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To be discussed

The Delaware Estuary
brief orientation

Making our efforts count:
why are NCV & ESV tools needed?

Example: Regional Restoration

goals & approach
restoration matrices
NCV & ESV framework
case studies

Other Applications

climate adaptation
ecological inventories

on the ground projects
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Caveat — An Ecological Manhattan Project’?

Climate Change Hits Home
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History as a “‘Working River”
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Also a ‘Living River”
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Making our efforts count
why are NCV & ESV tools needed?

- Large and complex system

. Limited resources Complex System=>

$

- Broad CCMP

- Urgency

To have , must
avoid redundancy, invest strategically

ESV is broadly applicable as an
organizing framework for prioritization
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. Working Together

1. Conferences & Workshops
. Delaware Estuary Science Conference (every 2 years)

i 2007 JOINT MEETING

~ DELAWARE ESTUARY
SCIENCE CONFERENCE
i s sl
in the Delaware Estuary

 DELAWARE ESTUARY

ENVIRONMENTAL SUMMIT L




Prioritization

PARTNERSHIP FORTHE
DELAWARE ESTUARY, INC

1. Conferences & Workshops

2. Science and Technical Committees

3. Watershed-Level Initiatives

Top Ten Technical Needs for the Delaware Estuary

1. Contaminants (forms, sources, fates & effects for different classes)
2. Tidal Wetlands (status, trends and relative importance of different types)

4. Ecological Flows (effects of base and episodic flows on salt balance & biotg

5. Physical-Chemical-Biological Linkages (e.g., sediment budget effects on
toxics & biota)

! 3{6. Food Web Dynamics (key trophic connections among functional dominant
biota)

7. Nutrients (forms, concentrations and relative balance of macro- and
micronutrients)

8. Ecosystem Functions (assessment and economic valuation of ecosystem
services)

9. Habitat Restoration and Enhancement (science & policy)




Prioritization

1. Conferences & Workshops

2. Science and Technical Committees

3. Watershed-Level Initiatives
- Science Priority Setting (White Paper)
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Prioritization

1. Conferences & Workshops
2. Science and Technical Committees

3. Watershed-Level Initiatives

Science Priority Setting (White Paper)
Conceptual Framework

The Delaware Estuary
Watershed to Ocean
Observing System
(DEWOOS)



Prioritization

DELAWARE ESTUARV INC

1. Conferences & Workshops

2. Science and Technical Committees

3. Watershed-Level Initiatives Caiziin bl Poal s vicass Doy XAnD
- Science Priority Setting £l _
Conceptual Framework y ol
Monitoring -
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A Blueprint for a Regional Restoration
Initiative in the Delaware Estuary

A Publication of the
Partnership for the Delaware Estuary
A National Estuary Proagram

www.DelawareEstuary.org

February 2008



Restoration

Restore, conserve or otherwise enhance
ecosystem structure and function




...But Smartly

Regional
Restorat/ion
Initiative

Includes:
Protection
Conservation
Enhancement
Restoration

DELAWARE SEA LEVEL RISE PLANNING MAP
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(meters)
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. Shore Protection Unlikety
No Shore Protection
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Regional Restoration Initiative
Goals:

Characterize the most ecologically
significant natural resources in different

Principles:
= science-based

watershed regions - proactive |
Assess * timely, responsive
flowing from these resources " comprehensive
Use a approach = multi-jurisdictional

to identify highest value activities that
maximize goods and services from these
resources

Identify, inventory and rank specific
projects that conserve, enhance or
restore these resources

|dentify high value activities for which we -~
still need projects and work to fill gaps

Project Reqistry
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Conceptual Matrix for the Delaware Estuarv Ecosvstem

Nontidal Watershed
Number of Cells = 141

Freshwater Freq

Delaware River Other Rivers and
(above River Mile | Streams (below River Mile | Approxima
133) 133)

e

Pennsylvania

- Watersheds
of the

_ AEF TG 7 Delaware
%M&ay ol 1 ' L River

Main Channel
Tributaries to
(e.g., Lehigh)
Its Tributaries
hristina River &
Its Tributaries
Main Channel

bchuylkill River &
Dther Tributaries

Delaware River

A WATERSHED OF DISTINCTION

Pelagic | | ‘ b 1y R ‘ ) i
Delaware River b;«e)

\

Aquatic

Benthic

Tida|

T

Terrestrial Riparig"

/

Delvwaco Bay )
Detrwre Exvuwys mebine

wwi. DelowareEstiary.on S
Watershf® e S cwmee| N X .P NIVERSIT Yoo )

E A TAWARE

e e P Adraon st en

Socioeconid

Parsnenhip for the Delvwnre Essuary: A Naclonal Extuary Progrem
Corre Risarwadc Maa, 1M 50 d =
DO 4454915 15 4730 " w3

De'awam n Propared Sy P PR ARA Uniersty of Deisears




SCHUYLKILL VALLEY REGION

BIRDS (Warbler) oG ey
NEW DEYELOPMENT 5 %

& SUBURBAN SPRAWL ABﬂﬁggED UPLAND e (6 },\?J" ANIMALS (Deer)

SEPTIC RUNOFS ity

T e O (VETLAND VEGETATION
WWATER TREATMENT SIS

|
lV HIGRATORY FISH
| - A  (American Shad)
’ . 2 = _’ v
POCKET p :
- ) : % '.
AGRICULTURE « . :W . | v

NUTRIENTS,

PESTICIDES & HERBICIDES

i | : T

T Lot e
- vy

RESIDENT FISH

. ~ S : Q‘:‘ (Brook Trout)
) \ 2P
’7, l FRESHWATER MUSSELS

ORGANIC MATTER MACROINVERTEBRATES (Eastem Elliptio]

Deat Log)  peaphrTonaLcae  (arf, Carfih) lﬁﬁi

DRINKING W%TER

QUANTITY & QUALITY

PARTNERSHIP FOR THE
DELAWARE ESTUARY, INC




DELAWARE BAY REGION
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Basic Restoration Matrix
LE-1: Restoration Opportunities Layer @ No Opportunity w7 Project vath Opportunity

(O Opportunity but No Project
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Value-Added Restoration Matrix (VARM

Watershed Sub-Region: Lower Estuary 1 (LE1)

Conservation/ Enhancement/ Restoration Activity

Natural Resourc

Habitats (examples)

Terrestrial Wetland Aquatic
hab1 | hab2 |hab3| hab4 hab5 hab6 hab7 | hab8 |hab9 |hab 10| hab 11 'hab 12 |hab 1:
2 - .
o} T o e} © 5
= * n ) ) 10} k=)
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Notes:
ter Quantity/Flow Cells are shaded grey if not appropriat&for subregion or other factors
| Everything in this spreadsheet is a protofype example to provide framework for considering struct
Land Acquisition
Legal
Cell Code 2a 3a 4a 5a See Figure 7b
Projects Exist? GAP high need
Ecoservice Value 2
. © © v |Extractive Value (Trust) 2 4 1
= = O
Habitat ) S 2 |Functional Dominance 1 y 4
Restoration > [Critical Imperiled 0 y 4
5 Signature Type 0 1
S 3 ack of Opportunity 1 0 0
O > r Considerations** 1 0
Impo e Score na 7 21 25
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Enhancement
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improvement of
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NOTES: |
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** continguousness, special circumstances




Value-Added Restoration Matrix
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Regional
Restoration
Initiative -

Case Studies

r

Tidal Marshes Bivalve Shellfish



http://www.manometmaine.org/images/sandersoncompressed.jpg
http://images.google.com/imgres?imgurl=http://www2.pps.org/file-storage/view/seattle_waterfront.jpg&imgrefurl=http://www2.pps.org/news/archive/2006/11/&usg=__oRXjmvbjQ0fbG5-nafRrbm1drNo=&h=300&w=600&sz=169&hl=en&start=7&tbnid=DH0E8IXjsOU8iM:&tbnh=68&tbnw=135&prev=/images%3Fq%3DPhiladelphia%2Bwaterfront%26gbv%3D2%26hl%3Den

Oysters and Other Bivalve Shellfish
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11 Other Species of
Freshwater Unionid
Mussels

Others?
NEWYOR%//A//; ;
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Mya arenaria

Mytilus edulis

Ensis directus e

'DELAWARE
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Crassostrea virginica
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Oyster Landing Data
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Loss of Biodiversity & Population Abundance
_ _ . —




PDE Study Area

Extirpated

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

|  Extirpated ?

Threatened

Extremely Rare

PA

Vulnerable

no data

socEXtrpated 2y

common

common

Secure

Threatened
Threatened

no data

Vulnerable

Threatened

Threatened
no data

no data

no data

Vulnerable

Extremely Rare

Species of Concern

Apparently Secure




Percent of Species

Conservation Status of United States Taxa

67.9 B Presumed/Possibly Extinct
B Critically Imperilled
60 [1 Imperilled
50.9
B Vulnerahle
40 40.5 137 |
33.3
26.1
21.6
20.0
| 184 18.0 _
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Taxa

source: The Nature Conservancy, 1997




Ecosystem Services

1. Structure
T Habitat Complexity
T Binding of Bottom

T Bottom Turbulence

2. Function

! Suspended Particulates

l Particulate N, P

T Light

T Sediment Enrichment
Recycle Dissolved Nutrients




U.S. Fish and Wildhife Service ®=.  Mussels Are Habitat

Clean Water mr—

Restoring Our Nation’s Water Quality

Start

No mussels 8 adult mussels

5//a’e from C'afhme éafenby USF ws



U.S. Fish and Wildlife Service B Mussels Are Habitut

Biofiltration Potential

Restoring Our Nation’s Water Quality

Later

No mussels 8 adult mussels

Slide from Catherine Gatenby, USFWS



Delaware River Basin
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Estimate of Water
Processing Potentlal

4.3 Billion Elliptio

= 2.9 Million Kilos Dry Tissue Weight
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Oysters on Seed Bed Reefs

; a‘_ S

2.0 Billion Crassostrea (Powell, 2003 data)

Mean size = 0.87 g dry tissue weight (D« data)
Clearance Rate = 6.5 L h-1 g-1wewel/ et al 2005)

= 11.2 Billion Liters per Hour
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Population-Level Water Processing

What do we get
back if we rebuild
lost populations?

If we have to
choose, which
activities yield
greatest
outcomes?

Elliptio
complanata

Space and time
considerations
are important

Geukensia
demissa

Crassostrea
virginica




Mussels Survey Locations in PA

O Present

® Absent
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Oyster Management

Can they maintain (or be maintained) until
they see more optimal conditions?

No Help

. L
— With Help ohger

Growing
Season

2 Recruitment
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Intertidal Niche
Expansion?
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Importance of Bivalves to the Oysters
Delaware Estuary Watershed Crossgai
Commercial Dockside Product + Secondary Value vV

Natural Capital Value




Importance of Shellfish to the Oysters
Delaware Estuary Watershed Crassostrea
virginica
Commercial Dockside Product + Secondary Value vvv
Stru_cturgl Habitat vV
biological hot spots

Prey v

(b)

- Biofiltration Vv

;s Ecosystem top-down grazing, TSS removal, light)

o Services Biogeochemistry v

= enrichment/turnover, benthic production

Q.

8 Shoreline Protection - nearshore reefs v

T Shoreline Stabilization - living edges v
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Importance of Shellfish to the Oysters
Delaware Estuary Watershed Crassostrea
virginica
Commercial Dockside Product + Secondary Value vV
Structural Habitat vV
biological hot spots, bottom-binding
Prey v
)
- Biofiltration Vv
;s Ecosystem top-down grazing, TSS removal, light)
o Services Biogeochemistry v
= enrichment/turnover, benthic production
Q. . .
8 Shoreline Protection - nearshore reefs v
T Shoreline Stabilization - living edges v
= Wat Lifestyle, Ecotouri vV
S C_ultur_al- aterman Lifestyle, Ecotourism
CZG Historical Native American - dietary staple v




Importance of Shellfish to the Oysters
Delaware Estuary Watershed Crassostrea
virginica
Commercial Dockside Product + Secondary Value vvv
Structural Habitat vV
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Prey v
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Marsh

Importance of Shellfish to the Oysters | oo
Delaware Estuary Watershed Crassosirea | Geukensia
virginica demissa
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Prey v v
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Importance of Shellfish to the Oysters:. | Bl | 1
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ESV Applications

Watershed-Level Activities
- Science Priority Setting

- Conceptual Framework

- Monitoring

- State of the Estuary
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Applications

Watershed-Level Activities

Science Priority Setting (White Paper)
Conceptual Framework

Monitoring

State of the Estuary

 Regional Restoration Initiative

Ecological Inventories
- Natural Vegetation
Classification System
— Delaware Estuary Benthic Inventory




Applications

Watershed-Level Activities

« Science Priority Setting

« Conceptual Framework

«  Monitoring

« State of the Estuary
 Regional Restoration Initiative

Ecological Inventories

 Natural Vegetation Classification System
 Delaware Estuary Benthic Inventory

Science & Restoration Projects
* Freshwater Mussel Recovery Program




Propagation and Reintroduction




Propagation and Reintroduction

Propagated Juveniles




Freshwater Mussel Recovery Program

Goals are Being Set Based on Ecosystem Services
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Applications

Watershed-Level Activities

« Science Priority Setting (White Paper)
« Conceptual Framework

«  Monitoring

« State of the Estuary

 Regional Restoration Initiative

Ecological Inventories

 Natural Vegetation Classification System
 Delaware Estuary Benthic Inventory

Science & Restoration Projects
*  Freshwater Mussel Recovery Program
 Delaware Estuary Living Shorelines
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Delaware Estuary Living Shoreline Initiative
Shellfish as Natural Breakwaters

B e S éf;;-é_f-- .
e Reduce wave energy
e Trap silt
e Reduce bank erosion
e Protect salt marsh
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Watershed-Level Activities

« Science Priority Setting (White Paper)
« Conceptual Framework

«  Monitoring

« State of the Estuary

* Regional Restoration Initiative

Ecological Inventories

 Natural Vegetation Classification System
 Delaware Estuary Benthic Inventory

CLIMAT

Science & Restoration Projects EST
*  Freshwater Mussel Recovery Program
 Living Shorelines

Climate Adaptation Planning



Workgroup
Case Study /
Assessment Valuatlon Adaptation Options

Drlnklng  Drinking Water |

Adaptation Outreach,
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Ecosystem Services in PDE Science

Regional
Restoration
Initiative

Targeted
On-the-Ground
Projects

Climate
Adaptation




Summary

Ecosystem Services Valuation represents a powerful
tool to ensure that functional processes are studied,
monitored and used to prioritize CCMP activities in the
same way as structural aspects (e.g., acres)

ESV can provide uniform units/currency for quantifying and
comparing natural resource benefits across time and space

ESV, together with other natural capital values, can help put
natural resources on a more even footing with developed assets

Caveat

ESV may be an
Care must be taken not to excuse the loss of low condition,

lower value resources that might otherwise be protected or
restored
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