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Anthropogeny: Looking back on deep history
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Anthropogeny is a historical discipline with very limited experimental options, the 
comparative approach is essential as are  
different perspectives from different fields:   physical, biological, social, and 
computational sciences.

Looking back on Deep History

Comparative

Approach

Genetics

Comparative approach allows inferences about relationships and extinct ancestors up to 4 Gy 
anatomy, physiology, behavior including social organization and genetics (coalescence) 

Fossil DNA information can be “revived” and expressed in IPS cells or 
transgenic model animals (tumor suppressor chimp vs human variant and neurogenesis in mice), 
penile spines etc 
SRGSAP4 gene in neurons, Neanderthal variants in IPS neurons, Hand development genes in 
mice) James Noonan



Reading DNA: SEQUENCE HOMOLOGY

10 mismatches out of 82 base pairs

--->12.2% DIVERGENCE

Or  87.8% HOMOLOGY

Human mitochondrial DNA
ACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACAT

ACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACAGTACTATAATCACTCAACTACCTATAACACAT
Chimpanzee

          10       20        30         40         50         60         70         80

           •    •    ••   ••  •    •  •• 

       differences

    Human lysozyme mRNA, complete cds 2/420 = 0.47% divergence ---> 99.53% HOMOLGY
        CHIMPANZEE                                                            

  1  atgaaggctctcattgttctggggcttgtcctcctttctgttaccgtccagggcaaggtctttgaaaggtgtgagttggccagaactctgaaaagattgggaatggatggctacagggga       HUMAN                                                  
14 atgaaggctctcattgttctggggcttgtcctcctttctgttacggtccagggcaaggtctttgaaaggtgtgagttggccagaactctgaaaagattgggaatggatggctacagggga

121 atcagcctagcaaactggatgtgtttggccaaatgggagagtggttataacacacgagctacaaactacaatgctggagacagaagcactgattatgggatatttcagatcaatagccgc 
                                                            

134 atcagcctagcaaactggatgtgtttggccaaatgggagagtggttacaacacacgagctacaaactacaatgctggagacagaagcactgattatgggatatttcagatcaatagccgc 

241 tactggtgtaatgatggcaaaaccccaggagcagttaatgcctgtcatttatcctgcagtgctttgctgcaagataacatcgctgatgctgtagcttgtgcaaagagggttgtccgtgat 
                                                                       

254 tactggtgtaatgatggcaaaaccccaggagcagttaatgcctgtcatttatcctgcagtgctttgctgcaagataacatcgctgatgctgtagcttgtgcaaagagggttgtccgtgat 

361 ccacaaggcattagagcatgggtggcatggagaaatcgttgtcaaaacagagatgtccgtcagtatgttcaaggttgtggagt 420
                                                                       

374 ccacaaggcattagagcatgggtggcatggagaaatcgttgtcaaaacagagatgtccgtcagtatgttcaaggttgtggagt 433

•

•

Example of simple comparative approach using nucleic acid sequences

We are  
here

The Relationship of Life Forms on Earth

redrawn from Delsuc et al.  2005 Nature Reviews Genetics

based on comparison of DNA coding for ribosomal RNA

AlgaePlantsFungiAnimalsCiliates

ArcheaBacteria Eukaryota

The Relationship of Life Forms on Earth Based on comparisons of DNA sequences coding for highly conserved 
ribosomal RNA (special RNA which foem ribosomes with ribosomal proteins and 
allow the cell to translate the genetic code via its messenger RNA transcript into 
polypeptides/proteins consisting of concatenated amino acids.) 
Horizontal gene flow created eukaryotes - what other horizontal gene flow is 
there? Hybridisation and viral infection, both important contributors to evolution.
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Estimated divergence 
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before present 
(Locke et al. Nature 2011)

Humans and their Ape Relatives A phylogenetic tree, from past to present 
Think of it as the grand summary of past mating behavior, at least those sexual encounters  
that led to successful reproduction and survival.  
Precise dating of divergence/speciation is problematic due to a number of unknowns e.g. 
mutation rate, population structure and incomplete divergence or rejoining of separate 
populations.

Evolutionary Relationships among Hominids 
(“Great Apes” and Humans)
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Million Years  
Before Present

Chen and Li, 2001. Am. J. Hum. Genet. 
24,000 bases from 53 segments 
Patterson et al., 2006. Nature. 
20 million bases

Prado Martinez et al. Nature, 2013 
whole genome of 78 “great apes”

Molecular approaches using both chromosomes and DNA sequences  
(including whole genome sequences of all these species) have allowed the 
correct evolutionary relationships to be established: Panin and Hominin as 
separate from Gorilla and Orangutan lines.
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Primates are long-lived complex assemblages of molecules 
Much of the focus in molecular primatology continues to be on nucleic acids, DNA and 
RNA 
This busy diagram is here to remind us that the different classes of molecules should 
be seen in context. 
Nucleic acids, our genomes reside within lipid bubbles which are coated with a large 
sugar coat, both lipids (fats) and sugars (glycans) come from an animal’s diet.



Looking back on Deep History
2-3 Gy

Paleontology 
fossils

Paleontology, oldest fossil, stromatolites 2Gy 
oldest Homnin fossil? Tumaï, Sahelanthropus tschadensis cranium, badly crushed but 
apparently bipedal (foreman magnum, and endocast)  
Ororin tugenensis (only post cranial) 
Ardipithecus, kadabba, ramidus 
Australopithecus, annamensis, africanus, garhi, afarensis sediba, boisei etc 
Paranthropus robustus 
Homo habilis? erectus, ergaster, heidelbergensis, rudolfensis, georgicus, antecessor, 
neanderthalensis, Denisova etc. 
Djebel Irhoud, Morocco 300 ka 
Herto skulls in Ethiopia 180 kya 
Where to look?  
Strong bias for taxonomic hyperbole (everyone needs his/her own taxon) 

Looking back on Deep History

2-3 Gy

Paleontology 
fossils

What hominid fossils have you 
heard about? 

Where and when were these 
found?

Paleontology, oldest fossil, stromatolites 2Gy 

Eastern Rift
Western Rift

Where are the fossils and why are they found there? The rift Valley, splitting into Eastern and Western Rift in the South provides ideal 
conditions for regular revelation of new fossils, as continental plates separate 
and the rains wash out new fossils. 
Extinct ancestors and their relatives must’ve lived in many other places in Africa, 
but did not fossilize and/or have not been found yet.



S. tchadensis 
6 mya

Au. afarensis 
3.8-2.95 

Au. africanus 
3.3-2.1 mya

Au. sediba 
1.98-1.78 mya

H. habilis 
2.4-1.4 mya

H. ergaster 
1.9-1.4 mya

H. erectus 
1.89 mya-143 kya

A. ramidus 
4.5-4.3 mya

H. heidelbergensis 
700-200 kya

Hominin Fossils older than 2 million years:  exclusively in Africa One of the strongest evidence for our deep African heritage: 
Oldest upright ape fossils all found exclusively on Africa.

6 5 4 3 2 1Modified from Bernard Wood

THE HOMININ FOSSIL RECORD

Millions of Years Before Present (Dates Approximate)

S. tchadensis (7 - 6 mya)

O. tugenensis (6.2 - 5.8 mya)

Ar. kadabba (5.8 - 5.2 mya)

Ar. ramidus (4.5 - 4.3 mya)

Au. africanus (3.3 - 2.1 mya)

Au. garhi (2.7 - 2.3 mya)

Au. bahrelghazali (3.6 - 3.3 mya)

Au. afarensis (3.8 - 2.95 mya)

Au. anamensis (4.2 - 3.9 mya)

Au. sediba (1.98 - 1.78 mya)

K. platyops (3.57 - 3.2 mya)

P. boisei (2.3 - 1.2 mya)

P. robustus (1.8 - 1.4 mya)

P. aethiopicus (2.7 - 2.3 mya)

H. antecessor (1.2 mya - 875 kya)

H. heidelbergensis (700 - 200 kya)

H. erectus (1.89 mya - 143 kya)

H. ergaster (1.9 - 1.4 mya)

H. habilis (2.4 - 1.4 mya)

H. rudolfensis (1.9 - 1.8 mya)

H. floresiensis (95 - 17 kya)

H. neanderthalensis (600 - 28 kya)

Denisovan hominins (41 kya)

H. sapiens (100? kya - present)

H. naledi

3000 BCE Year 0 CE 2000 CE

Recorded History

MODERN HUMAN-LIKE 
MORPHOLOGY

LARGE BRAIN, SMALL TEETH, 
OBLIGATE BIPEDALISM

SMALL BRAIN, (VERY) LARGE 
TEETH, FACULTATIVE 
BIPEDALISM

SMALL BRAIN, LARGE TEETH, 
FACULTATIVE BIPEDALISM

SMALL BRAIN, SMALL TEETH, 
FACULTATIVE BIPEDALISM

MEDIUM BRAIN, SMALL TEETH, 
FACULTATIVE BIPEDALISM

SMALL BRAIN, SMALL/MEDIUM 
TEETH, BIPEDALISM

In contrast to Darwin and Wallace, who had no fossils, we now have many 
hominid fossils from many places in and outside Africa. 
It is far from clear which ones belonged to direct ancestors or to more distantly 
related cousins… 
Chart modified from Bernard Wood

6 5 4 3 2 1Modified from Bernard Wood

THE HOMININ FOSSIL RECORD

Millions of Years Before Present (Dates Approximate)

S. tchadensis (7 - 6 mya)

O. tugenensis (6.2 - 5.8 mya)

Ar. kadabba (5.8 - 5.2 mya)

Ar. ramidus (4.5 - 4.3 mya)

Au. africanus (3.3 - 2.1 mya)

Au. garhi (2.7 - 2.3 mya)

Au. bahrelghazali (3.6 - 3.3 mya)

Au. afarensis (3.8 - 2.95 mya)

Au. anamensis (4.2 - 3.9 mya)

Au. sediba (1.98 - 1.78 mya)

K. platyops (3.57 - 3.2 mya)

P. boisei (2.3 - 1.2 mya)

P. robustus (1.8 - 1.4 mya)

P. aethiopicus (2.7 - 2.3 mya)

H. antecessor (1.2 mya - 875 kya)

H. heidelbergensis (700 - 200 kya)

H. erectus (1.89 mya - 143 kya)

H. ergaster (1.9 - 1.4 mya)

H. habilis (2.4 - 1.4 mya)

H. rudolfensis (1.9 - 1.8 mya)

H. floresiensis (95 - 17 kya)

H. neanderthalensis (600 - 28 kya)

Denisovan hominins (41 kya)

H. sapiens (100? kya - present)

H. naledi

Still barely fill a single pick up truck!



Sahelanthropus tchadensis (Toumaï),  6 my old, Tchad 
Skull and reconstruction of Sahelanthropus tchadensis, 6 million year old and found in the desert 
in Tchad. The skull belonged to an upright hominin/ape as judged from the placement of the 
foramen magnum and from interior structures of the skull. 
More recent analysis of a partial femur suggests at most sporadic bipedality! 
Endocast reconstruction from Bienvenu, Thibault, PhD thesis 2010 Université de Poitiers.

Ardipithecus ramidus 4.5 My old , Middle Awash, Ethiopia
ape size cranium 
ape like feet 
long hands but no sign of knuckle-walking like in chimps and gorilla! 
no sexual dimorphism in canines 
evidence for provisioning by bipedal male, pair bonding (Lovejoy) 

Weakens the use of chimpanzees as “models” for early hominins (for hands and feet yes, but 
maybe not so much for the skull?

Ardipithecus ramidus, 4.5 My old Middle Awash, Ethiopia Berhane Asfaw at National Museum in Addis Ababa showing the anthropogeny 
specialization students the original radio fossils, 2016



Australopithecus afarensis (Lucy) 3.5 My old, Hadar, Ethiopia
ape sized cranium 
bipedal pelvis 
arboreal adaptation still present 
moderate sexual dimorphism? 

female  (A.L. 822-1) and male skull (A.L. 444-2 ) with endocast  male A. afarensis skull found in 
Hadar.

Australopithecus afarensis child 3.5 my old “Dikika/Selam”
3.5 year old child fossil dating back over 3 million years!

spot the primitive hominid!



Australopithecus afarensis child 3.5 my old “Dikika/Selam” Zerai Alemseged at National Museum in Addis Ababa presenting a 3-D printed 
CT scanned replica of Dikika, which he found, 2013

Australopithecus sediba 2 My old , Malapa Cave, South Africa
ape sized skull 
ventral positioned olfactory bulb 
frontal neocortex rearranged? 
striding bipedalist 
human like hands, long thumb: small brained but modern handed!!! 
C3 fruit and leaves, not grasses

Fossils: Homo habilis,1.9 My old Turkana Kenya, Olduvai, Tanzania
ape sized skull 
ventral positioned olfactory bulb 
frontal neocortex rearranged (based on endocast)? 
striding bipedalist 
human like hands, long thumb 
C3 fruit and leaves, not grasses



Olduvai, Tanzania At the eastern edge of the Serengeti plains in Tanzania, Olduvai Gorge is an 
important fossil site where Paranthropus, Homo habilis, Homo erectus and early 
Homo sapiens fossils and many stone tools dating back 2 million years have 
been found.

Homo erectus (georgicus), 1.77 mya Dmanisi Georgia Earliest Homo out of Africa (Dmanisi Georgia), including a toothless skull….. 
Five very different skulls: evidence for massive intra-specific diversity. 
Does this mean that in the rplaces, skulls belonging to the same species remain 
classified as different species or even different genera?

Homo erectus (georgicus), 1.77 mya Dmanisi Georgia

Average expansion
Bulging

Ponce de León et al., Science 372, 165–171 (2021) 9 April 2021 

Primitive features of brain as revealed by recent enbocast study. 

All five Dmanisi skulls exhibit a primitive pattern of brain structure.  
This means that the present-day brain structure did not originate with the genus 
Homo but only evolved after we'd been around for nearly a million years. In 
addition, the Dmanisi skeletons were found with a variety of stone tools, so we 
can infer that the modern brain structure wasn't a prerequisite for their 
development.



Homo erectus, Trinil,  Java, 1.6 mya
Earliest Homo in Asia: “Java man” or woman!

 Homo erectus (ergaster) 1.5 My old Koobi Fora, Kenya 11 year old male, 1.68m tall expected to be 6 foot as adult 
long waist and long limbs 
runner? 

narrow thoracic vertebrae? limited breathing control? limited speech?

Homo heidelbergensis, 800-200 kya Africa & Europe 600 kya skull from the Awash River region in Ethiopia, with cut marks from de-
fleshing.



Homo antecessor, 800-200 kya Europe

Atapuerca, Spain 
800 kya

Atapuerca Cave, Northern Spain 

430,000 year old ancient DNA was extracted from these fossils and yielded 
sequence data published in 2016 
Nuclear DNA sequences from the Middle Pleistocene Sima de los Huesos 
hominins 
Matthias Meyer t al. Nature ,volume 531, pages 504–507 (24 March 2016) 

Homo neanderthalensis, 500- 30 kya Europe and Asia

Kebara Nea skeleton M. Häusler UZH 2019

Several complete ancient genomes from Neanderthals are available for analysis 
and fossils include many individuals of both sexes and different ages. 
Evidence for burials is pretty solid in the relatives.

First anatomically modern humans 

Kibish foundation, 
Ethiopia (Omo 1 
and 2) 190 Kya 

Herto skull, Ethiopia, 160 Kya

Jebel Irhoud skull, Marocco, ~300Kya

About 40 years later, Frank Brown and Ian McDougall along with John Feagle 
returned to the Omo Valley and re-dated mineral crystals from volcanic tuffs 
where Omo I and II came from. Why? One reason is that the 160,000 year old 
Homo sapiens idaltu crania (BOU-VP-16/1, BOU-VP-16/2 and BOU-VP-16/5) 
from Herto, Ethiopia dethroned their claim to the oldest known Homo sapiens 
specimens. The team dated the 40Ar/39Ar feldspar crystals from pumice clasts 
above (Member III) and below layers (Member I) of river sediments that 
contained the early human bones. The argon-argon dates yielded a 195,000 
year old age.



First anatomically modern humans 

Jebel Irhoud  
composite skull, 
Marocco, 300 Kya

Several sites across Africa have yielded skulls that are considered very early 
Homo sapiens by some experts, but still Homo erectus by others.

Homo naledi, ~200 kya, South Africa

Berger et al. 2015 eLife Dirks et al. 2017 eLife

Recent discovery of a Homo species, small brained but modern handed Homo 
naledi from Rising Star Cave, South Africa. 
Evidence for funeral rites in this rather small brained species? 

Was there a time where there different species of Homo coexisted in Africa, H. 
sapiens. H. erectus and H. naledi?

Australopithecus annamensis 3.8 my Recent discovery of first skull for Australopithecus annamensis. 
Yohannes Haile-Selassie et al. A 3.8-million-year-old hominin cranium from 
Woranso-Mille, Ethiopia. Nature, published online August 28, 2019; doi: 
10.1038/s41586-019-1513-8 

Beverly Z. Saylor et al. Age and context of mid-Pliocene hominin cranium from 
Woranso-Mille, Ethiopia. Nature, published online August 28, 2019; doi: 
10.1038/s41586-019-1514-7



Haile-Selassie et al. 2019 Nature

Australopithecus annamensis
Toumaï Ardi Lucy A. africanusA. annamensis Ardi Lucy A. africanusA. annamensisToumaï

Anterior view of early hominin crania. Left to right: S. tchadensis (TM 266-01-60-1), composite A. 
ramidus reconstruction, MRD, A. afarensis (A.L. 444-2), A. africanus (Sts 5). Specimens are oriented in 
Frankfort horizontal and aligned at orbitale (dashed grey line). b, Bizygomatic (bizyg.) breadth (in the 
orbital plane) relative to biorbital breadth. G. gorilla, Gorilla gorilla; P. aethiopicus, Paranthropus 
aethiopicus; P. boisei, Paranthropus boisei; P. troglodytes, Pan troglodytes. c, Bivariate plot of indices 
that quantify the ‘facial mask’ shape. d, Superior view of early hominin crania (in the same order as in a). 
Specimens are oriented in Frankfort horizontal and aligned at glabella (dashed grey line). e, Index of 
postorbital constriction (superior facial breadth/postorbital constriction). f, Index that quantifies the 
braincase shape. Box plot definitions are as in Fig. 2 and sample sizes are indicated in the figure panels. 
Scale bars, 2 cm. Images of A. ramidus and S. tchadensis in a, d were generated, with permission, from 
CT scans that have previously been published

Hominins - a “Speciose” Taxonomy 
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H. habilis 
H. rudolfensis * 

MEDIUM BRAIN, SMALL TEETH, FACULTATIVE BIPEDALISM

H. ergaster *

H. antecessor *

H. heidelbergensis

LARGE BRAIN, SMALL TEETH, OBLIGATE BIPEDALISM

H. erectus

P. robustus

SMALL BRAIN, (VERY) LARGE TEETH, FACULTATIVE BIPEDALISM

P. aethiopicus *

P. boisei

Au. bahrelghazali *

Au. garhi *

SMALL BRAIN, LARGE TEETH, FACULTATIVE BIPEDALISM

Au. anamensis 
*

Au. afarensis

Au. africanus *

K. platyops *

Ar. ramidus *

O. tugenensis *

S. tchadensis *

Ar. kadabba *

SMALL BRAIN, SMALL TEETH, FACULTATIVE BIPEDALISM

Millions of Years Ago

Emergence  
of Moderns Brain size

Brain size 
Stone tools 
Hunting  
Meat Eating

Bipedal 
Posture

“Lucy”

H. sapiens

 MODERN HUMAN-LIKE MORPHOLOGY

Us Neandertals

H. neanderthalensis

“Java Man”

“Peking Man” “Nutcracker”

Man

H. floresiensis

SMALL BRAIN, SMALL/MEDIUM TEETH, BIPEDALISM

“Hobbit”

“Ardi”

Au. sediba *

modified from Bernard Wood

Jebel Irhoud, 300 kyaNeanderthal and SapiensNeanderthal 500-30 kyaH. antecessor, 600 kyaH. heidelbergensis 800 kya

Ardipithecus 
ramidus 
4.3 mya

Australopithecus 
afarensis 
3.5 mya

Australopithecus 
afarensis 
3.3. mya

Australopithecus sediba 
2mya

Sahelanthropus tshadensis 
6mya

Homo habilis 
2.4 mya

Homo erectus 
2 mya

Homo naledi  
~200 kya

John Gurche and 
Kennis Brothers, 

paleo artists

Meet the ancestors and extinct relatives

Australopithecus 
annamensis 

3.8 mya

Attempts at brining hominid fossils to life require good knowledge of primate 
anatomy, serious artistic and technical skills, and a good dose of imagination….



Reconstructions 
Kennis Brothers, Arnheim, Netherlands

The Kennis Brothers are among the best paleoanthropology artists out there: 

check out there website at Kennis and Kennis 
https://www.kenniskennis.com/site/Home/ 

and the movie the mede for CARTA at 
https://carta.anthropogeny.org/mediaplayer/play/314021/302626 

Turkana Basin 
“Cauldron”

Middle Awash 
“Crucible”

Sterkfontein/ 
Malapa  

“Cradle”

Where was our first home ? 
The Crucible, the cauldron or the cradle?? 
Old map of Hominid fossil sites: Denisova, Flores?, Malapa, Tchad? 
shows spread across Africa and along the rift valley 
Dating techniques: stratigraphy and molecular dating of volcanic layers 
thermoluminescence dating e.g. argon argon  
Radiometric dating e.g. uranium uranium dating for oldest art 42 kys

De Menocal 2011, Science

Fossils & Paleoclimate 

sapropel

sediment

deep

lakes

stone tool

type:


Oldowan, Acheulian

aeolian dust sediments (ocean drill cores),  
oxygen and carbon isotope ratio for past temperature and vegetation type

Above: A snapshot of African evolutionary and paleoclimate changes (Figure from deMenocal, 
2011).  
(A) Summary diagram of human evolution spanning the last 4.6 Ma [no phylogenetic relations are 
indicated; ranges compiled from the recent NRC Report (2011). First appearances and 
approximate durations of Mode 1 (Oldowan) and Mode 2 (Acheulean) stone tools are indicated 
(Bobe and Leakey, 2009).  
(B) Occurrences of Mediterranean sapropel deposits compiled from marine and land sediment 
sequences (Lourens et al., 1996).  
(C) Compilation of sedimentary evidence indicating deep lake conditions recorded in several East 
African paleolake basins (Trauth et al., 2005; Kingston et al., 2007).  
(D) Carbon isotopic analyses of plant-wax biomarker compounds measured at Site 231 in the Gulf 
of Aden, currently the most proximal ocean drilling site to hominin fossil localities (Feakins et al., 
2005). The shift to higher values after 3 Ma indicates a greater proportions of C4 vegetation, or 
savannah grasslands. (data compiled in Wynn et al., 2004);  



(E) Carbon isotopic values of soil carbonate nodules compiled from several studies (19, 20), also 
indicating grassland expansion after ~ 3 Ma, peaking between 1.8 and 1.6 Ma.  
(F) Relative abundance of African mammals indicative of seasonally arid grasslands in the lower 
Omo Valley (Ethiopia) showing an initial increase in grassland-adapted mammals after 2.5 Ma with 
peak values after 1.8 Ma (Bobe et al., 2004).

Tim White 2011

Bush    or       Cactus ?
Peter Schmid 2010

Dmanisi, Georgia

Koobi Fora, Kenya

Five Homo erectus skulls from Dmanisi, Georgia differ as much as different genera in Africa!! 

Four skulls from Koobi Fora, Kenya: 
top Australopithecus/Paranthropus boisei 
right Homo rudolfensis 
left Homo ercetus (ergaster) 
bottom Homo habilis  
center new jaw from  KNM-ER 1802 ?Homo Rudolfensis? 
dating to 2.03 tp 1.65 mya 

Evolutionary relationships 
based on DNA comparisons

Born. OrangSum. OrangChimp Bonobos W. Gorillas E. Gorillas

Distribution of great apes and humans An extra terrestrial view of our planet reveals a stark contrast in the distribution 
of humans and our closest living relatives. 
Despite genetic similarity, but life is more than genetics. 
What allowed our species to reach such a planetary dominance?



Ape Fossils?

Fossils

Chimpanzees
Bonobos

Bornean Orangutans

Sumatran Orangutans
Western Gorillas
Eastern Gorillas

Great Ape Fossils?

Fossil great Ape Sites

Sivapithecus 
12.5 MYA

Pongo 
0.1 MYA

Pongo 
0.3 MYA 

Pan Troglodytes 
0.5 MYA

Korathpithecus 
10 MYA

Lufengpithecus 
13-10 MYA

Chororapithecus 
10 MYA

Very few great ape fossils have been found to date. The best speciemens represent 
ancestral Asian great apes: Sivapithecus and later Lufengpithecus, Khoratpithecus and 
extinct Pongo. All these are from outside the current range of orangutans. 
The only African great ape fossils are two sets of teeth: from a ten million year old gorilla 
and from a 1/2 million year old chimpanzee, again both far outside the current range of 
African great apes.  
This indicates that the the ranges of our cousin species have changed and contracted. 

Junzi fossil hylobatid in China

What changes made us human? - The Paradoxical Ape



51

Global behavior: air traffic

Pre-Covid-19 Post-Covid-19

photo:Alex Piel photo:Takumasa Yokohama

A characteristic human behavior is travel. This image shows one day’s worth of 
intercontinental air travel. It has been strongly reduce by the Covid-19 pandemic but 
contrast this with a single social group of common chimpanzees where males jealously 
guard a territory the size of a small human city. 
Bonobos are more open to interior encounters but both species do not cross major 
rivers. 

Alex Piel  Issa chimpanzees, Takumasa Yokohama  Wamba bonobos

Thought Experiment:  
flight from LAX to ZRH with 300 male chimpanzees

Before you get to positive about our species

Hiroshima, 1945 
>100,000 dead

NYC, 9/11, 2002 
~3000 dead



Uniquely human customs

A B C

X Y Z

Do other species read tracks?

No!

Why Not?

Beginning of symbols?

Reading tracks for tracking prey animals (after the use of projectile weapons to hunt) a 
way into symbolic capacity?

Hadza tire sandal tracks near Lake Eyasi in Tanzania.



Looking back on Deep History

300 Ky

Ancient DNA

Comparative

Approach

Anatomy

Genetics

Example of comparative approach: 
fossil DNA and modern DNA 

ancestral admixture very moderate in Europe, Asia and Africa

Limited Interbreeding of Humans with Neanderthals & Denisovans 
and other ancestral populations

Fossil DNA

Looking back on Deep History

Archeology 
artefacts

2.6 My

Archeology, oldest artefacts: stone tools of Lomekwi Kenya and Gona, Ethiopia



Oldest hominin artifacts: stone tools
“Oldowan” stone tools from Gona 
Ethiopia, 2.6 My

photo: Sileshi Semaw

Archeologist Yonas Beyene with a 1.4 my old 
hand axe he found in Ethiopia

Named after Olduvai Gorge, an important fossil site in Tanzania. 
A more recent discovery puts the oldest stone tools at over 3 million years ago, in 
Lomekwi, on the shores of Lake Turkana, Kenya, these predate the genus Homo!!. 
Acheulean stone tools are named after a town in France, but these symmetrical hand 
axes are found all over Africa and Eurasia and date back to Homo erectus 1.7 million 
years ago.

What are Apes made of?

Schultz, 1933 Anthropologischer Anzeiger

Adolph Schultz

1891-1976

Jamey Marth

Apes consist of: Four classes of biomolecules are required to make living cels and organisms: 
nucleotides (DNA and RNA), proteins, lipids and sugars (glycans).



First Food: Milk

lipids 15 um

proteins (casein,  
whey proteins)

200 nm

2 nm
sugars (lactose)

2 nm

What is Milk?

•Complex fluid containing many thousands of different molecules: 

•Nutritional (carbohydrates, lipids & proteins and minerals). 

•Protective molecules (prebiotic & pathogen block). 

•Bioactive molecules (enzymes, immunoglobulins, cytokines, hormones, glycans). 

•Unique secretion extremely rich in secreted oligosaccharides. 

•bacteria (microbiome) 

•Communication vehicle between mother and infant.

Milk = Social Secretion

The Invention of Milk:

• First mammals repurposed a defensive enzyme (Lysozyme)  

• Lyzozyme cleaves bacterial sugar coats Lactase synthase makes a novel 
nutritional sugar: Lactose 

• From sugar chain cleaver to sugar chain joiner



Mammalia (~5000 species)

Linneus Carl von Linné and his opposition to wet nursing

The hairy ones “pilosa” or “hirsuta”, 
“trichozoon” or “pilifera” 

Versus the teated ones….

Londa Schiebinger

The American Historical Review, 1993

Mammal Phylogeny
redrawn from Tsika & Milinkovitch 2008

Reptiles Afrotheria Euarchontoglires Laurasiathera

300 my

From the following article: 
Transformation and diversification in early mammal evolution 

Zhe-Xi Luo 

Nature 450, 1011-1019(13 December 2007) 
Tzika A. C. & M. C. Milinkovitch. 
A Pragmatic Approach for Selecting Evo-Devo Model Species in Amniotes 
Chapter 7 Pages 119-140 in ‘Evolving Pathways; Key Themes in Evolutionary Developmental Biology’ (A. Minelli & G. Fusco, eds.), Cambridge 
University Press 2008 
pholidota pangolins/  
Eulipotyphia: insectivora shrews 
scadentia: tree shrews 
macroscalidea.: elephant shrews 
Afrosoricida: golden moles and Tenrecs

Mammals

Laurasiathera

Xenarthra

Euarchontoglires

Afrotheria



redrawn from Steiper & Young, 2006Mol. Phyl. & Evolution

Strepsirrhini Cebidae Cercopithecidae Hominidae

10 my

80 my80 million years of primate evolution 
leading to over 300 extant species 

Primate Phylogeny Primate characteristics: 
1) Retention of 4 tooth types:*incisors*canines*premolars*molars 
2) Maintenance of generalized limb structure 
	 *pentadactyly*clavicle 
3) Upright posture:*orthograde*foramen magnum*ischial callosities 
4) Replacement of claws with nails: *tactile pad 
5) Reduced sense of smell:*turbinate bones*internal nasal conchae*rhinencephalon 
6) Elaboration of visual apparatus: *post-orbital bar *bony cups*convergence*frontation *approximation 
7) Elaboration of the brain: *brain size/body weight ratio *increased surface area 
8) Tendency for single births and increased socialization: *K-selection *dominance hierarchies  
Arboreal Adaptation theory: Primate characteristics are an adaptation to living in trees. 
vs.  
Visual Predation hypothesis: Primate characteristics are an adaptation to hunting insects  
and other small animals by sight.  * Pre-adapted primates for life in the trees. 

Primates: Prosimiens

Lemurs

Galagos & Lorises

Why are primates called “primates”?

Linneaus named primates motivated by their similarity to humans, who clearly 
must be first! 
primate= first in rank

Primates: New World

Pithecid

Atelid
Cebid

Both Cebids and Atelids independently evolved a prehensile tail, essentially a 
fifth hand! 



Primates: Old World

Cercopithecid HominidHylobatid

Cercipithecid: tailed monkey 
Hylobates: ”forest walker", from the Greek hūlē (ὕλη, "forest") and bates (βάτης, 
"one who treads”). 
The family is divided into four genera based on their diploid chromosome 
number: Hylobates (44), Hoolock (38), Nomascus (52), and Symphalangus (50). 

No prehensile tails in any Old World monkeys. 

Taxonomy by Noses

Strepsirrhine vs Haplorhine (curved, wet vs 
simple, dry nosed)  

Platyrrhine vs Catarrhine (flat nosed vs 
drooping nosed)

rhinarium vs upper lip.

Primate Noses

Strepsirrhines 
(curved/wet noses)

Haplorrhine 
(simple/dry noses)

Catarrhine

(drooping noses)

Platyrrhine 
(flat noses)

Catarrhine 
(straight noses)

Prosimii (prosimians)

Simians (Anthropoidea )



Looking back on Deep History

Comparative

Approach

Physiology 
Lactation

Image: Herb Lurie Image: Michael Nichols

Primates as Supermammals

Image:Garnet

Comparative view of primate lactation: 
female body mass & weaning age

Martin 2007. Yearbook of Physical Anthropology

Old World 
monkeys

Lemurs

1000 days Hominids

Tarsier lactation 2 months 
Callithricids 90 days 
spider monkey 330 days



1 day old male chimpanzee suckling in Gombe. Tanzania

Mammals and Lactation

• Composition varies between species and over lactation time.
0 to 60 % fat (rhino to seal), 

Human: 4%, Cow: 3-5% 

Lactation lasts from 4 days in hooded 
seals to 4 years in chimpanzees.

0 to 10% sugar (seal to marsupial),              
Human: 8%, Cow: 4.5% 

1 to 10% protein (human to rabbit)                    
Human: 0.9%, Cow: 3.3%

Culture: A love story

10 thousand years and 1.3 billion cattle



A
Lascaux 
30 Kya

Hathora 
5 Kya

Minos 
4 Kya

Wall street 
now

Varanasi 
2005

Catal Hüyük 
7.5 Kya

Cattle domestication

Hanotte et al.  et al. 2002. ScienceF. Marshall 2002 J. World Prehist

Graphical representation of genetic variability. (a) The phylogenetic tree constructed from the 146 identified 
haplotypes using the Bayesian procedures implemented in the program MrBayes 3.1. (b) A network tree 
constructed using the program Network 4.5. (c) The two dimensions were calculated on the polymorphism of 
the 146 Y-chromosome haplotypes identified through correspondence analysis. The three identified 
haplogroups were named Y1 (in blue), Y2 (in green) and Y3 (in orange). (d) Geographic map and frequency of 
haplogroups (Y1: blue; Y2: green; and Y3: orange) by country (see Supplementary Table S1). The numbers of 
samples and haplotypes included in each haplogroup were as follows: Y1: 114/54; Y2: 281/77; and Y3: 58/15

Domestication: Culture Pushing Genes

Yuval Itan, Mark Thomas

UCL, UNITED KINGDOM

Joachim Burger, Johannes Gutenberg-University, DE

7.5 kya process began to select for lactase persistence 
The idea of stealing another species’ milk can shape our genes! 
incongruence between phenotypic lactase persistence and genetic data



Animal Milk Use 
allows you to out-compete your neighbors!

Datoga 
pastoralists

Hadza 
foragers

Pastoralists can “out-baby” their foraging neighbors! 
We are currently witnessing the end of the last few hunter-gatherers.

Global infant formula market

30 billion US$ and rapidly growing

Cow milk based formula:• too much protein• wrong composition of proteins (casein: whey) 
• to few sugars, only lactose, no MOS• antigenic xenoglycans (nonhuman sialic acid)• wrong composition of 

fatty acids, too few mono-unsaturated fatty acids• no functioning antibodies• no mircobiome 
(bacteria) 

Companies engaged in production of baby foods face cut throat competition, particularly on the innovation 
platform. Each company is focused on gaining a competitive edge over rivals by introducing new 
products into the markets from time to time. Major companies operating in the global market for 
baby foods and infant formula include Nestle, Numico, Abbott Laboratories, Bristol-Myers-Squibb, 
Gerber, Heinz, Danone, and Hipp. Nestle, Danone, Heinz and Royal Numico. Among these, Nestle 
is a dominant player with global presence. 

Europe represents the leading regional market for baby foods and infant formula products for 2007, capturing 
more than 30% share of the global sales, as stated by Global Industry Analysts, Inc. However, the large 
population base in developing regions, particularly India, China and Brazil, is expected to facilitate in shifting 
the focus of manufacturers to these regions. As a result, Asia-Pacific is projected to emerge as the fastest 
growing regional market over the 2001-2010 period, driven primarily by the exceptional sales in the Chinese 
market. Europe would continue to retain its position as the leading baby meals market by 2010, with sales 
projected to reach US$2.1 billion. 



β1-4

glucosegalactose
Lactose and more

Lactose and over ~200 forms of “elongated” lactose 

In humans ~70g of lactose plus 5-10g of MOs/Liter

Human Milk Oligosaccharides (MOs):

5-10g of  
oligosaccharides

70g of lactose

1 Liter 
of Milk

Milk Oligosaccharides 
Human milk contains about 70 g/liter of lactose and 5–10 g/liter of free 
oligosaccharides. More than 130 different glycan species have been identified with 
lactose at the reducing end, including poly-N-acetyllactosamine units. Some 
glycans are α2-3- and/or α2-6-sialylated and/or fucosylated in α1-2, α1-3, and/or 
α1-4 linkages. In contrast, bovine milk, the typical mainstay in human infant 
formulas, contains much smaller amounts of these glycans. These differences may 
account for some of the physiological advantages seen for breast-fed versus 
formula-fed infants.

Bode 2012 Glycobiology

Human Milk Oligosaccharides -Protective Effects The glycans may also favor growth of a nonpathogenic bifidogenic microflora and/
or block pathogen adhesion that causes infections and diarrhea. Surprisingly, a 
substantial number of human milk oligosaccharides remain almost undigested in 
the infant’s intestine and are excreted intact into the urine. Whether supplementing 
infant formula with specific, biologically active free glycans enhances infant health 
is unknown.

Salivary sialic acid concentration in human milk-fed 
versus formula-fed pre-term infants

Wang et al. 2001 J. of Pediatrics



.

Wang B et al. Am J Clin Nutr 2003;78:1024-1029

Brain sialic acid concentration: comparison of 
breast-fed vs formula-fed infants

The biochemical composition of infant brains is altered by formula feeding!

Mother-Infant Attachment: a hallmark of mammals

oxytocin production due to 
nipple stimulation has 
profound effects on the 
maternal brain.

fMRI studies show that lactating mother react differently 
to their crying baby. 

Kim et al. 2011  J. Child Psychol. Psychiatr.

Effects on maternal brain and its activation by hearing own infant’s voice by 
breastfeeding.

Cultural Impact

source: WHO

Many modern societies have less than 50% of mothers 
breastfeeding

What are the long-term effects on immunological and emotional development? 
Such effects would represent powerful examples of cultural effects on human 
biology.



The “Breast” in Breast Feeding
from signaling temporary non-ovulation to erotic stimulus: signaling residual reproductive value? 
honest age signaling? 
female female competition for longterm male investment? 
sexually selected? 
reflection of pair bonding? 
just more subcutaneous fat? 
effect on infant mouth morphology for speech 

Who made the “venus” figurines, was it pregnant women themselves?

Male - Male Competition

Female Choice

Sexual Selection Male-male competition versus female choice.

Advertising Ovulation

Nunn 1999, Animal Behav.

multiple 

male groups

Figure 1. Phylogenetic reconstruction of exaggerated swellings. Phylogeny from Purvis (1995), with some 
clades collapsed to facilitate 
presentation of data. The presence of exaggerated swellings is indicated by dark boxes for the distribution 
across species and wider 
internode branches for reconstructed values. Gains (+) and losses (-) are indicated, but the numbering does 
not reflect the actual 
temporal order of gains and losses. Social systems are indicated in the second column of boxes. Multimale 
taxa are indicated by dark 
boxes, single-male taxa are indicated by white boxes, and taxa with both single-male and multimale species 
are indicated by grey boxes (data for individual species are available in the Appendix).



Melanie Beasley

Grass-eating primates in the Ethiopian highlands….Gelada baboons.

Strange human phenomena? 
very high chance that these are under sexual selection!

Mating Systems 

Photo: Tm Laman

Living in groups but pair-bonded

Reciprocal exogamy 
Between multiple kin lineages

Walker et al. PlosOne 2011

We are the only primate that lives in groups but forms strong pair bonds 
Combined with namesand kinship terms, this allows the large social networks of 
tribes, even when the groups are small hunter gatherers.  
Cooperation by pair-bonded male and female in raising young and provisioning 
for “family” and group. 
Decreased intra-group aggression by leveling reproductive opportunities for 
males?  
Reproductive pairs within small groups, within very large social networks! 
Lessening of sexual conflict?



Phylogeny and mating systems
female 


kin-bonded

monogamous

solitary/exploded 
harem

one male harem/

son inheritance

male kin-bonded

communities

patrilineal/
patrilocal/

polygynous/
monogamous

Wide variety of mating systems across different primate species!

Childhood, Adolescence & Post-reproductive Survival

Boaz & Almquist 1999

• Life histories adapted to cultural 
opportunities? 

• Nutritional opportunities? 

• Facilitated by stronger pair bonds 
between parents? 

• Facilitated by allomothering? 

redrawn from Schultz 1963

Humans have delayed development, but human mothers wean earlier than apes 
and have  
shorter inter-birth intervals!

Derived Human Growth Schedule

• Delay allows increased transmission of 
behavior and concepts. 

• Human minds are effective copying 
devices and idea generators. 

• Language is one of the major target of 
imitation and idea transmission. 

• Delayed development: biological 
assimilation of culture? 

• Paradoxically shorter Inter-birth-Interval 
than apes.

minds as copying machines and idea generators 

Humans over-imitate, fosuing as much on the way than on the goal, chimps go 
for the goal. 

Ratcheting culture.



Sex in the primate brain

sociosexual dimension in primates 

6000 copulations of a female chimp 
to produce 6 living offspring. 

Sexual  behavior and drama 

Is romantic infatuation uniquely 
human?

Francesco Hayez, L’ultimo bacio 
dato a Giulietta da Romeo.

Summary

• Humans are primates and mammals. 
• Exploring and understanding Anthropogeny – our origin – 

will require a combination of approaches. 
• Each approach has its specific limitations:            e.g. 

biomolecules degrade much faster than fossils, 
languages evolve much more rapidly than anatomy... 

• It will require much inference from data on present day 
humans and their fellow primates.

Summary continued
• Humans bring with them “niche-broadening” material 

culture. 
• Culture represents a second inheritance system. 
• Human culture is a powerful force that shapes human 

biology: e.g. Adult humans exploiting the milk of cows. 
• Humans have been around for over 200 000 years, yet 

most of what we know dates to the last 10 000.



“GREAT APES” HUMANS

LAST COMMON 
ANCESTOR

Evolutionary  
Relationships

Interactions
Development

Comparisons

Other  
Primates

Archeological Data

Fossil 
Data

Infant Infant

Adult

MaleFemale

Adult

MaleFemale

Juvenile Juvenile

Modified from 
A. Varki and D. Nelson,  
 Annu. Rev. Anthropol. 

36:191-209, 2007

ENVIRONMENT 
Physical 

Biological 
Cultural

Anthropogeny: A Transdisciplinary Approach 

In vitro studies with cells 

In vivo studies with 
animal models

A systematic approach to Anthropogeny. Explaining humans: a transdisciplinary approach. It 
needs to account for all relevant information from all areas of human knowledge. 
•	 Such an approach needs to integrate fossil, archeological and comparative genetic 
information for understanding past evolution (phylogeny); 
•	 It requires data from studies of development, both longitudinally within species, and 
comparatively between humans and their closest living relatives the “great apes”; 
•	 It further critically relies on data concerning social interactions between parent and 
offspring, male and female and within and between age cohorts and how these impact individual 
development; 
•	 Individual ontogeny takes place embedded in physical, biological and cultural 
environments; 
•	 Our approach needs to include data on how humans have shaped all three of these 
environments and to what extent human biology has in turn been shaped by them; 
•	 Finally, the approach benefits from broader comparative contexts to other primates and 
even mammals in general to further inform our understanding of the evolution of uniquely human 
traits. 
This figure  summarizes an Anthropogenic approach. Some of these allied approaches are more 
important and/or have a stronger support database than do others. 

Reproduction:

Parental Age

Child Rearing: 

Cooperative

Violence Prevention:

Female Solidarity

Altruism: 

Prosocial Nature

Nutrition: 

Omnivory

Medicine:

 Hygiene Hypothesis

Why Anthropogeny ?

Technology: 

Impact on young 
minds & bodies

Physical Activity: 

Impact on minds, 
bodies, and public health

Biodiversity Crisis

Human Impact on 
ecosystems and  biodiversity

Climate Change

Human Impacts on 
Global climate

Better understanding of our origin will inform many aspects of what we do: 
EVOLUTIONARY MEDICINE: Hygiene hypothesis, NUTRITION: an 
omnivorous ape that became top predator and then settled and tamed 
plants and animals; ALTRUISM:ho to promote pro social behavior and 
curtail harmful selfish behavior; REPRODUCTION: reproductive timing, 
importance of young parents; CHILD REARING: cooperative breeding; 
VIOLENCE PREVENTION: limiting situations that foster violence; 
EDUCATION: role of trust, emotion and impact of technology; HEALTH: role 
of physical activity on minds and bodies.BIODIVERSITY CRISIS and 
CLIMATE CHANGE, both linked to human activities form giant challenges 
that require novel insights into human nature and huge behavioral changes 


