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BIOLOGICAL ANTHROPOLOGY
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HUMANS ARE PRIMATES!
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Humans are similar to other pr




apes and
humans

Ancestor to
all primates
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What makes us human?




Humans are different from other primates

« Larger brain size
* Less body hair

« Language

« Culture

« Technology

* Locomotion: bipedalism
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Bipedalism evolves
~7 million years ago

Last common
ancestor of
humans and
chimps

MONKIUS EATALOTIS CHIMPUS IMBECTLUS APLIS STUPIDIUS NEANDERSLOB HOMERSAPIEN

HOMERSAPIEN

Femur of Oldest hominin:
Orrorin tugenensis Sahelanthropus tchadensis 7

6 mya, Kenya mya, Chad




Tonight’s main question:

How can studying primate locomotion help us
understand ourselves?

 What are the many ways primates move?
* What are some of the key moments in primate locomotor evolution?

* How does human anatomy and locomotion reflect our evolutionary history?



Primates are ARBOREAL
....they evolved to live and move in the trees

Let’s count
the ways they
do It...




Quadrupedalism
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Moving on top of branches

Ceo jtecus acanius, Kibale NP, Uganda 2022

© Ariadne Van Zandbergen /Mwww.flpa-images.co.uk
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Eulemur rubriventer, Ranomafana NP, Madagascar 2022



Two kinds of leaping

HORIZONTAL LEAPING

Jumping between trees VERTICAL LEAPING

Ruffed lemur leaping
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http://cdn1.arkive.org/media/1D/1DF15E27-8629-467F-BF76-E617FA9A10DC/Presentation.Large/Black-and-white-ruffed-lemur-leaping-to-branch.jpg

Suspensory locomotion: moving below branches

ehanging
earm-swinging
eclimbing
ebridging

Orangutan

5
00433580 © Stephen Belcher / Minden Pictures




BRACHIATION

(crazy fast specialized arm-swinging)

Gibbon
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Bipedal

Ankoatsifaka Research Station YouTube channel of Dr. Rebecca Lewis, Dept of Anthropology, UT Austin @ankoatsifaka4332




Bipedalism
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Anatomy of human bipedalism

* lower back, pelvis, hips, knees, feet

Chimpanzee (ape)

Lower back: curved

Pelvis: shortened, reoriented
Hip joint: enlarged

Knee joint: enlarged/close to midline

Big toe: non-grasping
Foot: arched i T—

Chimpanzee




But what about our upper body?

Chimpanzee (ape)




Raise your hand if you can do this!

What is this playground equipment called?



Monkeys vs Apes: Locomotor anatomy

_—— Ape anatomy:

Thorax and lumbar vertebra Broad chest and shoulders

(cranial view)

Monkey
* Long arms

Short, upright torso

Shoulder mobility

Almécija et al. (2021)



; , N "/ Flexible elbows

Humans share upper body anatomy with apes!

/\ Flexible wrists
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Broad, flexible shoulders




Oldest evidence of ape-like locomotion in a fossil ape

Morotopithecus : 20.6 million years ago, Africa

1

C

Fgure 5. Lateral (A), dorsal (B), caudal (C), and cranlal (D) views of lumbar vertebra UMP
67-28. Scale bar = 3 cm.



Primate perspectives on humanlocomotion
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Primate quadrupedalism
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First, can we talk about horses?




Painting from 1821

——

Théodore Géricault, Epsom, 1821, (Musée dutouvre)
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Painting from 1821
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Actual horse
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f Théodore Géricault, Epsom, 1821, (Musée du Lomﬁre)‘
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Eadweard Muybridge (1830-
1904)

A work fav the Avt Connwisnowy, he Sedenlist, the Avtint, andt the Mudeont of
Art or of Nelwure.

ANIMAL LOCOMOTION.

AN ELECTRO.FHOTOORAPHIC INVESTIOATION OF CONSKCUTIVE PHASES OF
ANIMAL MOVEMENTS.

BY EADWEARD MUYBRIDGE.

(L b BT .

PUSLISHID UNSER ThE ALINCLS OF
THE UNIVERSITY OF PENNSYLVANIA.

Exelusively by Sabseription.




yright, 1878, by MUYBRIDGE MORSE'S Gallery, 417 Montgomery St., Sa

The ﬁoass I N OTION.

Ilustrated by
MUYBRIDGE, A '
“SALLIE GARDNER,” owned by LELAND STANFORD; running at_a 1.40 gait over the Palo Alto track, 19th June, 1878
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Eadweard Muybridge (1830-1904)

The baboon

“disregards the law governing the walk.”
(Muybridge, 1887)




Primates walk in a DIAGONAL footfall sequence

Primate:
Diagonal sequence

Papio anubis, Kibale

R s R e

NP, Uganda 2022
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Almost all other mammals walk in LATERAL footfall sequence

Non-primate:
Lateral sequence

Left hindlimb 1470750694
Left forelimb

Right hindlimb

Right forelimb




Primate perspectives on humanlocomotion
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Research question:

Why did primates evolve diagonal sequence walking gait?
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Disadvantage of diagonal sequence walking

Diagonal sequence Lateral sequence

Right hindlimb
Right forelimb

Right hindlimb Right forelimb
Interference of limbs on same side No interference



Why did primates evolve diagonal sequence walking?

Environment of early primates: narrow, terminal branches




Did diagonal sequence walking evolve in primates as an adaptation
for balancing on narrow branches?
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Why does body size matter
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Earliest primate ancestors:
very small body size

Strepsirrhini Haplorhini

K/T-Boundary

-=— |nferred age of last common ancestor of kving primates




Research question:

If you are very small:

* |s diagonal sequence
necessary for balancing
on narrow branches?

imageBROKER | Thorsten Negro



NBA Legend Shaquille O'Neal and friend

Let’s enlist the help
of the world’s
smallest primate!

Mouse lemur
Average body mass:
30-65 g




Lab studies of quadrupedal walking at small body size

Mouse lemur

POLE DIAMETER POLE ORIENTATION
Flat board 2.5 cm pole Incline
1 cm pole 0.5 cm pole Decline

Shapiro et al., 2016 JEZ



Lab studies of quadrupedal walking at small body size

I’d rather be
running!

Mouse lemur gait

Mouse lemur

B Running/galloping|m Diagonal walk m Lateral walk

Shapiro et al., 2016 JEZ



Lab studies of quadrupedal walking at small body size

Gray short-tailed opossum

Sugar glider

S———
T -

Petaurus breviceps 90-130g Monodelphis dome'.éii 9;120g



Lab studies of quadrupedalism at small body size

Gray short-tailed
opossum

5 mm pole
Lateral sequence gait

Lateral sequence gait

Shapiro and Young, 2010 JHE; Shapiro and Young, 2012 JEB; Shapiro et al, 2014 JHE



Results

If you are very small:

Diagonal sequence is NOT necessary for balancing on narrow branches

Mouse lemur: Diagonal Sugar glider: Lateral Opossum: Lateral



Insights on primate evolution:

walking might have
evolved after primates
increased in body size
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But animals didn’t evolve to walk on poles

(but maybe will need to....?)




Out of the lab — into the wild!

Ranomafana National
Park T

Ecuador

Tobin Hieronymus  jesse Young
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Moving around in real trees is complex!!

* Diameter
Orientation
Compliance
Obstacles
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Results of field studies

* Primates are flexible, but STRONGLY prefer diagonal sequence
walking no matter what the branch is like

12% LS

88% DS

Data compiled from 997 walking strides
across 10 species

m Diagonal sequence Lateral sequence

Dunham et al., 2019; Shapiro et al., 2025
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Results of field studies

* Primates that use LS the most tend to have longer legs
* LS helps avoid limb interference

Saki monkey Titi monkey

21% LS
47% LS

79% DS

B Diagonal sequence W Lateral sequence W Diagonal sequence m Lateral sequence

Dunham et al., 2019; Shapiro et al., 2025



What happens when walk on all fours??
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FOOT HAND CRAWL




Why do humans use lateral sequence gait?

* Bipedal--long hind limbs! — Avoidance of limb interference




Take-home messages

* Primates have evolved many unique
solutions to moving in the trees!

* Human locomotion evolved from
arboreal primate ancestors who lived
millions of years ago




Take-home messages

Studying locomotion in all primates helps us understand humans

Due to our bipedalism and long legs......
We are UNLIKE other primates when we move on all fours!




Take-home messages

Studying locomotion in all primates helps us understand humans

We are UNIQUE in our form of bipedalism
but we are SIMILAR to apes in our upper body flexibility




Thank you!

Acknowledgements

Collaborators, lab members and other thanks: ’“f—y—(f

Jesse Young, Tobin Hieronymus, Noah Dunham, Allison NSF Funding .

McNamara, Judith Janisch, Nicole Schapker, Lydia Myers, BCS-1640453 ¢ Northeast Ohio
Taylor Phelps, Karen Adolph, Whitney Cole, Addison BC>-1640552 N\ MEDICAL UNIVERSITY

_ _ vell dwell BCS-1921135
Kemp, Jamie Wiener, Isabelle Leavy, Ben Rodwe BCS-1921314

BCS-0647402
Ecuador, Costa Rica
Universidad San Francisco de Quito and TBS staff, Tomi
Sugahara, Diego Mosquera, Gabriela Vinueza, Tony Di
Fiore, Max Snodderly, Krista Milich, Laura Abondano,
Natalia Camargo, Sam Rettke, Savannah Perez, Jacopo
Cantoni, Laura Gémes, Cristian Alvarado, and Renee

UT undergraduate assistance in the lab:
Walker Stanton
lan Barry
Ingrid Alberding
Alistair Disraeli
Hanna Lewis

Peters _
Uganda and Madagascar Marie Pearce
Uganda Wildlife Authority, Patrick Omeja, Colin Chapman, Richard Yanyu Yang
Kaseregayias, MICET, Centre ValBio, Ranomafana National Park, and Anthony C.undari
Anja Community Reserve, Naina Nirina Paul John and Rasendry ﬁlsasglusa'n

ex Silva

Nirina Victor



	Slide 1: The Way We Move
	Slide 2: The way we       move
	Slide 3: BIOLOGICAL ANTHROPOLOGY 
	Slide 4: Biological Anthropology
	Slide 5
	Slide 6: Humans are similar to other primates
	Slide 7
	Slide 8
	Slide 9: Humans are different from other primates
	Slide 10: Evolution of bipedalism
	Slide 11: Tonight’s main question:   How can studying primate locomotion help us understand ourselves?   
	Slide 12: Primates are ARBOREAL ….they evolved to live and move in the trees
	Slide 13
	Slide 14: Two kinds of leaping
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Bipedalism
	Slide 19: Anatomy of human bipedalism 
	Slide 20: But what about our upper body?
	Slide 21: Raise your hand if you can do this!
	Slide 22
	Slide 23
	Slide 24: Oldest evidence of ape-like locomotion in a fossil ape
	Slide 25: Primate perspectives on human locomotion
	Slide 26: Primate quadrupedalism
	Slide 27: First, can we talk about horses?
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33: Eadweard Muybridge (1830-1904)
	Slide 34: Primates walk in a DIAGONAL footfall sequence
	Slide 35: Almost all other mammals walk in LATERAL footfall sequence
	Slide 36: Primate perspectives on human locomotion
	Slide 37: Research question:  Why did primates evolve diagonal sequence walking gait?
	Slide 38: Disadvantage of diagonal sequence walking
	Slide 39: Why did primates evolve diagonal sequence walking?
	Slide 40: Did diagonal sequence walking evolve in primates as an adaptation for balancing on narrow branches?
	Slide 41: Why does body size matter?
	Slide 42
	Slide 43: Research question: 
	Slide 44: Let’s enlist the help of the world’s smallest primate!  Mouse lemur Average body mass:  30-65 g 
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50: Insights on primate evolution:
	Slide 51: But animals didn’t evolve to walk on poles
	Slide 52: Out of the lab – into the wild!
	Slide 53: Moving around in real trees is complex!! 
	Slide 54: Results of field studies
	Slide 55: Results of field studies
	Slide 56: What happens when WE walk on all fours??
	Slide 57
	Slide 58
	Slide 59
	Slide 60: Take-home messages
	Slide 61: Take-home messages
	Slide 62: Take-home messages
	Slide 63: Thank you! 

