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Ecological Responses
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Climate Change in the Delaware Estuary

1. L|ker Physical Changes




Annual Temperature Change
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Annual Precipitation Change
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Sea level (m)
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SLR in Mid-Atlantic due to changing
ocean currents

Projected 215t century change in dynamic sea level from the GFDL CM2.1
model (A2 scenario)
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Tidal Wetlands

b

A Signature Trait of System e

Near Contiguous Band

Diverse: Freshwater Tidal Marshes
Brackish Marshes
Salt Marshes

Fo

Nature’s Benefits
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Fish and Wildlife Sk | ke
Natural Areas B | Bay

Carbon Sequestration




Wetland Benefits (Ecosystem Services)

Milenium Ecosystem Assessment
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40 Service
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Oxygen production
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Cultural/ Spiritual
Human Well Being

Recreation
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Supporting
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Degradation

Conversion and Loss

Growing Concerns




Tidal Wetlands and Ecosystem Services - Industrial Economics




Angola Neck - Rehoboth Bay, DE

Moderately
Stressed



Shifts in Community Composition:
Relative Vulnerabilities of Fresh & Salt Wetlands from Climate Drivers
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-
Tidal Wetland Vulnerability

—

Freshwater Tidal Marshes

e Salinity Rise Causes Conversion to Brackish
e Barriers to Landward Migration
e Others: Tidal Range, Seasonal Drying/Wetting

Salt Marshes

 Sea Level Rise, Subsidence and Sediment
Deficits Lead to Drowning

e Storms and Wind Wave Erosion

g * Barriers to Landward Migration

e Others: Seasonal Wetting/Drying, Invasives




More Losers than Winners

Table 2: Ecosystem Services Change
Sea Level Rise and Salinity on Tidal Fresh Wetland

Positive Change

B Negative Change

B No Net Change

B Not Sure

Shifts in Community | Salt Water Intrusion | Ability for Landward |Change of Marsh Area
Species Composition to Fresh Water Migration
Habitats

Salinity SealevelRise




Wetland Tough Choices
e Where will wetlands will be
converted to open water?
e Where can we save them ?
e Where is strategic retreat
the best option?




Adaptation |

Tactics?
e.g., Living Shorelines
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Delaware Estuary Living Shorelines
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Tidal Wetland
Adaptation
Options

Low
MED-LOW

MED-HIGH

Tidal Fresh Salt
Marsh

Adaptation Options

Tidal Fresh Tidal Salt/Brackish
Sea Level Rise
Beach/marsh nourishment Med-High Med-Low
Elevating homes/structures Med-Low Med-Low

Dikes, Bulkheads, and Tide Gates

Structure Setbacks

Rebuilding infrastructure

Strategic Retreat

Creation of Buffer Lands

Living Shorelines

Med-High Med-High

Med-High Med-High

Watershed flow management

Salinity Range Increase

|
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Bivalves of the Delaware

11 Other Species of
Freshwater Unionid
Mussels
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Percent of Species
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Shifts in Species Ranges of
Freshwater Mussels

Extirpated

e

Patchy, Impalred
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Elliptio complanata

Strophitus undulatus

Alasmidonta heterodon

State Conservation Status

Scientific Name

Scientific Name

DE NJ PA

ALASMIDONTA RODON
ALASMIRO TfoLATA
ALAS T ICOSA
ANODONTA xATA
ELLIPTIO COMPLANATA
LAMPSILIS CARIOSA

LAMPSII#DIATA
LASMIGONA SUBVIRIDIS

LEPTODEA OCHRACEA
LIGUMIA NASUTA
MARGARI RA 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

Extirpated ? Threatened Vulnerable

Extremely Rare no data Extirpated ?
common common Secure
Threatened Vulnerable

Threatened

Extirpated ?

Threatened

Threatened
no data no data
no data no data Vulnerable

Extremely Rare Species of Concern Apparently Secure
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Water Filtration Benefits

No mussels 8 adult mussels

| a

5/ R. Neves, A ech
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Water Filtration Benefits

No mussels

8 adult mussels

Slide from R. Neves, VA Tech
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Oyster Management

Can they maintain (or be maintained) until they
see more optimal conditions?
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Historical data from Rutgers Haskin Shellfish Laboratory
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Bivalve Vulnerability?

Oyster Reefs

e Salinity Driven Disease Epizootics
e Others: Food, pH

Salt marsh Mussel Beds

e Loss and Degradation of Wetland Habitat
e Others: Food, PH

Freshwater Mussel Beds

e Range Shifts with No Dispersal
* Habitat Degradation (T, salinity, pH, fish hosts)




Billions of Liters per Hour

Water Filtration Benefits
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Nature’s Benefits (Natural Capital) Oysters |  Marsh FW

Mussels Mussels

Millennium Ecosysitem

Assessment Categories Specific Services/Values Relative Imporiance Scores

Provisioning:
Food & Fiber

hellfish Tough Decisions

Which species and associated benefits can be

Regulating
sustained?
Which should we invest in? (since funding will always
be limited)
Supporting Bio-filtration - L i v v
Biogeochemistry v v v
Prey v vv v
Waterm?nl_ifes v
Ecotourism
Cultural/ Spiritual/ Native American v v
Historical/ Human Well : .
Being Watershed Indicator vV vv SAA
Bio-Assessment v vv v
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Climate Impacts on Drinking Water Supply

Prototype

Erosion of Overflowing Reservoir  Decreased Reservoir Power Outages
Infrastructure Capacity Supply

Examples

PARTNERSHIP FOR THE
DELAWARE ESTUARY, INC

flooding

sea level rise

disruptions to aquatic ecosystems
B stormsurge
B lightening and electrical disturbances
increased number and intensity of wild fires
B increased frequency of short-term drought
i decreased groundwater levels
B decreased river discharge and stream flow
B changesin watershed vegetation and forest cover
extreme flooding
B increased groundwater levels
W increased runoff

M increased river discharge and stream flow




Relative Cost/Benefit Analysis of Adaptation Options

45

Prototype flooding

40
sea level rise

35
disruptions to aquatic ecosystems

. Drinking Water Tough Questions

- How can we maintain low salinity in the
upper estuary?

20 - Will more reservoirs be needed, which have
their own issues?

- Where should infrastructure be protected
from SLR versus strategic retreat? eam flow

25

bf wild fires

drought

15

M changesin watershed vegetation and forest

extreme flooding

increased groundwater levels

Campaign to New Salt Createdesignated Stream Buffers Controlled Burns
Retrofit old Pipes Resistance flood zones
Infrastructure

Examples




Climate Change in a
Complex Landscape

The Living Estuary —— ,
Water fowl, finfish, shellfish |
Horseshoe crab population
Extensive tidal marshes

The Working River
4th largest US urban center
world’s largest freshwater port
70% of east coast oil
past and present industrial center

0000000 NONODERCODDAD




Climate Change +Other Changes

- Marcellus Shale -Ecological Flows
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Many Other Issues
Timing of Shorebird Migration and

Horseshoe Crab Spawning

i

i

¥ |
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Woodiand Beach —
Bomiury Hook ——

Port Mahan
PickBring ———
Kitts Humsmnock ———
DELAWARE BAY
Bowsers Beach —

Big Stone Beach

Slaughtar Beach ——— CAPE May
Fowiars Beach

Prime Hook Beach ———
Broadkill Beach Cark HEKLOPER

&  Bay ol Fundy

@ Delaware Bay

a

® Lagoa do
Peixe

San Antonio Oegpe

B Tierra del Fusgo

Website slides are from the Delaware Shorebird Project

and the Horseshoe Crab Conservation Network




“Restore” for the Future

e forecast future sustainable states (winners and losers)
e Smart “restoration” =
e Shift policy and management paradigms

Maximize Bang for the Buck




Sea level (m)
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- End -

Tlde gauges Additional contributions

from potential ice-sheet __
dynamic processes

Model
projections —
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CLIMATE READY NEXt Steps ?

ESTUARIES

SEPA

Strengthen adaptation plan with more rigorous monitoring and
predictive modeling for likely consequences

Develop high resolution geospatial-based planning tools that
guide local actions, nested within a watershed-basis

Develop and use decision tools with “bang for the buck”
estimates of environmental outcomes for various adaptation
tactics

Implement a coordinated strategy for advancing science, policy
and
on-the-ground actions



Shifts in Community Composition:
Tidal Fresh Wetland Impacts v. Confidence Levels

Impact
I m Confidence

Temp Salinity Precip/Storms




Shifts in Community Composition:

Salt/Brackish Wetlands Impacts v. Confidence Levels

Impact

Confidence

Salinity Precip/Storms




Impacts & Confidence
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Temp

Shifts in Community Composition:
Relative Vulnerabilities of Fresh & Salt Wetlands from Climate Drivers

B Tidal Frash
Tidal Salt/ Erackish

Salinity Precip/Storms o2



Changes in Wetland Function
Natural versus Restored

Reference Wetland Condition

my Jacobs (DNREC)
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