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>60 Species of Bivalves in the Delaware Estuary Watershed

11 Other Species of
Freshwater Unionid
Mussels
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Mercenaria
mercenaria

Crassostrea virginica



Freshwater Mussels of the Delaware

L

|
" ‘_"'
" . ln-...‘

(

- .8 ¥ .
L.. .
——

o
.

I F. -~
_— ’ “
4 w "-
" ¥
& 4




Freshwater Mussels of the Delaware

What are they?
Status and Trends?

Why are they Important?

What are we doing?




Freshwater Mussels of the Delaware
What are they?
typical bivalve physiology and morphology
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... but, Atypical Reproduction

Freshwater Mussel Larvae Require Fish Hosts

Juvenile

Juvenile

-

Larvae are
brooded in the
ctenidia

Most mussels
depend on
particular
fish species



Status and Trends - A Taxa in Decline

PROCEEDINGS OF THE WORKSHOP
DIE-OFFS OF FRESHWATER M
IN THE UNITED STATES
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Conservation Status of United States Taxa
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Delaware River Basin
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State Conservation Status

Scientific Name Scientific Name

ALASMIDONTA HETERODON DWARF WEDGEMUSSEL

ALASMIDONTA UNDULATA TRIANGLE FLOATER
ALASMIDONTA VARICOSA BROOK FLOATER

ANODONTA IMPLICATA ALEWIFE FLOATER Extremely Rare no data Extirpated ?
ELLIPTIO COMPLANATA EASTERN ELLIPTIO common common Secure
LAMPSILIS CARIOSA YELLOW LAMPMUSSEL Threatened Vulnerable
LAMPSILIS RADIATA EASTERN LAMPMUSSEL Threatened

LASMIGONA SUBVIRIDIS GREEN FLOATER

LEPTODEA OCHRACEA TIDEWATER MUCKET Threatened
LIGUMIA NASUTA EASTERN PONDMUSSEL Threatened

MARGARITIFERA MARGARITIFERA EASTERN PEARLSHELL no data no data

PYGANODON CATARACTA EASTERN FLOATER no data no data Vulnerable

STROPHITUS UNDULATUS SQUAWFOOT Extremely Rare Species of Concern Apparently Secure




Species Richness
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Mussels Survey Locations in PA

© Present

@ Absent

PARTNERSHIP FOR THE
DELAWARE ESTUARY,

Kreeger




Culprits
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Bivalve Projections — FW Mussels
Shifting Species Ranges, But No Dispersal
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Elliptio complanata Strophitus undulatus Alasmidonta heterodon
State Conservation Status
Scientific Name Scientific Name DE NJ PA
ALASMIDONTA RODON DWARF WEDGEMUSSEL
aﬁm TRIANGLE FLOATER

ICOSA BROOK FLOATER
ATA ALEWIFE FLOATER Extremely Rare no data Extirpated ?

ALASMIRQONT,
ALASM T
ANODONTA

ELLIPTIO COMPLANATA EASTERN ELLIPTIO common common Secure
LAMPSILIS CARIOSA YELLOW LAMPMUSSEL Threatened Vulnerable
Threatened

LAMPSII#DIATA EASTERN LAMPMUSSEL
LASMIG SUBVIRIDIS GREEN FLOATER

LEPTODEA OCHRACEA TIDEWATER MUCKET Threatened
LIGUMIA NASUTA EASTERN PONDMUSSEL Threatened

MARGARI A MARGARITIFERA EASTERN PEARLSHELL no data no data

PYGANODON CATARACTA EASTERN FLOATER no data no data Vulnerable

STROPHITUS UNDULATUS SQUAWFOOT Extremely Rare Species of Concern Apparently Secure




Ecological Magic - Why are they Important?
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Bind Bottom
Stabilize Shorelines
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T Sediment Enrichment
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Habitat Complexity =

Bottom Turbulence

Function

Suspended Particulates
Particulate N, P

Dissolved Nutrients







Mussels Are Habitat

INITIATIVE

Restoring Our Nation's Water Quality

Biofiltration Potential

Start

No mussels 8 adult mussels
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Mussels Are Habitat
INITIATIVE

Restoring Our Nation's Water Quality
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Biofiltration Potential

Later

No mussels 8 adult mussels

Slide from Dick Neves, VA Tech



Natural Diets and Particle Type Selection
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Particle Size Selection: particles below a mussel bed

Downstream Relative to

Upstream Concentration
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Brandywine River
Studied 2000 - present
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Map from The Brandywine River Conservancy




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

Filters dry
suspended solids per year

Estimated Removal =

MARYLAND

Map from The Brandywine River Conservancy
Data from Kreeger, 2006
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Water Processmg Estlmate
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4.3 Billion Elliptio (D« estimate)
2.9 Million Kilos Dry Tissue Weight (Dk)

= 9.8 Billion Liters per Hour
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Delaware River Basin

Delaware Estuary Marsh mussels

Crassostrea virginica e,
Kreeger
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Rlbbed MUSSEIS‘lnm A Geukensia demissa
1 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



Population-level Water Processing
Water PHOCESElG perdidpBleticrsdbundance
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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 with current abundances

= Although historical abundances can be informative, current and
future carrying capacities are poorly understood




What are we doing?
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Freshwater Mussel Recovery Program




Freshwater Mussel Recovery Program
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http://www.delawareestuary.org/science_projects_mussel_restoration.asp



Surveys to Fill Data Gaps
PDE, ANSP, PWD




Propagation and Reintroduction




Fish from USGS,
. Academy of
< Natural Sciences
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Larval Transformation Into Juveniles




Propagation and Reintroduction

Propagated Juveniles




Reintroduction of Tagged Mussels




Elliptio complanata

©
-
&)
©
S
©
-
qv)
&
c
@)
@)
o
C
Q)
(@)
>
al




Freshwater Mussel Recovery Program

Goals Based on Ecosystem Services

2. 000- Not including progeny

1,800-
1,600-
1,400-

Millions of 1 200
Liters 1,000

Processed 800-
600-

400-
200-

Years After Planting




Conceptual
model.

Shellfish Based Restoration

Three-pronged
approach to
bivalve restoration
to Improve water

guality
1. Non-tidal
2. Intertidal
3. Subtidal
WFreshwater Mussels %@F Saltwater Mussels h’“-a;h Oysters
E Sediment Deposition :;-;,;’ Fish ; |/ Marsh Grasses
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11 Other Species of
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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.
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CONCLUSIONS

« 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

 Chesapeake Bay and Delaware Estuary
partnering would be fruitful




SNEWER
Nature’s Benefits

(aka Natural Capital)

Six Reasons Why We Care
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1. Biodiversity

Species Loss

| Intrinsic Losses

| Niches Filled
| Human Health
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2. Blomass (Populations)
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Biomass LosSs:

| EcoServices

| Fish & Wildlife
| Human Health
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CTUIR Freshwater Mussel Project
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3. Bioindicator Value

Freshwater Mussels

International Mussel Watch
Caging Studies

Contaminant and Site-Specific
Testing, Monitoring

Tributary and Regional
Bioassessment

Fast Fact
The faringn o for e Deto e Erugy i
curmently devining methods to remirocice
MRS il wisherseoys whenr they orre

Apurichied B thie Brandywine fhr,

' Lhester Creet and Tt Oy Cressk
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4. Commercial Value

Shellfisheries
Jewelry
Pearl Shell Industry
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5. Cultural-Historical

Waterman Lifestyle
Native American Uses
Ecotourism
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6. Human Health

Pathogen Removal
— filter and digest harmful
bacteria and protists

Model Organisms
- for medical sciences (e.g. cancer research)

TMDL applications
— can reassembled bivalve communities help
managers address TMDL’s?
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Nature’s Benefits (Natural capital) Oysters HT,::;:S “.,stﬂs
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Provisioning:
Food & Fiber

Sfworefine & Botlom P
Regulating
Shorefine Stabifization v'v

Structural Habitat v

Dockside Product

Biodiversity- Imperiled Species

Supporting Bio-filtraticn - A A

Biogeochemistry v
Prey v
Waierman Lifes e
Ecotourism

Cultural/ Spiritual/ Native American v

Historical/l Human Well

Being Watershed Indicator IS

Bio-Assessment v




