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Location
• Pennsylvania’s last and largest 

(80%) intact freshwater tidal 
marsh.

• Major stop-over for the Atlantic 
Coast/Delaware River 
migratory flyway.

• 4th largest metropolitan area in 
the U.S.

• 350 years of European 
settlement and influence – one 
of oldest settlements in the U.S.

From Reed, D.J., et.al. 2008.



• 20 distinct ecological community 
types identified

• Mix of freshwater tidal marsh, 
non-tidal wetlands, riparian 
forests, and grasslands/meadows

• Managed by USFWS since 1972.



Planning Goals

• Preparation of the Comprehensive 
Conservation Management Planning 
(CCP) (15-Year Strategic Plan).

• Identify restoration opportunities on 
refuge lands that address regional 
conservation concerns.

• Create a plan and process that was 
usable to USFWS and understandable 
to the general public.

Image from L. Woodward, USFWS



Planning Process

Develop Vision, Goals, 
and 

Management Alternatives

Finalize, 
Implement, 
and Adapt

Data Gathering 
and 

Scoping

Draft Plan 
and Comment



Issues/Concerns
• Over-abundant Deer Populations

• Invasive Species

• Climate Change Adaptation

• Biological Connectivity

• Degraded Water Quality

• Spill Prevention and Response

• Contaminants

• Loss of Biological Integrity and Reference Condition

• Habitat Use and Restoration Conflicts

• Compatible Public Uses

• Environmental Education and Interpretation Focus

High deer population numbers have led to habitat degradation.

Photo: L. Woodward, USFWS

Common reed (Phragmites australis) 

dominated tidal marsh.



Wetland History
• Several maps of area and surrounding lands from as 

early as 1757.

• Written accounts of area history and site-specific history 

were previously completed.

Map of  Philadelphia and Surrounding Areas, 1757

Philadelphia Baltimore RR, 1850

USGS Topographic Map 1898, 

reprinted 1930



Wetland History
20th Century site specific details well 

documented from previous reports.

• 1900+ - Dike repairs and 

maintenance.

• 1930’s - Marsh ditching for mosquito 

management.

• 1950’s-1960’s - Dredge and fill 

operations associated with I-95 and 

PHL.

• Post 1970 – Additional species 

introductions.

• Ongoing – Sea level rise.

McCormick, et. al. vegetation surveys and community types, 1968

NOAA Philadelphia Delaware River tidal data 1900 – 2000, 2001



Freshwater Tidal Marsh 

Major Concerns

• Climate Change
– Sea Level Rise

– Changes in Salinity

– Species Introduction/Migrations

– Extreme Weather

• Invasive Species
– Phragmites

• Surrounding Land Use

• Inherent Complexity of Restoration
– Site Constraints

– Critical Elevations

Views across 

freshwater tidal 

marsh.



Marsh Field Surveys
• Utilized a combination of survey transects, canoe 

meander inventories, and Bing Maps.

• Combined ground elevation surveys with vegetation 

composition and dominance.

Vegetation/marsh elevation survey in reference area of  marsh.

Transition from Zizania, 

to Peltandra, to open 

water.



Field Survey Results

• 113 plant species identified (not an 

exhaustive survey)

– 73% native species

– 12% exotic (but not invasive)

– 15% invasive and exotic

• Compiled data into Excel database to 

compare densities, distribution, and 

develop prioritization for management.

Excerpt from 

vegetation database.

John Heinz National Wildlife Refuge at Tinicum

Ecological Community Assessment Data
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Restoration Prioritization

1) Freshwater Tidal Marsh

2) Coastal Plain/ Floodplain Forests

3) Open Water and Mudflats

4) Upland/Riparian Grasslands

Prioritization based on: 

1) Global/state conservation status 

rankings.

2) Existing ability to support species of 

conservation concern or endangered 

resources.

Photo: King  rail, 

USFWS



SLAMM Analysis
• Modeling Loss/Alteration of Freshwater Tidal Marsh

– Measured historic SLR rate = 2.79mm/year 

– Projections for SLR

• A1B = 4mm/year (0.21-0.48mm/year) (IPCC 

2007)

• Upper Limit = 9.0-13.0 mm/year (Grinsted et. al. 

2009)

– Measured average accretion rates in Delaware 

Estuary are 4mm/year.

• Predicts loss rate of 15% to 92% for tidal marsh once 

scenarios exceed 0.39 meters of eustatic SLR.

• Some updated data available – revised analysis 

coming soon.

Climate change scenarios and sea level rise projections utilized in the 

John Heinz NWR SLAMM analysis. From Clough, J.S. and 

Larson, E.C. 2009.



• Monitoring for sea level rise and marsh 

accretion.

• Detailed topographic surveys and plant 

community analysis

• Setting up long-term monitoring stations.

Fresh deposition on marsh surface.

Moving Forward

Long-term monitoring 

will be critical to SLR 

adaptation.

Photo:  L. Woodward, 

USFWS



Moving Forward

Control Invasive Exotic Species

• Preserve intact communities first.

• Eradicate small populations next.

• Control larger colonies.



Restoration Prioritization
• Management units divide the 

refuge into manageable 

components to guide staff and 

volunteers.

• Invasive species were prioritized 

based on ecological impact, 

distribution, and management 

difficulty.

• Combination of all variables 

yielded management priorities for 

each management unit and sub-

components.



Marsh Restoration



Other Information Available
2005 Restoration 

Management Plan

Sept/Oct 2008 

Journal of Ecological Restoration

John Heinz Comprehensive

Conservation Plan Website

http://www.fws.gov/northeast
/planning/John%20Heinz/ccph
ome.html



Questions and Comments
Dan Salas, Ecologist

Cardno JFNew                        

403 Venture Ct., Unit 7    

Verona, WI  53593

Phone: 608.848.1789        

Email: dan.salas@cardno.com
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