Natural Infrastructure Case Study:
Investing in Nature’s Underdogs to
Promote Cleaner Water
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Benefits of Natural Infrastructure

...The Ecological Manhattan Project

Supporting

Water Cycling/Hydrologic Regime

Millenium Et‘:'%s;{ste.m Assessment 50.Saivice 30 Service 49 Service
ervice
Fisheries Support
Food
N Algae and invertebrate production
Provisioning Genetic Materials Phragmites control research
Biochemical Products Research in Antifungal Agents
Fiber and Fuel Cellulose stock
Carbon Caps,
Sequestration Carbon mitigation
: T Meet TMDLs for
Sediment Stabilization Erodionicontrol sediment
y Storm Protection/ Wave Attenuation/ Protect Property VValues and
Regulating Flood Protection infrastructure
Gas Regulation Carbon Sequestra}tion
Oxygen production
Water Quality Sequestration, Filtering TMDLs: Nutrients,
Pollutants |
Recreation Bird watching, hunting, boating
Spiritual and Inspirational Native American Uses
Cultural/ Spiritual University reasearch & school
Human Well Being Educational projects/trips
Landscape pictures, paintings,
Aesthetic Value ____open space
Habitat Wildlife, shellfish, insects
Biodiversity Maintain Plant Communities
Production Primary Production y
-

Nutrient Cycling/Biogeochemical
Processes

Maintain trophic cycles, soil

building
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Natural Infrastructure:

Tidal Wetlands

Near Contiguous Band

Diverse: Freshwater Tidal Marshes
Brackish Marshes
Salt Marshes

Nature’s Benefits
Flood Protection
Fish and Wildlife
Carbon Sequestration | Deluware
Water Quality e
Property Value
Natural Areas
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Historic Freshwater Tidal Wetlands

< 5% remains in
Delaware Estuary
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Each adult filters
> 10 gallons of water
per day
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Clearance Rates Temperatures >20°C
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Blue Collar Bivalves

Benefit People and
the Environment

1. Structural Ecology
T Habitat Complexity

Stabilize Bottoms

2. Functional Ecology
\p Suspended Particulates
d Particulate N, P, pathogens

T Light reaching bottom
T sediment Enrichment

T Food for Predators
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FW Mussels — the Most Imperiled

Freshwater Mussels
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Historic Freshwater Mussel Beds

MOSt imperiIEd animals Mussels Survey Locations in PA
©  Present il

® Absent

But secret garden in tidal
Delaware
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Mussel
Surveys

Tidal Delaware River

Population Biomass by Species
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Physiologically-Based BioFiltration Estimates
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Freshwa er musse ,

n . Clearance Rate Clearance
rea Hepot
Location < | Number| ' '>>Y¢ 1 1  Rate Filtration
(m”) Weight(g)| (Lhi'g | (gal day feal doc) (kg DW
pTWY) |gpTwh| '8¢ 9% day’)
Site 1 4,230 | 23,163 | 74,210 411,867 7.8
Site 2 18,648| 477,389| 992,074 5,506,008 104.2
0.875 | 5.55
Site 3 13,983| 256,560| 241,151 1,338,387 25.3
Site 4 35,525/1,662,57() 586,163 3,253,202 61.6
Total 72,386}2,419,68 A!l ,893,597| 10,509,464 198.9

=10 tons dry TSS per hectare per year

Kreeger et al. 2013



Delaware River FW MUSSGlS (one species)
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4.3 Billion Elliptio
2.9 Million kg Dry Tissue Weight
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Delaware Bay Oyster Reefs

Stowe Creek

Fishing
Creek

Liston New Jersey

Range Round Island
Upper Arnolds

Arnolds

Woodland Upper Middle
Beach

Middle

Cohansey Sea

Ship John . Breeze

Shell Rock y
Bennies
Over
Thrum- 4o Bar Pynd Hog Shoal
ca
P Bennies Nantuxent Straw- :
Black berry Hawk's
Buoy New Nest

2.0 Billion Crassostrea (Powell, 2003 data) T Beds Beadon:

Middle Vexton

Mean size = 0.87 g dry tissue weight (DK data) ey
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Headwaters
to Ocean
Shellfish

Restoration

1. Non-tidal
2. Intertidal
3. Subtidal

W Freshwater Mussels 9@9 Saltwater Mussels WOysters



Freshwater Mussel Recovery Program (FMRP)

Conservation

Surveys Restoration
L Freshwater
Mussel ,
Qutreach Propagation
Recovery
Program
Remediation Habitat

Research &
Monitoring

rship for the

DELAWARE
ESTUARY




Restoration Via Reintroduction

Restock mussels in historic range

Assessments

Reproductive adults

Conservatiop

Surve)y
Electronic Tagging . Freshwatel """
Mussel
Outreach
i Recover
Track bed retention and growth rates Progra""’ 8 cpsation
Partner .
Coordination Habitat

Research & Restoration
Monitoring
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Restoration Via Reintroduction
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Reintroduction Wantersheds by Year N
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Restoration via Habitat Enhancement
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Urban Living Shorelines

Include Mussel Beds
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Delaware River, PA
Wilmington, DE



Research: Habitat Requirements of Mussels

Spencer Roberts M.S.
Habitat Suitability
Benthic Shear Stress
Substrate Needs
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Restoration via Reseeding I

DEL AWARE
ESTUARY
Conservation
Surveys Restoration
- Freshwater
Mussel ,
QOutreach Propagation
Recovery
Program
Remediation Habitat
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Monitoring
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Restoration via Reseeding foo
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Cheyney Hatchery, 2008-2011 '

Solved technical challenges
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Restoration via Reseeding ﬁ |
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Demonstration Hatchery at
Fairmount Water Works

THE MUSSEL
HATCHERY

http://www.mightymussel.com/



Restoration via Reseeding — Pond Rearing

~35,000 Seed into Ponds
(Longwood, Winterthur)

L
i

~70,000 Seed on 5/2

Eventually to
Prioritized Streams



Reintroductions — Juvenile Mussels




Reintroductions — Juvenile Mussels




Pond Rearing Trials

SEL AWARE
STUARY
"




Pond Rearing Trials
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Pond Rearing Trials
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Propagation & Reseeding Plan
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Delaware Basin

Chesapeake Basin
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THE MUSSELS FOR CLEAN WATER INITIATIVE
OF THE DELAWARE AND SUSQUEHANNA RIVERS

WATER QUALITY ENHANCEMENT BY BEDS OF FRESHWATER MUSSELS

Hatchery

Ad ults
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“JAlewife Floaters

Investment in Mussel Hatchery

* Produce 500,000 seed per year
 Seed are stocked into impaired streams
e Survival ~90%, lifespan ~30 years, normal growth

e Costs $400,000 per year




nAIeWife Floaters =

Predicted Outcomes: Nitrogen Filtration

PN PN
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~78,000 lbs/yr by Year 30 >870,000 total Ibs by Year 30




I 5 ’Alewife Floaters

Return on Investment ?

* Healthy mussel bed ~400 pounds N per ha/yr

e TSS removal would cost (dry weight)

* Nitrogen removal would cost

ROI analyses ignore other ecological benefits
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e Freshwater mussel beds clean the water (a lot!)

e Most areas no longer have mussel beds, which means we
have to spend more money to mechanically treat

e We now have the technology to rebuild mussel beds,
such as in living shoreline projects

e There are lots of opportunities in the tidal Schuylkill and
Delaware, the world’s largest freshwater tidal estuary
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Healthy Bivalves =
Healthy Estuaries
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—y-y Thank You!

Danielle Kreeger
Science Director
(302) 655-990, x104 | DelawareEstuary.org
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Connecting people, science, and nature
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