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The 
Delaware 
River Basin 

13,600 mi2 
 

4 States 
 

9 million people 
 

Delaware River  
60% of fw inflow (11,700 ft3/s) 
 

Drinking water for 16 
million people 



Delaware River Basin 

Upper and Central Regions 
 

•     above Trenton      
•     pristine, wild and scenic 
•     longest undammed river in east 

 

Lower and Bay Regions 
 

•     >90% of people 
•     legacy contaminants 
•     historic and modern development 
•     rich estuarine resources 
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Oysters 

Crassostrea virginica 

Landings Data 

Rutgers Data (Powell, 2003) 



Oysters 

Present Population: 
~ 2 billion oysters 
 

PDE Supports Oyster 
Restoration 
 

 

Challenges: 
 

• Disease 
• Industry Tradeoffs 
• Human Health Mgt 
• Climate Change  
           salinity  

             suitable bottom 



Oyster Shellplanting Success 
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2 Recruitment 

Events 

Historical data from Rutgers Haskin Shellfish Laboratory 

Bivalve Projections – Oysters 
Can they be maintained until they might see better conditions? 



Oysters 
Restoration Planning: 
 
Marine Bivalve Shellfish  
Conservation Priorities for the Delaware Estuary 
http://www.delawareestuary.org/science_reports_partnership.asp  
 

Productivity 



>60 Species of Bivalves in the Delaware Estuary Watershed 

DRBC 

Crassostrea virginica 

Elliptio complanata 

Geukensia demissa 

11 Other Species of 
Freshwater Unionid 
Mussels 

Mya arenaria 

Rangia cuneata 

Corbicula fluminea 

Mytilus edulis 

Ensis directus 

Mercenaria 
mercenaria 
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Watershed-wide bivalve restoration  

§ Bivalves can help reverse the effects of 

eutrophication. . .  

l Since pollution occurs everywhere, we can look at the 

whole watershed for remedies, including freshwater 

mussels, marsh mussels, and estuarine species (oysters) 

l Examples will focus on the Delaware Bay watershed, but 

the same species live in Chesapeake Bay 
 

§ Main issue: how can we find the best species and 

locations to use bivalves for restoration? 



Susquehanna 

Delaware Bay Oysters 

Crassostrea virginica 

Brandywine River, PA 

Geukensia demissa 

Delaware Estuary Marsh mussels 

Elliptio complanata 

Kreeger 

Delaware Freshwater Mussels 



CTUIR Freshwater Mussel Project 

Nature’s Benefits 
 

Bivalve Shellfish are 
“Ecosystem Engineers” 

Kreeger 

Oyster Reefs 

Mussel Beds 



Nature’s Benefits (Natural Capital) 

Lives 

Livelihoods 

Health 

Livelihoods 

Health 
Kreeger 



Example Ecological Services of Bivalves 
1.  Structure 

Bind Bottom 

 Bottom Turbulence 

 Habitat Complexity 

2.  Function 

 Suspended Particulates 

 Particulate N, P 

 Light reaching bottom 

 Sediment Enrichment 

 Dissolved Nutrients 

Stabilize Shorelines 



To Understand EcoServices, Need… 

Physiology 

Population 
Surveys 

Ecology 

Monitoring, 
Variability 

Kreeger 



Physiology Measurements 

e.g., Clearance Rate 

In Lab In Field 

Kreeger 



Population Measurements 

Abundance (# m-2, # mile-1) 

Total Area (m2, river miles) 

Size Class Structure 

Body Size  

X

X

X

X
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X

X

X

X

Water Column
Sediment

pN, pP, NH
3
, NO

3
, PO

4

SPM, particle size, chl-a,

organic content,

organic content, chl-a, pN, pP

Kreeger 



Bivalves 

 

Ortmann, A.E. 1919.  
A monograph of the naiades of 

Pennsylvania. Part III: Systematic 

account of the genera and species. 

Memoirs of the Carnegie Museum 

8(1): 

Freshwater Mussel 

Status and Trends 





Loss in Biodiversity 





  

Scientific Name Scientific Name DE NJ PA

ALASMIDONTA HETERODON DWARF WEDGEMUSSEL Endangered Endangered Critically Imperiled

ALASMIDONTA UNDULATA TRIANGLE FLOATER Extirpated ? Threatened Vulnerable 

ALASMIDONTA VARICOSA BROOK FLOATER Endangered Endangered Imperiled

ANODONTA IMPLICATA ALEWIFE FLOATER Extremely Rare no data Extirpated ?

ELLIPTIO COMPLANATA EASTERN ELLIPTIO common common Secure

LAMPSILIS CARIOSA YELLOW LAMPMUSSEL Endangered Threatened Vulnerable 

LAMPSILIS RADIATA EASTERN LAMPMUSSEL Endangered Threatened Imperiled

LASMIGONA SUBVIRIDIS GREEN FLOATER no data Endangered Imperiled

LEPTODEA OCHRACEA TIDEWATER MUCKET Endangered Threatened Extirpated ?

LIGUMIA NASUTA EASTERN PONDMUSSEL Endangered Threatened Critically Imperiled

MARGARITIFERA MARGARITIFERA EASTERN PEARLSHELL no data no data Imperiled

PYGANODON CATARACTA EASTERN FLOATER no data no data Vulnerable 

STROPHITUS UNDULATUS SQUAWFOOT Extremely Rare Species of Concern Apparently Secure

State Conservation Status

Patchy, Impaired Extirpated 
Rare 

NEP Study Area 



•  
1919 

Since  

 1996 



•  



Documenting the Decline 

Population 
Biomass 

Biodiversity 



Culprits 

Habitat Loss and Degradation 

Water 
Quality 

  Exotic Species 

Photo by D. Kreeger 



Freshwater Mussel Larvae Require Fish Hosts 
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Most mussels  

depend on  

particular  

fish species 

Larvae are 

brooded in the 

ctenidia 



CTUIR Freshwater Mussel Project 

Nature’s Benefits 
 

Bivalve Shellfish are 
“Ecosystem Engineers” 

DK 28 



Start 

8 adult mussels No mussels 

Biofiltration Potential 

Slide from Dick Neves, VA Tech 



Later 

8 adult mussels No mussels 

Slide from Dick Neves, VA Tech 

Biofiltration Potential 



Brandywine River 
Studied 2000 - present 

 

Map from The Brandywine River Conservancy 

Elliptio complanata 



Elliptio complanata 

Photos by Kreeger 



Map from The Brandywine River Conservancy 

 

One Mussel Bed in a  
6 mile reach of the 
Brandywine River 

Estimated Removal = 7.1 %  

Filters >25 metric tons dry 
suspended solids per year 

Data from Kreeger, 2006  



Elliptio complanata 

    4.3 Billion Elliptio (DK estimate) 

    2.9 Million Kilos Dry Tissue Weight (DK) 

 

 = 9.8 Billion Liters per Hour 

Kreeger 

Water Processing Estimate 



  

Scientific Name Scientific Name DE NJ PA

ALASMIDONTA HETERODON DWARF WEDGEMUSSEL Endangered Endangered Critically Imperiled

ALASMIDONTA UNDULATA TRIANGLE FLOATER Extirpated ? Threatened Vulnerable 

ALASMIDONTA VARICOSA BROOK FLOATER Endangered Endangered Imperiled

ANODONTA IMPLICATA ALEWIFE FLOATER Extremely Rare no data Extirpated ?

ELLIPTIO COMPLANATA EASTERN ELLIPTIO common common Secure

LAMPSILIS CARIOSA YELLOW LAMPMUSSEL Endangered Threatened Vulnerable 

LAMPSILIS RADIATA EASTERN LAMPMUSSEL Endangered Threatened Imperiled

LASMIGONA SUBVIRIDIS GREEN FLOATER no data Endangered Imperiled

LEPTODEA OCHRACEA TIDEWATER MUCKET Endangered Threatened Extirpated ?

LIGUMIA NASUTA EASTERN PONDMUSSEL Endangered Threatened Critically Imperiled

MARGARITIFERA MARGARITIFERA EASTERN PEARLSHELL no data no data Imperiled

PYGANODON CATARACTA EASTERN FLOATER no data no data Vulnerable 

STROPHITUS UNDULATUS SQUAWFOOT Extremely Rare Species of Concern Apparently Secure

State Conservation Status

Patchy, Impaired 

Elliptio complanata 

Rare 

Strophitus undulatus 

Extirpated 

Alasmidonta heterodon 

 

  
 
 

Bivalve Projections – FW Mussels 
Shifting Species Ranges, But No Dispersal 



Susquehanna 

Delaware Bay Oysters 

Crassostrea virginica 

Brandywine River, PA 

Geukensia demissa 

Delaware Estuary Marsh mussels 

Elliptio complanata 

Kreeger 

Delaware Freshwater Mussels 



Ribbed Mussels in 
Salt Marshes 

Kreeger 

Tidal creeks 



Ribbed Mussels 

Intertidal 
 

No Disease 
 

Non- commercial 
 

Living Shorelines 

April Sept May 

Ribbed Mussels 



Geukensia demissa Ribbed Mussels in 
Salt Marshes 

  208,000 per hectare on average 

   10.5 Billion Geukensia 
   Clearance Rate = 5.1 L h-1 g-1 (DK data) 

   11.7 Million Kilos Dry Tissue Weight (DK) 

= 59.0 Billion Liters per Hour 



Oysters on Seed Bed Reefs 

2.0 Billion Crassostrea (Powell, 2003 data) 

Mean size = 0.87 g dry tissue weight (DK data) 

Clearance Rate = 6.5 L h-1 g-1(Newell et al 2005) 

= 11.2 Billion Liters per Hour 

Kreeger 



Water Processing per Unit Biomass 
Summer Clearance Rate (L/h/g) 

Population Abundance 
Millions 

Population-level Water Processing 
Billions of Liters per Hour 

B
io
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n
 

Freshwater 

Mussel 

 

Marsh 

Mussel 

 

Oyster 

 

= 80 Billion L/h 



Considerations 

 Total filtration capacity for one fw mussel species (~10 billion 

L/hr) is >250X freshwater inflow from the Delaware River and 

other tributaries (not total volume) 

 

 Total filtration capacity of oysters and ribbed mussels in 

Delaware Bay (~70 billion L/hr) is ~8% of tidal volume per day 

(100% in 11.5 days) 
 

 Water processing potential is estimated based on current 

abundances 
 

 Although historical abundances can be informative, current and 

future carrying capacities are poorly understood 



Residence time is one key to impacts 

From Cerco and Noel 2010 

More study is also needed: 

 

•   Net Benefits 
 

      Physiological rate functions 

      Population processing 

 

•   Carrying Capacity 
 

     Which areas can support restoration 

     Optimal population biomass 

 

 

Refiltration  
 

Hydrodynamic contact  



 

 

 

 

Options for Making Shellfish More Resilient 

Shellplanting for Oysters 

Propagate and 
Reintroduce Mussels 

Riparian 
Restoration 

Fish Passage 
Restoration 

 

Water Quality & 
Flow  Management 
 
•    

Monitoring & 
Research 

Living Shorelines 



Freshwater Mussel Recovery Program 



Freshwater Mussel Recovery Program 

http://www.delawareestuary.org/science_projects_mussel_restoration.asp 



Propagation and Reintroduction 

USFWS & Cheyney Hatcheries 



Fish Infestation 

Fish from USGS, 
Academy of 

Natural Sciences 



Larval Transformation Into Juveniles 



Propagation and Reintroduction 

Photos, R. Neves, VA Tech 

Propagated Juveniles 



Freshwater Mussel Recovery Program 
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 Goals Based on Ecosystem Services 



Conceptual 

model: 
 

Three-pronged 

approach to 

bivalve restoration 

to improve water 

quality 

 

1.  Non-tidal 

2.  Intertidal 

3.  Subtidal 

1 
2 

3 



System Linkages ? 

DRBC 

Crassostrea virginica 

Elliptio complanata 

Geukensia demissa 

11 Other Species of 
Freshwater Unionid 
Mussels 

Mya arenaria 

Rangia cuneata 

Corbicula fluminea 

Mytilus edulis 

Ensis directus 

Mercenaria 
mercenaria 
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DRBC 

Desired Watershed Condition: 
A diverse and robust assemblage of native 
bivalves living in abundance in all available 
tidal and non-tidal ecological niches and 
providing maximum possible natural benefits. 

Kreeger 
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CONCLUSIONS  1 

• Diverse bivalve species should help reverse 

eutrophication under the right conditions 

 

• Current bivalve populations help sustain 

water quality, and they deserve protection 

 

• Populations of many species are below 

carrying capacity and could be augmented 

 

• Protection and restoration of diverse species 

can augment restoration and promote 

positive feedbacks via ecosystem linkages 



CONCLUSIONS  2 

• Conditions that support sustainable 

bivalve populations need more study 
 

• Spatial and temporal variation in gross 

and net bivalve services should be 

measured and modeled in relation to 

system residence and physiology 
 

• Research & modeling should be used to 

identify ecologically significant species 

that best achieve water quality goals  
 

• Chesapeake Bay and Delaware Estuary  

• partnering would be fruitful 



- End - 

www.DelawareEstuary.org 


