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Darwin (1859) On The Origin of Species 

It	is	interes3ng	to	contemplate	an	entangled	bank…these	elaborately	
constructed	forms…	dependent	on	each	other	in	so	complex	a	manner,	
have	all	been	produced	by	laws	ac3ng	around	us.	
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The Architecture of Ecological Interdependence 
Food	Webs:	Networks	of	Biomass	and	Energy	Flows	
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Little Rock Lake, Wisconsin 	
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Mar3nez.	1991.	Ecological	Monographs.	
Ar3facts	or	aPributes?	Effects	of	resolu3on	on	the	LiPle	Rock	Lake	food	web.	
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•  Ecological Network Structure 
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The	Niche	Model	

	Nature	2000	
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•  Ecological Network Structure 
 

 
 

 
•  Complex Trophic Dynamics 
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•  Ecological Network Structure 
 

 
 

 
•  Complex Trophic Dynamics 

 

 

•  Ecosystem Robustness, Stability & Function 
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The	Niche	Model	

	Nature	2000	



What	about	Homo	sapiens?	
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•  Human	impacts	on	food	webs	
•  Human	roles	in	food	webs	
•  New	lessons	for	sustainability	

www.santafe.edu	



www.santafe.edu	



www.santafe.edu	



www.santafe.edu	



www.santafe.edu	



www.santafe.edu	



www.santafe.edu	



Early	Modern	

Late	Global	

Scien9fic	American	2012	

The Dwindling Web 

25%	Taxa		
Robustness		
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End		
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Timeline	of	Egypt	
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12,000	Years	Ago	

Present	Day	

Collapse	of	an	Ecological	Network	
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Possible	Mechanisms:	
•  Direct	Overkill							
•  Resource	Compe33on					
•  BoPom-up	Forcing	

Predator-Prey Ratio Increases Through Time 

Rela3vely	more	herbivores	than	predators	went	ex3nct.	
Ex3nc3ons	were	nonrandom	and	coincided	with	deser3fica3on	episodes.	
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Proportion of Dynamically Stable Food 
Webs Decreases Through Time 

Simulate	small	perturba3on	to	popula3ons,	assess	local	dynamic	stability	
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•  Human	impacts	on	food	webs	
•  Human	roles	in	food	webs	
•  New	lessons	for	sustainability	
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Maschner	et	al.	2009.	Pacific	Science.	An	introduc3on	to	the	
biocomplexity	of	Sanak	Island,	Western	Gulf	of	Alaska.		

The Sanak Biocomplexity Project 

www.santafe.edu	



31	

● 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?	

www.santafe.edu	
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The Sanak Archipelago 

●  Far-eastern	end	of	Aleu3an	archipelago	
●  Ice-free	for	16,000	yrs	
●  6,000	yr	human	record,	128	known	sites	
●  Integrate	archeological,	ecological	&	clima3c	data		

Alaska	

www.santafe.edu	
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Human Trophic Roles: Network Structure 
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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 Food Web 
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Humans Fed on 122 Taxa (24%) 

Homo	sapiens	

www.santafe.edu	



		

40	20	 60	 80	 100	 120	

Number	of	Prey	

N
um

be
r	o

f	P
re
da

to
rs
	

Humans	

Pacific		
Cod	

Alaska	
Pollock	

Pacific	
Halibut	

Chinook	
Salmon	

Steller	
Sea	Lion	

	

0	

How	Many	Prey?	
		Specialists	 Generalists	
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491	of	513	species	

96%	of	Marine	Species	Within	2	Links	of	Humans	

Homo	sapiens	
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• Super-generalists	
• Highly	omnivorous	
• Short	path	lengths	
• Used	hun3ng	technology	

Human	Roles:	
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Human	Impacts?	

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

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

•  Hun3ng	tech:	vary	frac3on	of	invader's	links	that	are	strong.		

•  How	many	ex3nc3ons	follow?	
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Socio-Ecosystem Dynamics of Natural-Human 
Networks on Polynesian Islands 
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NSF	Coupled	Natural-Human	Systems	DEB-1212243		
•  Neo	Mar3nez	(U	AZ	Tucson,	PI)	
•  Neil	Davies	(UC	Berkeley/Gump	Field	Sta3on)	
•  Jennifer	Dunne	(Santa	Fe	Ins3tute)	
•  Jennifer	Kahn	(College	of	William	&	Mary)	
•  Pat	Kirch	(UC	Berkeley)	

Mo’orea	 Maupi3	Ra’iatea	 Mangareva	



Mo’orea		
• 	1.5	M	years	old	
• 	132/58	km2	land/lagoon	
• 	Low	Deforesta3on	
• 	Pop	~16,000	

Mangareva		
• 	6	M	years	old	
• 	25/400	km2	land/lagoon	
• 	High	Deforesta3on	
• 	Pop	~1200	

Society	Islands	 Gambier	Islands	

www.santafe.edu	
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1. Compile & Analyze Ecological Networks 

•  Human-centered	use	networks	over	1000	years	of	presence	

•  Highly	resolved	habitat-specific	food	webs	for	Mo’orea,	based	on	DNA	
barcode	and	Biocube	data,	adding	humans	

2.  Develop Model of Natural-Human System Dynamics 

•  Integrate	humans	&	human	demography	in	ecological	networks	by	
modeling	them	as:	
•  Ecological	en33es		
•  Agricultural	en33es	
•  Economic	en33es		

•  Parameterize	models	with	island-specific	data	and	explore	socio-
ecological	dynamics,	comparing	to	known	trends	

•  Explore	dynamics,	robustness,	stability	of	socio-ecological	networks	
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• Food/Drink	
• Medicinal	
• Clothing	
• Ritual	
• Fuel	
• Housing	
• Ornamental	
• Ar3facts	

Human	Interac3ons	with	Other	Species		

www.santafe.edu	



Mangareva	(Gambier	Islands)	

www.santafe.edu	
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Food	
Ar3fact	
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	
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S.	Pacific	Polynesian	Islands	 North	Pacific	Coast	

Southwest	US	Pueblos	Iceland	
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Modeling	All	Life	On	Earth…Or	At	Least	on	One	Island	

www.santafe.edu	
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•  U3lity	of	ecological	network	analysis	&	modeling	framework	

•  Include	humans	explicitly	in	ecological	models	

•  Power	of	case	studies:		Specificity											Generality	
•  Lessons	from	the	past:	The	power	of	deep	3me		

•  Interac3on	between	structural	&	dynamical	roles	

•  Ecological	vs.	agricultural	vs.	economic	roles	

•  Importance	of	demography,	adap3ve	behavior,	etc.	

Opportunities for Sustainability/Conservation: 
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American	Scien9st	103:	188-195	(Cover	Ar3cle,	May-June	Issue)	



Thanks!	
Spencer	Wood	(Stanford,	U	Washington)	
Herb	Maschner	(U	South	Florida,	Tampa)	
Nancy	Huntly	(Utah	State	U)	
Rich	Williams	(mappr)	
Neo	Mar3nez	(U	Arizona)	
Pat	Kirch	(UC	Berkeley)	
Jenny	Kahn	(William	&	Mary)	
Neil	Davies	(UC	Berkeley,	Gump)	
Heike	Lotze	(Dalhousie	U)	
Jus3n	Yeakel	(Santa	Fe	Ins3tute)	
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