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Ludwig Huber – Was ist der Mensch?

Die anthropologische Differenz

• „Die Idee des Menschen in der europäischen Geschichte dru ̈ckt sich in 
der Unterscheidung zum Tier aus.“ (Horkheimer/Adorno 1988, 262) 

• Anthropologische Formel: Mensch = Tier + X

• Sonderstellung des Menschen im Kosmos (Max Scheler 1928) 

• Mensch vom Tier durch einen Abgrund getrennt (z. B. Heidegger)

• Kant: die drei philosophischen Grundfragen 

– „Was kann ich wissen?“, 

– „Was soll ich tun?“

– „Was darf ich hoffen?“ 

• wurzeln in der anthropologischen Frage „Was ist der Mensch?“ 



Ludwig Huber – Was ist der Mensch? 

Was ist der Mensch?

• Werkzeuge

• Imitation 

• Kultur

• Sprache

• (Selbst)bewußtsein

• Zeitreisen

• Planen

(das Merkmal X)

• Logik

Kunst

Zivilisation

Moral

Ethik

Gewissen

Religion



Ludwig Huber – Was ist der Mensch? 



Ludwig Huber – Was ist der Mensch?

Die Herkunft des Menschen

• Wie und wann 
entstand der 
Mensch? 

• Homo sapiens, 
andere Homo-
Arten, andere 
Hominine?

• Neue Befunde 
revidieren die 
bisherige 
Meinung



Ludwig Huber – Was ist der Mensch?

Wo liegen unsere Wurzeln? 
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interbreeding, perhaps when climatic 
conditions changed and boundaries 
shifted. This fluid situation persisted for 
150,000 years or more, and left behind 
those now-familiar mosaic skulls.

Genetic studies point in the same 
direction, says Carina Schlebusch at 
Uppsala University in Sweden. She and 
her colleagues analysed a collection of 
contemporary genomes from all over 
Africa attempting to home in on the 
origin of H. sapiens. “It did not point  
to any one particular place,” she says. 
“It pointed to south Africa, east Africa 
and west Africa. Basically, it pointed to 
every place where we had samples from. 
As I understand it, the transition from 

Omo I human
200,000 years old
Shows a mix of archaic 
and modern features

Herto human
160,000 years old
Archaic/modern mix,  
but distinct from Omo I

Laetoli human
120,000 years old
More modern but more 
archaic-looking

Contemporary human
Looks most like  
Florisbad human 

stoked debates about which belong  
to our species and which don’t. Some 
fossils are widely accepted as being 
H. sapiens, notably Omo I and the 
Herto hominins (although they are 
substantially different from one 
another, and some prefer to categorise 
the latter as a subspecies). The Jebel 
Irhoud fossils divide opinion, with 
some palaeoanthropologists happy to 
accept them into the immediate family 
but others not. The rejects are generally 
categorised, rather vaguely, as “African 
archaics”, which is essentially dodging 
the issue. Some of these might be 
separate species. It has been proposed, 
for example, that the Florisbad fossils 
be categorised as Homo helmei – 
however new findings appear to be 
undermining this idea, as we shall see.

Maybe this is all moot, anyway, 
hung up on an increasingly outdated 
concept of what constitutes a species. 
It is commonly taken to be a group of 
organisms that can interbreed. But this 
“biological species” concept is just one 
of dozens of competing definitions. 
Some are based on shared ancestry, 
others on shared behaviour, genes or 
anatomy. As Stringer points out, the 
biological species concept doesn’t 
hold up for many living species of 
mammals. Coyotes and grey wolves, 
for example, can interbreed to 
produce a third “species”, the red wolf. 
Why not humans too? In this emerging 
view, early H. sapiens is less a species 
than a clade: a group of organisms 
of various taxonomic groups, 
descended from a common ancestor 
and sharing many features, but also 
with a lot of physical variation.

315,000 years ago 
Newest estimate of the origin  
date of Homo sapiens

archaic to modern happened in 
different parts of the African continent.”

African multiregionalism represents 
a major shift in thinking. There was no 
single ancestral population, but many, 
spread over a huge area, which merged 
and split and merged again like a 
braided stream, evolving at different 
rates and in distinct directions in 
different places. The suite of anatomical 
and behavioural features that define 
modern humanity didn’t appear as one 
complete package, but gradually 
coalesced across vast tracts of space and 
time. “There was never a single centre of 
origin,” says Chris Stringer at the Natural 
History Museum in London. We are a 
“composite”, he says. “I think it is a really, 
really important and profound idea,” 
says Richard Potts at the Smithsonian 
Institution in Washington DC, who 
led the Olorgesailie excavations.

The anatomical diversity of these 
composite humans has inevitably 

Along with  
the oldest 
known human 
remains, Jebel 
Irhoud in 
Morocco has 
yielded many 
sophisticated 
stone tools 

M
O

H
A

M
M

ED
 K

A
M

AL
/M

PI
 E

VA
 L

EI
PZ

IG
/U

PI
/A

LA
M

Y

SH
AN

N
O

N
 M

CP
H

ER
RO

N
, M

PI
 E

VA
 L

EI
PZ

IG
, L

IC
EN

SE
: C

C-
BY

-S
A 

2.
0

LEFT TO RIGHT: MARKUS SCHIEDER/ALAMY; PHAS/GETTY IMAGES; 
NATURAL HISTORY MUSEUM LONDON/ALAMY; SMITHSONIAN’S HUMAN 
ORIGINS PROGRAM; NATURAL HISTORY MUSEUM LONDON/ALAMY; 
AGEPHOTSTOCK/ALAMY; NATURAL HISTORY MUSEUM LONDON/SPL; 
SABENA JANE BLACKBIRD/ALAMY

>
1cm

38 | New Scientist | 4 April 2019

According to the standard out-of-Africa 
model, when our species first spread 
across Eurasia they completely replaced 
the more archaic humans they met. 
Certainly, we are the last hominin 
standing. But whether Homo sapiens 
was responsible for the demise of the 
other species remains a matter of 
vigorous debate. What has become 
clear in recent years is that these 
encounters weren’t entirely violent 
and destructive. At least sometimes, 
our ancestors made love not war.

Neanderthals and Denisovans, our 
two closest relatives, both became 
extinct tens of thousands of years ago. 
Yet most people around the world have 
small quantities of DNA inherited from 
one or both species in their genomes. 
This is evidence that H. sapiens interbred 
with them and at least some of these 
trysts produced fertile offspring. Some 
people from the Middle East today also 
carry ghost DNA from another species 
dubbed hominin X, fossils of which have 
yet to be found. 

Our ancestors may have encountered 
other hominins as they dispersed around 
the world, including the enigmatic 
“hobbit”, Homo floresiensis, which lived 
on the Indonesian island of Flores until 
about 50,000 years ago. Last year, it 
was discovered that a similar species 
was living at around the same time 
3000 kilometres to the south, on the 
Philippine island of Luzon. There is, 

however, no genetic evidence of 
interbreeding with either of these 
species, and the role of H. sapiens  
in their extinction, if any, is unknown. 

It was once assumed that 
interbreeding between early humans 
and other hominins happened 
exclusively outside Africa. A small 
amount of Neanderthal DNA has been 
found in the genomes of people living in 

Africa, but as Neanderthals never seem 
to have lived on that continent it almost 
certainly arrived as a result of early 
humans migrating back to Africa from 
Eurasia. However, more recent analyses 
suggest that there was interbreeding with 
other hominins on the continent. In fact, 
the genomes of some people in Africa 
are 1 9 per cent “ancient”, which far 
exceeds any Neanderthal or Denisovan 
contribution to Eurasian genomes. 

The first evidence of this interbreeding 
came in 201 2, when a team led by 
Sarah Tishkoff at the University of 
Pennsylvania found ancient DNA in the 
genomes of modern hunter-gatherers 
living in Cameroon and Tanzania. It 

indicated that their ancestors had 
interbred with an unidentified hominin 
species no more than 30,000 years ago. 
Then, in 201 8, Arun Durvasula at the 
University of California, Los Angeles, 
scanned the whole genomes of people 
from four sub-Saharan populations 
and found signals of an earlier coupling 
with another unknown archaic hominin. 
It seems to have split from our lineage 
about 625,000 years ago, and 
then interbred with humans up to 
1 24,000 years ago. This was before 
the mass exodus out of Africa, which 
would explain why European genomes 
carry the same ghost DNA. Earlier this 
year, analysis of four fossil skeletons 
from Cameroon saw hints of yet more 
ghost DNA from an encounter that 
happened around 250,000 years ago. 

Who might these mystery relatives 
be? One candidate is Homo naledi, a 
primitive-looking hominin that was 
discovered in South Africa in 201 3 
and lived until around 250,000 years 
ago. Another possibility is Homo 
antecessor, which lived some 
900,000 years ago and is now thought 
to be our direct ancestor – although we 
still don’t have evidence that it lived in 
Africa. A more likely possibility is that 
fossils of the ghost species have yet to 
be discovered, and maybe never will be. 
What’s more, there seems little doubt 
that new studies will turn up other ghost 
ancestors in our DNA. 

WHAT HAPPENED TO THE OTHER 
SPECIES OF HUMANS?

Homo antecessor
900,000 years old
Best candidate for our  
last direct ancestor

Sima hominin
430,000 years old
Neanderthal, not a direct 
ancestor as thought

Jebel Irhoud human
31 5,000 years old
Oldest known remains  
of a Homo sapiens

Florisbad human
260,000 years old
Surprisingly modern-
looking for its age

“ At least sometimes,  
our ancestors made  
love not war with  
other hominins”

RETHINKING OUR ROOTS



Ludwig Huber – Was ist der Mensch?

Homo sapiens Stammbaum

Unsere Vorfahren haben sich in Afrika entwickelt und sind
irgendwann nach Europa gekommen. Mit jedem neuem Fund
wird die Menschheitsgeschichte komplexer.



Ludwig Huber – Was ist der Mensch?

Viele Hominine
Aber wo begann der 

Mensch?

Jedenfalls keine gerade 
Höherentwicklung!



Ludwig Huber – Was ist der Mensch?

Frühe Migration

• In China Steinwerkzeuge gefunden
• Jedoch keine Spuren ihrer Erzeuger
• Alter auf 2,1 Millionen Jahre geschätzt
• Damit scheinen Hominine viel fru ̈her Asien 

besiedelt zu haben, als bislang vermutet

21Spektrum SPEZIAL Biologie Medizin Hirnforschung 4.19
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Ludwig Huber – Was ist der Mensch?

Menschwerdung NEU
Menschwerdung ALT: 

• Homo sapiens entwickelte sich vor etwa 150.000 Jahren in Ostafrika 

• wurde vor etwa 60.000 Jahren zu modernem Verhalten fähig 

• dann von aus Afrika hinaus („Out of Africa“-Theorie)

Menschwerdung NEU: 

• Homo sapiens bereits vor etwa 300.000 Jahren in Nordafrika 
(Jebel Irhoud, Marokko) und Südafrika (Florisbad) 

• Großer technologischer Fortschritt ebenso vor 300.000 
Jahren (Olorgesailie; Kenya)

• Afrikanischer Multiregionalismus: zwischen 150.000 und 
300.000 Jahren ist der afrikanische Kontinent mit 
archaischen Menschenformen übersät

• Der Ursprung von H. sapiens zeigt nicht zu einem 
bestimmten Ort – er ist eher ein Mischwesen

• Ausbreitung nach Europa schon vor mehr als 200.000 Jahren 
(Apidima, Griechenland)
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back as 320,000 years. Ring any bells? 
Olorgesailie isn’t the only evidence  

of earlier-than-expected technological 
progress. The Jebel Irhoud fossils are 
also associated with prepared core 
tools. What’s more, Olorgesailie has 
yielded up tools made of a glassy 
volcanic rock called obsidian, which 
doesn’t occur locally. The nearest 
deposits are 25 kilometres away – 
possible evidence of trade networks. 

The site also reveals clear signs of 
iron-rich rocks being processed into red 
and black pigments, presumably for 
artistic purposes, another indication of 
behavioural and cultural sophistication. 
It looks as though the transition to 
modern cognition happened right at 
the start of the H. sapiens journey, or 
maybe even before it. So much for the 
out-of-Africa mainstay, that humanity 
became physically modern first, but 
behavioural modernity didn’t evolve 
until much later. “I think the two-step 
model is dead,” says Foley.

From the stones and bones of Jebel 
Irhoud, Olorgesailie and elsewhere, 
a new and increasingly mainstream 
view of human origins is emerging. 
“African multiregionalism” doesn’t 
completely overturn the incumbent 
model. The continent is still the cradle 
of humanity – although, as Foley points 
out, “saying humans evolved in Africa 
doesn’t mean very much, it’s a vast 
area” – and humanity did disperse out 
of Africa to eventually inhabit the entire 
world. But the idea of a recent, localised 
origin within a discrete population  
has been buried. In its place is a much 
deeper origin story beginning at least 
300,000 years ago, and perhaps as 
many as half a million years.

“If you’re looking for a big framework 
in which to look at the evolution of 
modern humans, it is the African 
Middle Stone Age,” says Foley, referring 
to the period from about 300,000 
to 100,000 years ago. At the start of 
this span, the whole continent of 
Africa – possibly even “Greater Africa”, 
which includes parts of the Middle 
East – appears to have been dotted with 
populations of archaic humans. These 
were often isolated from one another 
by geographical or ecological 
boundaries such as deserts or jungles, 
and mostly evolved independently, 
although had sporadic contact and 

HOW DID HUMANITY 
CONQUER EARTH?
One central pillar of the out-of-Africa 
model of human origins is the “out” 
part. This holds that about 60,000 years 
ago, our species left Africa and, in an 
epic sweep, filled Eurasia.  

Cracks in that paradigm have been 
growing for a long time. Human skulls 
discovered at two sites in Israel, for 
example, are 1 20,000 years old. These 
are often seen as evidence that humanity 
made some brief, failed, forays into 
western Asia before the mass exodus. 
But developments in the past few years 
strongly suggest there was more to it. A 
1 77,000 year-old jawbone from Misliya 
cave in Israel, for instance, hints there 
was a much older and longer-lasting 
human presence in the Middle East.

A real jaw-dropper came last year, 
when a pair of skulls discovered in 
Greece in 1 978 finally gave up their 
secrets. They were recovered from 
a coastal cave called Apidima, stuck 
together back-to-back in a block of 
volcanic breccia. Both were assumed 
to be from Neanderthals and about 
1 50,000 years old, but a reanalysis 
showed otherwise. One was indeed  
from a 1 70,000-year-old Neanderthal. 
But the other was 21 0,000 years old  
and from a Homo sapiens, albeit with a 
mixture of modern and archaic features. 
The skulls had somehow ended up in the 
same part of the cave and became stuck 
together some time later.

The only conclusion is that modern-ish 
humans living in Africa more than 
200,000 years ago successfully 
dispersed into southern Europe, a long 
trek by foot – or possibly raft – around 
the eastern Mediterranean that probably 
took millennia. “It’s very surprising,” 
says Chris Stringer at the Natural History 
Museum in London, who was part of the 
team that did the analysis.

Evidence of early dispersals has been 
found even further from Africa. In 201 5, 
researchers in China announced the 
discovery of modern human teeth in  
a cave in the south of the country that 
dated to at least 80,000 years ago. 
There are several other tantalising fossils 
in China dating to about the same time, 

too. These have conventionally been 
classified as Homo erectus, the first 
member of our genus, but it now seems 
more likely that they are Homo sapiens, 
says María Martinón-Torres at he 
National Research Center of Human 
Evolution (CENIEH) in Burgos, Spain. 
“They were there!” she says. Stringer 
agrees: “If they are in Europe than I don’t 
see why they aren’t getting into China”.

These new discoveries of early 
dispersals are intriguing, but the 
big picture remains substantially 
unchanged. The current thinking is 
that modern humans migrated out of 
Africa en masse some time after 
1 00,000 years ago, probably via the 
Arabian Peninsula or the Levant or both. 
They gradually worked their way into 
Europe and along the southern coast 
of Eurasia, most likely in pursuit of 
high-quality food resources, then “back 
filled” into central Asia from what is now 
China. Around 65,000 years ago some 
people reached Sahul – an ancient 
continent that is now Australia and New 
Guinea – almost certainly by boat. The 
last great migration then took humanity 
across the Bering land bridge and into 
the Americas around 1 5,000 years ago. 

Out of Africa, earlier
Until recently, the consensus was that Homo sapiens left 
Africa around 60,000 years ago. Growing evidence 
suggests that is wrong

Homo 
sapiens

45,000 
years ago

210,000 ya

120,000-
80,000 ya

180,000-
85,000 ya

~170,000 ya

65,000 ya

>
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According to the standard out-of-Africa 
model, when our species first spread 
across Eurasia they completely replaced 
the more archaic humans they met. 
Certainly, we are the last hominin 
standing. But whether Homo sapiens 
was responsible for the demise of the 
other species remains a matter of 
vigorous debate. What has become 
clear in recent years is that these 
encounters weren’t entirely violent 
and destructive. At least sometimes, 
our ancestors made love not war.

Neanderthals and Denisovans, our 
two closest relatives, both became 
extinct tens of thousands of years ago. 
Yet most people around the world have 
small quantities of DNA inherited from 
one or both species in their genomes. 
This is evidence that H. sapiens interbred 
with them and at least some of these 
trysts produced fertile offspring. Some 
people from the Middle East today also 
carry ghost DNA from another species 
dubbed hominin X, fossils of which have 
yet to be found. 

Our ancestors may have encountered 
other hominins as they dispersed around 
the world, including the enigmatic 
“hobbit”, Homo floresiensis, which lived 
on the Indonesian island of Flores until 
about 50,000 years ago. Last year, it 
was discovered that a similar species 
was living at around the same time 
3000 kilometres to the south, on the 
Philippine island of Luzon. There is, 

however, no genetic evidence of 
interbreeding with either of these 
species, and the role of H. sapiens  
in their extinction, if any, is unknown. 

It was once assumed that 
interbreeding between early humans 
and other hominins happened 
exclusively outside Africa. A small 
amount of Neanderthal DNA has been 
found in the genomes of people living in 

Africa, but as Neanderthals never seem 
to have lived on that continent it almost 
certainly arrived as a result of early 
humans migrating back to Africa from 
Eurasia. However, more recent analyses 
suggest that there was interbreeding with 
other hominins on the continent. In fact, 
the genomes of some people in Africa 
are 1 9 per cent “ancient”, which far 
exceeds any Neanderthal or Denisovan 
contribution to Eurasian genomes. 

The first evidence of this interbreeding 
came in 201 2, when a team led by 
Sarah Tishkoff at the University of 
Pennsylvania found ancient DNA in the 
genomes of modern hunter-gatherers 
living in Cameroon and Tanzania. It 

indicated that their ancestors had 
interbred with an unidentified hominin 
species no more than 30,000 years ago. 
Then, in 201 8, Arun Durvasula at the 
University of California, Los Angeles, 
scanned the whole genomes of people 
from four sub-Saharan populations 
and found signals of an earlier coupling 
with another unknown archaic hominin. 
It seems to have split from our lineage 
about 625,000 years ago, and 
then interbred with humans up to 
1 24,000 years ago. This was before 
the mass exodus out of Africa, which 
would explain why European genomes 
carry the same ghost DNA. Earlier this 
year, analysis of four fossil skeletons 
from Cameroon saw hints of yet more 
ghost DNA from an encounter that 
happened around 250,000 years ago. 

Who might these mystery relatives 
be? One candidate is Homo naledi, a 
primitive-looking hominin that was 
discovered in South Africa in 201 3 
and lived until around 250,000 years 
ago. Another possibility is Homo 
antecessor, which lived some 
900,000 years ago and is now thought 
to be our direct ancestor – although we 
still don’t have evidence that it lived in 
Africa. A more likely possibility is that 
fossils of the ghost species have yet to 
be discovered, and maybe never will be. 
What’s more, there seems little doubt 
that new studies will turn up other ghost 
ancestors in our DNA. 

WHAT HAPPENED TO THE OTHER 
SPECIES OF HUMANS?

Homo antecessor
900,000 years old
Best candidate for our  
last direct ancestor

Sima hominin
430,000 years old
Neanderthal, not a direct 
ancestor as thought

Jebel Irhoud human
31 5,000 years old
Oldest known remains  
of a Homo sapiens

Florisbad human
260,000 years old
Surprisingly modern-
looking for its age

“ At least sometimes,  
our ancestors made  
love not war with  
other hominins”

RETHINKING OUR ROOTS



Ludwig Huber – Was ist der Mensch?

Ein Marokkaner zerstört “Out of Africa”

Homo sapiens aus Jebel Irhoud: 315.000 Jahre alt 

Der Jebel-Irhoud-Schädel: Schlüssel zu einem neuen, langsam 
entstehenden Paradigma.

Neben den ältesten bekannten menschlichen Überresten wurden am 
Jebel Irhoud in Marokko viele hochentwickelte Steinwerkzeuge gefunden

4 April 2020 | New Scientist | 39

interbreeding, perhaps when climatic 
conditions changed and boundaries 
shifted. This fluid situation persisted for 
150,000 years or more, and left behind 
those now-familiar mosaic skulls.

Genetic studies point in the same 
direction, says Carina Schlebusch at 
Uppsala University in Sweden. She and 
her colleagues analysed a collection of 
contemporary genomes from all over 
Africa attempting to home in on the 
origin of H. sapiens. “It did not point  
to any one particular place,” she says. 
“It pointed to south Africa, east Africa 
and west Africa. Basically, it pointed to 
every place where we had samples from. 
As I understand it, the transition from 

Omo I human
200,000 years old
Shows a mix of archaic 
and modern features

Herto human
160,000 years old
Archaic/modern mix,  
but distinct from Omo I

Laetoli human
120,000 years old
More modern but more 
archaic-looking

Contemporary human
Looks most like  
Florisbad human 

stoked debates about which belong  
to our species and which don’t. Some 
fossils are widely accepted as being 
H. sapiens, notably Omo I and the 
Herto hominins (although they are 
substantially different from one 
another, and some prefer to categorise 
the latter as a subspecies). The Jebel 
Irhoud fossils divide opinion, with 
some palaeoanthropologists happy to 
accept them into the immediate family 
but others not. The rejects are generally 
categorised, rather vaguely, as “African 
archaics”, which is essentially dodging 
the issue. Some of these might be 
separate species. It has been proposed, 
for example, that the Florisbad fossils 
be categorised as Homo helmei – 
however new findings appear to be 
undermining this idea, as we shall see.

Maybe this is all moot, anyway, 
hung up on an increasingly outdated 
concept of what constitutes a species. 
It is commonly taken to be a group of 
organisms that can interbreed. But this 
“biological species” concept is just one 
of dozens of competing definitions. 
Some are based on shared ancestry, 
others on shared behaviour, genes or 
anatomy. As Stringer points out, the 
biological species concept doesn’t 
hold up for many living species of 
mammals. Coyotes and grey wolves, 
for example, can interbreed to 
produce a third “species”, the red wolf. 
Why not humans too? In this emerging 
view, early H. sapiens is less a species 
than a clade: a group of organisms 
of various taxonomic groups, 
descended from a common ancestor 
and sharing many features, but also 
with a lot of physical variation.

315,000 years ago 
Newest estimate of the origin  
date of Homo sapiens

archaic to modern happened in 
different parts of the African continent.”

African multiregionalism represents 
a major shift in thinking. There was no 
single ancestral population, but many, 
spread over a huge area, which merged 
and split and merged again like a 
braided stream, evolving at different 
rates and in distinct directions in 
different places. The suite of anatomical 
and behavioural features that define 
modern humanity didn’t appear as one 
complete package, but gradually 
coalesced across vast tracts of space and 
time. “There was never a single centre of 
origin,” says Chris Stringer at the Natural 
History Museum in London. We are a 
“composite”, he says. “I think it is a really, 
really important and profound idea,” 
says Richard Potts at the Smithsonian 
Institution in Washington DC, who 
led the Olorgesailie excavations.

The anatomical diversity of these 
composite humans has inevitably 

Along with  
the oldest 
known human 
remains, Jebel 
Irhoud in 
Morocco has 
yielded many 
sophisticated 
stone tools 
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Alt und neu: der Schädel hat moderne Gesichtszüge - ein 
flaches und zartes Gesicht und ein markantes Kinn - aber 
mit einer archaischen, länglichen Hirnschale 

19.04.21, 13*35Fossils From Morocco Show Human Evolution Started 100,000 Years Early

Seite 1 von 4https://factsc.com/fossils-from-morocco/

Fossils Discovered in Morocco Show that Human
Evolution Started 100,000 Years Earlier Than We
Thought
! Facts Catalogue  " June 10, 2017

Fossils are one of the most important historical evidence that helps us understand how life on

Earth came to be, and how it has evolved over millions of years. As part of such a quest for

understanding human evolution, a group of archaeologists has uncovered human fossils that

changed some of the previously held theories. According to DNA studies of present-day

populations and the oldest known Homo sapiens fossils, it was thought that the ancestors of

modern humans came from East Africa around 200,000 years ago. However, recent excavations

and the dating of fossils from Morocco’s Jebel Irhoud, which was once a cave used by early

humans and now an archaeological site, have proven otherwise.

In 2004, Jean-Jacques Hublin and his team excavated the archaeological site of
Jebel Irhoud located 100 kilometers west of Marrakesh, Morocco. They uncovered
more than 20 human bones belonging to at least five individuals which were
dated to between 280,000 and 350,000 years ago. 

Image Source: mpg, wikipedia



Ludwig Huber – Was ist der Mensch?

Ein Ursprung oder mehrere?

42 | New Scientist | 4 April 2019

the most reasonable last common 
ancestor for Neanderthals and modern 
humans,” says Stringer. “I don’t believe 
that any more.”

So what was? The best candidate is 
now Homo antecessor, which lived 
about 900,000 years ago and had a 
very modern-looking face. However, 
only a few fossils have ever been 
found, all in Spain, also in the Atapuerca 
mountains. Genetics clearly indicates 
that modern humans evolved in Africa, 
not Europe, so remains of the same 
species would need to turn up in  
Africa or Greater Africa to bolster the 
hominin’s claim to direct ancestry. 

Who’s the daddy? 
There are three other candidates in the 
frame: Homo rhodesiensis, which may 
just be an African H. heidelbergensis,  
the Florisbad fossil or perhaps even 
H. erectus. But nobody can be sure. 
“In my view, who that ancestor was, 
and when and where it lived, are 
currently unknown,” says Stringer. 
For now, it is known only as Ancestor X. 

Even as it becomes harder to pin down 
the identity of our direct ancestor, the 
African multiregionalism model has 
shifted the spotlight onto a different  
and, arguably, more interesting ancestor 
question. If, as the new hypothesis 
suggests, the African Middle Stone Age 

was teeming with groups of more-or-less 
modern humans, evolving semi-
independently, which of these actually 
gave rise to the contemporary human 
population? “This is the divergence we 
should really be thinking about in terms 
of the shift to modern humans,” says 
Foley. “And when does this occur?”

Unfortunately, at this point the trail 
goes quite cold. “The fossil record is 
very sparse,” says Foley. There are some 
bones, but they are scrappy and hard to 
weave into a big picture. The genetics  
is also quite fuzzy. The most recent 
analysis places the origin of modern 
humans between 260,000 and 350,000 
years ago. This isn’t an error bar, but 
reflects the long process of patchwork 
evolution across swathes of Africa,  
says Schlebusch, who led the research.

But there may be another way to  
pin down the story. Last year, Aurélien 
Mounier and Marta Mirazón Lahr, both 
of the University of Cambridge, created 
what they called a “virtual last common 
ancestor” of all living humans. By 
mapping the morphological variety of 
the skulls of ancient and contemporary 

humans, including Neanderthals but 
excluding the archaic Africans, they 
estimated what the skull of a supposed 
last common ancestor looked like in 
the early part of the Middle Stone Age. 
They then compared their virtual skull 
to the five most complete skulls from 
that time. The fossil with the greatest 
similarity to the virtual ancestor was 
the Florisbad skull from South Africa, 
followed by two of the East African 
specimens, Eliye Springs and Omo II. 
Next came the Laetoli specimen. The 
North African skull, from Jebel Irhoud, 
was the least similar, closer to 
Neanderthals. What this suggests, 
they say, is that we are descended 
from archaic Africans in southern  
and eastern Africa, but not from our 
friends in the north. In other words, the 
braided stream eventually coalesced 
into a main channel, although still 
with numerous side branches. 

Furthermore, fossil finds indicate 
that those side branches persisted 
until surprisingly recently. Skulls with 
a classic mosaic of archaic and modern 
features have turned up in Ishango in 
the Democratic Republic of the Congo, at 
Lukenya Hill, Kenya, and at Iwo Eleru in 
Nigeria. They wouldn’t look out of place 
alongside the African archaics, but have 
all been dated to as little as 14,000 years 
ago. They may represent final holdouts 
of those isolated populations that were 
dotted across Africa at the dawn of our 
species. It wasn’t until about 12,000 
years ago, when farming spread around 
the world, that these last side channels 
of our braided stream finally ran dry. 

All change again? 
African multiregionalism may be in 
the ascendancy, but it isn’t completely 
triumphant. A couple of days before 
the Hinxton conference started, a group 
of geneticists published a dissenting 
paper in Nature. They had analysed 
mitochondrial DNA from 1217 living 
people of African ancestry and 
concluded that they all trace their 
origin back to a single small population 
living approximately 200,000 y 
ears ago around the Makgadikgadi  
salt pan in northern Botswana. Now  
an arid semi-desert, at the time it was 
the largest wetland in Africa. 

If true, it swings the pendulum back 

14,000 years ago 
Age of last known archaic-looking 
humans in Africa 

Did humans 
originate in the 
Makgadikgadi 
salt pan in 
Botswana?26
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Sind die Menschen in der Makgadikgadi-
Salzpfanne in Botswana entstanden?

Die großen Unterschiede in ihren Merkmalen 
und Daten legen nahe, dass H. sapiens aus 

der gelegentlichen Vermischung vieler 
isolierter Populationen entstanden ist.

Streuung menschlicher Schädel auf 
dem ganzen afrikanischen Kontinent 

Afrikanischer Multiregionalismus
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Ein ganz alter Grieche 
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VERBLÜFFENDER FUND

Ein ganz alter Grieche
Erreichte der moderne Mensch den europäischen Kontinent mehr als
100 000 Jahre früher als gedacht? Ein außergewöhnlicher Fund in
Griechenland legt genau das nahe.

von Roland Knauer

© VOYAGERIX / GETTY IMAGES / ISTOCK (AUSSCHNITT)

Die steilen Kalksteinklippen an der Westküste der Mani-Halbinsel weit
im Süden des griechischen Peloponnes ähneln mit ihren ungezählten
Karsthöhlen ein wenig einem Schweizer Käse. Die wohl bekannteste
Höhle liegt in der Nähe des Dorfs Pyrgos Dirou und lockt jedes Jahr
viele Touristen an, die auf Booten durch eine fantastisch anmutende
Tropfsteinlandschaft gestakt werden. Der nur ein paar Kilometer
weiter nördlich gelegene Apidima-Höhlenkomplex könnte nun dieser
Topattraktion den Platz streitig machen – zumindest unter
Frühmenschenforschern: Katerina Harvati von der Universität
Tübingen und ihre Kollegen schließen in der Zeitschrift »Nature« aus
dort gefundenen Teilen eines Schädels, dass moderne Menschen
unserer eigenen Art Homo sapiens den Südosten Europas bereits vor
210 000 Jahren und damit 150 000 Jahre früher als bisher
angenommen erreicht hatten.

10.07.2019

Homo sapiens viel früher in Europa: Apidima-Höhle in Griechenland
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Forscher der Universität Athen hatten diese Teile eines Schädels

zwischen 1978 und 1985 bei Ausgrabungen entdeckt. Sie befanden

sich auf der Oberjäche einer so genannten Brekzie. So nennen

Geologen kantige Gesteinstrümmer, die mit Kalk und feinem Sediment

zu einer festen Masse verbunden sind. Da diese Brekzie eingekeilt

zwischen zwei Höhlenwänden steckte, lösten die Forscher einen Block

mit 65, 45 und 35 Zentimeter langen Kanten heraus, um die

Schädelfragmente in den Labors des Museums weiter zu untersuchen.

Dabei fanden sie nur wenige Zentimeter von diesem Apidima 1

genannten Kopf entfernt Teile eines anderen Frühmenschenschädels,

den sie als Apidima 2 bezeichneten.

Im Labor untersuchten die Forscher die Schädel genauer, erhielten

dabei aber keine zuverlässigen Ergebnisse. Das Alter der Brekzie, in

die beide Schädel eingebettet waren, schätzten die Forscher zunächst

grob auf etwa 100 000 bis 300 000 Jahre und damit auf einen

Zeitraum, für den eine Radiokohlenstoffdatierung nicht mehr

angewendet werden kann. Katerina Harvati und Kollegen grenzten

diesen Wert 2011 dann auf 100 000 bis 190 000 Jahre ein.

© KATERINA HARVATI, EBERHARD-KARLS-UNIVERSITÄT TÜBINGEN (AUSSCHNITT)

Viel ist nicht erhalten | Diese Rekonstruktion des Apidima 1-Schädels (rechts mit
anhängendem Gestein) interpretieren Katerina Harvati und ihre Kollegen als Schädel
eines frühen Homo sapiens.Apidima 1-Schädel (rechts mit anhängendem Gestein): 

interpretieren Katerina Harvati & Co. als Schädel eines 
frühen Homo sapiens (ca. 210 000 Jahre alt).

Apidima 2 und Rekonstruktion | 170 000 Jahre alter Neandertaler-
schädel (rechts das Original, links die Rekonstruktion mit den 
vorhandenen Knochen in Farbe und den ergänzten in Grau).
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H. sapiens war lange nicht alleine

Homo sapiens hatte mehrere 
Mitbewohner

Neben Homo sapiens auch der 
Homo heidelbergensis, 
der Neandertaler vorwiegend in Europa, 
der Denisova-Mensch in Sibirien, 
der Homo naledi in Südafrika, 
der Homo floresiensis (Insel Flores, Indonesien), 
der Homo luzonensis (Insel Luzon, Philippinen)

Luzon
Phillipines
700 kyr

Flores
Indonesia
100kyr
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Hobbits

The skull of Homo floresiensis

Liang Bua Höhle
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Eine neue Art Mensch
Der zwergenhafte »Luzon-Mensch« lebte vor 67 000 Jahren auf einer 
Philippinen-Insel. »Hobbits« waren offenbar häufiger als gedacht.

Callao-Höhle auf Luzon, der größten philippinischen Insel

• Homo luzonensis
• Skelett past weder zu H. sapiens noch H. erectus, eher zu Australopithecus-Arten, 

vormenschlichen Paranthropus-Arten, auch zu Homo habilis
• Wurde die Insel Luzon seit 700 000 Jahren von Menschen bewohnt?
• Hat damals jemand ein Nashorn mit Steinwerkzeugen zerlegt?
• das Gehirn des 1 m großen Luzon-Menschen ca. so groß wie das des Flores-Menschen 
• Hirnvolumen ca. Schimpansen-groß
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Denisovans

02.04.19, 09)01We may have bred with Denisovans much more recently than we thought | New Scientist
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People in Papua New Guinea have some Denisovan DNA

We may have bred with Denisovans much more
recently than we thought

6

HUMANS 1 April 2019

By Clare Wilson

SUBSCRIBE AND SAVE 64%

 

Menschen in Papua Neuguinea 
haben  5% Denisova DNA 

Kreuzungen mit Denisova-Mensch noch bis vor 15.000 Jahren
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Art oder 
Mischung 
Mensch?
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Was ist der Mensch?

• Genetisch, anatomisch, geografisch ein Mischwesen
• Wer war der Papa (von H. sapiens)? 

– H. heidelbergensis, H. antecessor, H. rhodesiensis, H. erectus?

• Das Pendel schwingt hin und her 
– Zwischen panafrikanischem und lokalem Ursprung

• In uns gibt es viel Geister-DNA
– Durch spätere Hybridisierungen?

• Mit uns und neben uns lebten lange Zeit einige andere 
Menschenformen

• Warum sind sie alle verschwunden
– Assimilation oder Verdrängung (oder gar Ausrottung)?

• Was trieb die Entwicklung des modernen Geistes an? 
– eine technologische Revolution?
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Was ist der Mensch?

• Werkzeuge

• Imitation 

• Kultur

• Sprache

• (Selbst)bewußtsein

• Zeitreisen

• Planen

(vor allem im Unterschied zu Tieren)

• Logik

Kunst

Zivilisation

Moral

Ethik

Gewissen

Religion
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Werkzeuge



Homo rudolfensis Homo habilis Homo ergaster

Ludwig Huber – Was ist der Mensch? 18.10.2012
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Die ersten Steinwerkzeuge
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als während einer weltweiten Klimaveränderung afrikani-
sche Waldgebiete zu Grassavannen wurden. Die alten 
Nahrungsquellen der damaligen Homininen schwanden. 
Nur wer sich umstellte und an die neue Umwelt anpassen 
konnte, überlebte. Zum einen entstanden damals die so 
genannten robusten Australopithecinen mit kräftigen Kie- 
fern und großen Backenzähnen. Sie vermochten harte und 
faserreiche Pflanzen gut zu kauen. Zum anderen, so das 
etablierte Bild, kam unsere eigene Gattung – Homo – auf. 
Diese ersten Menschen besaßen bereits ein größeres 
Gehirn und erfanden Steinwerkzeuge. Mit denen erschlos-
sen sie sich ein recht breites Nahrungsspektrum. Ihnen 
wurde nun das Fleisch der zahlreichen Savannentiere 
zugänglich. Diese nahrhafte Kost kurbelte vermutlich die 
Hirnzunahme weiter an. Damit stieg auch ihre Intelligenz, 
so dass sie noch besseres Werkzeug schufen. Kurz, Hirn-
wachstum und Innovationen steigerten sich gegenseitig. 
Die robusten Australopithecinen waren vor etwa einer 
Million Jahren wieder verschwunden, während Angehöri-
ge unserer Gattung schon weit in der Welt herumgekom-
men waren. 

Aber stimmt dieses Szenario? Oder muss die Mensch-
heitsgeschichte völlig umgeschrieben werden? Nicht nur 
sind die Steinwerkzeuge von Lomekwi mit 3,3 Millionen 
Jahren viel zu alt, um von einer frühen Menschenart 
erschaffen worden zu sein. Auch dass erst ein Klimawan-
del unsere Vorfahren kreativ werden ließ, würde nicht 
mehr passen, denn der setzte später ein. Allerdings ist 
noch längst nicht sicher, ob diese frühen Steingeräte 
tatsächlich zur Fleischversorgung genutzt wurden. Denn 
bislang fehlen an der Fundstelle jegliche Hinweise darauf – 
etwa typische Schnittspuren an Tierknochen. 

Vor allem bereitet es den Forschern Kopfzerbrechen, 
dass die nächstältesten gefundenen Werkzeuge viele 

AUF EINEN BLICK
EINE THEORIE WANKT

1  Die frühesten angefertigten Steinwerkzeuge sollen  
3,3 Millionen Jahren alt sein. Doch Menschen erschie-
nen erst viel später auf der Bildfläche.

2  Das Szenario vor und zu Beginn der Menschen- 
evolu tion dürfte komplexer ausgesehen haben als 
bislang geglaubt. 

3  Womöglich haben Forscher bisher den Stellenwert  
der Gehirnvergrößerung und der menschlichen Hand 
für die Werkzeugherstellung überschätzt.

Im Juli 2016 besuchte die Autorin Lomekwi 3 (rechts). Hier 
fanden die Forscher in unberührten Sedimenten die bisher 
ältesten Steinwerkzeuge von Homininen. Die Mitarbeiter 
prüfen jedes kleine Steinfragment auf mögliche handwerkliche 
Anzeichen (oben).

anthropologe Jason Lewis, zusammen mit ihrem Forscher-
team die Entdeckung von 3,3 Millionen Jahre alten Stein-
werkzeugen bekannt gaben (siehe Spektrum Juli 2015, S. 14). 
Das wären bislang mit Abstand die frühesten bearbeiteten 
Steingeräte. Vor allem stellte der Befund die etablierte 
Vorstellung in Frage, nach der erst frühe Menschen, also 
Vertreter der Gattung Homo, dergleichen zu Wege ge-
bracht hatten – die damals allerdings noch lange nicht 
existierten. Wer hatte die Objekte dann aber geschaffen? 

In dieser Feldkampagne, die ich besuche, bemühen sich 
die Wissenschaftler zunächst um mehr Beweise für ihre 
These. Sie graben nach weiteren Überresten von uraltem 
Steingerät, vor allem, um damit die Altersbestimmung 
abzusichern. Auch das Stück in Harmands Hand ist ein 
neuer Fund. Im Grunde handelt es sich um Abfall: einen 
Splitter, der anfiel, als jemand zwei Steine gegeneinander-
schlug, um eine scharfe Kante zu erhalten. Das kleine 
Fragment scheint später nie im Wasser abgeschliffen 
worden zu sein. Alles spricht dafür, dass die Ablagerungs-
schicht, aus der es stammt, in all den Jahrmillionen unbe-
rührt blieb, was die zeitliche Zuordnung erleichtert. Nun, 
da die Ausgräber die Zone mit den Artefakten erreicht 
haben, heißt es äußerst sorgsam vorgehen. »Pole pole«, 
mahnt Harmond auf Suaheli – ganz langsam. 

Bisher hielten Paläoanthropologen das Anfertigen von 
Steingeräten für eine Schlüsseleigenschaft, die zum evo-
lutionären Erfolg des Menschen führte. Denn Gebrauch 
und sogar Herstellung von Werkzeug finden sich zwar 
auch im Tierreich. Doch allein der Mensch formt Gestein 
oder an deres sehr hartes Material für seine Zwecke.  
Überdies entwickelt nur er Innovationen weiter und stei-
gert mit grundlegenden Neuerungen immer wieder die 
Komplexität seiner technischen Ausstattung. Der Primato-
loge und Archäologe Michael Haslam von der University 
of Oxford bringt das auf den Punkt: »Wir scheinen die 
einzige Entwicklungslinie darzustellen, die sich ganz und 
gar der Technologie verschrieben hat. Für uns ist sie  
nicht einfach ein Hilfsmittel. Vielmehr gehört sie zu uns 
wie ein Körperteil.« 

Nach gängiger Auffassung fing unsere Technikabhän-
gigkeit im Zeitraum vor zwei bis drei Millionen Jahren an, 
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hunderttausend Jahre jünger sind. Daher lässt sich nicht 
einmal eine Verbindung zwischen den behauenen Steinen 
von Lomekwi und der späteren technologischen Entwick-
lung erkennen. Im Augenblick sieht es demnach nicht 
unbedingt so aus, als ob die Fähigkeit, Steinwerkzeuge 
herzustellen, überhaupt ein entscheidendes Moment in der 
Menschwerdung gewesen wäre. 

Wieder einmal müssen die Paläoanthropologen  
und Archäologen ihre Lieblingsthesen überdenken 
Die Funde von Lomekwi werfen frische Fragen auf: Wann 
und wie erwarben Homininen wohl das geistige und 
physische Rüstzeug, um sich Steingeräte vorstellen und 
sie fertigen zu können – sowie die Voraussetzungen dafür, 
solches Wissen weiterzugeben? Sollte dergleichen in 
mehreren ihrer Linien vorgekommen sein, erschiene die 
Menschenevolution in einem neuen Licht. 

Das Camp der Forscher liegt eineinhalb Kilometer von 
Lomekwi 3 entfernt. Als die meisten Mitarbeiter in aller 
Frühe mit zwei Jeeps zur Grabungsstelle aufbrechen, bleibt 
Hélène Roche zusammen mit mir zurück. Die inzwischen 
emeritierte Paläoarchäologin war Direktorin am CNRS 
(Centre national de la recherche scientifique) in Paris. Über 
viele Jahre hat sie Ausgrabungen und Forschungen in ver- 
schiedenen insbesondere ostafrikanischen Ländern über 
früheste Steinwerkzeugtechnologien durchgeführt. 17 Jah- 
re lang trug sie die Verantwortung für die Arbeiten am 
Turkanasee, bis sie 2011 die Leitung an Harmand und Lewis 
übergab. Gerade besucht sie beide für ein paar Wochen. 

Sie blickt zurück: »In meiner ersten Zeit in der Archäolo-
gie mussten wir uns an den Gedanken gewöhnen, dass 
die Steingeräte von Olduvai in Tansania 1,8 Millionen Jahre 
alt sein sollten.« 1964 verkündete der Paläoanthropologe 
Louis Leakey (1903–1972), in Verbindung zu jenen bis da- 

hin ältesten bekannten 
Steinartefakten habe man 
jetzt Fossi lien von vermut-
lich sehr frühen Angehöri-
gen der Menschengattung 
gefunden. Leakey glaubte, 
dass die Knochenversteine-
rungen von einer Men-
schenart stammten, die er 
Homo habilis nannte: ge - 
schickter Mensch. Es sah 
so aus, als ob die Erfindung von Steinwerkzeugen mit der 
Evolution unserer Gattung zusammenhing. 

Doch bald tauchten erste Hinweise darauf auf, dass die 
so genannte Oldowan-Technologie um einiges älter war  
als die Menschengattung. In den 1970er Jahren entdeckte 
Hélène Roche als Doktorandin in Gona (Äthiopien) Arte-
fakte, die ein Team um den Archäologen Sileshi Semaw 
später auf ein Alter von 2,6 Millionen Jahren datierte. 
Semaw stammt aus Äthiopien und arbeitet am spanischen 
Centro Nacional de Investigación sobre la Evolución Hu-
mana in Burgos. Leider fanden sich in dem Zusammen-
hang keine Fossilien von Homininen. Semaws Team hält 
es für möglich, dass Australopithecus garhi die Artefakte 
herstellte, denn in der Nähe gab es Überreste dieses 
Vormenschen. Die meisten Fachkollegen glaubten jedoch 
nicht daran. So große Fertigkeit trauten sie nur einem 
frühen Menschen zu – obwohl man bis dahin lediglich 
2,4 Millionen Jahre alte menschliche Fossilien kannte. 
Immerhin kam 2013 in der Afar-Region in Äthiopien ein 
Unterkieferfragment zu Tage, das in manchem menschen-
ähnlich erscheint und 2,8 Millionen Jahre alt sein könnte. 

Die Artefakte von Gona wirken allerdings schon so pro- 
fessionell und der Produktionsprozess erscheint derma- 

Lomekwi 3 

Turkanasee

KENIA

Turkanasee
Lomekwi 3 
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able to deliver sufficient intentional force to repeatedly detach series of
adjacent and superposed unidirectional flakes, sometimes invasive,
and then to continue knapping either by laterally rotating the cores
or by flipping them over for bifacial exploitation. However, though
multiple flakes were successfully detached, the majority of flake scars
terminate as hinge and step fractures. The precision of the percussive
motion was also occasionally poorly controlled, as shown by repeated
impact marks on core platforms caused by failed blows applied too far
from the striking platform edge to induce fracture. LOM3 lithics
(cores and flakes) are significantly larger in length, width, and thick-
ness than those from OGS7, EG10 and EG12 at Gona, A.L. 894 at
Hadar, and Omo 57 and Omo 123 in Ethiopia; Lokalalei 2C from
West Turkana, Kenya; and DK and FLK Zinj from Olduvai Gorge in
Tanzania (Extended Data Table 2). Furthermore, the LOM3
anvils and percussors are larger and heavier than those chosen for

nut-cracking by wild chimpanzees in Bossou41 (southeastern Guinea;
Extended Data Table 3). The dimensions and the percussive-related
features visible on the artefacts suggest the LOM3 hominins were
combining core reduction and battering activities and may have used
artefacts variously: as anvils, cores to produce flakes, and/or as pound-
ing tools. The use of individual objects for several distinctive tasks
reflects a degree of technological diversity both much older than
previously acknowledged and different from the generally uni-
purpose stone tools used by primates24,25. The arm and hand motions
entailed in the two main modes of knapping suggested for the LOM3
assemblage, passive hammer and bipolar, are arguably more similar to
those involved in the hammer-on-anvil technique chimpanzees and
other primates use when engaged in nut cracking42–44 than to the
direct freehand percussion evident in Oldowan assemblages. The
likely prevalence of these two knapping techniques demonstrates

a

b

c

d

2

1

1
2

10cm

10cm

10cm

5cm 5cm

Figure 4 | Photographs of selected LOM3
artefacts. a, In situ core (LOM3-2011-I16-3,
1.85 kg) and refitting surface flake (LOM3-2011
surf NW7, 650 g). Unifacial core, passive hammer
and bipolar technique. Both the core and the flake
display a series of dispersed percussion marks on
cortex showing that percussive activities occurred
before the removal of the flake, potentially
indicating the block was used for different
purposes. b, In situ unifacial core (LOM3-2012-
H18-1, 3.45 kg), bipolar technique. See Extended
Data Fig. 6b for more details. c, Unifacial core
(LOM3-2012 surf 71, 1.84 kg), passive hammer
technique. d, Flakes (LOM3-2012-J17-3 and
LOM3-2012-H17-3) showing scars of previous
removals on the dorsal face. See Supplementary
Information part F for 3D scans of lithic artefacts.
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surface and has clear microstriations, consistent with stone-tool cut
marks and a scraping motion. DIK-55-3 has other high-confidence
stone-tool-inflicted marks, and there is at least one mark (mark I) of
uncertain agency (Supplementary Information). This specimen does
not have any notches of the type that are sometimes associated with
hammerstone percussion on long bones8–10, but this may be owing to
post-depositional breakage of the edges that removed such notches.

The cut marks demonstrate hominin use of sharp-edged stone to
remove flesh from the femur and rib. The location and density of the
marks on the femur indicate that flesh was rather widely spread on
the surface, although it is possible that there could have been isolated
patches of flesh. The percussion marks on the femur demonstrate
hominin use of a blunt stone to strike the bone, probably to gain
access to the marrow. The external surfaces of ribs have thin sheaths
of flesh, so the scraping marks on the fossil rib suggest stripping off of
these sheaths.

The presence of stone-tool-modified bones and by implication the
use of stone tools at Dikika by 3.39 Myr ago greatly increases the
known antiquity of this behaviour. The earliest demonstration of
stone tool production known thus far is after 2.6 Myr ago at several

localities in Ethiopia and Kenya1,11–14. It is not possible to demon-
strate from the modified bones whether the stone tools were knapped
for this purpose or whether naturally occurring sharp-edged stones
were collected and used. No stone artefacts or sharp-edged stones
were found in association with the bones at DIK-55. However, stone
tool production and consequently archaeological accumulations are
not expected at this locality given the sedimentary environment
characterized by the palaeo-Awash River emptying into a nearby
lake3,4. In this relatively low-energy depositional environment, clasts
suitable for stone tool production are not present (few particles larger
than fine gravel, 8 mm diameter). Within the exposed SH Member, the
distance from DIK-55 to cobble-sized raw materials (.64 mm) is
,6 km (at Gorgore; Fig. 1). Thus, in this instance the absence of
evidence for stone tool production in the immediate vicinity of the
cut-marked bones may reflect landscape-level raw material constraints.

The bones presented here are the earliest evidence for meat and
marrow consumption in the hominin lineage, pre-dating the known
evidence by over 800 kyr2. Pending new discoveries, the only hominin
species present in the Lower Awash Valley at 3.39 Myr ago to which
we can associate this tool use is A. afarensis5,15. Whether A. afarensis
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Figure 1 | Geographic and stratigraphic location of DIK-55. a, Map of a
portion of the Dikika Research Project area showing DIK-55 (modified bone
locality), DIK-1 and DIK-2 (hominin localities), and relevant faults and
sections. b, Detailed map showing the position of the DIK-55 and
surrounding palaeontological localities. c, A composite stratigraphic column
of the Andedo drainage and surrounding Simbledere region showing the
position of the modified bones at DIK-55. Stratigraphic scaling of marker
units (SH-o, SH-g, SH-lm and B-g) are based on 40Ar–39Ar ages of the Sidi
Hakoma Tuff (SHT) and TT-4 recalibrated to reflect an updated age of the

Fish Canyon Sanidine standard28. Stratigraphic scaling between these two
radiometrically dated tuffs provides a sedimentation rate of 427.8 m Myr21,
which is applied to the ages of the Basal gastropodite (B-g), Sidi Hakoma
limestone (SH-lm), DIK-1 excavation, Sidi Hakoma gastropodite (SH-g)
and Sidi Hakoma ostracodite (SH-o). These stratigraphically scaled ages are
consistent with a correlation to the position of the Kada Damoumou Basalt
,3.3 Myr ago and the lowermost boundary of the Mammoth
palaeomagnetic subchron within the Gauss chron (Mam_b.; chron 2An.2r at
3.319 Myr ago29; both are recorded elsewhere in the Hadar Formation28,30 ).
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Auch in Dikika in Äthopien: Knochen zeigen
eindeutige Stein-Werkzeug-Schnittmarken
für die Entfernung von Fleisch (> 3,39 Myr)
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Goodall J. 1998. Learning from the chimpanzees: A message humans can understand. Science 282: 2184–2185. 

Dr. Louis Leaky:
“Now we must redefine tool, 

redefine Man, or accept 
chimpanzees as humans”
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Werkzeug-Gebrauch
Im Tierreich

Shumaker, R. W., Walkup, K. R., & Beck, B. B. (2011). Animal tool behavior the use and manufacture of tools by animals. Johns Hopkins Univ Press.
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Steinzeit

Proffit et al. (2016) Wild monkeys flake stone tools. Nature

Haslam et al. (2017) Primate archaeology evolves. 
Nature Ecology & Evolution

Gumert et  al. (2012) Marine prey processed with stone tools
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Multi-purpose tools
Purpose Examples

Extending reach Sticks to bring food to within reach

Sticks to knock down fruit

Probing into inaccessible 
areas

Stems/blades of grass for termites

Sticks for dipping into bee hives

Weapons and display of 
aggression

Shaking branches to intimidate others

Throwing stones to intimidate or injure others

Sticks as clubs to hit others

Amplification of force Stones and anvils for nut-cracking

Sticks to lever open logs or termite mounds

Sponging up liquids Chewed up leaves as sponges to soak up water

Leaves to wipe fecal material or blood from body Pruetz & Bertolani (2007) Savanna Chimpanzees
Hunt with Tools. Current Biology 17, 412–417 
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Schaik, C.P., Fox, E.A., Sitompul, A.F. (1996). Manufacture and use of tools in wild Sumatran orangutans. Naturwissenschaften, 83(4), 186-188.

Orangutan from Borneo using a spear tool to fish
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Auch Vögel!

Hunt, G. R. (1996). Manufacture and use of hook-tools by New 
Caledonian crows. Nature, 379, 249-251. 

Weir, A. S., Chappel, J., & Kacelnik, A. (2002). Shaping of hooks
in New Caledonian crows. Science, 297, 981. 

Auersperg, Gajdon & Huber (2010). Kea, Nestor notabilis, 
produce dynamic relationships between objects in a second-
order tool use task. Animal Behaviour, 80(5), 783-789.
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Werkzeug-Herstellung

A tapered, multi-step tool is the best: stiff and easy to hold at 
the top, more flexible in the middle, and narrow at the tip.

Hunt, G.R. (1996). Manufacture and use of hook-tools by New 
Caledonian Crows. Nature 379, 249–251. 

Hunt, G. R., & Gray, R. D. (2004). The crafting of hook tools by
wild New Caledonian crows. Proc Roy Soc B, 271(0), S88-S90. 
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Haken machen

innovative
deliberate
specific

Weir, A. S., Chappel, J., & Kacelnik, A. (2002). Shaping
of hooks in New Caledonian crows. Science, 297, 981. Klump, B. C., Sugasawa, S., St Clair, J. J., & Rutz, C. (2015). Hook tool

manufacture in New Caledonian crows: behavioural variation and the
influence of raw materials. BMC biology, 13(1), 97.
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Goffini-Kakadus

Auersperg et al. (2012) Current Biology
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Following up the marginal effect of session on overall tool lengths revealed a significant pos-
itive correlation (τ = 0.15, p< 0.001), indicating increasing tool length in consecutive sessions
(see Figure C in S1 File).

Analysis of the number of tools that were not adjusted in length (using maximum length
tools) in different distance conditions revealed a significant effect of distance to the reward
(GLMM: χ2(1) = 8.1, p = 0.004). In the near condition, significantly fewer 200mm tools
were employed (M = 2.9 ± 0.27 SEM) than in the far condition (M = 4.2 ± 0.28 SEM;
GLMM: β = -0.38, SE = 0.13, p = 0.005; see Fig 4). Group and session revealed no significant
effects.

On average, significantly longer tools than the distance to the reward were employed in
each condition (near: M = 163.7 mm ± 3.9 SEM, p< 0.001; width: M = 177.3 mm ± 2.3 SEM,
p< 0.001, far: M = 181.7 mm ± 3.1 SEM, p< 0.001).

Relation between first and second tools

Linear mixed models regarding the length of first and second employed tools (including
max size tools) in only unsuccessful first attempts, revealed a significant sequential effect

Fig 4. Average number of tools with maximum size (200 mm) employed in the far condition (food distance 160 mm) and the near
condition (distance to food 40 mm) with small holes; bold horizontal lines indicate median values, boxes span the first to third quartiles
and whiskers represent 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0205429.g004

Cockatoos adjust the lengths but not the widths of their tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0205429 November 7, 2018 10 / 16

Herstellungsgenauigkeit

discussed with and approved by the institutional (University of Veterinary Medicine, Vienna)
ethics and animal welfare committee in accordance with good scientific practice guidelines
and national legislation. We would like to add that since none of our birds were clipped, par-
ticipation in the experiment was voluntary. Either the experimenter entered the group aviary
and asked the subject to step up on the hand in order to bring it into the experimental com-
partment, or the door to the testing compartment was opened and the respective bird was
called in by name. We did not have motivational problems in this study.

Apparatus

The apparatus was a long rectangular and transparent box (see Fig 1 for dimensions) bearing a
reward platform fixated on a sliding (slanted) plate. The sliding plate, as well as the Plexiglas
front were exchangeable. The reward platforms on the sliding plate could be positioned at
three different distances (4, 10 and 16 cm) from the frontal hole in the box and the frontal hole
came in three different diameters (1; 1,5 and 2 cm ;). The apparatus was attached to a heavy
wooden board (35 x 35 cm) to prevent the birds from tilting it over. A cardboard sheet (train-
ing: “Bristolkarton” 15 x 6 cm; thickness: 1,0 mm; testing: “Finnpappe”, 20 x 6 cm, thickness:
1,0 mm) was placed in front of the apparatus.

Fig 1. Basic apparatus with exchangeable fronts and platforms (dimensions in mm).

https://doi.org/10.1371/journal.pone.0205429.g001

Cockatoos adjust the lengths but not the widths of their tools

PLOS ONE | https://doi.org/10.1371/journal.pone.0205429 November 7, 2018 5 / 16

Auersperg, Köck, O’Hara & Huber (2018) PLoS ONE

Average number of tools with
max. size (200 mm) employed

far condition
(160 mm)

near condition
(40 mm)
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Laumer et al., (2017) Proc R Soc B

Bending UnbendingHabituation

Haken machen

Beck et al., 2011; Cutting et al., 2011

Bird & Emery, 2009
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Wissensweitergabe

after that five testing sessions preceded by MFE. A session lasted
up to 15 min or until the food was retrieved (labelled a ‘success’).
Upon a first success subjects received up to nine further trials
within the same session, with number of trials contingent on the
observed events, as explained later. In order to maintain attention,
subjects were rewarded with a small piece (approx. 1/8) of a
cashew nut each time Figaro started to eat in full demonstrations
or in MFEs, or after the food had exited the grid in MTEs.

(c) Apparatus and procedure (tool manufacture)
Two subjects that had succeeded in retrieving food with the pro-
vided tools were tested on a manufacture task. The same basic
apparatus was used, but no suitable potential ready-made tools
were available. Instead, a block of larch wood (0.5 cm deep,
18.0 cm long, 6.5 cm wide) was present alongside the apparatus.
Subjects were first tested in this situation in sessions lasting up to
15 min, stopping upon success.

One subject (Dolittle) started to manufacture tools in his fourth
session (see Results), but the other (Kiwi) did not, and after his fifth
session was exposed to an additional session preceded by three
tool-making demonstrations by Figaro.

If a subject started to make and use tools, it received up to nine
more trials within the same session (provided it kept succeeding).
Testing ended after two successful sessions totalling 20 consecutive
successful trials.

(d) Analysis
All sessions were videotaped and analysed from the videos. For
each social transmission of tool-use session, we recorded the
number of times the potential tools were picked up, the durations
of contact between tool and the front wire grid, and whether the

subject was successful in raking in the nut using the tool. As trial
duration varied, all counts were analysed per minute of trial
time. In successful sessions (which incorporated more than one
trial), we calculated an average across trials. We used a general-
ized linear mixed model in IBM SPSS to control for the effects of
‘sex’ and ‘treatment’. As it was evident from the raw data that
there was no possible significant difference in performance
between either of the two experiences of the control group,
‘order’ was not added to the model; see the electronic sup-
plementary material, §4. ‘Subjects’ were entered as a random
effect [28]. As the data did not meet the criteria for parametric
analysis, non-parametric statistics were used for post hoc testing.
In the manufacture task, we recorded the number and size of all
pieces of wood (stripped from the larch block) that were com-
bined with the grid, the time taken to manufacture successful
tools and to retrieve the food, and which pieces of wood were
successfully used to retrieve the reward.

As there were two people scoring the videos in equal parts (S.W.
and A.S.), 20% of the data were randomly selected and re-analysed
for inter-observer reliability (Pearson’s correlation coefficient
of more than 96% for all parameters measured). We used
non-parametric, two-tailed statistics and the Bonferroni–Holm
method to correct for multiple comparisons.

3. Results
(a) Effects of demonstration on tool-oriented behaviour
In the in-private baseline trial preceding the experiment,
some of the birds picked and moved the potential tools,
and sometimes placed them in contact with the front grid,
but none of them aimed the potential tools towards the

observe Figaro’s tool use

observer

(i)

experience 1: ‘ghost’ tool rakes in
reward; no conspecific present

Demo group

Control group

set-up test

experience 2: ‘ghost’ food moves
into Figaro’s reach (without tools)

(ii)

(b)

(c)

(a)

cage

demonstrator

out-of-reach food

five tools

apparatus

table

chair

Figure 1. (a) The three kinds of demonstration. (i) Demo group, with Figaro using the tool to rake in and eat the food; (ii) Control group, experiencing first a
magnetically controlled ‘ghost’ tool raking in the food out of the apparatus, and later the magnetically controlled ‘ghost’ food item moving towards Figaro and
being consumed by him. (b) Plant view of the set-up. The observer is inside a cage, facing the obliquely placed food-containing apparatus. During demonstrations, a
tool-using cockatoo (Figaro) is released on the table, where he reliably uses a tool to extract the food. (c) A subject being tested. Food is inside the apparatus, out of
the subject’s reach, and five potential tools (13 cm) are available.

rspb.royalsocietypublishing.org
Proc.R.Soc.B

281:20140972
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Although none of the females succeeded and seemed less
motivated than the males towards the task, those in the Demo
group made some progress (electronic supplementary material,
§4), while the Control females did not. One of them kept push-
ing the stick horizontally on the floor along the grid with
enough force to occasionally break it against the wires.

(c) Tool manufacture
One of the three observers that succeeded in using the provided
tools, Pipin, started to display reproductive behaviour, and
could not be separated from his mate for testing any further.
Another (Dolittle) spontaneously made and used a tool in the
fourth manufacturing session (where tools were not provided
but a block of larch wood was available), having seen no man-
ufacturing demonstration. This bird continued making and
using the resulting tools for 20 consecutive trials after his first
success. The third subject (Kiwi) did not make a tool or retrieved
the food within five sessions and was then exposed to manufac-
turing demonstrations by Figaro (electronic supplementary

material, §3 and movie S2). He made a tool and used it efficiently
after a single demonstration session and repeated this success-
fully for 20 consecutive trials after that (see successful tools in
figure 4 for both subjects).

Dolittle and Kiwi sometimes lost manufactured splinters
after inserting them underneath the grid. In such cases, they
often made and inserted fresh ones, making up to seven (elec-
tronic supplementary material, §5) before food retrieval in one
case. This occasionally resulted in instances of sequential tool
use, using a newly made tool to retrieve an earlier one lying
out of reach underneath the grid, and using the latter to
obtain the reward. This happened in one incident with Dolittle
and in seven with Kiwi. In one of these cases, Kiwi used one
tool to retrieve a second one, then used the latter to retrieve a
third one and finally used this third tool to retrieve the food.
In this case, all three tools were of approximately the same
length (16.8, 16.9, 17.0 cm, respectively). Both subjects modi-
fied the tool once by removing bits that were sticking out,
after having had problems inserting it through the grid. In
four cases, Dolittle made splinters that were obviously too

Figaro(a)

(b) Dolittle, Kiwi and Pipin

Figure 3. (a) Figaro uses the tool as a rake, adjusting the functional end to the changing position of the food reward (b) Dolittle, Kiwi and Pipin (left to right,
respectively) use the tool as a lever, inserting it along the bottom slot, and swinging the tool laterally, pushing the reward sideways out of the box with a quick
flipping movement.
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Figure 4. Manufactured tools in trials 1 – 10 (T1 – T10) used to successfully retrieve the food reward in (a) Dolittle’s and (b) Kiwi’s two successful sessions. (Online
version in colour.)
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Was ist der Mensch?

• Werkzeuge

• Imitation 

• Kultur

• Sprache

• (Selbst)bewußtsein

• Zeitreisen

• Planen

(vor allem im Unterschied zu Tieren)

• Logik

Kunst

Zivilisation

Moral

Ethik

Gewissen

Religion
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Imitation und Kultur

• Seit über einem Jahrhundert ist bekannt, 
dass Imitation eine Art von nicht-
genetischer Wissensweitergabe darstellt

• und es das Potential hat, Kultur zu 
unterstützen:

• Diese Fragen haben eine besondere 
Bedeutung beim Vergleich von Imitation 
von Kindern und Schimpansen (Tennie et 
al. 2009; Whiten et al. 2009).

• Allgemeiner Konsens: Imitation muss ein 
hohes Maß an Kopiergenauigkeit (copying
fidelity) aufweisen und Lernen (neues
Verhalten) beinhalten

40
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„Rationale“ Imitation
• Menschen verstehen, dass ein Akteur 

verschiedene Möglichkeiten zur Auswahl 
hat, um ein Ziel zu erreichen

• und verstehen, warum er eine bestimmte 
Möglichkeit wählt, da es die Umstände
erfordern

• Imitation ist so besonders, weil es 
intentionale Kontrolle erfordert 

• dadurch ist sie beteiligt bei der 
kulturellen Evolution

• die Weitergabe von kulturellem Wissen 
erfordert, dass der Schüler erkennt, 
welche Information selektiv zu imitieren 
und zu behalten ist 

• Imitation ist ein interpretativer 
(rationaler) Prozess

Imitation

Emulation

Gergely, G., Bekkering, H., & Kiraly, I. (2002). Rational 
imitation in preverbal infants. Nature, 415(6873), 755. 
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Selektive Imitation bei Hunden

Selektive Imitation ist nicht menschenspezifisch!

Hunde (und Schimpansen) zeigen es auch

Gergely et al. (2002) Nature Range, Viranyi & Huber (2007) Curr Biology

dies passiert aber nur im kommunikativen
(lehrenden?) Kontext Viranyi & Range 

(subm.)

ns.

Range, F., Viranyi, Z., & Huber, L. (2007). Selective
imitation in domestic dogs. Current Biology, 17, 1-5.
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Das Mysterium der “Überimitation”

Horner & Whiten (2005) Anim CognNielsen et al. (2010) Psychol Sci
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Huber et al. (2018). Learn & Behav

Overimitation Test

Relevant action
“Sliding door”

Irrelevant action
“Dots”

Demonstrator

Experimenter

Subject

Huber et al. (2020). Learn & Behav
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»Kultur kann als all das definiert 
werden, was von anderen gelernt wird 

und auf diese Weise immer wieder 
weitergegeben wird, wodurch sich 

Traditionen bilden, die von 
aufeinanderfolgenden Generationen 

weitervererbt werden können.«

Andrew Whiten (2021) The burgeoning reach of animal culture. Science 2 April 2021
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Imos Innovationen auf Koshima

J. Fisher, R. A. Hinde (1949) The opening of milk bottles by birds. Br. Birds 42, 347–357.
Kawai, M. (1965) Newly acquired pre-cultural behaviour of the natural troop of Japanese monkeys on Koshima Islet. Primates 6, 1–30.
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39 Verhaltensmuster als kulturelle Varianten an 7 Stellen in 
Afrika identifiziert (regionale Unterschiede ausgeschlossen)

48
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Schimpansen-
Kultur

„die Menschheit hat 
eine verhängnisvolle 
Neigung, »goldene 
Schranken« zu 
errichten, die uns vom 
übrigen Tierreich 
absondern.“

(Stephen Jay Gould, The 
New York Times, 
2.6.1999)

(Whiten et al., Nature, 
17.5.1999)

49
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Kultur

✓Verhaltensunterschiede zwischen Populationen (einer
Population gemeinsam, rar in einer anderen)

✓Evidenz für die Ausbreitung der Traditionen mit Hilfe von 
sozialem Lernen (inkl. Imitation und Unterweisung)

✓Isolation der Information (Resistenz gegen Veränderung in 
der Inkubationsperiode)

✓Kumulative Verbesserung (Wagenheber-Effekt)

50
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Kulturelle Vielfalt

REVIEW SUMMARY
◥

ANIMAL CULTURE

The burgeoning reach of animal culture
Andrew Whiten

BACKGROUND: Culture—the inheritance of an
array of behavioral traditions through social
learning from others—was once thought spe-
cific to humans. Recent and accumulating evi-
dence has shown that, to the contrary, culture
permeates the lives of a great diversity of ani-
mals, with far-reaching implications for evolu-
tionary biology, anthropology, and conservation.
Early evidence for animal culture emerged in
the mid–20th century in the discovery of re-
gional birdsong dialects and the spread of
provisioned sweet potato washing in Japanese
monkeys. Stimulated by these discoveries, long-
term studies of wild chimpanzees and orang-
utans later in the century revealed complex
cultures composed of multiple traditions span-
ning diverse aspects of apes’ lives, from tool use
to social and sexual behavior.
In part through the accumulation of further

long-term field studies, the present century

has witnessed an explosion in discoveries
about social learning and culture, not only in
primates but also in a rapidly growing range
of animal species, from cetaceans to a diverse
array of birds, fish, and even invertebrates.

ADVANCES: Novel experimental designs have
rigorously demonstrated the cultural trans-
mission and spread of behavioral innovations
introduced by researchers, both in the wild
and in labs. New statistical methods have de-
tected the signatures of behavioral innova-
tions as they spread through social networks,
identifying culture in species (e.g., whales) for
which experiments are impractical. Through
these and other methodological advances, the
reach of cultural learning is now known to
encompass an unexpected range of species,
with surprising new discoveries extending
even to insects, from bees to fruit flies.

The reach of culture has similarly been dis-
covered to span diversity in behavioral do-
mains, including foraging techniques, tool use,
vocal communication, social customs and pref-
erences for particular prey, migratory path-
ways, nesting sites, and mates. The revelation
that cultural inheritance permeates many spe-
cies’ lives is increasingly recognized to have
profound implications for evolutionary biol-
ogy at large, because it provides a second form
of inheritance that builds on the primary ge-
netic inheritance system, facilitating cultural
evolution. The two inheritance systems may
generate rich interactive effects, as they have
in humans.
A plethora of innovative experiments has fur-

ther identified an array of cognitive processes
involved in learning from others, ranging from
simple andubiquitous forms to specialized ones
such as imitation and teaching. These forms
of social learning have been shown to be fur-
ther refined through a variety of selective biases,
such as conforming to majorities or copying
particularly skilled elders.

OUTLOOK:UnitedNations bodies operating un-
der the aegis of international conventions have
recently recognized the importance of all that
has been discovered about animal cultures, for
conservation policies and practices. Among
spermwhales and chimpanzees, specific cultural
entities, as opposed to genetically defined units,
have been recognized as meriting conserva-
tion in their own right. This finding, in turn,
urges a greater focus on understanding cultural
phenomena in the wild. The task of rigorously
identifying social learning has relied heavily
on controlled experiments in captivity, but
field experiments are increasingly carried out.
These and other innovative methods to iden-
tify and trace animal cultures in the wild de-
serve to be developed and applied further to
wild populations.
The wealth of methodological advances and

empirical discoveries about animal cultures in
the present century provides an exciting foun-
dation from which to explore deeper ques-
tions. Do animal cultures evolve, cumulatively,
as human cultures have done so impressively
over past millennia? How profoundly does the
lifetime reach of culture in animals’ lives re-
shape our understanding of behavioral ecology
and the fundamentals of evolution at large?
How close are human and animal cultures now
perceived to be, and where do the principal
differences remain?▪
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Diversity in cultural species and behavioral domains. (A) After filial imprinting on the costumed human
pilot of a microlight aircraft, young cranes followed the flight path of this surrogate parent, adopting it
as a traditional migratory route. (B) Female fruit flies (left) that witness a male marked with one of two colors
mating (top right) later prefer to mate with similarly colored males. This behavior is further copied by
others, initiating a tradition. (C) Bighorn sheep translocated to unfamiliar locations were initially sedentary,
but spring migration and skill in reaching higher-altitude grazing grounds expanded over decades, implicating
intergenerational cultural transmission. (D) Groups of vervet monkeys were trained to avoid bitter-tasting
corn of one color and to prefer the other. Later, when offered these options with no distasteful additive,
both naïve infants and immigrating adult males adopted the experimentally created local group preference.
(E) Young meerkats learn scorpion predation because adults initially supply live prey with stingers removed
and later provide unmodified prey as the young meerkats mature. (F) A humpback whale innovation of
slapping the sea surface to refine predation, known as “lobtail feeding,” spread over two decades to create
a new tradition in hundreds of other humpbacks. For reference citations, see the full article. P
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ANIMAL CULTURE

The burgeoning reach of animal culture
Andrew Whiten

Culture can be defined as all that is learned from others and is repeatedly transmitted in this way,
forming traditions that may be inherited by successive generations. This cultural form of inheritance was
once thought specific to humans, but research over the past 70 years has instead revealed it to be
widespread in nature, permeating the lives of a diversity of animals, including all major classes of
vertebrates. Recent studies suggest that culture’s reach may extend also to invertebrates—notably,
insects. In the present century, the reach of animal culture has been found to extend across many
different behavioral domains and to rest on a suite of social learning processes facilitated by a
variety of selective biases that enhance the efficiency and adaptiveness of learning. Far-reaching
implications, for disciplines from evolutionary biology to anthropology and conservation policies, are
increasingly being explored.

C
ulture shapes our human lives profound-
ly, so much so that what it means to be
human (our behavioral repertoires, for
example) differs enormously between,
and sometimes within, the many differ-

ent regions of the planet occupied by our spe-
cies, aswell as across humanhistory. In the past,
it was thought that humans’ ability to have cul-
ture separates us from the rest of living systems
and the dynamic evolutionary forces that shape
them. Yet, a broader perspective recognizes that
culture is intimately embedded in evolutionary
biology because it incorporates a second inher-
itance system (social learning, or learning from
others) built on the foundations of the primary,
genetically based inheritance system (1, 2).More-
over, as recognized by Darwin himself (3) and
addressed in more recent theoretical and em-
pirical works (4–7), this can in turn engender
an elaboratedmanifestation of evolution: cumu-
lative cultural evolution, the results of which we
see in our technologies, languages, customs, and
virtually all aspects of human life (8).
Interactions between these two evolution-

ary systems create the complexities of spiral-
ing gene–culture coevolution (5, 6), the effects
of which have become increasingly apparent
as the fields of human genomics and cultural
evolution have progressed (9, 10).

The discovery of animal cultures: An endeavor
spanning seven decades

Though all of these manifestations of culture
have historically been thought specific to our
species, research in recent decades has re-
vealed that, in varied guises, they are shared
with a plethora of species and span a grow-
ing range of behavioral domains (2, 7).
Evidence of culture in nonhuman animals

(henceforth “animals”) first emerged from three

mid-20th-century discoveries. First, the inno-
vation in titmice of tearingmilk bottle tops to
drink the cream beneath was tracked from
a small number of initial UK centers as it
diffused across the country over the next
decade (11). Second, novel foraging behaviors
in Japanese macaque monkeys were likewise
tracked as they spread through kin networks
(12). Finally, the discovery of regionally vary-
ing birdsong dialects was coupled with labo-
ratory experiments to confirm the necessity
of learning from existing models, thus pro-
viding early evidence of vocal cultures in
animals (13). These beginnings were followed
by a steady stream of other examples in the
20th century, some based on naturalistic re-
cordings in nature and others on experiments
with captive populations, demonstrating social
learning and the diffusion of new traditions,
principally in a diversity of mammals, birds,
and fishes (2, 7, 14).
These studies typically demonstrated a sin-

gle tradition, as in the three examples outlined
above. Research on chimpanzees, by contrast,
accumulated evidence during the latter part of
the century that communities differed in mul-
tiple traditions, spanning a variety of behavior
patterns such as tool use, grooming styles, and
foraging techniques. By the turn of the cen-
tury, systematic collation of these records re-
vealed as many as 39 such cultural variants,
with different communities identifiable by dis-
tinctive arrays of traditions (15), echoing the
way human cultures are distinguished by ar-
rays of technologies, social customs, and diets.
This was soon followed by similar reports of
multiple-tradition cultures in orangutans (16)
and cetaceans [whales and dolphins (17)].
A rapidly expanding research literature in

the present century has revealed cultural
phenomena in a widening diversity of both
the species involved and the range of behav-
ioral domains implicated. Many such advances

have followed the accumulation of long-term
field records. For example, a humpback whale
foraging innovation called lobtail feeding was
traced from its origins in just 1 or 2 individuals
tomore than 600 others, through the collation
of 27 years of consecutive records (18). Exper-
imental designs that earlier typically focused
only on what one individual might socially
learn from another have been extended to
identify transmission chains in which a be-
havior spreads betweenmultiple individuals, a
core criterion for culture (19, 20) (Fig. 1). Such
“diffusion” experiments have naturally been
easier to engineer with captive subjects than
in the wild, but their power in reliably iden-
tifying a role for social learning has increas-
ingly been applied in the field. For example,
introduction into wild populations of pairs of
great tits trained to use either of two alter-
native foraging techniques demonstrated high
fidelity spread of whichever technique was
seeded, continuing into a subsequent season
(21). An alternative to training initial models
to perform novel behaviors has been to cross-
foster young, an approach particularly suited
to birds, as eggs can simply be swapped. The
adoptive species then provides natural models
who behave differently from what is normal for
the adopted chick species. Such cross-fostering
remains rare but has demonstrated social
learning of dietary preferences by blue tits
fostered by great tits and vice versa (22). In
cases for which diffusion experiments of these
different kinds are impractical (as, for exam-
ple, with whales), a range of sophisticated sta-
tistical techniques have been developed (14).
In the lobtail feeding example outlined above,
cultural transmission was revealed because
the behavior could be shown specifically to
spread along social networks, as a social learn-
ing hypothesis predicts (18).

The burgeoning reach of culture across animal
taxa and behavioral domains

Figure 2 offers illustrations of the reach of ani-
mal culture across both animal taxa and be-
havioral domains (23–38), adding to those
shown on the summary page (18, 39–43).
Identifying cultural transmission depends on

establishing a critical role for social learning,
and controlled experiments arguably offer the
most compelling option in scientists’ toolbox
to clarify this issue of causality. If we thus first
consider diffusion experiments of the kind
illustrated in Fig. 1, we find, in a survey of
the 34 such efforts published by 2008, that the
focus on primates and birds evident in the
field’s mid-20th-century origins persisted (19).
These experiments provided evidence of cul-
tural transmission of behavior in chimpanzees,
baboons, vervet monkeys, macaques, colobus
monkeys, pigeons, blackbirds, magpie-jays,
cowbirds, keas, and chickens (19). There was
also positive evidence from two species of fish:
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requirements varying from those generally
regarded as relatively simple to the relatively
complex. There is not enough space here to
offer a comprehensive analysis of these pro-
cesses; instead I offer examples from either
end of the array. At the more elementary
end, stimulus enhancement occurs when an
observer witnesses a model that focuses on
particular objects and subsequently adopts
the same focus. For example, bumble bees
that observedmodel bees on green or orange
flowers later visited those with the color they
had seen preferred (57). Such effects would
appear to require only the kind of associative
learning that is common across the animal

kingdom, but with the added factor of learn-
ing not from associations of events and re-
inforcements in relation to one’s own behavior,
but instead from those perceived in others’
actions. Thismay be themost widespread form
of social learning across numerous species
and behavioral contexts.
At the other end of the scale is the copying

of relatively complex behavioral routines, as
demonstrated in transmission chain experi-
ments with chimpanzees (58, 59). A recent
study discovered that each of 10 different
wild chimpanzee communities is character-
ized by a distinctive combination of action
elements used locally to fish for termites from

abovegroundmounds and subterranean nests,
the latter involving a tool set. A thick stick is
first used to make a long tunnel underground,
with a finer stem—its end first fashioned into
a more effective brush tip—then inserted to
fish out termites (60). The authors judged that
ecological factors could not explain the alter-
native methods adopted locally, and because
these involved specific bodily postures, it was
concluded that relatively high-fidelity bodily
imitation was implicated. This finding is con-
sistent with experimental studies showing that
chimpanzees may copy specific alternative
sequences of component actions that they wit-
ness (61) (Fig. 4). Nevertheless, the distribu-
tion of such forms of social learning among
animals has been, and continues to be, a focus
of debate in this field (56, 62, 63). Even bees
have been shown to be sophisticated in their
social learning. In one study, instead of simply
copying a demonstrator’s movement of an
object to a target, the bees flexibly created an
improved version of this action (64). This topic
is ripe for imaginative and taxonomically di-
verse studies to provide greater clarity in the
coming years.
The forms of social learning detailed in

Fig. 3 have been found to be supplemented
by a further range of modulating biases that
can refine their adaptive power. For example,
evidence of conforming to an option that
most members of a population have already
adopted (and thus likely tested already), itself
taking several different forms (65), comes from
birds (21), primates (42), and insects (40). A
recent review of such modulating influences
[i.e., transmission biases or social learning
strategies (50)] enumerates as many as 25 var-
iants, which include, as major categories, those
that are state based (e.g., copy when uncertain),
frequency dependent (e.g., copy majority, as
above), model based (e.g., copy high-rankers), or
content based (e.g., copy behavior seen to earn
highest payoff). Evidence has also accumulated
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Social learning
learning from others

Copying
copying what another 
individual does

Affordance learning
Learning about operating characteristics 
of objects or environment

Imitation
Copying the form of an action

May include matching:
shape, sequential 
structure, hierarchical 
structure, causal links, 
intentional links

About properties
About relationships
About functions (e.g., of tools)

Result emulation
Replicating the 
result(s) of an 
action

Goal emulation
Replicating the 
inferred goal(s) 
of an action

Object movement copying
Copying the form of a caused 
tool or other object movement

End-state emulation
Copying only the end or 
outcome of an action

Observational conditioning
Learning the positive or negative value of an object or event

Enhancement
Focusing attention on part of the environment

Imitative
much copied 

detail

Emulative
few elements 

copied

Stimulus enhancement
Focused on an object

Local enhancement
Focused on a location

Fig. 3. A taxonomy of social learning processes. In each example, something new is learned from one
or more individuals. The primary distinctions concern what is learned in this manner [for detailed dissections
of this and related taxonomies, see (14, 53–56)]. The array portrayed here displays an approximate
gradation from processes with low cognitive requirements at the bottom to those with higher requirements
above (see main text for further discussion).

Inner bolt
Outer bolt
Pull bolt
Handle

Pin
Spin pin
Poke bolt
Open lid

P

P P

P

P

P

P

P

P

H

H

H

H
H

H

H

H

H

L

L L

L

L

L

L

L
L

M M

M

Ob

Ob

Ob

M

Ob

Outer bolt
Inner bolt

Pin

Handle

Fig. 4. Experimental evidence for copying of behavioral sequences by four chimpanzees. A human model (M; upper graphic in each pair of sequences)
opened an “artificial fruit” box, removing bolts and a pin, which then allowed the model to disable a handle, after which a lid could be opened to gain a reward.
The model displayed different sequences composed of alternative forms of action, each of which were matched by chimpanzee observers (Ob; lower graphic in each
pair) beyond chance levels (61).
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most members of a population have already
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taking several different forms (65), comes from
birds (21), primates (42), and insects (40). A
recent review of such modulating influences
[i.e., transmission biases or social learning
strategies (50)] enumerates as many as 25 var-
iants, which include, as major categories, those
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»Kultur ist jene komplexe Einheit, die 
Kenntnisse, Glauben, Kunst, Recht, 
Moral, Sitten und Gebräuche und alle 
übrigen Fähigkeiten und 
Gewohnheiten umfasst, die vom 
Menschen als Mitglied seiner 
Gesellschaft erworben wurden.«

Edward Tylor (1871) Primitive Culture. London.
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her – was vermutlich die Stärke der sozialen Bindungen 
überprüfen soll.

Tiere machen auch »Erfindungen«. Bei diesem Wort 
denkt man vielleicht an den Buchdruck von Johannes 
Gutenberg oder ans World Wide Web, dessen Grundlage 
Tim Berners-Lee entwickelt hat. Tierische Innovationen sind 
nicht minder faszinierend. Mein Lieblingsbeispiel heißt 
Mike: Wie die Primatenforscherin Jane Goodall beobachte-
te, ersann der junge Schimpanse ein lautstarkes Imponier-
gehabe durch das Gegeneinanderschlagen von zwei leeren 
Benzinkanistern. Das schüchterte Mikes Rivalen derart ein, 
dass er in Rekordzeit auf der sozialen Leiter nach oben stieg 
und zum Alpha-Männchen wurde. Japanische Aaskrähen 
wiederum erfanden die Methode, Nüsse mit Hilfe von 
Autos zu knacken. Die Vögel können die harte Schalen von 
Walnüssen nicht mit ihrem Schnabel öffnen. Stattdessen 
legen sie die Früchte an einer Kreuzung auf die Straße und 
lassen Autos darüberfahren. Wenn die Ampel dann auf Rot 
springt, sammeln sie ihre Beute ein. Und eine Gruppe von 
Staren, die bekanntermaßen ihre Nester gern mit glänzen-
den Objekten verzieren, plünderte in einer amerikanischen 
Kleinstadt mit Vorliebe den Münzautomaten einer Auto-
waschanlage.

Solche Geschichten sind mehr als nur bezaubernde 
Anekdoten aus der Natur. Vergleichende Analysen zeigen, 
dass das soziale Lernen und die Innovationsfähigkeit von 
Tieren faszinierenden Gesetzmäßigkeiten unterliegen. Am 
wichtigsten ist dabei die Erkenntnis, dass innovative und 
nachahmungsfreudige Arten ein ungewöhnlich großes 
Gehirn besitzen – sowohl absolut als auch im Verhältnis zur 
Körpergröße. Der Zusammenhang zwischen Innovations-
fähigkeit und Hirngröße wurde ursprünglich bei Vögeln 
beobachtet, ließ sich später aber auch bei Primaten bestäti-
gen. Diese Befunde stützen die Hypothese des kulturellen 
Antriebs (cultural drive), die der Biochemiker Allan Wilson 

(1934–1991) von der University of California in Berkeley in 
den 1980er Jahren erstmals formuliert hat.

Nach Wilsons Ansicht verschafft die Fähigkeit, Probleme 
zu lösen oder die Neuerungen anderer nachzuahmen, dem 
Individuum einen Überlebensvorteil. Da solche Talente eine 
neurobiologische Grundlage besitzen, wird die natürliche 
Selektion ein immer größeres Gehirn begünstigen – ein sich 
selbst verstärkender Prozess, der zu dem gewaltigen Organ 
führt, dem der Mensch seine grenzenlose Kreativität und 
Kultur verdankt (siehe »Die Hypothese des kulturellen 
Antriebs«, S. 28).

Anfangs stieß Wilson mit seiner Argumentation bei 
anderen Wissenschaftlern auf Skepsis. Wenn Taufliegen 
mit ihrem winzigen Gehirn bereits bestens zur Nachahmung 
in der Lage sind, warum sollte die Selektion dann das 
verhältnismäßig riesige Denkorgan der Primaten hervor-
bringen? Dieses Rätsel blieb jahrelang ungelöst, bis eine 
Antwort aus unerwarteter Richtung kam.

Nicht mehr, sondern bessere Nachahmung
Um den besten Weg zum Lernen in einer komplexen, sich 
wandelnden Umwelt zu finden, ersannen meine Kollegen 
und ich 2010 ein Strategiespiel am Computer: In einer 
hypothetischen Welt konnten so genannte Agenten ver-
schiedenste Verhaltensweisen an den Tag legen, die jeweils 
einen unterschiedlichen Gewinn einbrachten. Die Aufgabe 
bestand darin, die besten Handlungen herauszufinden und 
dann zu verfolgen, wie sich diese veränderten. Die Agenten 
konnten entweder eine neue Verhaltensweise lernen oder 
eine zuvor erlernte anwenden, wobei das Lernen durch 
Ausprobieren oder durch Nachahmen anderer Individuen 
erfolgte. Der Ausgang dieses Computerturniers war höchst 
aufschlussreich: Die Leistung korrelierte stark mit dem Grad 
des sozialen Lernens. In der erfolgreichsten Lösung muss-
ten die Agenten nicht oft lernen, aber wenn sie es taten, 

Tradition und Kultur 
liegen in der Wiege der 
Menschheit. Hier weist 
ein Jäger der San in 
Namibia seine Kinder in 
die Geheimnisse der 
Jagd ein.
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mitierender bzw. richtunggebender Faktor. Die menschliche 
Entwicklung der phylogenetisch-biologischen Dimension 
ist seit mindestens vier, wahrscheinlich seit sechs Millionen 
Jahren mitbestimmt durch den aufrechten Gang8, die da-
durch freien Hände sowie deren morphologische Wandlung 
zu einem vielseitig einsetzbaren Organ, dessen opponierba-
rer Daumen sowohl kraftvolles Zupacken als auch Präzisi-
onsgriffe erlaubt. Die Wahrnehmung, mehr aber noch die 
Interaktionsmöglichkeiten mit der Umwelt wurden dadurch 
entscheidend verändert9.

((8)) Im Laufe der letzten 2,5 Millionen Jahre kam es in-
nerhalb der Gattung Homo zu einer starken Zunahme des 
Hirnvolumens, sowohl absolut als auch relativ zum Kör-
pergewicht. Dabei veränderte sich auch die Neuroanatomie, 
ein Prozess, der anhand fossiler Schädelausgüsse allerdings 
nur sehr grob nachzuvollziehen ist. Der zur Verarbeitung 
von Geruchseindrücken genutzte Bulbus olfactorius bildete 
sich relativ zurück, während das Kleinhirn und insbesondere 
die Großhirnrinde überproportional zunahmen. Bestimmte 
Hirnareale wie der z.B. bei Entscheidungsfindungen und ge-
plantem Handeln einbezogene Frontallappen und die u.a. für 
die Sprachfähigkeit wichtigen Broca- und Wernicke-Areale 
bildeten sich in der für den modernen Menschen typischen 
Form aus. Die Aktivität von Genen bei der Bildung von RNA 
und Proteinen liegt beim modernen Menschen im Gehirn 
– anders als in anderen Organen – im Vergleich zum Schim-
pansen bis zu sechsfach höher; wie und wann sich jedoch der 
Prozess der Steigerung der Genaktivität vollzog, ist bislang 
unklar10.

((9)) Mit der gesamten Schädelarchitektur veränderte sich 
auch der für die Lautbildung und damit für bestimmte For-
men der Kommunikation und des sozialen Verhaltens maß-
gebliche Rachenraum. Da die Weichteilelemente vergangen 
sind, lässt sich seine Entwicklung im Detail schwer nachvoll-
ziehen, seltene Funde von Zungenbeinen sprechen jedoch 
für eine relativ moderne Anatomie vor bereits 500.000 Jah-

ren. Mittelohrfunde aus dieser Zeit deuten auf eine erhöhte 
Sensibilität im Frequenzbereich menschlicher Sprache11. 
Im Laufe der menschlichen Entwicklung wird das Hirn-
wachstum weiter auf die Zeit nach der Geburt verschoben, 
die Ausbildung des Gehirns und seiner neuralen Strukturen 
geschieht zunehmend unter dem Einfluss einer verstärkten 
Interaktion mit der Umwelt. Die verlängerte Kindheit, aber 
auch das Überleben alter und gesundheitlich beeinträchtig-
ter Individuen bereits vor 1,7 Millionen Jahren sind Indizien 
für ein ausgeprägtes Sozialverhalten in der Gattung Homo12. 
Dieser bloße Ausschnitt der teilweise parallelen, teilweise 
sich überlappenden, teilweise sukzessiven, teilweise mitei-
nander verknüpften und teilweise unabhängigen Stränge ver-
deutlicht das Entwicklungspotential der phylogenetisch-bio-
logischen Dimension des kognitiven Raumes. Aufgrund des 
unterschiedlichen Verlaufs der Stränge kann die Entwicklung 
dieser kognitiven Dimension im Laufe der menschlichen 
Evolution nicht linear sein. In den verschiedenen mensch-
lichen Arten und Unterarten können sich unterschiedliche 
Ausprägungen der einzelnen Stränge in diversen Kombina-
tionen manifestiert haben, die im Einzelnen und im Detail 
weder durch Fossil-, noch durch Artefaktfunde fassbar sind. 

Ontogenese

((10)) Die zweite, ontogenetisch-individuelle Dimension 
des kognitiven Raums wird durch persönliche Erfahrungen 
in einem phylogenetisch bzw. historisch-kulturell determi-
nierten Rahmen im Laufe des Lebens geprägt. Der Aufbau-
prozess der individuellen Erkenntnisstrukturen setzt sich 
nach Piaget13 aus zwei Mechanismen zusammen, die in 
einem je nach Alter veränderlichen Verhältnis arbeiten. Bei 
der Assimilation nimmt der Organismus im Umgang mit 
äußeren Elementen Informationen in bestehende Strukturen 
auf. Ergänzt durch Akkommodation, eine Veränderung der 
Aufnahmestrukturen hervorgerufen durch assimilierte Ele-
mente, ergibt sich der Erkenntnisprozess. Nach Piagets Mo-
dell der ontogenetischen kognitiven Entwicklung werden 
im Laufe der Kindheit und Jugend in einer Wechselwirkung 
aus genetischen Anlagen sowie passiv und aktiv erlangten 
Umweltinformationen durch Assimilation und Akkommoda-
tion kognitive Strukturen aufgebaut. Die grobe Abfolge des 
kognitiven Reifungsprozesses ist artspezifisch; individuelle 
Lernprozesse können aber unterschiedliche kognitive Forma-
tionen ausbilden. Wurde ein bestimmtes Zeitfenster verpasst, 
indem das Lernen spezieller Fähigkeiten bzw. Fertigkeiten 
besonders einfach und fruchtbar ist, kann das nicht ausge-
schöpfte Potential nur schwer zugänglich gemacht werden. 
Wurde eine Sache vorher bereits gelernt und wurden dadurch 
Aufnahmestrukturen verändert, kann das das Verstehen eines 
anderen Sachverhalts erleichtern. Und je nach Reizen und 
potentiellen Problemstellungen einer bestimmten Umwelt, 
mit denen sich ein Organismus auseinandersetzt und an de-
nen er lernt, können sich unterschiedliche kognitive Struk-
turen ausformen. 

((11)) Der phylogenetisch-biologische und historisch-kultu-
relle Rahmen der ontogenetisch-individuellen Dimension be-
schränkt sich nicht nur auf die individuellen Erkenntniswege 
in der physischen Umwelt, sondern schließt Kognitionspfade 

Abb. 2 
Der individuelle kognitive Raum 

in Wechselwirkung mit der spezifischen Umwelt Aus: 
Miriam Noël Haidle (2008) Kognitive 
und Kulturelle Evolution. EWE 19
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Conclusio

Frage: Was ist der Mensch?

Antwort: Der Mensch ist das Produkt einer 
komplexen Wechselbeziehung zwischen 
biologischer, kognitiver und kultureller 
Evolution. 
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Das rationale Tier
Eine kognitionsbiologische Spurensuche
Mit zahlreichen Abbildungen
550 Seiten. 
Suhrkamp
Gebunden

Kann man nichtmenschlichen Lebewesen Rationalität und
Bewusstsein in einem anspruchsvollen Sinn zugestehen? Der
international führende Kognitionsbiologe Ludwig Huber zieht
in diesem grundlegenden Buch die Bilanz des gegenwärtigen
Forschungsstands zum tierischen Denken. Mittels zahlreicher,
eigens für dieses Buch angefertigter Abbildungen erklärt er
anschaulich die wichtigsten Experimente und Beobachtungen
und vermittelt so, was Affen, Hunde, Bienen, Krähen, Keas,
Pfeilgiftfrösche, Schildkröten oder Kraken alles können:
Werkzeuge gebrauchen und herstellen, kommunizieren,
planen, Gedanken lesen und vieles mehr. Eine faszinierende
Reise durch die Kognitionsforschung.

Huber will aber nicht nur zeigen, was wir heute über den Geist der
Tiere wissen und wie wir es herausgefunden haben, sondern auch,
wozu das gut ist. Neben der zweckfreien Befriedigung unserer
Neugierde treibt ihn auch ein moralischer Imperativ: »Nur wenn
wir verstehen, können wir uns kümmern. Nur wenn wir uns
kümmern, werden wir helfen. Nur wenn wir helfen, werden sie
gerettet werden.« Die neuen wissenschaftlichen Erkenntnisse
verlangen eine entschiedene Revision unserer irrationalen und
ethisch fragwürdigen Einstellungen gegenüber Tieren.


