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Coastal Delaware 

• 1st State to sign the Constitution 
• 1 Congressman 
• 2nd smallest State 
• 3 counties 

 
• 3 States on a peninsula 
• Lowest State in the U.S. 
• 500-yr floodplain covers 2/5 of State 
• Wetlands cover 1/3 of State 



Wetlands 

• Hydrology 
 

• Hydric Soils 
 

• Hydrophytic Vegetation 









Ecosystems Services 
(Daily and Allison 2002)  

 
• Provide food and wine. 
• Cleanse the Earth’s air and water. 
• Nature’s assets have been thought of as free. 
• Property owners not compensated for services 

that nature provides to society. 
• Owners of wetlands are not paid for seafood 

provided by these ecosystems.  



Ecosystem Capital 
(Goldberg 2007) 

 
• Economics has dismissed externalities. 
• Negative externalities harm people who do not receive 

compensation, such as water pollution.   
• Internalization of externalities through river basin 

organizations sets up system of fair pricing/payment. 
• Economic valuation of watersheds is efficient way to 

make cost-effective decisions by policy makers. 
• Create a market to fund watershed services 



Nature’s Pricing System 
(Odum 1998)  

• The pricing system is basis of the supply & demand economy 
• Is incomplete in protecting the natural environment 
• Accounting of external values previously though to be free (air 

and water) needed to provide total valuation of nature. 
• “Life support” value of estuary marshlands on the Delaware 

River/Bay are priced at $4,100/ac/yr 
• Commercial/sport fisheries, oyster aquaculture, nutrient 

removal, and wastewater treatment services 
 

• “… we cannot continue to make nature (and society) pay all 
this price.  It is prudent to preserve enough nature to do a 
reasonable amount of waste treatment work … and this 
capacity needs to be figured into the economic value of natural 
environments.” 



Ecosystems Services 
(Searle and Cox 2009) 

• Nature’s Services published in 1997 
• Ecosystem services publications grew 1,108% 
• 1997: 255 publications 
• 2007: 3,080 publications 



Wetlands: 
• kidneys of the Bay 
• 15% of the estuary 
• fish factories 
 



Ecosystems area (acres) in the
Delaware Estuary Watershed, 2005

Freshwater 
wetlands, 

317,213, 8%

Open water, 
131,388, 3%

Beach/dune, 
900, 0%

Urban, 865,778, 
23%

Saltwater 
wetland, 

145,765, 4%

Barren land, 
18,630, 0%

Forest land, 
1,186,784, 32%

Farmland, 
1,112,580, 30%

Marine, 16,588, 
0%









Ecosystem Services Value 
in the Delaware Estuary Watershed
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Delaware Estuary Wetlands 
(DeLorme and Wood 1976) 

• Wastewater treatment cost for 90% BOD removal: 
$95 million/year 

• Natural recycling capacity of wetlands reduces 3.5 
lb/acre/day of BOD per day to treat remaining 10%. 

• 463,000 acres of wetlands in Del. Estuary watershed 
• Can treat 590 million lb of waste/year 
• Wetlands removal costs: $2.00/lb BOD/year 
• Wetlands replacement value: $1.18 billion/year 
 



Delaware Estuary Value 
(Greeley-Polhemus Group 1993) 

• 123,000 jobs 
• $4.3 billion wages 
• $24 billion sales 
• $25 million sport fishing non-market value 
• $1 million in commercial fish landings 
• Wetlands replacement value $638 million.  



Bombay Hook National Wildlife Refuge 
 

• USFWS (Carver and Caudill 2007) 
• 16,000 acres 
• 4th most visited refuge 
• 271,000 recreational visits (2006) 
• 80% visitors from other states 
• 6th most valuable refuge 
• $20.2 million to economy, food, lodging, equip., travel 
• $13.4 million from bird watching alone 
• 198 jobs with $5.5 million income 
• FY06 annual budget $804,000, benefits $20.2 million 
• Benefit-cost ratio of 23:1. 











Bird Watching 

• Delaware Estuary one of most important 
feeding grounds in North America. 

 
• 1 million shorebirds feed on horseshoe crab 

eggs during the spring migration. 
 
• In 1988, 90,000 bird watchers spent $5.5 

million in greater Cape May ($61 per viewer). 



Per-Pound Costs of Reducing Nitrogen Pollution
in the Chesapeake Bay Region
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Fauna Factories 
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