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Indiana Dunes National Lakeshore



Ecology and ldentification of
Ecosystem Services

Trans-disciplinary across scale



Activism Voting

Civil Society
How we spend
our time




Economics: the efficient distribution of
scarce resources

PbClean Water Crisis
PbCarbon Crisis
PFood Crisis

PFuel Crisis

PSoill Crisis
PBiodiversity Crisis

Financial Crises?
A convergence of Crises



Ocean Impact

fishing, pollution, and oil exploration

Man-made pollution is raising ocean
acidity at least 10-20 times faster than
previously thought, a study says.OTim
Wootton
Science 15 February 2008: Vol. 319. no. 5865, pp. 948 - 952A

Global Map of Human Impact on Marine Ecosystem






Water extraction deficit



Water Scarcity

Comprehensive Assessment of Water Management in Agriculture
Stockholm World Water Week, 2006 www.iwmi.org/assessment









Fossil Water Ogallala Aquifer

2 to 6 million old
2/3 Lake Michigan volume
Draining the flow of 18 Colorado Rivers

Dry up in 25 years.




People Cause 10X More Soil Erosion
Than All Natural Processes Combined...

Human activity causes 10
times more erosion of
continental surfaces than all
natural processes combined,
an analysis by a University of
Michigan geologist shows. "If
you ask how fast erosion
takes place over geologic
timé\ say over the last 500
million yeakkon average,

you get about 60 feet every
million years," Wilkinson said.
In those parts of the United
States where soil is being
eroded by human agricultural
activity, however, the rate
averages around 1,500 feet

per million yedts)






Can wetlands help stop the @ead
zoneQin Gulf of Mexico?

EcotechnologyO Mitch et al., 2001
Nutrient Farming



Map of artificial wetlands project for
treatment of agricultural wastewater at
Avondale (near Phoenix) Arizona.

© 2003 John Wiley and Sons Publishers



The human footprint on Earth

P. Kareiva et al., Science 316, 1866 -1869 (2007)



Earth's shipping lanes and network of roads



Global Soll Degradation



Total Carbon (LPJ)



Carbon in Vegetation (LPJ)



Carbon in Soll (LPJ)



Nielsen and Hole, 1963

Royal Society, 2001. The role of land carbon sinks in mitigating global climate change. Policy document 10/01July 2001















Farming Ecosystem Services



Ecosystem Services

Recreation Value

Wildlife Habitat

Climate control
flood mitigation
ground water recharge
water filtration

Carbon sequestration

Pollination services






Location of CRP Enrollment,
October 2000



Grass Filter Strip

This farmer uses
grass buffer strips
surrounding the
edges of his crops.
Field borders of
grass and legumes
provide turn strips
for farming
machinery. They
also provide
habitat for wildlife,
reduce soil
erosion, and
improve water
guality. Northwest
lowa, 1999.

http://www.iptv.org/iowapathways/artifact _detail.cfm?aid=a 000122



KEY FUNCTIONAL GROUPS
OF SOIL BIOTA

. : Decomposers
Mlcro-symﬁ)nté\ b )\'

_ e.g. cellulose degraders — ,
mycorrhizal ‘ N-fixing

Fungi // K\ Bacteria

Macrofauna
(Ecosystem Engineers) Microregulators C&N transformers
P Earthworms Nematodes €.g.methanogens
b Termites & nitrifiers
Pests and
Diseases

Source Swift (2002) e.g. fungi, invertebrates










The Next Generation of Biofuels:
Greenhouse-Neutral Biofuels from
High-Diversity Low-Input
Prairie Ecosystems

by
David Tilman
University of Minnesota



Diverse Prairies
Remove & Store Carbon
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http://farm1.static.flickr.com/7/9927631 aal0584e0a.jpg



Not emerged
Tiller only
One leaf
Two leaves



The Cedar Creek Biodiversity Experiment
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Switchgrass diversity and
Bioenergy producers pbelr&@&l@f[@%k

Can we improve biomass or other ecosystem
services using diverse SG?
Switchgrass diversity:

b Lowland switchgrass (Kanlow - Oklahoma)

b Intermediate switchgrass (Cave-in-Rock - S. IL)

P Upland switchgrass (Southlow - Southwest MI)
b Switchgrass mix (All 3 switchgrass cultivars)

Fertilizer treatment:

P Does chemical fertilization increase or decrease net
energy balance or net sequestration?




High-biodiversity mixes

¥ Warm season grass mix
¥ Switchgrass mix + Big bluestem mix

¥ Does higher grass species diversity
Improve outcomes?

¥ Warm and cool season grass mix
¥ Switchgrass mix + Canada wild rye

¥ Does longer growing season and
functional complementarity improve

outcomes?

¥ Grass and forb mix

¥ Grasses (Switchgrass mix, Big
bluestem mix, Indiangrass, Canada
wild rye) + 8 prairie forbs (including 3
legumes)




Genetic variation in growth

Cave-in-Rock (S. lllinois) Dacotah (ND)
¥ Genetic differences affect growth
¥ But does increase genetic diversity improve productivity?



Productivity and genetic
diversity

¥ Cultivar mixes had a mean yield
excess of 32 (+26) g/m? over
mono-cultivar expectations

Cultivar diversity plots
(164 X 6n%)




Real Time Ecosystem Monitoring

¥ HPWREN Fermilab AmeriFlux

¥ San Diego wireless site, provided by
ecological data Timothy J. Martin

sensing. (ANL-EVS)



Reducing Risks by
Setting Measurable
Targets

Dr. Mathis Wackernagel

www.FootprintNetwork .org






Are we getting to big for our house?



Who Is getting what?



If everyone lived like us we would
needEE



How big Is a hectare?



What about land for other species?






4%  —y
Biologically
Productive
Ocean

18%) el
Biologically
Productive Land

Productivity
Ocean

. 11%
Deserts, Ice Caps
and Barren Land



Global average availabllity of bioproductive
Land + Sea 1.9 global hectares/person



Fossil Fuel Built-upWaste Food Fibres
absorption



Global Footprint Accounts

(in global hectares/person, 1999 data)

Footprint Areas for: Biocapacity Areas:
Growing Crops 0.53 Crop land 0.53
Grazing Animals 0.12 Grazing land 0.27
Settlements & infrastructure 0.10 Built-up area 0.10
Fishing Grounds 0.14
Total Global Demand 2.29 Total Global Supply 1.90




Data for 1999 Eco-Footprint Biocapacity
[global ha /cap][global ha/cap]

Australia 7.6 14.6
China 1.6 1.1
Germany 4.7 1.8
Italy 3.8 1.3
Japan 4.6 0.8
Russia 4.2 5.1
South Africa 4.0 2.5
US 0.6 5.8

WORLD 2.3 1.9




# of Earths used

1.40

1.20

0.80

0.60

- -@—# of Earths available,
representing the total

040

capacity of the biosphere

— —# of Earths used by humanity

0.20

0.00
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North America

| " Ecological Footprint By Region (1996)

10 A

OECD
8 Western Europe
8
% / Central and Eastern
Europe Non-OECD

Middle East and Central Asia

/

Latin America and the

Caribbean Asia/Pacific

299 384 343 307 484 3,222 710
Population (millions)
¥ The size of each box is proportional to the aggregate footprint of each region.
¥ The height of each box woportional to the region's average ecological footprint per person; and
¥ The width of the box is proportional to the population of the region.
(The OECD and non-OECD columns refer only to average ecological footprint per person).



Human Ecosystems?

¥ Are you part of an ecosystem?
¥ Are you right now Iin an ecosystem?
¥ Are you governed by the laws of nature?

¥ A human built @coQ@ystem

¥ How sustainable, independent, resilient,
and resurgent Is the urban ecosystem
compared to a natural ecosystem?



Urban Ecosystems

¥ Urban gardens
¥ Nasa growth chambers

¥ Living machines
P Recycle wastes into water and food.

¥ Urban labs: growing water
¥ Buildings with a metabolism



Frances Whitehead

James & Kutyla Architecture












Growing Home
Chicago® Urban Farms

City Farm: Resource Center

Growing Power



¥ Mars: The red planetOwhere plants
recycle human wastes. | am also
developing plant growth chambers
research lately. 200sqQecycle all air
and water for 4 people, but to get
enough food for 1 person















Biosphere2, Arizona















Eco City
Liuzhou
McDonough



Eco City
Liuzhou
McDonough



Urban Labs: Martin Felsen
Growing Water Chicago 2106



Urban Labs: Martin Felsen

Growing Water Chicago 2106 ECO' BOU|evard



