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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.

file:///Users/MARSILLY/Desktop///upload.wikimedia.org/wikipedia/commons/c/cd/Origin_of_Species_title_page.jpg
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Lorenzo Camerano, 1880
15 taxa: 
Plants
Parasitic plants
Worms
Amphibians
Reptiles
Fish
Birds
Mammals
Crustaceans
Spiders
Insects

Camerano (1880) 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



5

• 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



www.santafe.edu 8

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:
• Assess human impacts on ecosystems
• Understand human roles in ecosystems
• Investigate aspects of 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. Humans Roles in Food Webs 
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● 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

Human Roles:



Human Impacts?

Changes in species biomasses:
• Loss to metabolism
• Gain from resources
• Loss to consumers

www.santafe.edu



Changes in species biomasses:
• Loss to metabolism
• Gain from resources
• Loss to consumers

Allometric Trophic Network (ATN) Model

www.santafe.edu



www.santafe.edu 32

An In Silico Experiment:

Impact of invasion by human-like taxon on ecological persistence

• Create a “zoo” of dynamically persistent model food webs
• Include prey-switching by generalist species
• Invade each web with an omnivorous super-generalist species
• Hunting tech: vary fraction of invader's links that are strong 
• How many extinctions follow?
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Dunne, Kahn, Kirch, Wood et al. In prep. 

III. Beyond Trophic Interactions

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


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

www.santafe.edu 36

NSF Coupled Natural-Human Systems DEB-1212243 
• Neo Martinez (U AZ Tucson, PI)
• Neil Davies (UC Berkeley/Gump Field Station)
• Jennifer Dunne (Santa Fe Institute)
• Jennifer Kahn (College of William & Mary)
• Pat Kirch (UC Berkeley)
• Spencer Wood (U Washington)

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
file:///Users/MARSILLY/Desktop///upload.wikimedia.org/wikipedia/commons/f/fe/Mangareva_Vue_a%E2%88%9A%C2%A9rienne.JPG
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Mo’orea
• 1.5 M years old
• 132/58 km2 land/lagoon
• Low Deforestation
• Pop ~16,000

Mangareva 
• 6 M years old
• 25/400 km2 land/lagoon
• High Deforestation
• Pop ~1200

Society Islands Gambier Islands

www.santafe.edu

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
file:///Users/MARSILLY/Desktop///upload.wikimedia.org/wikipedia/commons/f/fe/Mangareva_Vue_a%E2%88%9A%C2%A9rienne.JPG


www.santafe.edu 40

On 12 September, 1997, the people of Taumako launched an authentic Polynesian 

voyaging canoe (vaka). The name of the type of vaka is Te Puke. The name of the Te 
Puke is Vaka Taumako – “a voyaging canoe for Taumako.”  (http://vaka.org/1998/02/525/)

http://vaka.org/1998/02/525/
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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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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
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Food
Health Clothing

Ritual

Fuel

Housing

Ornamental

Artifact

Companion

Transportation

StructuralCosmology

Trade

Human Interactions with Other Species
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Multiple Uses



Food
Artifact
Ornamental
Fuel
Medicine
Clothing
Housing
Ritual

Human Use of Species on Mangareva

283
32
27
12

4
3
3
1

Food

• 170 marine fishes
• 53 marine inverts
• 36 plants
• 18 birds
• 4 mammals
• 2 algae

330+ Taxa

Archaeological & Ethnographic Data
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Simple vs. Complex Interactions

Maize: Main ingredient for piki bread

Chenopodium: Purple dye for piki bread

Helianthus: A hood over piki stone to lock in moisture

Juniperus scopulorum: Fuel for cooking; ash as 

ingredient for bread

Plant Oil or Animal Fat: To cook piki bread on piki stone

Human eats banana   Human eats corn   
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South Pacific Islands
Pat Kirch, Jenny Kahn

North Pacific Coast
Iain McKechnie, Spencer Wood

Southwest United States
Stefani Crabtree

North Atlantic Islands
Andy Dugmore

Western Desert Australia
Rebecca Bliege Bird, Stefani Crabtree

Central Europe
Philip Verhagen

IV. Comparison & Synthesis

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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In relation to constraints   
& opportunities: 

� Ecology 
Æ habitat, species richness, taxa

� Environment 
Æ climate, geography

� Culture 
Æmode of production, social 

organization, norms
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How Human Interactions with Biodiversity Shape
Socio-Ecological Dynamics & Sustainability

CfAS: Coalition for Archaeological Synthesis

The ArchaeoEcology Project (TAEP)
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Lessons & Opportunities:

• Humans often unravel food webs (population increases, hunting, 
agriculture, urbanization, industrialization)

• Effects exacerbated by other factors (natural & anthropogenic climate 
change)

• Food webs becoming more simplified, less robust to species loss, less 
stable given perturbations 

• However, humans can invade a system and not initiate cascading 
extinctions/instabilities

• New research agenda: Myriad ways that humans interact with other 
species over space and time

• Simple vs. complex interactions: technology development & use

• Human use patterns related to ecological & environmental context, 
innovation & cultural dynamics, modes of production, etc.



Final Thoughts:
• Utility of ecological network approaches 

• Humans as ecological actors

• The power of deep time: lessons from the past

• The power of transdisciplinary approaches

• The power of comparative synthesis

www.santafe.edu 52

Homo sapiens
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