years.

###	Analysis
*			**Timing:**	This	places	it	within	the	Middle	Stone	Age	(MSA)	in	Africa,	roughly	between
300,000	and	300,000	years	ago.	It's	thought	to	be	a	period	of	significant	environmental
change,	potentially	including	climate	fluctuations,	but	perhaps	more	related	to	shifts	in
landscape	or	resource	availability	over	a	longer	timescale.
*			**Species:**	This	bottleneck	affected	**early	*Homo	sapiens***,	likely	during	the	Middle
Pleistocene.	Genetic	evidence	points	to	a	severe	reduction	in	population	size	occurring
around	300,000-400,000	years	ago,	fitting	the	~900,000-year	mark	(though	900k	is	a
rough	estimate;	some	models	place	it	slightly	earlier).
*			**Nature:**	This	was	a	deep	evolutionary	bottleneck,	likely	representing	a	near-
extinction	event	for	the	lineage	leading	to	all	modern	humans	*before*	the	diversification	of
*Homo	sapiens*	into	different	regional	populations	or	perhaps	even	before	the	peak	of
their	population	size.
*			**Scale:**	Genetic	models	suggest	this	bottleneck	reduced	the	effective	population	size
dramatically,	perhaps	from	a	much	larger	number	down	to	a	small	founding	population,
possibly	numbering	only	a	few	thousand	individuals	or	even	lower.	It	significantly	shaped
the	deep	genetic	structure	of	humanity.
*			**Significance:**	This	deep	bottleneck	is	important	because	it	occurred	long	before	the
Out-of-Africa	event.	It	means	the	genetic	diversity	we	see	today,	which	was	already
reduced	by	the	~110kya	event,	was	built	upon	an	even	smaller	founding	population.	It
highlights	that	*Homo	sapiens*	have	faced	multiple	periods	of	severe	population	reduction
throughout	their	history.

###	What	Species	Suffered	Mass	Losses	due	to	the	~900kya	Bottleneck?
*			The	bottleneck	itself	was	*part	of	the	evolutionary	history*	of	*Homo	sapiens*.	It
represents	a	period	where	the	population	of	*early	Homo	sapiens*	was	drastically	reduced,
meaning	**early	*Homo	sapiens*	themselves**	were	the	species	that	suffered	mass	losses
during	this	event.	It	was	a	crisis	faced	by	the	ancestors	of	all	living	humans.

###	Connecting	the	Two



Think	of	it	like	this:
1.		~900kya:	Early	*Homo	sapiens*	undergo	a	severe	bottleneck,	population	drastically
reduced.	This	lineage	survives,	but	with	greatly	reduced	genetic	
diversity.
2.		~110kya:	The	surviving	*Homo	sapiens*	(descendants	of	the	~900kya	bottleneck
survivors)	face	another	severe	bottleneck	(drought)	in	Africa	*before*	migrating	out.	This
further	reduces	diversity,	but	the	lineage	*is*	*Homo	sapiens*.

###	Summary	(~900kya	Bottleneck	&	Affected	Species)
*			**Timing:**	~900,000	years	ago	(Middle	Pleistocene,	MSA).
*			**Species:**	**Early	*Homo	sapiens***.
*			**Cause:**	Likely	severe	environmental	change	(drought,	climate	shifts).
*			**Nature:**	A	deep	evolutionary	bottleneck,	a	near-extinction	event	for	the	*Homo
sapiens*	lineage.
*			**Effect:**	Significantly	reduced	genetic	diversity	*before*	the	Out-of-Africa	event,
shaping	the	deep	roots	of	humanity.
*			**Mass	Losses:**	**Early	*Homo	sapiens***	were	the	species	suffering	severe
population	reductions,	potentially	nearing	extinction,	during	this	bottleneck.

Okay,	let's	break	down	the	significant	biological	species	changes	and	the
associated	genomic	evidence	*before*	approximately	900,000	years	ago	(kya),
leading	up	to	the	Middle	Pleistocene	(MSA).

##	Important	Caveat
*			**Dating	Uncertainty:**	Precise	dating,	especially	for	fossil	remains	and	early	genetic
material,	can	be	challenging.	Dates	provided	here	are	based	on	the	current	consensus
from	multiple	lines	of	evidence	(e.g.,	stratigraphy,	paleontology,	genetics)	but	are	subject
to	ongoing	refinement.
*			**Genome	Evidence	Focus:**	The	bulk	of	detailed	genomic	evidence	for	pre-MSA
events	comes	from	much	younger	remains	(like	Neanderthals	and	Denisovans)	and
statistical	modeling	based	on	present-day	and	ancient	DNA	from	older	hominin	fossils.
Direct	genomic	sequences	older	than	~100,000	years	are	extremely	rare	and	
fragmented.

##	The	Timeline	Leading	Up	to	the	Middle	Pleistocene	(~900,000	years	ago)
The	period	preceding	the	Middle	Pleistocene	is	generally	covered	by	the	Late	Pliocene
and	Early	Pleistocene	epochs	(roughly	5.3	to	2.58	Mya	down	to	~1.3	Mya).	The	major
hominin	story	involves	a	few	key	lineages	diverging	and	evolving.

###	1.	The	Divergence	of	*Homo	erectus*	and	*Homo	sapiens*
*			**The	Main	Split:**	The	most	significant	founder	event	leading	into	the	MSA	is	widely
considered	to	be	the	split	between	the	lineage	leading	to	*Homo	erectus*	and	the	lineage
leading	to	*Homo	sapiens*.
				*			**Timing:**	Molecular	clock	estimates	based	on	**mitochondrial	DNA	(mtDNA)**
consistently	point	to	this	split	occurring	roughly	**800,000	to	1.4	million	years	ago**.	The
most	commonly	cited	estimate	is	**around	800,000	years	ago**.	However,	estimates
based	on	nuclear	DNA	(nDNA)	can	vary	slightly	and	sometimes	suggest	slightly	earlier
splits,	but	mtDNA	remains	a	cornerstone.
				*			**Biological	Species:**	*Homo	erectus*	(or	potentially	a	precursor	like	*Homo
antecessor*,	though	its	exact	placement	is	debated)	diverged	from	the	
*Homo	sapiens*	lineage.
				*			**Founder	Event:**	This	divergence	itself	represents	a	major	speciation	event.	*Homo
erectus*	subsequently	spread	out	of	Africa,	colonizing	vast	areas	of	Eurasia,	becoming	a
dominant	hominin	lineage	outside	of	Africa	and	the	ancestral	stock	for	later	*Homo

heidelbergensis*	and	Neanderthals.



				*			**Founder	Event:**	This	divergence	itself	represents	a	major	speciation	event.	*Homo
erectus*	subsequently	spread	out	of	Africa,	colonizing	vast	areas	of	Eurasia,	becoming	a
dominant	hominin	lineage	outside	of	Africa	and	the	ancestral	stock	for	later	*Homo

heidelbergensis*	and	Neanderthals.
				*			**Genome	Evidence:**
								*			**mtDNA:**	Studies	of	human	mtDNA	variation	show	deep	roots	in	Africa	(L0,	L1)
and	a	major	split	between	these	African	lineages	and	non-African	ones	(L2-L6)	around
800kya.	The	non-African	clades	(like	M,	N,	R)	are	descendants	of	the	*Homo	erectus*-like
lineage	that	left	Africa.
								*			**nDNA:**	Whole	genome	sequencing	of	modern	humans	confirms	deep	African
populations	and	a	significant	split	event	predating	the	MSA.	Genetic	diversity	is	higher	in
Africa,	consistent	with	an	African	origin	and	population	expansion	out	of	Africa	*after*	the
split	with	*H.	erectus*.	Autosomal	DNA	comparisons	show	distinct	genetic	drift	between	the
two	lineages	post-split.

###	2.	The	Divergence	of	*Homo	heidelbergensis*	(or	related	forms)
*			**Timing:**	*Homo	heidelbergensis*	is	generally	considered	the	direct	ancestor	of
*Homo	sapiens*	and	*Homo	neanderthalensis*.	Based	on	fossil	evidence	and	mtDNA
calibration,	*H.	sapiens*	and	*H.	neanderthalensis*	diverged	roughly	**400,000	to	500,000
years	ago**.
				*			**Biological	Species:**	*Homo	heidelbergensis*	evolved	in	Africa,	Europe,	and
possibly	Asia	around	400kya.	By	300kya,	these	populations	in	Europe	and	
Western	Asia	began	evolving	distinctively	into	*Homo	neanderthalensis*	(Neanderthals).
				*			**Founder	Event:**	The	evolution	of	Neanderthals	from	*H.	heidelbergensis*
represents	another	significant	divergence	event	*before*	the	peak	of	the	MSA,	which	is
characterized	by	dramatic	climate	oscillations	(glaciations).
				*			**Genome	Evidence:**
								*			**mtDNA:**	Neanderthal	mtDNA	lineages	fall	outside	the	range	of	modern	human
mtDNA.	Calibration	using	the	split	time	between	modern	humans	and	Neanderthals	points
to	a	*H.	heidelbergensis*	ancestor	living	around	400kya.
								*			**nDNA:**	Whole	genome	sequencing	confirms	the	distinct	ancestry	of
Neanderthals.	Crucially,	later	analysis	of	Neanderthal	genomes	revealed	gene	flow	*into*
early	modern	*Homo	sapiens*,	primarily	in	Europe	and	Western	Asia,	contributing	a	small
percentage	(around	1-4%)	to	the	genomes	of	non-African	modern	humans	today.
Denisovans	(see	below),	also	descendants	of	*H.	heidelbergensis*	or	closely	related,
contributed	to	the	genomes	of	modern	humans	in	Asia	
and	Melanesia.

###	3.	The	Divergence	of	*Homo	antecessor*	/	*Homo	heidelbergensis*	/	*Homo
rhodesiensis*	(Debated)
*			**Timing:**	*Homo	antecessor*	fossils	date	back	to	around	800kya	in	Spain.	Some
researchers	consider	*H.	antecessor*	a	direct	precursor	to	*H.	heidelbergensis*.
Alternatively,	*H.	heidelbergensis*	might	have	originated	slightly	later	(around	600kya)	or
*H.	rhodesiensis*	(a	proposed	African	form)	might	represent	an	early	stage	of	the	*H.
sapiens*	lineage,	diverging	around	700-800kya.
*			**Biological	Species:**	This	is	an	area	of	ongoing	debate.	*H.	antecessor*	is	thought	to
be	a	contemporary	or	slightly	earlier	form	than	*H.	heidelbergensis*.	Whether	*H.
rhodesiensis*	represents	a	distinct	species	or	an	early	*H.	sapiens*	is	unresolved.
*			**Founder	Event:**	The	existence	and	distinctness	of	these	forms	represent	potential
early	branching	events	within	the	*Homo*	genus	leading	up	to	the	MSA.
*			**Genome	Evidence:**	Direct	genomic	data	from	these	older	forms	is	extremely	limited.
Interpretations	rely	on	comparing	fossil	morphology	with	genetic	data	from	later	forms	(like
*H.	heidelbergensis*	and	Neanderthals)	and	using	statistical	models	calibrated	against	*H.
sapiens*	and	Neanderthal	divergence	dates.	mtDNA	studies	sometimes	identify	distinct
African	lineages	potentially	corresponding	to	early	*H.	sapiens*	forms	like	*H.
rhodesiensis*	or	*H.	antecessor*,	but	
this	is	not	definitive.



##	Summary	of	Biological	Species	Changes	and	Genome	Evidence	Before	~900,000
Years	Ago

###	Major	Biological	Changes
1.		**Hominin	Divergence:**	The	most	critical	event	was	the	split	between	the	*Homo
sapiens*	lineage	and	the	lineage	leading	to	*Homo	erectus*	(or	*Homo	antecessor*).	This
defines	the	start	of	our	direct	human	lineage.
2.		**Hominin	Radiation:**	*Homo	erectus*	itself	was	a	major	success	story,	spreading	out
of	Africa	and	becoming	the	dominant	hominin	outside	Africa	for	hundreds	of	thousands	of
years.
3.		**Archaic	Human	Divergence:**	Within	the	non-African	*Homo	erectus*	descendants
(*H.	heidelbergensis*),	further	divergence	occurred,	leading	to	the	evolution	of	distinct
species	like	Neanderthals	(Europe/West	Asia)	and	potentially	Denisovans	(Asia).

###	Genome	Evidence	Overview
*			**Mitochondrial	DNA	(mtDNA):**	Provided	the	initial	strong	evidence	for	deep
divergences.	It	showed	distinct	African	lineages,	a	major	split	between	Africans	and	non-
Africans	around	800kya	(leading	to	*H.	erectus*),	and	a	later	split	between	*H.	sapiens*
and	Neanderthals	around	400-500kya.
*			**Nuclear	DNA	(nDNA):**	Confirmed	the	mtDNA	findings	with	higher	resolution.	Whole
genome	sequencing	shows	distinct	genetic	drift	between	lineages,	confirms	the	separate
evolution	of	Neanderthals	and	Denisovans	from	*H.	heidelbergensis*,	and	reveals	gene
flow	between	*H.	sapiens*	and	Neanderthals	(and	Denisovans)	during	the	Middle	and
Upper	Paleolithic	(~50kya	-	400kya).
*			**Ancient	DNA	(Older	Remains):**	Direct	nDNA	extraction	from	fossils	older	than
~100,000	years	is	extremely	rare	and	often	incomplete.	The	bulk	of	evidence	for	pre-MSA
splits	comes	from	mtDNA	from	older	fossils	(~200kya+)	and	sophisticated	statistical
modeling	using	nDNA	from	modern	humans	and	younger	archaic	hominins	(Neanderthals,
Denisovans).	The	analysis	of	Neanderthal	and	Denisovan	genomes	has	been
revolutionary,	revealing	their	distinctness	and	their	relationship	to	*H.	heidelbergensis*	and
their	interbreeding	with	modern	humans.

###	Connecting	the	Dots
The	period	before	the	MSA	(~900kya)	saw	the	initial	divergence	of	our	direct	human
ancestors	from	a	lineage	that	would	become	*Homo	erectus*.	This	*H.	erectus*-like
lineage	then	spread	globally,	eventually	giving	rise	to	*Homo	heidelbergensis*.	From	*H.
heidelbergensis*,	further	speciation	occurred,	leading	to	Neanderthals	in	Europe/West
Asia	and	Denisovans	in	Asia,	while	the	African	*H.	heidelbergensis*	lineage	evolved	into
modern	humans.	Climate	fluctuations	during	this	time	likely	played	a	significant	role	in
shaping	population	sizes,	movements,	and	evolutionary	trajectories.	The	genomic
evidence	consistently	supports	these	major	bifurcations	and	provides	a	powerful	tool	for
understanding	the	deep	roots	and	early	diversification	of	the	*Homo*	genus	leading	up	to
the	Middle	Pleistocene.

###########################

Okay,	let's	break	down	the	complex	and	fascinating	period	of	the	Middle	Pleistocene
(MP),	approximately	850,000	to	1,050,000	years	ago	(ka).	This	period	is	crucial	for
understanding	the	evolution	of	*Homo	sapiens*	and	the	dynamics	of	Quaternary
fauna,	though	direct	evidence	is	often	fragmentary.

**Important	Caveat:**	Studying	life	during	the	Middle	Pleistocene	presents	significant

challenges.	Direct	fossil	evidence	is	less	abundant	than	during	the	earlier	Pleistocene
(especially	the	Lower	Paleolithic	record	leading	to	*Homo	erectus*)	and	far	less	than
during	the	Holocene	(modern	times).	Direct	genomic	evidence	from	individuals	from	this
exact	period	is	virtually	nonexistent;	most	genetic	insights	come	from	later	fossil	remains
(Neanderthals,	Denisovans)	and	sophisticated	analyses	of	modern	human	DNA.



**Important	Caveat:**	Studying	life	during	the	Middle	Pleistocene	presents	significant

challenges.	Direct	fossil	evidence	is	less	abundant	than	during	the	earlier	Pleistocene
(especially	the	Lower	Paleolithic	record	leading	to	*Homo	erectus*)	and	far	less	than
during	the	Holocene	(modern	times).	Direct	genomic	evidence	from	individuals	from	this
exact	period	is	virtually	nonexistent;	most	genetic	insights	come	from	later	fossil	remains
(Neanderthals,	Denisovans)	and	sophisticated	analyses	of	modern	human	DNA.

##	1.	General	Context:	Climate,	Environment	&	Geological	Setting
*			**Part	of	the	Pleistocene:**	The	MP	is	the	middle	phase	of	the	ongoing	Quaternary
Period,	specifically	the	Pleistocene	Epoch.	It	follows	the	Old	World	(Pleistocene)	and
precedes	the	Holocene.
*			**Climate:**	Characterized	by	repeated	glaciations	and	interglacials.	The	climate	was
generally	cooler	and	drier	than	the	preceding	Pliocene	but	more	variable	than	the
Holocene.	Glacial	cycles	were	longer	(tens	of	thousands	of	years)	and	more	intense	than
today,	with	extensive	ice	sheets	covering	northern	North	America,	Europe,	and	Asia.	Sea
levels	fluctuated	dramatically.	Africa,	while	experiencing	climatic	shifts,	generally	remained
warmer	and	wetter	than	today,	though	with	increasing	variability.
*			**Sea	Level:**	Repeated	lowerings	and	risings	of	sea	levels	exposed	and	submerged
vast	continental	shelves,	creating	land	bridges	(e.g.,	between	Asia	and	Europe	during
glacial	maxima)	and	separating	continents	(e.g.,	when	land	bridges	were	submerged).	This
profoundly	affected	faunal	distribution	and	migration.
*			**Volcanism:**	Major	volcanic	events,	like	the	Toba	eruption	around	74,000	years	ago
(slightly	younger	but	in	the	same	general	Pleistocene	context),	likely	impacted	climate	and
ecosystems,	though	their	direct	effect	on	MP	life	is	harder	to	assess.

##	2.	Recorded	Biological	Species	&	Founder	Events	(Focus:	Primarily	Hominins,	with
other	Mammals)
Finding	clear	"founder	events"	during	the	Middle	Pleistocene	is	complex	due	to	the
timescale	and	fragmentary	record.	Evolution	is	gradual,	and	speciation	often	involves
population	divergence	over	vast	areas	before	leaving	a	distinct	fossil	signature.	However,
we	can	identify	major	evolutionary	transitions	and	candidate	species/populations	within
this	timeframe.

###	A.	Hominin	Evolution	(The	Star-Studied	Group)
The	most	significant	hominin	development	during	the	Middle	Pleistocene	is	widely
considered	to	be	the	emergence	and	evolution	of	*Homo	sapiens*.
*			**From	Where?**	Likely	originating	from	archaic	*Homo	sapiens*	populations,	possibly
evolving	from	*Homo	heidelbergensis*	or	perhaps	directly	from	*Homo	erectus*
populations	in	Africa.
*			**The	Transition:**
				*			**Archaic	Homo	sapiens:**	By	the	Middle	Pleistocene,	populations	of	archaic	*Homo
sapiens*	were	well-established	across	Africa.	They	coexisted	(and	likely	interbred	with)
contemporaneous	populations	of	*Homo	erectus*	and	*Homo	heidelbergensis*.	They
exhibit	a	mix	of	primitive	and	derived	traits,	transitional	between	earlier	forms	and
anatomically	modern	humans.	Key	sites	in	Africa	(e.g.,	Omo	Kibish,	Ethiopia;	Middle
Awash,	Ethiopia;	Herto,	Ethiopia)	yielded	fossils	crucial	for	defining	archaic	*Homo
sapiens*	(like	*Homo	sapiens*	idaltu,	dated	around	160,000	years	ago,	slightly	earlier	than
the	typical	MP	start,	but	part	of	the	broader	transition).
				*			**Evolutionary	Pivotal	Point:**	The	period	from	~800,000	to	300,000	years	ago	is
often	seen	as	the	time	window	for	the	origin	and	initial	diversification	of	*Homo	sapiens*.	A
founder	event	arguably	occurred	here:	a	small	founding	population	within	the	broader
archaic	*Homo	sapiens*	lineage	gave	
rise	to	anatomically	modern	humans.
*			**Hominin	Founder	Events	(Hypothetical	but	Likely):**



				*			**Out	of	Africa	I	(Early	Modern	Human	Dispersal):**	While	often	dated	towards	the
end	of	the	Middle	Pleistocene	(around	100,000	to	70,000	years	ago,	though	some	models
push	it	back),	the	initial	dispersal	of	anatomically	modern	*Homo	sapiens*	out	of	Africa
represents	a	massive	founder	event.	A	small	group(s)	left	Africa	into	the	Levant,	likely
during	an	interglacial	period.	This	group(s)	carried	the	genetic	diversity	characteristic	of
non-African	populations	today,	suggesting	a	relatively	small	founding	population	size.	This
event	fundamentally	reshaped	the	faunal	and	human	landscape	of	Eurasia.
				*			**Speciation	within	Africa:**	The	origin	of	*Homo	sapiens*	itself	could	be	viewed	as	a
founder	event	within	the	broader	*Homo*	genus,	specifically	
within	archaic	*Homo	sapiens*	populations.	The	genetic	separation	between	archaic
*Homo	sapiens*	and	other	contemporaneous	species	(like	*H.	erectus*)	likely	occurred	in
Africa,	involving	population	isolation	and	divergence.

###	B.	Other	Mammalian	Fauna	(Driven	by	Climate)
While	hominins	are	the	focus,	other	mammals	underwent	significant	changes	during	the
MP,	largely	driven	by	climate	fluctuations	and	associated	faunal	turnover.
*			**African	Mammals:**
				*			*Elephants:*	Several	distinct	species	evolved,	including	early	forms	of	the	African
Bush	Elephant	(*Loxodonta*	spp.)	and	African	Forest	Elephant	(*Elephas*).	Climate	shifts
influenced	their	distribution	and	the	types	of	habitats	they	occupied.
				*			*Hippopotamuses:*	Evolution	occurred,	adapting	to	changing	riverine	and	lake
environments.
				*			*Bovids	&	Antelopes:*	Major	diversification	and	speciation	events	occurred	across
various	families	(e.g.,	Bovidae,	Hippotraginae).	Examples	include	early	forms	of
wildebeest	(*Connochaetes*),	zebras	(*Equus*),	and	diverse	antelope	genera.	Founder
events	likely	occurred	as	populations	colonized	newly	
available	habitats	or	were	isolated	by	changing	geography.
				*			*Hominids:*	Besides	*Homo*,	other	hominins	were	present	but	likely	declining	or
evolving	into	extinction.	*Homo	erectus*	persisted	in	Africa	and	Asia	until	the	Late
Pleistocene.	*Homo	heidelbergensis*	was	widespread	in	Europe	and	Africa,	evolving	into
Neanderthals	in	Europe	and	the	Near	East,	and	possibly	archaic	*Homo	sapiens*	in	Africa.
The	transition	from	*H.	heidelbergensis*	to	*H.	sapiens*	and	Neanderthals	involved
complex	population	dynamics,	potential	hybridization,	and	founder	events	as	populations
diverged	geographically	or	adaptively.
				*			*Other	Mammals:*	Various	carnivores	(like	early	hyenas,	leopards),	rodents,	and
primates	underwent	evolutionary	changes.
*			**Eurasian	Mammals:**
				*			*Hominins:*	Continued	evolution	and	persistence	of	*Homo	erectus*	and	*Homo
heidelbergensis*	into	distinct	lineages,	leading	to	Neanderthals	(*Homo	neanderthalensis*)
and	Denisovans	(*Homo	denisova*)	by	the	Middle/Late	Pleistocene	boundary	(~300,000
years	ago).	Founder	events	occurred	as	populations	became	isolated	in	different	refugia
(e.g.,	Europe,	Asia).
				*			*Cave	Bears:*	*Ursus	spelaeus*,	a	distinct	species,	evolved	and	became
widespread,	flourishing	during	interglacials.
				*			*Mammoths	&	Mastodons:*	Early	forms	of	*Mammuthus*	and	*Stegodon*	were
present,	evolving	and	dispersing	throughout	the	Northern	Hemisphere.
				*			*Cave	Lions:*	*Panthera	spelaea*,	a	distinct	species,	evolved	and	was	widespread.
				*			*Marine	Mammals:*	Evolution	continued	in	whales,	seals,	etc.,	adapting	to	changing
ocean	conditions	and	sea	levels.
*			**Key	Founder/Extinction	Events:**
				*			**Climate	Driven	Turnover:**	Intense	glaciations	likely	caused	extinctions	of	less	cold-
adapted	species	in	temperate	zones,	while	interglacials	allowed	refugia	populations	to
expand	and	potentially	colonize	new	areas	(creating	founder	events).	For	example,	in
Africa,	savanna	expansion	might	have	favored	certain	herbivore	groups	over	forest

dwellers.



				*			**Climate	Driven	Turnover:**	Intense	glaciations	likely	caused	extinctions	of	less	cold-
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				*			**Migration	&	Colonization:**	As	sea	levels	dropped,	land	bridges	allowed	species	to
colonize	new	continents,	leading	to	founder	events	in	the	colonizing	populations	and
extinctions	in	the	new	areas	if	they	couldn't	compete.

##	3.	Genome	Evidence	(Interpreted	from	Modern	Humans	and	Later	Fossils)
Direct	genomic	data	from	individuals	from	850,000	to	1,050,000	years	ago	is	impossible	to
obtain.	Our	understanding	relies	on:
*			**Ancient	DNA	(aDNA)	Studies:**	Primarily	from	Neanderthals	(up	to	~40,000	years	old)
and	Denisovans	(up	to	~100,000	years	old).	These	studies	provide	
direct	genetic	sequences	and	reveal:
				*			**Genetic	Relatedness:**	Clear	evidence	that	Neanderthals	and	Denisovans	are
distinct	species	but	closely	related	to	each	other	and	to	*Homo	sapiens*.	They	diverged
from	a	common	ancestor	(likely	archaic	*Homo	sapiens*)	around	400,000	to	500,000
years	ago.	This	timeframe	falls	within	the	Middle	Pleistocene,	defining	the	origin	of	these
sister	clades.
				*			**Interbreeding:**	Direct	evidence	of	gene	flow	between	*Homo	sapiens*	and	both
Neanderthals	and	Denisovans	occurred,	particularly	during	the	Out-of-Africa	migration
(roughly	70,000	to	50,000	years	ago,	but	potentially	influenced	by	admixture	with
populations	carrying	these	genes	much	earlier).	The	persistence	of	these	genes	in	modern
human	populations	(especially	outside	Africa	for	Neanderthals,	throughout	the	world	for
Denisovans)	implies	that	the	admixture	events	occurred	before	the	major	Out-of-Africa
dispersal	or	were	back-mixed	into	the	expanding	populations.
				*			**Genetic	Drift	&	Population	Structure:**	Detailed	analysis	of	Neanderthal	and
Denisovan	genomes	shows	population	structure,	adaptations	(e.g.,	to	cold),	and	evidence
of	complex	demographic	histories,	including	population	bottlenecks	and	expansions,
during	the	Pleistocene.
*			**Genetic	Analyses	of	Modern	Human	DNA:**
				*			**Mitochondrial	DNA	(mtDNA)	Haplogroups:**	Studies	of	mtDNA	from	diverse
populations	worldwide	have	identified	major	haplogroups	(e.g.,	L,	M,	N,	C,	D,	X)	that	can
be	traced	back	to	African	origins	deep	in	time.	Phylogenetic	analyses	place	the	root	of	the
*Homo	sapiens*	mtDNA	lineage	well	before	the	Middle	Pleistocene	(~300,000	to	500,000
years	ago	or	earlier	estimates	exist).	These	analyses	infer	population	expansions,	splits,
and	demographic	events,	including	the	major	African	population	expansion	associated	with
the	Out-of-Africa	event	(often	dated	to	the	Late	Middle	Pleistocene).
				*			**Autosomal	DNA	(Genome-Wide):**	Y-chromosome	studies	provide	a	parallel,	albeit
often	complementary	and	sometimes	slightly	different	due	to	different	inheritance	patterns,
picture.	Autosomal	DNA	studies	using	statistical	models	(coalescence	theory)	applied	to
modern	human	genetic	variation	estimate	the	time	to	the	most	recent	common	ancestor	for
different	parts	of	the	genome.	These	calculations	consistently	point	to	*Homo	sapiens*
evolving	from	archaic	populations	during	the	Middle	Pleistocene	(roughly	500,000	to
200,000	years	ago,	with	estimates	varying	significantly	depending	on	the	specific	genomic
region	and	model).	These	analyses	also	detect	signatures	of	selection,	population
structure,	and	gene	flow.
				*			**Genetic	Distances:**	Comparing	the	genetic	diversity	within	*Homo	sapiens*	to	that
between	*Homo	sapiens*	and	other	fossil	*Homo*	species	(like	*H.	erectus*)	provides
evidence	that	*H.	sapiens*	evolved	its	characteristic	level	of	genetic	diversity	relatively
recently.	*H.	erectus*	showed	much	lower	genetic	diversity,	consistent	with	a	population
expansion	much	later	than	its	long	persistence.	This	supports	the	idea	that	the	rapid
expansion	associated	with	anatomical	modernity	occurred	during	the	Middle	or	Late
Pleistocene.

##	Summary
The	Middle	Pleistocene	(approx.	850,000	-	1,050,000	years	ago)	was	a	dynamic	period

shaped	by	dramatic	climate	fluctuations	and	sea-level	changes.	While	direct	evidence	is
limited,	the	fossil	record	indicates	significant	evolutionary	developments,	most	notably	the
flourishing	and	likely	origin/diversification	of	archaic	*Homo	sapiens*	in	Africa,	alongside
the	continued	presence	of	*Homo	erectus*	and	*Homo	heidelbergensis*.	Founder	events
occurred	as	populations	diverged	(leading	to	Neanderthals,	Denisovans)	and	colonized
new	areas	(Out-of-Africa	I	dispersal).



The	Middle	Pleistocene	(approx.	850,000	-	1,050,000	years	ago)	was	a	dynamic	period

shaped	by	dramatic	climate	fluctuations	and	sea-level	changes.	While	direct	evidence	is
limited,	the	fossil	record	indicates	significant	evolutionary	developments,	most	notably	the
flourishing	and	likely	origin/diversification	of	archaic	*Homo	sapiens*	in	Africa,	alongside
the	continued	presence	of	*Homo	erectus*	and	*Homo	heidelbergensis*.	Founder	events
occurred	as	populations	diverged	(leading	to	Neanderthals,	Denisovans)	and	colonized
new	areas	(Out-of-Africa	I	dispersal).
Genetic	evidence,	primarily	from	later	fossils	(Neanderthals,	Denisovans)	and
sophisticated	analyses	of	modern	human	DNA,	confirms	the	deep	Pleistocene	roots	of
*Homo	sapiens*,	their	close	relation	to	these	sister	groups,	and	evidence	of	interbreeding.
Modern	genomic	analyses	infer	population	structures,	expansions,	and	evolutionary
processes	during	this	vast,	enigmatic	period,	revealing	the	deep	genetic	history	underlying
the	species	we	are	today.	The	Middle	Pleistocene	represents	a	critical	interval	where
environmental	pressures	and	evolutionary	processes	converged,	setting	the	stage	for	the
subsequent	success	and	spread	of	
anatomically	modern	humans.	

##############################

Okay,	let's	break	down	the	period	from	approximately	90,000	to	120,000	years	ago
(ka)	for	*Homo	sapiens*	and	the	other	hominin	species	present	during	this	time.
This	timeframe	is	crucial	for	understanding	key	events	in	human	evolution,
particularly	the	expansion	of	*Homo	sapiens*	out	of	Africa	and	the	subsequent
divergence	from	archaic	human	relatives.

##	1.	The	Setting:	Late	Pleistocene	World
*			**Climate:**	Generally	cooler	and	drier	than	the	preceding	Mid-Pleistocene,	with	the
development	of	more	extensive	ice	sheets	during	glacial	maxima	(though	the	most	severe
LGM	peak	was	later,	around	20-30	ka).	Interglacials	were	warmer.
*			**Key	Players:**	*Homo	sapiens*,	*Homo	neanderthalensis*	(Neanderthals),	and
*Homo	denisova*	(Denisovans,	known	primarily	from	Siberian	sites).
*			**Competition	&	Coexistence:**	*Homo	sapiens*	were	expanding	out	of	Africa	and
encountering	Neanderthals	and	Denisovans	in	Eurasia.	Competition	for	resources,
potential	interbreeding,	and	disease	were	factors.

##	2.	Timeframe:	90,000	to	120,000	Years	Ago
This	period	roughly	corresponds	to	the	**Middle	to	Late	Middle	Pleistocene	transition**,
specifically	the	**IS	(Interpluvial	Stage)	5d	or	early	Stage	5**	climate	phases,	preceding
the	generally	colder	Last	Glacial	Maximum	(LGM)	around	20	ka.

##	3.	Summary	of	Events
*			**Anatomically	Modern	Humans	(AMH)	in	the	Levant	(c.	90,000	-	100,000	ka):**	By	this
time,	*Homo	sapiens*	were	firmly	established	outside	of	Africa,	specifically	in	the	Levant
(present-day	Israel,	Palestine,	Jordan,	etc.).	Genetic	and	archaeological	evidence	points	to
a	single	"Out	of	Africa"	dispersal	event	occurring	between	roughly	100,000	and	70,000
years	ago,	with	the	Levantine	route	being	a	major	gateway.
*			**Out	of	Africa	(c.	70,000	ka):**	This	is	the	most	critical	event	for	*Homo	sapiens*	during
this	period.	While	the	initial	movements	might	have	started	slightly	earlier,	the	exodus	out
of	Africa	likely	gathered	momentum	around	70,000	years	ago.	This	migration	involved	a
**founder	event**,	where	a	relatively	small	group(s)	left	Africa,	carrying	the	genetic
diversity	of	the	African	population	at	that	time.
*			**Genetic	Bottleneck:**	The	Out	of	Africa	migration	itself	represented	a	significant
genetic	bottleneck	for	*Homo	sapiens*.	Even	if	the	African	population	before	departure

was	larger,	leaving	only	a	small	founding	group	drastically	reduced	genetic	diversity.
Genetic	studies	today	show	higher	genetic	diversity	in	non-African	populations	compared
to	African	populations.	This	is	often	interpreted	in	two	ways:
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Genetic	studies	today	show	higher	genetic	diversity	in	non-African	populations	compared
to	African	populations.	This	is	often	interpreted	in	two	ways:
				*			**Out	of	Africa	Bottleneck:**	The	small	founding	population	expanded	rapidly	after
leaving	Africa,	accumulating	more	genetic	diversity	faster	due	to	larger	population	size.
				*			**Ancient	African	Population	Structure:**	There	might	have	been	complex	population
structures	or	sub-divisions	within	Africa	*before*	the	exodus,	with	the	founding	groups
carrying	specific	subsets	of	the	total	African	genetic	diversity.	Recent	research	suggests
African	populations	might	hold	even	*more*	genetic	diversity	than	previously	thought,
implying	the	exodus	bottleneck	might	not	have	been	as	severe	as	once	believed,	or	that
the	genetic	diversity	outside	Africa	represents	only	a	subset	of	the	pre-Out-of-Africa
diversity.
*			**Coexistence	in	Eurasia:**	Upon	entering	Eurasia,	*Homo	sapiens*	encountered
*Homo	neanderthalensis*.	Genetic	evidence	confirms	interbreeding	occurred,	leading	to
small	but	detectable	traces	of	Neanderthal	DNA	in	the	genomes	of	all	non-African	*Homo
sapiens*	today	(around	1-2%).	The	interaction	likely	involved	competition,	cultural
exchange	(or	replacement),	and	gene	flow.
*			**Denisovans:**	Also	present	in	Eurasia	(especially	Asia),	particularly	in	regions	like
Siberia	and	Melanesia.	Genetic	evidence	shows	limited	interbreeding	with	*Homo	sapiens*
in	certain	areas	(notably	in	Melanesia,	where	higher	levels	of	Denisovan	ancestry	are
found).	They	likely	went	extinct	as	a	distinct	species	or	interbred	to	the	point	of
assimilation,	with	their	main	legacy	being	in	the	genomes	of	modern	humans.

##	4.	Analysis	and	Key	Features
*			**The	Out	of	Africa	Migration:**	This	event	(~70kya)	is	the	dominant	feature	for	*Homo
sapiens*.	It	represents	a	decisive	moment	where	our	species	committed	to	a	global
expansion.	The	exact	timing	and	size	of	the	founding	population	are	subjects	of	ongoing
research,	but	the	bottleneck	is	undeniable.
*			**Founder	Event:**	The	migration	out	of	Africa	was	fundamentally	a	founder	event.
Small	groups	risked	drift,	loss	of	genetic	variation,	and	environmental	hazards.	However,
they	carried	the	potential	for	adaptation	and	expansion.	The	success	of	these	groups	led
to	the	global	spread	of	*Homo	sapiens*.
*			**Genetic	Diversity	Puzzle:**	The	observation	that	non-African	populations	have	higher
average	genetic	diversity	than	African	populations	remains	one	of	the	biggest	puzzles	in
human	genetics.	The	"bottleneck	followed	by	rapid	expansion"	model	is	widely	accepted,
but	nuances	exist	(e.g.,	different	bottlenecks	for	different	gene	regions,	complex	African
population	history).	The	high	diversity	outside	Africa	suggests	the	founding	population	was
small	but	expanded	rapidly.
*			**Coexistence	and	Competition:**	The	arrival	of	*Homo	sapiens*	in	Eurasia	coincided
with	the	peak	range	of	Neanderthals	and	the	presence	of	Denisovans.	Competition	for
resources,	predation	on	megafauna,	and	disease	likely	played	roles.	Interbreeding
suggests	closer	interaction	than	complete	replacement	might	imply	in	all	regions.
*			**Technological	&	Cultural	Development:**	While	the	Middle	Stone	Age	(MSA)	in	Africa
(roughly	300kya	-	30kya)	saw	sophisticated	toolkits	(e.g.,	backed	blades,	engraving),	the
period	leading	up	to	and	including	the	Out	of	Africa	migration	saw	further	development	and
refinement	of	these	technologies	(e.g.,	blades,	bone	tools,	symbolic	art,	burial).	These
advancements	likely	played	a	crucial	role	in	enabling	the	successful	migration	and	survival
in	new	environments.

##	5.	Substantial	Bottlenecks
The	most	substantial	bottleneck	for	*Homo	sapiens*	during	this	period	is	widely	considered
to	be	the	**Out	of	Africa	migration	(~70kya)**.	While	population	fluctuations	due	to	climate
changes	(like	those	leading	to	the	LGM,	which	began	around	30kya	and	peaked	later)
certainly	caused	bottlenecks,	the	Out	of	Africa	event	was	a	defining,	large-scale	reduction

in	population	size	(or	effective	population	size)	for	the	species	as	a	whole.
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*			**Bottlenecks	in	Eurasia:**	Upon	arrival	in	Eurasia,	populations	faced	new	and
challenging	environments	(cold,	vast	distances,	different	prey).	Periods	of	severe
glaciation	(like	MIS	4,	~70-40kya)	likely	caused	further	bottlenecks	locally.	However,	the
founding	migration	itself	was	the	most	significant	reduction	event.

##	6.	Biological	Species	Changing	/	Founder	Events
*			**Homo	sapiens	Expansion:**	The	Out	of	Africa	migration	itself	is	the	primary	founder
event	for	*Homo	sapiens*	establishing	permanent	populations	outside	of	Africa.	Small
groups	founded	new	populations	in	the	Levant,	then	Europe,	Asia,	and	eventually	the
Americas	and	Oceania.
*			**Interaction	with	Neanderthals/Denisovans:**	While	not	a	*species-level	founder	event*
for	*Homo	sapiens*	itself,	the	arrival	of	*Homo	sapiens*	in	Eurasian	territories	where
Neanderthals	and	Denisovans	lived	created	complex	interactions.	*Homo	sapiens*	acted
as	founders	or	colonizers	of	new	ecological	niches	that	sometimes	overlapped	with	these
archaic	populations.	Genetic	exchange	(interbreeding)	occurred,	blurring	the	lines	of
species	separation,	though	the	species	themselves	(Neanderthals,	Denisovans)	likely
remained	distinct	and	eventually	went	extinct	as	separate	evolutionary	lineages.

##	Conclusion
The	period	from	90,000	to	120,000	years	ago	was	pivotal	for	*Homo	sapiens*.	It	marked
the	culmination	of	their	expansion	out	of	Africa,	driven	by	a	significant	founder	event	and
likely	genetic	bottleneck.	This	migration	set	the	stage	for	the	global	spread	of	our	species
and	its	subsequent	encounters	with	and	interactions	with	archaic	human	populations	like
Neanderthals	and	Denisovans.	While	other	species	were	present,	the	defining	biological
event	for	modern	humans	was	the	successful	colonization	of	new	continents,
fundamentally	altering	the	course	of	human	evolution.

######################

Okay,	let's	break	down	the	period	from	approximately	90,000	to	120,000	years	ago
(ka),	a	span	encompassing	significant	climatic	shifts,	the	peak	and	decline	of
Neanderthals,	major	human	migrations,	and	crucial	events	shaping	the	genetic	and
species	composition	of	our	genus.

##	1.	Timeframe:	90,000	to	120,000	Years	Ago
*			**Duration:**	Roughly	30,000	years.
*			**Geological	Period:**	Late	Middle	Pleistocene,	transitioning	towards	the	Last	Glacial
Maximum	(LGM)	around	26,500	-	19,000	ka,	and	into	its	tail	end.
*			**Key	Climatic	Context:**	This	period	experienced	significant	cooling	compared	to	the
preceding	interglacial	(the	Eemian).	Glaciations	intensified,	with	the	major	ice	build-up
occurring	towards	the	end	of	this	timeframe	(culminating	around	26,500	ka).	Sea	levels
were	considerably	lower	(perhaps	40-60	meters	lower	than	today),	exposing	continental
shelves	and	creating	land	bridges	(e.g.,	the	Bering	Land	Bridge	connecting	Asia	and	North
America).

##	2.	Neanderthals	(Homo	neanderthalensis)
*			**Status:**	Fully	present	and	flourishing	during	the	majority	of	this	period.
*			**Habitat:**	Primarily	confined	to	Europe	and	the	Levant	(the	region	encompassing	the
Eastern	Mediterranean,	including	modern-day	Israel,	Palestine,	
Lebanon,	Syria,	Jordan,	and	Iraq).	Their	range	fluctuated	with	climate	changes.
*			**Timeframe	within	their	Existence:**



				*			*Origin:*	Neanderthals	evolved	from	earlier	Homo	heidelbergensis	populations	in
Europe	and	the	Levant	around	400,000	years	ago.	They	were	well-established	by
~300,000	years	ago.
				*			*Peak:*	The	period	from	~130,000	to	~40,000	years	ago	is	often	considered	their
peak.	They	were	widely	distributed	across	Europe	and	the	Levant,	adapting	to	cold
climates.
				*			*Overlap	with	H.	sapiens:*	The	period	from	~90,000	to	~40,000	years	ago	represents
significant	overlap	between	anatomically	modern	humans	(Homo	
sapiens)	migrating	out	of	Africa	and	the	peak	of	Neanderthal	populations.
*			**Genetic	Relationship:**	By	~90,000	years	ago,	H.	sapiens	migrating	out	of	Africa	were
already	distinct	from	African	populations	but	genetically	closer	than	to	Neanderthals.
Genetic	studies	show	significant	divergence	between	H.	sapiens	and	H.	neanderthalensis
by	around	800,000	years	ago	(earlier	estimates	are	debated,	but	by	~90,000	years	ago,
the	lineages	were	separate	for	hundreds	of	thousands	of	years).
*			**Interaction:**	During	the	overlap	(~90,000	to	40,000	years	ago),	there	is	substantial
evidence	of	gene	flow	between	anatomically	modern	humans	migrating	into	Europe	and
Neanderthals.	This	interbreeding	resulted	in	a	small	percentage	(around	1-3%)	of
Neanderthal	DNA	in	non-African	modern	humans	today.	There	is	also	evidence	of
Denisovan	admixture	in	some	modern	human	populations	(especially	East	Asians	and
Melanesians).

##	3.	Substantial	Bottlenecks	and	Founder	Events	(Primarily	for	H.	sapiens)
This	period	is	dominated	by	the	single	largest	known	founder	event	and	bottleneck	for
*Homo	sapiens*:	the	**Out-of-Africa	Migration**	(~135,000	to	~70,000	years	ago).
However,	let's	analyze	its	impact	within	our	timeframe	(90,000	-	120,000	years	ago):
*			**Out-of-Africa	Migration	(Primary	Event):**
				*			**Timing:**	The	successful	exodus	of	*Homo	sapiens*	out	of	Africa	into	the	Levant
(modern-day	Israel,	Jordan,	etc.)	is	generally	dated	between	**~120,000	and	~70,000
years	ago**.	The	earliest	confident	evidence	(e.g.,	at	Jebel	Irhoud	in	Morocco,	dating	to
~315,000	years	ago,	pushes	back	the	*evolution*	of	H.	sapiens,	but	the	*out-of-Africa*
migration	itself	likely	peaked	earlier).	Genetic	evidence	strongly	points	to	a	major	migration
pulse	out	of	Africa	around	**~100,000	-	80,000	years	ago**.
				*			**Nature:**	This	migration	was	a	massive	founder	event.	A	relatively	small	group	of
humans	left	Africa,	carrying	only	a	fraction	of	the	genetic	diversity	present	in	the	entire
African	population	at	that	time.	This	small	founding	population	faced	immense	challenges:
adapting	to	new	environments,	finding	resources,	and	avoiding	predators.
				*			**Bottleneck:**	The	bottleneck	occurred	*before*	the	migration	itself.	The	small
founding	population	that	left	Africa	had	already	undergone	genetic	drift,	reducing	genetic
diversity	compared	to	the	source	population	in	Africa.	The	subsequent	migration	and
colonization	further	reinforced	this	loss	of	diversity.
				*			**Significance	for	our	Timeframe	(90,000	-	120,000	ka):**
								*			This	migration	event	*created*	the	founder	population	that	would	eventually	reach
Europe	by	~45,000	years	ago.
								*			By	the	time	H.	sapiens	reached	the	Levant	and	Europe	(~90,000	to	45,000	years
ago),	they	carried	the	genetic	legacy	of	this	major	African	bottleneck.	This	low	initial
genetic	diversity	in	non-African	populations	is	still	observable	today	(the	higher	genetic
diversity	in	African	populations	reflects	the	larger	population	size	and	longer	history	within
Africa).
								*			The	*Homo	sapiens*	present	in	Europe	and	the	Levant	during	90,000-120,000	ka
were	descendants	of	this	small	founding	population	originating	from	the	Levantine	corridor
or	similar	routes	out	of	Africa.
*			**Levantine/Near	Eastern	Founder	Event:**
				*			**Timing:**	Likely	occurred	during	the	initial	migration	phase	out	of	Africa,	perhaps
shortly	after	~120,000	years	ago.



				*			**Nature:**	As	the	first	H.	sapiens	migrated	into	the	Levant,	they	encountered	and
interacted	with	the	local	Neanderthal	populations.	This	interaction	zone	(the	Levantine
corridor)	could	represent	a	secondary	founder	event,	where	a	subset	of	the	migrating
Africans	colonized	this	region,	potentially	leading	to	localized	genetic	drift	or	gene	flow	with
resident	populations	(like	Neanderthals).
				*			**Significance:**	This	event	established	the	initial	foothold	for	H.	sapiens	in	Eurasia,
setting	the	stage	for	further	expansion	into	Europe	and	Asia.

##	4.	Biological	Species	Changing	Founder	Events
The	primary	"biological	species	changing"	event	we	can	discuss	during	this	period	is	the
**Out-of-Africa	Migration	of	Homo	sapiens**.	This	event	marked	the	successful	expansion
of	*Homo	sapiens*	out	of	Africa	into	Eurasia,	where	they	encountered	and	interacted	with
*Homo	neanderthalensis*.	While	H.	sapiens	*was*	the	species	undergoing	the	founder
event,	the	*other*	species	involved	was	Neanderthals,	whose	distinct	evolutionary
trajectory	diverged	much	earlier.
*			**Key	Outcomes:**
				*			Establishment	of	*Homo	sapiens*	populations	in	Eurasia.
				*			Interaction	and	gene	flow	between	*Homo	sapiens*	and	*Homo	neanderthalensis*
(leading	to	Neanderthal	admixture	in	H.	sapiens).
				*			Continued	evolution	and	adaptation	of	both	species	in	new	environments	(though	H.
sapiens	would	go	on	to	become	the	dominant	human	species	globally).

###	Other	Potential	Species-Level	Changes	(Less	Certain)
*			**Denisovans:**	While	not	directly	involved	in	a	major	founder	event	*during*	this
period,	Denisovans	(*Homo	denisova*)	were	present	in	Asia	(likely	Siberia	and	East	Asia)
during	this	time.	Genetic	evidence	shows	interbreeding	between	Denisovans	and	H.
sapiens	(especially	in	East	Asian	populations).	Denisovans	likely	diverged	from	the	last
common	ancestor	of	H.	sapiens	and	Neanderthals	earlier	(perhaps	~800,000	years	ago	or
more),	making	them	contemporaries	but	distinct	species.	Their	expansion	into	Asia	might
represent	a	founder	event	*of*	Denisovans,	but	this	occurred	before	the	period	we're
focusing	on.
*			**Megafauna:**	This	period	saw	the	presence	and	decline	of	many	large	mammal
species	(megafauna)	across	Africa,	Eurasia,	and	North	America.	However,	attributing	their
*speciation*	or	*founder	events*	directly	to	human	activity	is	speculative.	Their	declines
and	extinctions	towards	the	end	of	the	period	are	more	likely	linked	to	climate	change
(e.g.,	the	cold,	dry	conditions	of	the	LGM)	rather	than	direct	human	overkill,	although
hunting	likely	played	a	role	alongside	climate.

##	5.	Analysis	and	Significance
*			**Climate	Drivers:**	The	primary	driver	shaping	life	during	this	period	was	the	severe,
cold	climate	associated	with	the	last	major	glaciation.	Glaciations	forced	migrations,
influenced	resource	availability,	and	selected	for	adaptations	suited	to	cold	climates	(both
behavioral	and	physiological).	Lower	sea	levels	opened	new	land	routes.
*			**H.	sapiens	Expansion:**	The	successful	Out-of-Africa	migration	(~100,000-80,000
years	ago)	was	a	defining	event.	The	small	founding	population	that	left	Africa	was
remarkably	resilient	and	adaptable.	Their	arrival	in	Eurasia	coincided	with	the	peak	of
Neanderthals,	setting	the	stage	for	millennia	of	interaction,	including	interbreeding.
*			**Neanderthal	Persistence	and	Decline:**	Neanderthals,	despite	being	highly	adapted
to	European	cold	climates,	eventually	went	extinct	around	40,000	years	ago.	While	climate
fluctuations	certainly	impacted	their	populations,	the	arrival	and	expansion	of	anatomically
modern	humans	across	much	of	their	range	likely	played	a	significant	role	in	their	decline
and	extinction,	possibly	through	competition	for	resources,	disease,	or	hybridization
depression.	Their	genetic	
contribution	to	modern	humans	(outside	Africa)	is	a	testament	to	this	interaction.



*			**Genetic	Consequences:**	The	Out-of-Africa	bottleneck	fundamentally	shaped	the
genetic	makeup	of	modern	non-African	populations.	It	created	a	genetic	signature	of
reduced	diversity	compared	to	African	populations	and	established	the	baseline	for
subsequent	gene	flow	with	Neanderthals	and	Denisovans.
*			**Foundation	for	Future:**	The	events	of	this	period	laid	the	groundwork	for	the
subsequent	spread	of	*Homo	sapiens*	across	the	globe,	the	eventual	replacement	or
absorption	of	Neanderthals,	and	the	genetic	diversity	we	see	in	modern	humans	today.

##	In	Summary
The	period	from	90,000	to	120,000	years	ago	was	a	critical	transition	phase.	It	witnessed
the	successful	expansion	of	anatomically	modern	humans	out	of	Africa	into	Eurasia,
encountering	and	interbreeding	with	the	contemporary	Neanderthals.	This	migration	was
the	consequence	of	a	major	genetic	bottleneck	in	Africa	millennia	earlier.	The	climate	was
harsh	and	cold,	driving	significant	environmental	changes	and	population	movements.	This
era	set	the	trajectory	for	the	future	of	our	species	and	marked	the	final	decline	of	another
successful	hominin	lineage.

#######################

Okay,	let's	break	down	the	period	from	approximately	599,950	to	600,050	years	ago
(a	relatively	narrow	slice	around	600,000	years	ago).	This	timeframe	sits	within	the
Late	Pliocene/Pleistocene	transition	and	the	early	Pleistocene	epoch,	characterized
by	significant	climatic	shifts	towards	the	cooler	conditions	of	the	Pleistocene	ice
ages,	though	the	first	major	glaciations	might	still	be	starting	or	developing	fully
elsewhere.

##	1.	Geologic	&	Climatic	Context
*			**Epoch:**	Late	Pliocene/Pleistocene	transition	to	early	Pleistocene.
*			**Climate:**	Global	temperatures	were	likely	still	higher	than	the	depths	of	the
Pleistocene	glaciations	(~2.6	million	years	ago	to	~11,700	years	ago),	but	were	starting	to
fluctuate	more	dramatically.	Glacial-interglacial	cycles	began	to	intensify.	Evidence	from
this	period	suggests	periods	of	significant	cooling	and	aridification,	impacting	habitats
across	the	globe.	Northern	latitudes	were	likely	still	largely	forested,	but	tundra	and	steppe
environments	were	expanding	polewards.	Sea	levels	were	likely	higher	than	the	deep
glaciations	but	fluctuating.

##	2.	Key	Evolutionary	Event:	Divergence	of	Denisovans
*			**Timing:**	The	period	599,950	to	600,050	years	ago	is	roughly	contemporary	with	the
likely	**initial	divergence**	or	very	early	stages	of	the	**separate	evolutionary	trajectory**
that	would	eventually	lead	to	the	Denisovans.	Genetic	evidence	strongly	suggests	that	the
last	common	ancestor	of	modern	humans	(Homo	sapiens),	Neanderthals	(Homo
neanderthalensis),	and	Denisovans	lived	around	500,000	-	700,000	years	ago.	The
divergence	between	Denisovans	and	the	lineage	leading	to	Neanderthals/Homo	sapiensis
is	estimated	to	have	occurred	between	**around	800,000	years	ago	and	600,000	years
ago**,	with	the	latter	being	a	commonly	cited	figure.	Therefore,	the	period	in	question
overlaps	significantly	with	the	*beginning*	of	Denisovan	evolution	from	their	archaic	Homo
relatives.
*			**Biological	Significance:**	Denisovans	represent	a	sister	group	to	the	lineage	that
produced	Neanderthals	and	modern	humans.	They	likely	inhabited	parts	of	Asia	and
possibly	Europe	for	a	period	before	eventually	going	extinct	around	40,000-50,000	years
ago,	leaving	behind	their	genetic	legacy	in	some	modern	human	populations	today.	Their
initial	separation	from	the	main	archaic	Homo	clade	marks	a	crucial	point	in	human
evolution,	representing	an	independent	evolutionary	branch.



##	3.	Divergence	from	the	Last	Common	Ancestor	of	Homo
*			**Timing:**	The	divergence	of	the	last	common	ancestor	of	*Homo	heidelbergensis*
(from	which	both	Neanderthals	and	Denisovans	are	descended)	from	earlier	hominins	(like
*Paranthropus*	species	or	early	*Homo	erectus*)	likely	occurred	*before*	this	600,000-
year	window,	possibly	around	2-3	million	years	ago.	
However,	the	period	itself	marks	the	*very	early*	divergence	*within*	the	*Homo*	genus,
specifically	between	the	Denisovan	line	and	the	line	leading	to	Neanderthals	and	modern
humans.
*			**Biological	Significance:**	This	period	is	part	of	the	broader	diversification	of	the	genus
*Homo*.	While	the	exact	speciation	events	within	*Homo*	are	still	debated	and	dated
further	back,	600,000	years	ago	is	a	critical	time	for	the	formation	of	the	separate	lineages
that	would	go	on	to	become	Neanderthals	and	Denisovans.

##	4.	Other	Hominin	Lineages
*			**Homo	erectus:**	Already	widespread	across	Asia	and	possibly	Africa	by	this	time
(earliest	evidence	points	to	~2	million	years	ago).	Continued	evolution	and	potential
divergence	within	*Homo	erectus*	or	its	descendants	likely	occurred	in	Asia,	potentially
leading	to	later	forms	like	*Homo	heidelbergensis*	in	Europe.
*			**Other	Hominins:**	The	exact	composition	of	hominin	lineages	is	uncertain.
Candidates	like	*Homo	antecessor*	or	*Homo	heidelbergensis*	itself	might	have	been
present	in	Europe	and	possibly	Africa,	interacting	with	the	early	Denisovan	lineage
migrating	out	of	Africa	or	evolving	independently.

##	5.	Substantial	Bottlenecks
*			**Denisovan	Lineage	Bottleneck	(Possible):**	While	the	*initial*	divergence	itself	isn't
necessarily	a	bottleneck,	the	*subsequent*	population	size	of	the	early	Denisovan	lineage
could	have	been	influenced	by	environmental	pressures	related	to	the	climate	of	the	period
(cooling,	aridification).	However,	pinpointing	a	specific	bottleneck	*within*	this	narrow
timeframe	is	difficult.	Genetic	evidence	suggests	a	significant	population	*expansion*	for
Denisovans	into	Asia	later	(though	the	exact	timing	of	that	expansion	is	debated,
potentially	post-dating	600,000	years	ago	or	earlier).	Conversely,	their	extinction	suggests
potential	bottlenecks	or	pressures	later,	but	not	necessarily	*during*	this	specific	window.
*			**Widespread	Hominin	Bottlenecks:**	The	period's	climate	changes	likely	caused
bottlenecks	in	many	hominin	populations	across	Africa,	Asia,	and	Europe.	For	example,
significant	cooling	and	drying	could	have	fragmented	habitats,	reducing	population	sizes.
The	*Homo	heidelbergensis*	lineage	itself	likely	experienced	bottlenecks	during	its
evolution	in	Africa	before	its	expansion	into	Eurasia.	The	*Homo	erectus*	lineage	also
likely	experienced	population	fluctuations	due	to	environmental	changes.	The	crucial
bottleneck	for	the	*Homo	sapiens*	lineage	itself,	the	"Out	of	Africa"	event	(~200,000	-
150,000	years	ago),	is	outside	this	period.
*			**Focus:**	Within	this	timeframe,	the	primary	"bottleneck"	is	arguably	the	**speciation
event**	itself.	The	separation	of	the	Denisovan	lineage	from	the	main	archaic	Homo	clade
effectively	bottlenecked	that	specific	branch,	initiating	its	unique	evolutionary	trajectory
distinct	from	Neanderthals	and	modern	humans.	The	initial	population	size	of	this	new
lineage	is	unknown	but	was	likely	small	enough	to	represent	a	distinct	branch.

##	6.	Founder	Event
*			**Denisovan	Lineage	Founding:**	The	divergence	event	described	above	(item	2)	can
be	considered	a	**founder	event**	in	a	broad	sense.	The	small	group	or	lineage	that
separated	to	form	Denisovans	was	a	"founder"	of	a	new	evolutionary	lineage	distinct	from
its	ancestors	(or	contemporaries,	depending	on	the	model).
*			**Later	Denisovan	Expansion	(Outside	Scope):**	Denisovans	themselves	likely
experienced	founder	events	later	when	they	colonized	new	areas,	such	as	



Asia.	Fossils	found	in	the	Denisova	Cave	in	Siberia	(dated	later,	~50,000-40,000	years
ago)	represent	a	distinct	morphological	type,	suggesting	successful	adaptation	and
potential	founding	of	populations	in	that	region.
##	Analysis	and	Synthesis
The	period	around	600,000	years	ago	was	a	critical	juncture	in	human	evolution,	marked
by:
1.		**Climate	Change:**	The	transition	into	the	Pleistocene	brought	cooler,	more	variable
climates,	shaping	the	habitats	and	pressures	faced	by	hominin	
populations.
2.		**Major	Speciation	Event:**	Likely	coinciding	with	or	immediately	following	the
divergence	of	the	Denisovan	lineage	from	the	common	ancestor	of	
Neanderthals	and	modern	humans.	This	event	created	a	distinct	branch	on	the	hominin
family	tree.
3.		**Evolutionary	Diversification:**	This	timeframe	represents	the	*beginning*	of	the
separate	evolutionary	paths	that	would	lead	to	two	distinct	archaic	human	groups:
Denisovans	and	the	lineage	leading	to	Neanderthals	and	modern	humans.	While	the	exact
timing	of	the	Denisovan	split	might	be	slightly	before	or	
during	this	window,	it	falls	within	the	range	of	uncertainty	for	the	earliest	estimates.
4.		**Potential	Early	Bottlenecks:**	The	act	of	speciation	itself	acted	as	a	formative
bottleneck	for	the	Denisovan	lineage.	Wider	environmental	pressures	likely	impacted	other
hominin	populations	globally,	including	those	ancestral	to	Denisovans,	Neanderthals,	and
modern	humans.
5.		**Legacy:**	The	separation	of	the	Denisovan	lineage	set	the	stage	for	their	distinct
evolution,	adaptation,	and	eventual	extinction,	leaving	behind	a	significant	genetic
contribution	to	present-day	humans,	particularly	in	Melanesia.
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