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Darwin (1859) On The Origin of Species

It is interesting to contemplate an entangled bank…these elaborately 
constructed forms… dependent on each other in so complex a manner, 
have all been produced by laws acting around us.
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Lorenzo Camerano, 1880
15 taxa: 
Plants
Parasitic plants
Worms
Amphibians
Reptiles
Fish
Birds
Mammals
Crustaceans
Spiders
Insects

On the equilibrium of living beings by means of reciprocal destruction  
Atti della Reale Accademia delle Scienze di Torino
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Little Rock Lake, Wisconsin 

Fishes

Insects

Zoo-
plankton

Algae

Secondary
Carnivory

Primary
Carnivory

Herbivory

Martinez. 1991. Ecological Monographs.
Artifacts or attributes? Effects of resolution on the Little Rock Lake food web.

www.santafe.edu
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• Ecological Network Structure

www.santafe.edu

The Niche Model

Nature 2000
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• Ecological Network Structure

• Complex Trophic Dynamics

www.santafe.edu

The Niche Model

Nature 2000
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• Ecological Network Structure

• Complex Trophic Dynamics

• Ecosystem Robustness, Stability & Function

www.santafe.edu

The Niche Model

Nature 2000
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PARASITES

Food Web without Parasites

Food Web with Parasites
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Geologic Time Scale

Burgess Shale (505 Ma)

Chengjiang Shale (520 Ma)

Messel Shale (48 Ma)

DEEP TIME



What about Homo sapiens?

www.santafe.edu
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Using ecological networks to:
I. Assess human impacts on ecosystems
II. Understand human roles in ecosystems
III. Investigate aspects of ecological sustainability

www.santafe.edu
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I. Human Impacts on Ecological Networks

Adriatic Sea Region Egypt
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Early Modern

Late Global

Scientific American 2012

The Dwindling Web

25% Taxa 
Robustness 
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End 

Timeline of Egypt

Collapse of an  ecological network in  Ancient Egypt
Justin D. Yeakela,b,c,1,2, Mathias M. Piresd,2, Lars Rudolfe,f,2, Nathaniel J. Dominyg,h, Paul L. Kochi,
Paulo R. Guimarães, Jr.d, and Thilo Grosse,f

aDepartment of Ecology and Evolutionary Biology, University of California, Santa Cruz, CA 95064; bEarth to Oceans Research Group, Simon Fraser University,  
Burnaby, BC, Canada V5A 1S6; cSanta Fe Institute, Santa Fe, NM 87501; dDepartamento de Ecologia, Universidade de São Paulo, CEP 05508-090, São Paulo, SP, Brazil;  
eDepartment of Engineering and Mathematics, University of Bristol, Bristol BS8 1UB, United Kingdom; fMax Planck Institute for the Dynamics of Complex  
Systems, D-01187 Dresden, Germany; Departments of gAnthropology and hBiological Sciences, Dartmouth College, Hanover, NH 03755; and iDepartment of  
Earth and Planetary Sciences, University of California, Santa Cruz, CA 95064

Edited by Justin S. Brashares, University of California, Berkeley, CA, and accepted by the Editorial Board August 11, 2014 (received for review May 8, 2014)

The dynamics of ecosystem collapse are fundamental to determining
h d h bi l i l iti h th h ti ll
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Hierakonpolis Palette: 5150 yrs old

Panel from Tutankhamun’s Painted Box: 3000 yrs old 
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38 species                 8 species
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Increasing Predator-Prey 
Ratio Through Time

Fewer Dynamically Stable 
Food Webs Through Time



Dunne et al. (2016) The roles and impacts of human hunter-
gatherers in North Pacific marine food webs. Scientific Reports. 

II. Human Roles in Food Webs 



22

● What roles did pre-industrial humans play in North Pacific 
food webs? 

● How did human foragers compare to other species? 

● What can we learn about sustainability from how humans 
interacted with and impacted other species?
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The Sanak Archipelago

● Far-eastern end of Aleutian archipelago
● Ice-free for 16,000 yrs
● 6,000 yr human record, 128 known sites
● Integrate archeological, ecological & climatic data 

Alaska

www.santafe.edu



Human Trophic Roles: Network Structure

24



Birds (64)
Mammals (21)
Fish (139)
Invertebrates (222)
Algae (54)
Misc (13)

Homo sapiens

513 taxa, 6774 feeding links, 13 links per species

Sanak Nearshore Marine Food Web



Humans Fed on 122 Taxa (24%)

Homo sapiens
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491 of 513 species

96% of Marine Species Within 2 Links of Humans

Homo sapiens

www.santafe.edu



• Super-generalists
• Highly omnivorous
• Short path lengths
• Used hunting technology

Sanak Aleut Roles:
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Martu elder ranger Rita Cutter performing 
'right way' fire burn (Photo: Annette Ruzicka)

Aleuts hunting sea otters near Sanak, 1870s 
(H.W. Elliott)

Keeping afloat-Fishing in the Tagus Estuary 
(M. Corte-Real, 2017)

Western Desert of Australia

Tagus Estuary, Portugal

Sanak Archipelago, Aleutian Islands, Alaska

www.santafe.edu

Full Food Webs with Humans
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Nomadic Period: 86 taxa Contemporary Period: 31 taxa

Martu Diet Before & After Removal From Homelands
(Western Desert of Australia, 1960s to 1980s) 

Impacts of removing nomadic human foragers/burners:
• Simplification of food web
• 10 species of small mammals extinct
• 14 mammal, 3 bird, 2 reptile species threatened
• Invasive species common: camels, cats, foxes, donkeys

Crabtree et al. 2019 Human Ecology
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Dunne et al. 2016
Scientific Reports

Crabtree et al. 2019
Human Ecology

Vinagre et al. 2019
Marine Ecol Progress Series



2.0

2.5

3.0

3.5

4.0

4.5

5.0
1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5 3 1 9 7 5

  Australia Desert

  Tagus Estuary

  Sanak Marine

33

System Human TL   Rank   TL>2     Taxa    
Australia Desert 2.36  13        32       173
Tagus Estuary 3.84  9      103       129
Sanak Marine 3.26  214      389       513

Tr
op

hi
c 

Le
ve

l
Humans NOT at Top of Food Webs

Humans

Humans

Humans

Taxa in descending order of trophic level

Notes:
• Taxa with TL > 2 shown
• Primary producers have TL = 1
• Strict herbivores have TL = 2

(Why not? Humans very omnivorous)

www.santafe.edu



III. ArchaeoEcological Networks

Socio-Ecosystem Dynamics of Natural-Human 
Networks on Polynesian Islands

http://worldislandparadise.com/backpacker-zone/moorea-island-is-a-popular-honeymoon-destination-in-the-world/attachment/moorea-island-is-a-high-island-in-french-polynesia-4




www.santafe.edu

https://en.wikipedia.org/wiki/File:Artocarpus_altilis_(fruit).jpg
https://en.wikipedia.org/wiki/File:Banana_farm_Chinawal.jpg
https://en.wikipedia.org/wiki/File:%E0%B4%95%E0%B4%BE%E0%B4%9A%E0%B5%8D%E0%B4%9A%E0%B4%BF%E0%B5%BD-%E0%B4%95%E0%B4%BF%E0%B4%B4%E0%B4%99%E0%B5%8D%E0%B4%99%E0%B5%8D.JPG
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https://en.wikipedia.org/wiki/File:Artocarpus_altilis_(fruit).jpg
https://en.wikipedia.org/wiki/File:Banana_farm_Chinawal.jpg
https://en.wikipedia.org/wiki/File:%E0%B4%95%E0%B4%BE%E0%B4%9A%E0%B5%8D%E0%B4%9A%E0%B4%BF%E0%B5%BD-%E0%B4%95%E0%B4%BF%E0%B4%B4%E0%B4%99%E0%B5%8D%E0%B4%99%E0%B5%8D.JPG
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Food

Human Interactions with Other Species

www.santafe.edu
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Food
Health Clothing

Ritual Fuel

Housing

Ornamental

Artifact

Companion

Transportation

Structural

Cosmology

Trade

Human Interactions with Other Species

www.santafe.edu
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How human interactions with biodiversity 
are shaped by, and have impacts on: 

• Ecology
Habitats, species richness, types of taxa, interactions

• Environment
Climate, geography, soils, age

• Culture 
Modes of production, social organization, norms & 
taboos, technology & innovation

The ArchaeoEcology Project

Lessons from the Past for Sustainability of the Future

www.santafe.edu

Primary Co-Conspirators: Stefani Crabtree, Spencer Wood, Jenny Kahn



Food
Health Clothing

Ritual Fuel

Housing

Ornamental

Artifact

Companion

Transportation

Structural

Cosmology

Trade

French Polynesia

North Atlantic Islands
Western Desert of Australia

Northwest Coast, North America

Southwestern United States

Norse culture
Martu people

Polynesians

Nuu-chah-nulth people

Ancestral Puebloans

Swifterbant culture

North Central Europe

http://worldislandparadise.com/backpacker-zone/moorea-island-is-a-popular-honeymoon-destination-in-the-world/attachment/moorea-island-is-a-high-island-in-french-polynesia-4
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French Polynesia: Mo’orea North Atlantic: Iceland

Western Desert of Australia

Northwest Coast, North America

Southwestern US

I. Use Patterns

*

*

* Cosmology underestimated in NWC; Food overestimated in Mo’orea

www.santafe.edu

Figures: Stefani Crabtree



II. One Species, Many Uses

Images: Sienna Van Slooten

Breadfruit (Mo’orea, French Polynesia)
Fruit: Steamed, roasted, or fermented for food
Fruit: Pig fodder 
Sap: Caulk canoes, make bird traps, medicines
Wood: House & temple structures, fuel, idols
Bark: Clothing (barkcloth, rapa)
Leaves: Medicines
Fruit & Bark products also use for Trade and 
Taxation purposes

www.santafe.edu 44

https://en.wikipedia.org/wiki/File:Artocarpus_altilis_(fruit).jpg
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Breadfruit 

Candlenut 

Coconut 

Pandanus*

Rosewood 

Mo’orea, French Polynesia
Red: Introduced Taxa
Blue: Indigenous Taxa

Top Multi-Use Species

http://worldislandparadise.com/backpacker-zone/moorea-island-is-a-popular-honeymoon-destination-in-the-world/attachment/moorea-island-is-a-high-island-in-french-polynesia-4
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Breadfruit 

Candlenut 

Coconut 

Pandanus*

Rosewood 

Acacia 

Dingo 

Goanna 

Mala 

Solanum 

Cattle 

Goat 

Whale 

Horse 

Eider 

Cod 

Deer 

Juniper 

Maize

Pinyon

Rabbit 
Turkey*

Mo’orea, French PolynesiaIcelandSouthwestern US

Western Desert of AustraliaNorthwest Coast NA

Top Multi-Use 
Species

Red: Introduced Taxa
Blue: Indigenous Taxa

Cedar 

Dog

Herring

Salmon 

Whale 

Mussel

Figures: Stefani Crabtree



III. Simple vs. Complex Interactions

Human eats banana   Human eats breadfruit   

Mo’orea, French Polynesia   
Images: Sienna Van Slooten

www.santafe.edu



Human eats berry   Human eats whale   

Northwest Coast, North America  

Tlingit women eating thimbleberries   Nuu-chah-nulth people processing whale   

www.santafe.edu



blue = marine origin
green = terrestrial origin
grey = mix

Human Eats Whale

Data & Figure: Jacob Earnshaw



blue = marine origin
green = terrestrial origin
grey = mix

Human Eats Whale

Data & Figure: Jacob Earnshaw



M

Making a Canoe
Animals used: 
• Mussel
• Roosevelt Elk
• Black Bear
• Black Tailed Deer
• Salmon-spawn
• Mollusk spp. 
• Mammal spp. 

Plants used: 
• Western Red Cedar
• Yellow Cedar
• Western Yew
• Douglas Fir
• Sitka Spruce
• Western Hemlock
• Red Alder
• Pacific Crabapple
• Rushes
• Cascara 

Tech used: 
• Axe
• Wedge
• Ladder
• Adze
• Chisel
• Fire Felling 
• Fire Burn Out 
• Stain & Paint
• Sand & Polish
• Ornamentation

Data & Figure: Jacob Earnshaw



blue = marine origin
green = terrestrial origin
grey = mix

Human Eats Whale

Data & Figure: Jacob Earnshaw
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Figures: Spencer Wood

Bipartite Facet Representation 

Simplicial Complex
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Data & Figure: Patrick Kelly (USU)

New Datasets Being Compiled



www.santafe.edu 56

ArchaeoEcological Networks:

• Research agenda: How humans interact with                                               
biodiversity through space and time

• First time comprehensive data of this type compiled/analyzed

• Human interaction patterns in relation to ecological & 
environmental context, human culture, modes of production, etc.

• Species often served a variety of uses for pre-industrial humans

• Simple vs. complex interactions: A new way to quantify and 
compare technology development and use & innovation dynamics

• The search for lessons from the past for sustainability of the future

Breadfruit 

Candlenut 

Coconut 

Pandanus*

Rosewood 
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2016

2017

2019

2021

2022

2023

2016
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2022
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Thanks!
Iain McKechnie, 
Jacob Earnshaw, 
Spencer Wood

Jenny Kahn, Pat Kirch,
Spencer Wood, Dieta Hanson

Philip VerhagenAndy Dugmore, George 
Hambrecht, Richard Bankoff

Stefani Crabtree
Rebecca Bliege-BirdStefani Crabtree

ASU-SFI Center 
for Biosocial 

Complex Systems

http://worldislandparadise.com/backpacker-zone/moorea-island-is-a-popular-honeymoon-destination-in-the-world/attachment/moorea-island-is-a-high-island-in-french-polynesia-4
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