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Delaware River Basin o

Pennsylvania

Upper and Central Regions

 above Trenton
e pristine, wild and scenic
* longest undammed river in east
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Lower and Bay Regions

 >90% of people e
* legacy contaminants gy |
* historic and modern development e |

rich estuarine resources
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Oysters

Present Population:
~ 2 billion oysters

PDE Supports Oyster
Restoration

Challenges:

* Disease

* Industry Tradeoffs
* Human Health Mgt
* Climate Change

I salinity
l suitable bottom
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Bivalve Projections — Oysters

Can they be maintained until they might see better conditions?
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Oysters

Restoration Planning:

Marine Bivalve Shellfish

Conservation Priorities for the Delaware Estuary
http://www.delawareestuary.org/science_reports_partnership.asp
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>60 Species of Bivalves in the Delaware Estuary Watershed

Delaware River Basin

11 Other Species of
Freshwater Unionid
Mussels

Mya arenaria

‘ Mytilus edulis

Ensis directus s

'DELAWARE

Crassostrea virgini
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Watershed-wide bivalve restoration

§ Bivalves can help reverse the effects of
eutrophication. . .

. Since pollution occurs everywhere, we can look at the
whole watershed for remedies, including freshwater

mussels, marsh mussels, and estuarine species (oysters)

. Examples will focus on the Delaware Bay watershed, but
the same species live in Chesapeake Bay

8 Main issue: how can we find the best
locations to use bivalv
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Nature’s Benefits (Natural Capital)

Marsh

Qysters Mussels

FW
Mussels

Millennium Ecosysiem

Assessment Categories EDECHIE SETNieE S e Relative Importance Scores
Provisioning: .
v v
e s e |
Regulating
Shoreline Stabilization v vV v
Structural Habitat v v v v
Biodiversity: Imperiled Species v
Supporting Bio-fiftration - v v v v
Biogeochemisitry v v v v
Prey v v v
Cevoaren N
Ecotourism
Cultural/ Spiritual/ Native American v - vV
Historical/ Human Well
Being Watershed Indicator IS v v
Bio-Assessment vvv v v




Example Ecological Services of Bivalves

1. Structure

T Habitat Complexity
Bind Bottom

Stabilize Shorelines

T Bottom Turbulence

2. Function

v Suspended Particulates

v Particulate N, P
T Light reaching bottom

T sediment Enrichment




To Understand EcoServices, Need...
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Monitoring,
Variability

Kreeger



Physiology Measurements
e.g., Clearance Rate

In Lab In Field

Kreeger



Population Measurements
Size Class Structure

Body Size
Abundance (# m=2, # mile-1)

Total Area (m?, river miles)



Lampsilis cariosa
Found: Delaware River, Taylorsville and Yardley, Bucks Co.

|
:{' 72 Where found, this species is generally abundant
. Almost always found in lively currents, on riffles and shoals, in finer or coarser
gravel and very often in bars of pure sand

Freshwater Mussel
Status and Trends

Lampsilis ochracea
Found: Ditches of Delaware Meadows, League Island, Philadelphia

Ort‘ ] , a n n’ A [} El 1919. « Decidedly rare species restricted to the tidewaters of the Delaware

A monograph of the naiades of
Pennsylvania. Part lll: Systematic
account of the genera and species.
Memoirs of the Carnegie Museum T——

8( 1): . Found: Delaware River, Yardley, Bucks Co.
Schuylkill Canal, Manayunk, Philadelphia Co.

Found in the Delaware and Susquehanna drainages, but absent in smaller streams




Conservation Status of United States Taxa
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Loss in Biodiversity
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State of the Delaware Estuary 2008
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Freshwater Mussels

INDICATOR DESCRIPTION: Frestrwater mussels are
Flter-feading bralve mollusks that live n lakes, rivers, and
streams. Similie 16 aysters, Treshwater massels Derwfit
water Quaity, enrich babitars, and Tumish othes important
ecasystam fupcticns, Unlike macine spedies, Treshwater
MusEels grow mare slowly, Bwe longer |50 yoan of n*aal
and hawe camplicated reproduction qh P

on fish hosts Therefore, fredhvwator mussels cannes rebound
quicky after they become mpaired.

As they are sedentary creatures that fiter large amouras
of water, freshwater myssels are sereitiee Indicatoes of
water quaity and

Ferdd the syl ol ot Swab o sodAony, e sl fhe
maxp ance-aburcdant i ker-fesders St b onsatp ndkedinein the
Defuwer Etiorps drseres g mess.

habitat conditions. Schenstic Name
Consequently, they D .

lay daim to being
the mast mperiled
TACDNGTYC group

in the nation, Thess
lorg-lved animak.
ame aften unable

10 recolonize ther
habitacs following
dsturhances due 1o
thek complicatod Ife

Seate Coraervanon Statin
)

Spaces of Lonoam

hiszary. The status of
freshwater mussels
provides differ-

ent envronmental
Information than macroinwertebrases, the latter of which

are good indicators of short-term changes in conditions.
The health, reproductese status, popudation abundance, and
species diversity of the mussed assemblage therefore repre-
sents an excelent bisindicator of watershed conditions over
Torwg persods of e

STATUS: North America has the workd’s greatest dives-
sity of native feeshrawater mussels (moee than 300 spedes),
Frrmeyer, moee than 75 percent hine specal conses vation
atus, The kading causes of mussel dedine are habina and
water-quality degradation. Foe exampie, dams that Block
fish passage Gan affect seprodhuction, gene Mow, and may
Prawng recaknization from adiacent ibutanss foliowing
diturbance. Of the 12 ar mare native specks in the Dela-
ware Estiary Watershad, ¢ven the mast comman miusse is
pacchy In abundance and may not be successfully reproduc
Ing across much of Its range.

TRENDS: The most recent comprebersive mussel surwy
in the regian was conducted in Pernisylvania between 1900
and 1919, Even by that Time, dams and watar-quakty degra-

Thes thust shaas the dade camervabon dabn of beshvades rrased species $ud wese rstoataly docemended buee the Delowoee
ts8xdad ol hone Thal thes messets rary never hime Deen fonad in it viabe, Mo the ci¥orenl de
?nuu' b\hum!h Hyeesldes

dation may have imgaired mussel communities. Nevertheless,
the study provided an excellent benchmark far gaugng mussel
losses for the past SO-plus years, STate surveys and recent anec-
danal information saggest That all native masse] specnes in the
regron are imgaied 1o some degeee, with mest being severnly
depeessad of eatipated altogether.

ACTIONS AND NEEDS: More praactive monitoring is needed
10 aysess the spedies presence and popustion health of fresh-
water musseds across the entie Delawane River Basin, Improved
coondination ard data shasing among states and the Partnershp
for the Delawiee Estuary would greatly faciitase indicatoe deved-
opment and watershed sestaration planning.
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State Conservation Status

Scientific Name

Scientific Name

DE

ALASMIDONTA HETERODON
ALASMIDONTA UNDULATA
ALASMIDONTA VARICOSA
ANODONTA IMPLICATA
ELLIPTIO COMPLANATA
LAMPSILIS CARIOSA
LAMPSILIS RADIATA
LASMIGONA SUBVIRIDIS
LEPTODEA OCHRACEA
LIGUMIA NASUTA
MARGARITIFERA MARGARITIFERA
PYGANODON CATARACTA
STROPHITUS UNDULATUS

DWARF WEDGEMUSSEL
TRIANGLE FLOATER
BROOK FLOATER
ALEWIFE FLOATER
EASTERN ELLIPTIO
YELLOW LAMPMUSSEL
EASTERN LAMPMUSSEL
GREEN FLOATER
TIDEWATER MUCKET
EASTERN PONDMUSSEL
EASTERN PEARLSHELL
EASTERN FLOATER
SQUAWFOOT

NJ
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e Threatened

Extremely Rare

PA

Vulnerable

no data
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Threatened

no data

Vulnerable

Threatened
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no data

no data

no data

Vulnerable

Extremely Rare

Species of Concern

Apparently Secure




Species Richness

Surveyed-
Absences
of Species

No Data




Mussels Survey Locations in PA
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Documenting the Decline

PROCEEDINGS OF THE WORKSHOP

DIE-OFFS OF FRESHWATER MUSSE
IN THE UNITED STATES

Population
Biomass



Culprits

«.Photo by D. Kreeger



Larvae are
brooded in the
ctenidia

Most mussels
depend on
particular
fish species

Figure from Cummings and Mayer (1992).
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U.S. Fish and Wildlife Service B Mussels Are Habitat

Biofiltration Potential s

Restoring Our Nation’s Water Quality

Start

No mussels 8 adult mussels

5//a’efom D/ck Neves VA Tech



U.S. Fish and Wildlife Service A Mussels Are Habitat

Biofiltration Potential

Restoring Our Nation’s Water Quality

No mussels 8 adult mussels

Slide from Dick Neves, VA Tech



Brandywine River
Studied 2000 - present

"% | Elliptio complanata

Ot XN

MARYLAND

Map from The Brandywine River Conservan




Elliptio complanata




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

Filters dry
suspended solids per year

Estimated Removal =

Data from Kreeger, 2006

MARYLAND




4.3 Billion Elliptio (DK estimate)
2.9 Million Kilos Dry Tissue Weight (Dk)




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

Patchy, Impaire

T &

Elliptio complanata

-

Strophitus undulatus

Extirpated

-

Alasmidonta heterodon

State Conservation Status

Scientific Name

Scientific Name

DE

ALASMIDONTA RODON
ALASMI ONTgELATA
ALASM T ICOSA
ANOD NTAﬁATA
ELLIPTIO COMPLANATA
LAMPSILIS CARIOSA
LAMPSILI DIATA
SUBVIRIDIS

LASMIG
LEPTODEA OCHRACEA
LIGUMIA NASUTA

MARGARI A MARGARITIFERA
PYGANODON CATARACTA
STROPHITUS UNDULATUS

DWARF WEDGEMUSSEL
TRIANGLE FLOATER
BROOK FLOATER
ALEWIFE FLOATER
EASTERN ELLIPTIO
YELLOW LAMPMUSSEL
EASTERN LAMPMUSSEL
GREEN FLOATER
TIDEWATER MUCKET
EASTERN PONDMUSSEL
EASTERN PEARLSHELL
EASTERN FLOATER
SQUAWFOOT

NJ

Extirpated ?

Threatened

PA

Vulnerable

Extremely Rare no data Extirpated ?
common common Secure
Threatened Vulnerable
Threatened

no data

Threatened

Threatened

no data

no data

no data

Vulnerable

Extremely Rare

Species of Concern

Apparently Secure
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Ribbed Mussels
Salt Marshes




. | Area 5: Ribbed Mussel Conservation Strategies
R I e IVI u S S e S -Protected Areas

Hatchery, Seed Production, Pop Augmentation
-Spat Collection & Relaying

-Gardening

-Living Shoreline - Intertidal Zone

I nte rt i d a | -Living Shoreline - Subtidal Breakwater

@ redicted Best Ribbed Mussel Habitat

No Disease

"/ ,”w»
. -

Non- commercial

Smy' N

Living Shorelines

LeipsiC




[ l.?//.'/\y

t t

| Geukensia demissa
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7 Salt? Marfhes'

u_,,

208,000 per hectare on average

10.5 Billion Geukensia

Clearance Rate = 5.1 L h-1 g-1 (D« data)
11.7 Million Kilos Dry Tissue Weight (Dk)

= 59.0 Billion Liters per Hour
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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




Population-level Water Processing

Water PRBeESsH5S perHdipBlatiassbundance
ate (L/h/g) Millions
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= 80 Billion L/h

Freshwater

Mussel




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 abunda
future carryi




Residence time is one key to impacts

Refiltration m—
01986
Hydrodynamic contact o |t

More study iIs also needed:

 Net Benefits

Physiological rate functions
Population processing

« Carrying Capacity

Jameas York Rappahannock Potomac Patuxent Bay

Which areas can su pport restoration Fig. 8. Hydraulic residence time for bivalve regions of Chesapeake Bay and major
Optlmal population biomass western tributaries for three years, 1994, 1996 and 1999. The residence times are

computed for the months May-September during which 90% of bivalve filtration is
calculated to occur.




Options for Making Shellfish More Resilient

Water Quallty & X
Flow Management “p
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Freshwater Mussel Recovery Program




Freshwater Mussel Recovery Program

Surveys

) Re-
Propagation Freshwater introduction

Mussel
Recovery

Program

Restoration
Suitability
Tests

Education &
Outreach

http://www.delawarees




Propagation and Reintroduction




FISh Infestatlon




Larval Transformation Into Juveniles




Propagation and Reintroduction

Propagated Juveniles




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
O_II!I’
1 2 4 6 8

’

10 15 30
Years After Planting




Shellfish Based Restoration

Conceptual
model.

Three-pronged
approach to
bivalve restoration
to improve water
quality

1. Non-tidal
2. Intertidal
3. Subtidal

@ Freshwater Mussels ﬁ' U/ Saltwater Mussels | "} Oysters

L B

b Sediment Deposition i* Fish & . |/ Marsh Grasses
N A e = e o ) '\'\_




System Linkages ?

11 Other Species of
Freshwater Unionid
Mussels

m
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Geukensia demissa

Crassostrea virgini
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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 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

TDELAWARE



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 fruitf



- End -




