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Questions

How will climate change here?

How will changes impact resources?

What are our options for making
these resources more resilient?

How do we prioritize tactics?

What if we d
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How Will Climate Change?  asperbr. Ray Najjar

Temperatures
More in summer than
in winter
Locked in for next 30
years
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Century Century Century




How Will Climate Change?  asperbr.Ray Najjar

More in summer than in winter
Locked in for next 30 years
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South Jersey Shore towns expected to begin
removing dead menhaden from beaches Friday

By Jacqueline L. Urgo
nquirer Staff Writer

N.J. - The removal of thousands of dee
o begin Friday after a determination tha

ult of higher air and water temperatures - killed the menhaden, according to state
of Environmental Protection officials

The kill was spotted around 6:30 a.m. Wednesday, when a 20-foot-wide floating patch of menhaden
nker, was seen along the bayfront. Tides brought the dead fish onto the b
h in Middle Township to Villas in Lower Township. No other species

were taken a day after the kill, conditions had not changed substant ally
Jan Fossen, the DEP's assistant director of emergency management

stop their process o




State of the Estuary 2012

Temp. has warmed by
1°C in the past century,
mainly in past 30 yrs.

Technical Report for the
Delaware Estuary & Basin
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Climate Momentum

Mitigation — critically important for the long-term
(grandkids)

Difference between a rise of 2 versus 4 degrees centigrade
translates into a difference between local versus mass extinction

Adaptation — critically important for the short-term
(Kids)

No amount of mitigation
tempera




How Will Climate Change?

Temperatures

More in summer than in winter
Locked in for next 30 years

Precipitation

7-9 % increase
More in winter than in summer
More heavy events

‘-\....,‘ bl

R




State of the Estuary 2012

Precip. has i d >10%
recip. has increase 0 Fall Precipitation (Anomoly)

Trend over past 30 years >
5 times trend over last 100

Technical Report for the
Delaware Estuary & Basin
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How Will Climate Change?

Temperatures

More in summer than in winter
Locked in for next 30 years

20 mm/year

Precipitation

More in winter than in summer
More heavy events

10 mm/year

4 mm/year l

Sea Level Change (cm)

Sea Level

0.6 -1.5m by 2100 (or more)
local rates >> global

f salinity




How Will Climate Change? £ -

Temperatures

More in summer than in winter
Locked in for next 30 years

Precipitation

More in winter than in summer
More heavy events

Sea Level

0.6 -1.5m by 2100 (or more)
local rates >> global

f salinity

WeTre Not 1n
I Storms ? Zone 6 Anymore

Climate change is bringing milder winters
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Emerging Threats

Heat Stress

Saltwater and Sea Level Rise
Flooding (amid Droughts)
More Frequent, Larger Storms

June 29, 2012 Midwesl to East Coast Derecho
Radar Imagery Composite Summary 18-04 UTC
~600 miles in 10 hours / Average Speed ~60 mph

Derecho

June 29. 2012 I8

Over 800 preliminary thunderstorm wind reports indicated by »

Peak wind gusts 80-100mph. Millions w/o power.
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ropical Storm Force WInd Speed Frobabllities
For the 120 hours (5 days)_ from 8 AM EDT Fri Aug 26 to 8 AM EDT Wed Aug
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Predictions > Vulnerability > Adaptation > Action

THE FOUR REGIONS OF THE
DELAWARE ESTUARY WATERSHED?*

# The Delaware Estuary is one of 28 Mational Estuary Programs. The study area for the Partnership for the Delaware Estuary covers the
lovwer 6,827 sguzre miles of the Delasane River YWarershed, which in its endrecy is 13,611 square miles, elow the head of the tide in Trencon.
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' Water_-S.uppIies:--(}-

Drinking Water -2 st ot

- -_...‘:"ijjz_‘__.u
- _--Sht of 1964 - 53It Line
} “Camden -

*>16 million people
* Philadelphia — 1.4 million

* New York City

* 95% used for power generation and industry

* Increasing demands for industry, e.g. shale drilli
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Drinking Water — Vulnerability

e Sea Level Rise
e Saltwater Intrusion

* Storms and Flooding

* Infrastructure Erosion

Flg?gripng { Precipitation
Surge Changes
|Sa|inity Rise\ | Drought \

Sea Level Drinking Water Wild Fires /
e Vulnerabilities Lightening

* Degraded Sourcewater




Drinking Water — Adaptation Options

Infrastructure protection and upgrades E=—=

New treatment & distribution system

Storm water control

Source water protection
Wastewater disinfection

Protect river flow to offset saltwater



Drinking Water Tough Questions

 How can we maintain low salinity in the upper estuary?

e Will more reservoirs be needed and where?

e Where should infrastructure be protected?

-
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Coastal Wetlands

Abundant
Diverse

Benefits:

Flood Protection
Water Quality
Fish and Wildlife

Delaware

Natural Areas EESST———
Carbon Capture A
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Tidal Wetlands — Why?

A Signature Trait of System

Near Contiguous Band

Diverse: Freshwater Tidal Marshes
Brackish Marshes
Salt Marshes

Nature’s Benefits
Flood Protection
Water Quality Y | e
Fish and Wildlife R A ¢ | Bay
Natural Areas
Carbon Sequestration
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Wetland Benefits (Ecosystem Services)
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Millenium Ecosystem Assessment
10 Service

20 Service

39 Service

40 Service

Provisioning

Food

Fisheries Support

Genetic Materials

mbrate production
ntrol research

Biochemical Products

Research in Antifungal Agents

Fiber and Fuel

Cellulose stock

Health [

Regulating

Sequestration

Sediment Stabilization
Storm Protection/ Wave Atten
Flood Protection

Carbon Caps,
Carbon mitigation
Meet TMDLs for
Erosion control sediment

Protect Property Values and
infrastructure

Gas Regulation

Carbon Sequestration

Oxygen production

Water Quality - Sequestration, Filtering

Cultural/ Spiritual
Human Well Being

Recreation

TMDLs: Nutrients,
Pollutants

Bird watching, hunting, boating

Spiritual and Inspirational

Native American Uses

Educational

projects/trips

University reasearch & schot

Aesthetic Value

Landscape pictures, paintings,
open space

Supporting

Habitat Wildlife, shellfish, insects
Biodiversity Maintain Plant Communities
Production rimary Production

Water Cycling/Hydrologic Regi

Nutrient Cycling/Biogeochemic
Processes

tain trophic cycles, soill
building




Valuation of New
Jersey’s Natural
Capital and
Ecosystem Services

New Jersey Department of
Environmental Protection

Slide from Bill Mates, NJDEP

Average Ecosystem Service Value
per Acre by 11 Digit Watershed
for New Jersey Based on

"A and C List" Studies

Ecosystem Service Value
Flows in Constant 2004 Dollars

D $0-1,000

< $1,001-1,500
@ $1,501 - 2,000
@ 52,001 - 3,000
@ 53,001 - 4,000
@» 54,001 -5,000
@ 55001 -38,000

@ 3,001 - 12,000 /-
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The New Jersey

Ecosystem Service
Valuation Project Team

at the University of Vermont:
Robert Costanza, Matthew
Wilson, Austin Troy, Alexey
Voineiv, Shuang Liu and
John D'Agostino
ATLANTIC CITY
EXPRESSWAY

Map Produced by
Austin Troy and
John D'Agostino



2012 State of the Estuary Report

Rapid loss of acreage and degraded wetland health
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Technical Report for the
Delaware Estuary & Basin

Hl Severely
L Moderate
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Tidal Wetlands

Acreage
e <50% left

e |losses continue

Condition

* most are moderately or
severely stressed

* degradation continues




State of the Estuary Report 2012
Percentage Loss of Emergent Tidal Marsh 1996-2006

Technical Report for the
Delaware Estuary & Basin

DB1 DB2 Total ha




Maurice River Mouth
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Edge Retreat

Courtesy, Jeff Gebert ACOE



PA Tidal Wetlands —
Condition Summary

@ Severely Stressed

Moderately Stressed

W Minimally Stressed

Maurice Tidal Wetlands —
Condition Summary

B Severly

Moderate

i Minimal
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Function

Changes in Health and Function

Reference Wetland Condition

Existing Wetlands

Restored Wetlands

time

>

Slide from Amy Jacobs (DE DNREC)
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Vertical movement of marshes

. Storms Disturbance Elevated
(heshivary. fire} Atmospheric
Altered River Flows COy
{freshwater & sediment) _\ w
-1 Salinity
£ ]
Sea-Level Rise/Tides Y i
- AL Plant Growth / Turnover :
3| Flooding Depth/Duration === _ NN
TSN (AN 0 SN W RTVTNBR RN g Vol
L Sedimentation & Erosion ===  Soil Elevation J

1 A
Nutrient Input | NUtFiEN S

(eutrophication)

Biomass Accumulation

Decomposition J

(Cahoon et al. 2009)

Subsidence
(shallow & deep)

* sedimentation
* bioaccretion

Slide from Bob Christian



Most Salt Marshes Cannot Survive When Sea Levels Rise >1 cm Per Year

Sea Level Change (cm)

CANAY)
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Coastal Wetlands - Future

* Conversion of >40,000 acres Uplands to Wetlands
e Conversion of >100,000 acres Wetlands to Water
* Loss of Benefits >> Acreage Losses

-
Legend
B Scrub Shrub/Forested Swamp
B ton-tidal Fresh Marsh
B [ | Tidal Fresh Marsh

I Tidal Serub Shrub/Transitional
[ ] salt Marsh
[ Beach
B Tidal Flat
I Mon-tidal Open Water
[ ] Tidal Open Water
| | Brackish Marsh

No Wetland Data




Table 3-3. Comparison of the effectivenfdal fiteshasibjfidabaltihsackish . ~ - .
potential adaptation options for addressing the main vulnerability of

tidal freshwater we Table 3-3. Comp4 Temperature Change
Shifts in Community Species Composition Med-High Med-High - ~ . a -
Desiccation of Marsh Sediments Med-Low Low JELANAR: ESTURRY. e
Change in Habitat Support Med-Low Med-Low ° »
Productivity Med-Low Med-High '\ -
Invasive Species Med-Low Med-Low

diclh WElldlus ©APUSEU LU LTI 15T S€d 1TV,

calinitv Aracinitarinn letarmme Aand ~avh Ao HA | e oo 2100 fo il

A Sea Level Rise
Shifts in Community Species Composition High
Ability of Accretion Rate to Equal RSLR Rate Med-High
Ability for Landward Migration High - . 0 -
Change of Marsh Area High
Increased Tidal Range (Upper River) Med-High High
Ratio of shoreline edge to marsh area Med-High High
Rate of Channel Scour Med-High Med-High R 5 = arahb
Storm surge susceptibility High =
Seaward edge erosion e 1 Sea Level Rise Effects on

Salinity Range Increase Brackish/Saltwater Wetlands
Shifts in Community Species Composition Med-High
Salt Water Intrusion to Fresh Water Habitats Med-High Sa||n|ty Effects on Freshwater T|da|
Salt exposure/stress event m Med-Low 2
Change in Habitat Support Med-Low Wetlands
Productivity Med-High Med-Low
Invasive Species Med-low Med-low 3 Sea Level Rise Effects on Freshwater
Precipitation & Storms Tldal Wetla ndS
Shifts in Community Species Composition Med-High Med-Low . X
Salt exposure/stress events Med-High Med-Low PreC| p|tat|0n d nd Storm EffECtS on
Change in Habitat Support Med-Low Med-Low 4 .
Productivity Med-Low Med-Low Freshwater Tidal Wetlands
Desiccation, flooding or erosion Med-High Med-Low .. R
Sediment supply Med-High Med-Low c Precipitation and Storm Effects on
Physical impacts by wind, waves and surge Med-High Med-High .
Brackish/Saltwater Wetlands
Atmospheric Carbon Dioxide

Shifts in Community Species Composition Low Low
Productivity Low Low




Coastal Wetland Vulnerability

—

Freshwater Tidal Marshes

 Salinity Rise
* Barriers to Landward Migration
* Tidal Range

Salt Marshes

* Sea Level Rise
e Storms and Wind Wave Erosion
* Barriers to Landward Migration




The Mid-Atlantic Coastal Wetland Assessment:

Integrated Monitoring of Tidal Wetlands for Water Quality and
Habitat Management and Climate Planning

Tier 1
Landscape

Tier 2
Rapid Ground

Tier 3
Studies

Tier 4

Monitoring




Site-Specific Intensive Monitoring (ssiv

B Tidal Wetlands

B Non-Tidal Wetlands
e ; SSIM Stations

SSIM Stations (Pending)

Villanova Stations

DNREC Station B p bk
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http://maps.risingsea.net/New_Jersey.html

Coastal Wetlands — Adaptation Options

* Living shorelines

* Buffers

* Sediment management
* Structure Setbacks

e Strategic Retreat

Protect river flow to offset saltwa



Living Shorelines
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* Enhance

"¢ Not Natural | ' G




Living Shoreline R&D

Mussel Powered Living Shorelines
for Salt Marsh Erosion Control




April 2010

S L% TR Y % \‘\. %
O AN Y T AL

VU g R \w.:&_‘\\ |
N

.l ; ! \‘\1{
i) _""',‘

- Y




l‘.
|

&N
= ' L

- i
sesmncnn DB PSSl i d an s ww——

g e —

X -
o - - :-_ -l
* :
@
L -

P

| b

!‘\

- PARTNERSHIP FOR THE
- - DELAWARE ESTUARY, INC




June 2010
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June 2011
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Living Shorelines — Many Options
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Living Shorelines Planning Project

TER: TR 1.'-. of e,
"y -' -J (‘.hesterAD{

Inventory of Types " @’) _ Estuar Areas of Inferest (AO)

. 4 - I“t a.
Wil nggﬁ‘ﬁf § x‘ :ﬁtu } O NJ AOls- Dodge Grant

GIS Analysis in Areas | T o

o . @ PA AOls- Sunoco Grant
1?%"’*.,—‘ e N £ -:ii-;a:;*-, z“'~
of Interest Fralle® f’*“%_'r; I T ki DE AOls- DE Coastal

2( | "“"C 1 A Program Grant
. . b, Az B O S 5 B
Selection of Potential = ,h»za-* Sonsars R
Pr I 1~ Bombay Hnukf.?.l.?. - 5 : ; s -tl"‘ﬂ * Y
oject Sites 7 OO P ‘;ht s o

\ leipsic AQIT

TERNTIC S Y A T TIETREES T,

Worksh we ol
or S Ops | Fortescue Ao~
S P N, _."’ L_ 5 =
' -l -
ST -
Y Delswarele | y
y 5 5, P ;
! *i° "' 'Bowers.Beach AOI /
e T kel (A / rE
ae o Tl ' -
— .. \. Tl ”
i ol
: u,;,- Ny G p
o
: { 7
! Cel awav = 'rnr
F U ot h Prime Hook AC|
. # rF" a m
& 2011 G gl -
2 '3




Fortescue, NJ

Potential
Project Sites
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Beneficial Use
Why Needed?

« Marshes need sediments

* More sediment is removed from the system by
dredging than is replaced via river inputs

E
e
-
&3
0]

Sediment deficits can lead to marsh drowning

River sediments might follow main channel to sea
rather than disperse over pre-deepening “delta”

Large waves from ships exacerbate erosion

Both passive sediment trapping (e.g. living
shorelines) and active sediment placement can
help replace lost elevation due to these factors




Restoration and Beneficial Use

& BENEFICIAL USE &

CONFINED At
DISPOSAL oW FIEV e o\*ﬂo‘\\
FACILITY

DEPOSITION
SEDIMENT INPUT FROM

THE WATERSHED /

’i SALT MARSH

SHIPPING
CHANNEL

Slide from Burke 2010 DK 51
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Relationship
Between
Restoration and
Beneficial Use

WETLANMD CREATIO
USING DREDGED
MATERIALS

UPLAND HASITAT
ENHAMCEMENT

USEING DRIEDGEED
MATERIALS

MARSH
RESTORATEDM /
AROTECTEDN USING

DREDGGED MATERIALY

COMMERCIAL [
INDUSTRIAL
COMETRUCTEON

MINE LAMDS
RECLAMATION

BENEFICIAL USE
OF DREDGED MATERIA

For: Delaware Estuarny
Regional Sediment

Management project
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Potential Dredged
Material Utilization
Projects
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Urban Waterfront |
Application Example

Many Other Potential Sites:

 Philadelphia
« Camden

* Wilmington
» Chester

Proposed Lardner’s Point Park

e
v
4 13
G
e
v
144

e r
v 1
I‘l
*
i

e

‘‘‘‘‘
L -
-------

Biohabitats 2011



Maurice River Mouth Stabilization — Conceptual Ideas (kreeger 4/14/11)

POte nt I a I B Ig ® Oyster Reef = Rock Breakwater — Qyster Gabions/Reef Balls
(possibly gabion)

° ° == Mussel/Plants Living Shorelines
Hybrid Project R B A

Would Include:

* Rock Breakwaters

» Oyster Reefs

» Sediment Placement

* Interidal Living Shorelines
* Marsh Restoration




Beneficial Use

Jamaica Bay, NYC

From New York Harbor’s Depths, Muck to Restore Islands in Jamaica Bay
New York Times

A Bay's Rebirth

For decades, environmental neglect has
eaten away at the islands of Jamaica Bay.
But now the islands are being restored
with material left over from the despening
of the shipping channels in New York
Harbor.

Starrett City
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http://www.nytimes.com/2010/04/26/science/earth/26dredge.html

Beneficial Use

Poplar Island, Chesapeake

m New York Harbor’s Depths, Muck to Restore Islands in Jamaica Bay
New York Times

TEST PLOT #3 |
Two lewt ol | Twe Teet of tlled

ndpd dredges materizl
material filled win |[[.covered wilh six inches
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E
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http://www.nytimes.com/2010/04/26/science/earth/26dredge.html

Restoration for the Future = Climate Adaptation

Tide gauges Additional congributions Regionﬁl ReStoraﬁon Iﬂiﬁﬁﬁve :ﬂﬁ::!;ﬂﬂﬁu;

from potential ice-sheet __
dynamic processes
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Blueprint for the Delaware Estuary
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60 Species
Diverse

Benefits:

Stabilize Erosion
Water Quality

Fish and Wildlife
Commercial Fishery
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11 Other Species of
Freshwater Unionid
Mussels

Bivalves of the Delaware

Delaware River Basin

Mytilus edulis

Ensis directus “mesamenc®

Crassostrea virginica
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What are they?
Status and Trends?

Why are they Important?

What are we doing?



What are they?
typical bivalve physiology and morphology




Figure from Cummings and Mayer (1992).

... but, Atypical Reproduction

Freshwater Mussel Larvae Require Fish Hosts

Juvenile

Juvenile

P e L A" L =

¢ R

TN

Larvae are
brooded in the
ctenidia

Most mussels
depend on
particular
fish species



Status and Trends - A Taxa in Decline

PROCEEDINGS OF THE WORKSHOP

Biodiversity Pgﬂ)ur:]aat;c;n




Conservation Status of United States Taxa

o 57.9 B Presumed/Possibly Extinct

. E B cr itically Imperilled

=P [1 Imperilled

=5

¢ », B Vulnerahle

L

o J—

. )

5

¢ 2L6 39

R 52 180 168 165 |, —
& & & o 2 ¥ ‘é?
@a& & @43 ﬁﬁ s 9
& 0 & &

source: The Nature Conservancy, 1997



Delaware River Basin

Patchy, Impair

¥ity

Rare

Extirpated

PARTNERSHIP FOR THE
DELAWARE ESTUARY, INC

State Conservation Status

Scientific Name

Scientific Name

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

!:: Ry :|:xt|r_nated:: R {

Threatened

Extremely Rare

Vulnerable

no data :

- Extirpated ?

common

no data

common

Secure

Threatened
Threatened

Vulnerable

Threatened

Threatened
no data

no data

no data

Vulnerable

Extremely Rare

Species of Concern

Apparently Secure




Species Richness

Sureeyed-
Abssnce
of Species




Mussels Survey Locations in PA

O Present

® Absent
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Culprits

Water
Quality

Habitat Loss and Degradatio

...Photo by D.



Ecological Magic - Why are they Important?

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
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U.S. Fish and Wildlife Service Muasels Ave Habitat

Biofiltration Potential By

Restoring Our Nation's Water Quality

Start

No mussels 8 adult mussels

Slide from Dick Neves, VA Tech



U.S. Fish and Wildlife Service 4. Mussels Are Habitat

Biofiltration Potential B

Restoring Our Nation's Water Quality

No mussels 8 adult mussels

Slide from Dick Neves, VA Tech



Natural Diets and Particle Type Selection
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Brandywine River
Studied 2000 - present

¥ Elliptio complanata

g e R
i e

MARYLAMID

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 =

Data from Kreeger, 2006
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Map from The Brandywine River Conservancy
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4.3 Billion Elliptio (DK estimate)
2.9 Million Kilos Dry Tissue Weight (Dk)

= 9.8 Billion Liters per Hour




Delaware River Basin

NEW YORK

PENNSYLVANIA
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Geukensia demissa

Crassostrea virginica e
Kreeger




Ribbed Mussels in
Salt Marshes
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k4 Salt Marshes

—

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



Oysters
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Bivalves — Issues

Oyster Disease
and Salinity
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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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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 PYORESSHRS per tiidpBletims s bundance
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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

* We need to estimate carrying capacity for current future
bivalves and not just look at the past



Shellfish Vulnerability

Delaware River Basin

Oysters

. o

=

TDELAWARE

Percent of Species

Conservation Status of United States Taxa

Salt water
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1000 ~

900 ~

800 -

700 ~

600

500 -

400 -

Number per Bushel

300 ~
200

100 4

0

No Help
—— W.ith Help

1758

Bivalve Projections — Oysters

Can they be maintained until they might see better conditions?

h
il
B
o\
0
’ARTNERSHIP FOR THE
\WARE ESTUARY, INC

\

Longer
Growing
Season

2 Recruitment
Events

Intertidal Niche
Expansion?

Point of No Return

Year

\—I— Oyster —@— Spat —=— Mean Oyster —e— Mean Spat\

Historical data from Rutgers Haskin Shellfish Laboratory ‘
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Bivalve Projections — Ribbed
Losing Marsh Habitat

DELAWARE ESTUARY, INC




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

Rare

Strophitus undulatus
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Extirpated

=

Alasmidonta heterodon

State Conservation Status

Scientific Name

Scientific Name

ALASMIDONTA RODON
ALASMI ONTEJLATA
ALASI\#VT \4RICOSA
ANOD NTAMATA

ELLIPTIO COMPLANATA
LAMPSILIS CARIOSA

LAMPSILI DIATA

LASMIG SUBVIRIDIS
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

DE

NJ

Extirpated ?

Threatened

Extremely Rare

PA

Vulnerable

no data

Extirpated ?

common

no data

common

Secure

Threatened
Threatened

Threatened

Vulnerable

Extirpated ?

Threatened
no data

no data

no data

Vulnerable

Extremely Rare

Species of Concern

Apparently Secure




Freshwater Mussels: imperiled,
complicated live history, cannot
tolerate salinity

Oysters: disease and salinity

Ribbed Mussels: losing marsh habitat




Options for Making Shellfish More Resilient

A

ter

Living Shorelines



— What Actions Are
mommcmeas  Recommended for

Monitor/Research

Vulnerability Impads Med-High .

Hatchery Propagation and S h e | Ifl S h ?

Restocking of Populations Med Med-High | Med-Low *
| e ig

f‘ll:td[_l r[_HJldtH_rrl Expansion
for Common Spedes Med Med-Low

Restoration of Extirpated --
Rare Spedes L L Plant Shell for Oysters

Dam Removals to Assist

[Eiams fn =l Al m Propagate all Bivalves and Seed New Reefs/Beds

Assisted Migration (of
southern speces) to Fil Restore Riparian Buffers for Freshwater Mussels
Open Niches Low Low

In-streamand/or Riparian Manage Water Flow to Minimize Effects of Flooding on

Habitat Enhancements Med-High

Water Quality Freshwater Mussels and Salinity on Oysters and Freshwater
Management . :
Water Quantity (Flow) Tidal Bivalves

Shelplanting on Seed Maintain Water Quality for all Bivalves

Beds (Oysters)

Shellplanting or Living
Sharelines Along
Marshes/Tributaries Med-High

PARTNERSHIP FOR THE
DELAWARE ESTUARY, INC



Shellplanting of Oysters
on Seed Bed Reefs
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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




NN

a 5: Ribl Mussel Conservation Strategies

-Protected Areas

-Hatchery, Seed Production, Pop Augmentation
-5pat Collection & Relaying

-Gardening

-Living Shoreline - Intertidal Zone

-Living Shoreline - Subtidal Breakwater

208,000 per hectare on average

@@ Fredicted Best Ribbed Mussel Habitat
Salt Marshes

10.5 Billion Geukensia

5.1L h-1g-1 (DK data)

Clearance Rate =

11.7 Million Kilos Dry Tissue Weight (Dk)

= 59.0 Billion Liters per Hour




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




Freshwater Mussel Recovery Program

Surveys

) Re-
Propagation Freshwater introduction

Mussel
Recovery
Program

Restoration
Suitability
Tests

Education &
Outreach

- ”." . & g -. .
s ﬂ g
Y MRS e, T

http://www.delawareestuary.org/science_projects mussel_restoration.asp



Surveys to Fill Data Gaps

PDE, ANSP, PWD
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Propagation and Reintroduction

USFWS & Cheyney Hatcheries






Larval Transformation Into Juveniles




Propagated Juveniles
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Reintroduction of Tagged Mussels




Pyganodon cataracta
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Elliptio complanata




Freshwater Mussel Recovery Program

Goals Based on Ecosystem Services

2 000 - Not including progeny

1,800 1
1,600
1,400

Millions of 1.200-
Liters 1,000 -

Processed 800-
600 -

400 -

200-
0/ & &
1 2 4

Years After Planting




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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Restoration for the Future = Climate Adaptation

Headwaters to Sea Shellfish Based Restoration

1. Non-tidal
2. Intertidal
3. Subtidal
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Climate Change + Other Changes

. Ecological Flows

- Marcellus Shale

11/27/2004



Take Home Messages

* Not all changes to natural resources will be damaging,
but there will be many more losers than winners

* Need a Paradigm Shift: Plan and “restore” for the future
rather than the past, dynamic rather than static conditions

* Adaptation requires investment to protect lives, livelihoods

* Proactive investment today will save money in the long
term due to compounding of ecosystem services

e Adaptation actions are underway but constrained by funding




Investment in Delaware Valley Lags

Federal Dollars (in Millions)

Despite Tough
Times,...

Great Lakes

Puget Sound

Chesapeake Bay High Potential
igh Potentia
for Beneficial

Outcomes
from Natural
Lake Ch |

st Infrastructure

Investment
25 50 75 10%425 450 475 500

Fig. 8.8. Comparison of US EPA federal spending in FY2010 on environmental
management and restoration in nine major water bodies in the United States (from

Strackbein and Dawson 2011)

Long Island Sound
San Francisco Bay

Gulf of Mexico

Delaware River & Estuary

http://delawareestuary.org/science_programs_state of the estuary treb.asp
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CLIMATE READY

ESTUARIES
SEPA

10 mm/year

4 mm/year l
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