Restoring Ecological Functionality with Constructed

Wetlands: Changes in North American mammalian biomass
& distribution, and the concomitant alteration in coastal
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Changes in ecology of coastal waters
One solution -- Constructed Wetlands

Implications and Conclusions



A. 30,000 years ago in North America

A More species of animals >1000 kg than
Africa

A 31 species of large ungulates (grazers)

A No humans






B. 500 years ago

A 11 species of ungulates, none averaging
> 1,000 kg



70 million bison




40 million pronghorn antelope
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10 million elk




250 million beaver
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Hundreds of millions of Waterfowl




Millions of Carolina parakeets




Several billion anadromous fish
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2-3 milllon humans
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Which had a biomass of about

Number million
in metric
millions tonnes
70 | bison 48
40 | pronghorn antelope 1.5
250 | beaver 4
10 | elk 4
20,000 | passenger pigeons 18
1,000 | waterfowl 3
1,000 | Carolina Parakeets 0.5
5,000 | prairie dogs 1
4,000 | anadromous fish 36
2.5 | humans 0.142
Total 120




C. Now

Number million
In millions metric tonnes
147 | Cattle 67
142 | Hogs 16
8500 | Chickens 21
293 | Turkeys 4
6 | Sheep 0.2
350 | Humans 22
Total 130




Patterns of Settlement in NA
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Tundra / Salt Desert
Semi-Deserts and Deserts
Waetlands
BN Tropical forests
I Boreal forests and high altitude forests
I Deciduous forests
Grassland/Savanne
1 croplands




Population Distribution in NA
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D. Changes In coastal ecology

A Dramatic increase in harmful algae blooms
(HAB)



Harmful Algae Blooms

A 500 years ago confined to higher latitudes
A By 1800 found off mouths of coastal rivers with cities

A By 1950 found off mouths of most all coastal rivers



Changes In ecology of coastal waters

Pre- 1972
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Now

Major HAB-related Events in the Coastal U.S.
ol i

Cyanobacteria
Neurotoxic Shelifish Poisoning
Paralytic Shelifish Poisoning
Amnesic Shellfish Poisoning
Ciguatera Fish Pcisoning
Pfiesteria complex

Brown Tide

Macroalgae proliferation

-
Fish, bird, mammal & submerged ~
aquatic vegetation Kkills
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Source: WHODI ! NOAA
Figure 1. Major HAB Events in the US. (NCCOS and WHOI,
www.whoi.edu/redtide/HABdistribution/HABmap .hitml)
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Visible by satellite off Florida
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Paralytic shellfish poisoning
world-wide




MODIS true color image from July 9, 2002. Dark regions in the water are areas of

high chlorophyll concentration. Blooms are evident off Washington and Vancouver
Island. Sediment-laden water is evident as light green water and clearly shows

the location of the plume from the Columbia River (Image courtesy of Leon M. Delwiche.)



British Columbia




Harmful Algae Blooms Result
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Whales off New England




Sea Manatees
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E. One Solution




Now missing hundreds of millions of beaver
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Submerged vegetation




D. Constructed Wetlands

A How function i multiple pathways

I Liquid/solid separations: gravity, filtration, absorption,

adsorption, ion exchange, stripping, leaching

I Constituent transformations: chemical, oxidation/
reduction, flocculation, acid/base reactions, precipitation,
vast array of biochemical reactions occurring under oxic

and anoxic conditions



Vast surface area




All resulting in removal of

A Complex compounds including persistent
organic pollutants

A Heavy metals
A Nutrients

A Removal in measured substances but also
the ones we do not sample for



Differing types of wetlands

A Subsurface flow i Vegetated Submerged Bed
(VSB)

A Stormwater
A Free-water surface

A Capillary



Subsurface flow 1T not wetlands




Stormwater wetland in NYC



