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Darwin (1859) On The Origin of Species

oN

THE ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

nnnnn

LONDON:
JOHN MURRAY, ALBEMARLE STREET.
1850,

Th ripht of Trumalation it rracrmod.

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

Secondary Fishes
Carnivory

Insects
Primary
Carnivory

Zoo-

plankton
Herbivory

Algae

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

The Niche Model

— 2 ¥\ Nature 2000
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0 <_ rl - _I ——— I_ _> 1 Richard J. Williams & Neo D. Martinez
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* Ecological Network Structure

The Niche Model

— .i,\ Nature 2000
VY VWV Y, Sinplerles yiekd compi food webs
0 <_ rl - _I I I_ _> 1 Richard J. Williams & Neo D. Martinez

* Complex Trophic Dynamics

Ecology Letters, (2012} doi 101T11.1461-0248 201 200777

LETTER

Mechanistic theory and modelling of complex food-web
dynamics in Lake Constance

Alice Boit,"* Meo D. Martinez.”
Richard J. Williams™* and Wrsula
Gaedke'
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* Ecological Network Structure

The Niche Model

— .!,\ Nature 2000
VY VWV Y, Sinplerles yiekd compi food webs
0 (_ rl - _I I I_ _> 1 Richard J. Williams & Neo D. Martinez

* Complex Trophic Dynamics

Ecology Letters, (2012} doi 101T11.1461-0248 201 200777

LETTER

Mechanistic theory and modelling of complex food-web
dynamics in Lake Constance

Alice Boir" Meo 0. Martines,”
Richard J. Williams™* and Wrsula
Gaedke'

* Ecosystem Robustness, Stability & Function

Ecology Letters, (2002) 5: 558-567 Ecology Letters, (2006) 9: 1228-1236 doi: 10.1111/j.1461-0248.2006.00978.x
REPORT LETTER
Network structure and biodiversity loss in food webs: Allometric scaling enhances stability in complex food
robustness increases with connectance webs
Jennifer A. Dunne,"?* Richard J. Ulrich Brose,"* Richard J.
Williams' and Neo D. Martinez' Williams?* and Neo D. Martinez®
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PARASITES

Food Web without Parasites

8



DEEP TIME

Geologic Time Scale

PHANEROZOIC

oo

QUATERNARY
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MESOZOIC | CENOZOIC

Burgess Shale (505 Ma)
— Chengjiang Shale (520 Ma)

|
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What about Homo sapiens?

www.santafe.edu




Using ecological networks to:

I. Assess human impacts on ecosystems
Il. Understand human roles in ecosystems
lll. Investigate aspects of ecological sustainability
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I. Human Impacts on Ecological Networks

Adriatic Sea Region
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Historical Changes in Marine
Resources, Food-web Structure
and Ecosystem Functioning
in the Adriatic Sea, Mediterranean
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Species Abundances
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The Dwindling Web ==

Mammals, birds () G G

and reptiles Q00

LY
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How human exploitation has reshaped a marine ecosystem
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Collapse of an ecological network in Ancient Egypt

Justin D. Yeakel?<12, Mathias M. Pires??, Lars Rudolfef2, Nathaniel J. Dominy9", Paul L. Koch,
Paulo R. Guimardes, Jr.9, and Thilo Gross®f

2Department of Ecology and Evolutionary Biology, University of California, Santa Cruz, CA 95064; Earth to Oceans Research Group, Simon Fraser University,
Burnaby, BC, Canada V5A 156; “Santa Fe Institute, Santa Fe, NM 87501; 9Departamento de Ecologia, Universidade de Sdo Paulo, CEP 05508-090, S&o 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 9Anthropology and "Biological Sciences, Dartmouth College, Hanover, NH 03755; and '‘Department 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)
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Panel from Tutankhamun’s Painted Box: 3000 yrs old

Hierakonpolis Palette: 5150 yrs old
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I1. Human Roles in Food Webs

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




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

e How did human foragers compare to other species?

e What can we learn about sustainability from how humans
interacted with and impacted other species?

e



The Sanak Archipelago

Kilometers’y
12

e 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
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Human Trophic Roles: Network Structure




Sanak Nearshore Marine Food Web

Homo sapiens

@ Birds (64)

@® Mammals (21)

@ Fish (139)

O Invertebrates (222)
@ Algae (54)

@ Misc (13)

-----

513 taxa, 6774 feeding links, 13 links per species



Humans Fed on 122 Taxa (24%)

Homo sapiens
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96% of Marine Species Within 2 Links of Humans

Homo sapiens

491 of 513 species

www.santafe.edu



Sanak Aleut Roles:

* Super-generalists

* Highly omnivorous

* Short path lengths

* Used hunting technology




Sanak Archipelago, Aleutian Islands, Alaska

Full Food Webs with Humans

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

Western Desert of Australia

Tagus Estuary, Portugal

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

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

e, |



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

Nomadic Period: 86 taxa —— Contemporary Period: 31 taxa

Crabtree et al. 2019 Human Ecology

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
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# Predator Taxa

10

Humans are Super-Generalists

60

Sanak Nearshore Marine Food Web
Humans fed on 122 of 513 taxa (23.8%)
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Marine Ecol Progress Series
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Humans NOT at Top of Food Webs

(Why not? Humans very omnivorous)

5.0
— Australia Desert
4.5
Tagus Estuary
< 4.0
m .
2> * Humans — Sanak Marine
; 3.5 Humans \
=
o
o
= 3.0
Humans
2.0
Taxa in descending order of trophic level
Notes: System Human TL Rank TL>2 Taxa
e Taxa with TL > 2 shown Australia Desert 2.36 13 32 173
* Primary producers have TL=1 Tagus Estuary 3.84 9 103 129
* Strict herbivores have TL =2 Sanak Marine 3.26 214 389 513
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I11. 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
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Human Interactions with Other Species

Food

T
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Human Interactions with Other Species

Food

NS
Companion ~_ 7 Housing
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The ArchaeoEcology Project

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

Lessons from the Past for Sustainability of the Future

Primary Co-Conspirators: Stefani Crabtree, Spencer Wood, Jenny Kahn
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Northwest Coast, North America

Western Desert of Australia

North Atlantic Islands

Nuu-chah-nulth people

Food

Health T /Clothing
Companion < > Housing Norse culture
Martu people Ornamental <—— —— Structural
Cosmology < —— Artifact
French Polynesia P North Central Europe

Ritual \ Fuel
SN\

Trade Transportation

Southwestern United States

Aleuts sea otter hunting south of Sanak Island, Alaska, 1870's i3/ www. photolib.noaa. gov/bigs/figb0235.1pg

Polynesians

Swifterbant culture

Ancestral Puebloans


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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I1. One Species, Many Uses

Breadfruit (Mo’orea, French Polynesia)

Breacg[ruit

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

e [


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

Top Multi-Use Species

Mo’orea, French Polynesia

S~

Red: Introduced Taxa
Blue: Indigenous Taxa

Transportation

Breadfruit

Candlenut/
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Rosewood
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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

Top Multi-Use
Species

Red: Introduced Taxa
Blue: Indigenous Taxa

Figures: Stefani Crabtree
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II1. 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

e ol shonl e O i i i ot Bgetbonatis i i

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

Northwest Coast, North America

www.santafe.edu




Human Eats Whale . 7
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Human Eats Whale _ 7
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Making a Canoe

Adze handle
Adze blade Weatern YZ‘;‘;&TE’Z‘:
Mussel Shell (Mytilus )

catifornianus) Koppert-1930;

Sproat 1867

deep sea shell
Drucker 1951

Antler- axe
)

Roosevelt Elk (Cervus elaphus
Sproat 1867

wood
tree

Western Yew (Taxus

Animals used:
* Mussel
Roosevelt Elk

* Black Bear

Black Tailed Deer
* Salmon-spawn

* Mollusk spp.

* Mammal spp.

Nuu-chah-nulth Canoe

Arrow shafts
Drucker 1951 #

Recycled Canoes

Artifacts & malerial
necessary for|
Construction

Wood- handle
Pacitic Grabapple
(Pyrus fusca)
Sproat 1867
Tumer Efrat 1982

Tools

Wood- body

Western redcedar (thuja plicata)
Gunther 1945

Jewitt 1824

Sproat 1867

Tumer and Efrat 1982

Tumer et al 1983
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Pinus flexilis

Chamerion
angustifolium
Allium
schoenoporasum
Allium cernuum

ubus ideus
um

accinium cespito

epherdia canade

aste
Shoshone /' Oncorhynchus spp.

andra umbellata
Odocoileus hemionus

Lewisia redivig

Bison bisol
Ovis canadensis

Antilocapra americana

Allenrolfea o
Iva axillaris

occidentalis
alochortus nuttallii

Northwestern
S O Shone Alces alces

rogenia spp.

henopodium spfcirpys lacustri
Cervus canadensis

Sylvilagus spp.

Vosiom
h Camassia spp. Mentha spp.
O
. Rosa spp.
Cirsium spp.
Allidm-spp. Asclepias spp.
i§ymbrism_canescens Ephedra spp.
Perideridia spp.
Fragaria virginiana

Pinus edulis 7 Pinus Shepherdia spp.
Nasturtidm officinale 1,0 imon aurantiadu monophylla Populous fremontii
Balsamorhiza sagittata Amelancier alnifolia

Prunus virginiana

Data & Figure: Patrick Kelly (USU)
www.santafe.edu




Breadfruit

Candlenut/

Coconut

ArchaeoEcological Networks:

®* Research agenda: How humans interact with Pandanus*
biodiversity through space and time

Rosewood

JoBIMY
6\)@0\0

® 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

e
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Reconstructing Ancestral Pueblo food webs in the southwestern
United States
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Social and Ecological Factors Affect
Long-Term Resilience of Voyaging
Canoes in Pre-contact Eastern
Polynesia: A Multiproxy Approach
From the ArchaeoEcology Project

Jennifer G. Kahn™, Abigail Buffington®, Claudia Escue’ and Stefani A. Crabtree2
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Subsistence Transitions and the Simplification of Ecological Networks
in the Western Desert of Australia
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Why are sustainable practices often elusive? The role of information flow in | &&=
the management of networked human-environment interactions
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Trends in

@ CelPress Ecology & Evolution

Towards a science of archaeoecology

Stefani A. Crabtree?%45* and Jennifer A. Dunne®* 2022
Archaeology Palaeoecology Ecology
* Studies past societies + Reconstructs past ecosystems + Examines axtant
* Reconstructs past abictic from fossil remains ecosystems
ehvironment * Mostly examines Pleistocene * Considers biotic and
» Examines key species via and eatlier abiotic interactions
zooarchaeology and » Genherally excludes Homo * Primarily concerned with
archaeobotany sapiens non-human organisms

\ Tools & methodologies ‘/

Ancient & environmental DNA; geoarchaeology & geochronology; archaeobotany,
zooarchaeology & palynology; tree rings & speleothems; mass spectrometry &
isotopic analysis; ecological network analyses & models; agent-based/individual-
based models; cellular automata; extinction cascade models; species distribution
models; niche construction theory; metabolic scaling theory

4

Archaeoecology

The branch of science that employs archaeological, ecological, and
environmental records to reconstruct past complex ecosystems
including human roles and impacts, leveraging advances in ecological
analysis, modeling, and theory for studying the earth’s human past.

www.santafe.edu [sYe]
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