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EXECUTIVE SUMMARY 

The loss of vegetated salt marsh has historically been a troubling artifact of development in the 

US, although for many centuries the importance of these ecosystems was not realized.  

Beginning in the 1960s, protections for these systems were set in place.  Federal policy is now 

“no net loss” of wetlands, in general.  This is also the policy of New York State. 

Nonetheless, there appear to be places where marshes are still being lost.  Explicit filling and 

draining actions are generally not the cause any longer.  Rather, marshes are being lost through 

natural processes or as a result of deliberate actions that are not intended to have impacts to the 

marshes.  Some researchers believe one or two factors (increasing sea level rise, possibly 

coupled with losses of natural sedimentation) may account for these phenomena generally, but 

most believe more nuanced descriptions of conditions are required to understand the root causes 

of the losses.  The most simple relationship is that increasing amounts of surface water seem to 

correlate well with marsh loss, but that may be a description of the effect of the loss of 

vegetation, not the cause. 

Many researchers have found recent trends documenting marsh loss in or in the vicinity of 

Suffolk County.  In Jamaica Bay, it is clear that large areas of once (relatively) stable marsh have 

deteriorated fairly quickly.  Researchers are not clear about the cause of this loss, and it is not 

certain if Jamaica Bay is an isolated example of unmatched stresses on an ecosystem, or a 

harbinger of the general fate of Long Island salt marshes.  Some New York State Department of 

Environmental Conservation analyses indicate the latter may be more likely than not, based on 

trends that appear to indicate general decay of Long Island’s vegetated marshes, especially along 

a gradient from New York City eastward along the south shore and also eastward in Long Island 

Sound.  Others, such as the New York State Department of State, do not see such general trends 

in their analyses. 

The discussion is generally impaired by a lack of good data that are agreed upon as useful by all 

interested parties.  Some of the important underlying measurements, such as sedimentation rates, 

are only now being made across many marshes; formerly, one or two spot measurements were all 

that were available, and the relevance of such limited data sets for regional discussions were 

often debated.  Growing availability of GIS (Geographical Information System) digitized 
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photography holds promise for simplified comparisons of the extent of land areas, and more 

sophisticated analyses including comparisons of vegetation types and areas may be possible 

using satellite remote sensing technologies.  However, the lack of resources that make digitized 

historical records unavailable for easy analysis is a key problem.  Confounding issues such as 

differing tidal stands, time-of-year, and adjustments for oblique attitudes with aerial or satellite 

imagery, as well as potential imprecis ion in older mappings, need to be accounted for in a 

regularized fashion in order to make various analyses comparable.  It may be that sweeping 

generalizations have been made based on biased, incomplete, or local studies.  Continuing losses 

of vegetated marsh areas, if occurring on a widespread basis in Suffolk County, are an extremely 

important element for the future presence of these important resources.  However, it may be that 

not enough information has yet been gathered to make firm judgments as to whether Suffolk 

County’s salt marshes are disappearing at an untoward rate or not, and if specific kinds of 

marshes are more threatened than others.  Since it is not clear that the County’s marshes are 

generally disappearing, it is not possible to determine if a specific cause (or causes) of marsh loss 

needs to be addressed through marsh management, and exactly which steps should be taken to 

avoid aggravating the condition assumed to be causing extra-ordinary marsh losses.  
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1. INTRODUCTION 

The US Environmental Protection Agency (USEPA) defines the term wetlands as:  

those areas that are inundated or saturated by surface or ground water at a 
frequency and duration sufficient to support, and that under normal circumstances 
do support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions.  

Wetlands generally include swamps, marshes, bogs, and similar areas (40 CFR 230.3 [t]). 

Coastal or tidal wetlands are those that are closely linked to estuaries where sea water mixes with 

fresh water to form an environment of varying salinities, and one that experiences fluctuating 

water levels due to tidal action.  Coastal wetlands contain many shallow environments, such as 

unvegetated mud flats or sand flats, as well as the more widely recognized vegetated areas.  

Some tidal fresh water wetlands form beyond the upper edges of tidal salt marshes where the 

influence of salt water ends (USEPA, 1995).  

Inland, fresh water wetlands are common on floodplains along rivers and streams, in isolated 

depressions surrounded by dry land, along the margins of lakes and ponds, and in other low-

lying areas where the groundwater intercepts the soil surface or where precipitation sufficiently 

saturates the soil forming vernal pools and bogs.  Inland wetlands include marshes and wet 

meadows dominated by herbaceous plants, swamps dominated by shrubs, and wooded swamps 

dominated by trees (USEPA, 1995).  

New York State defines tidal wetlands as:  

those areas which border on or lie beneath tidal waters, such as, but not limited to, 
banks, bogs, salt marsh, swamps, meadows, flats or other low lands subject to 
tidal action, including those areas now or formerly connected to tidal waters …   

specifically:  

all banks, bogs, meadows, flats and tidal marsh subject to such tides, and upon 
which grow or may grow some or any of the following: salt hay (Spartina patens 
and Distichlis spicata), black grass (Juncus gerardi), saltworts (Salicornia spp.), 
sea lavender (Limonium carolinianum), tall cordgrass (Spartina pectinata and 
Spartina cynosuroides), hightide brush (Iva frutescens), cattails (Typha 
angustifolia and Typha latifolia), groundsel (Baccharis halmilifolia), marsh 
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mallow (Hybiscus palustris) and the intertidal zone including low marsh 
cordgrass (Spartina alterniflora). 

(New York State Environmental Conservation Laws [ECL], Title 1, Section 25) 

Fresh water wetlands are defined by New York State as: 

lands and waters of the state as shown on the freshwater wetlands map which 
contain any or all of the following:   

a) lands and submerged lands commonly called marshes, swamps, sloughs, 
bogs, and flats supporting specific species of aquatic or semi-aquatic 
vegetation (as listed in Section 24-0107 of the Environmental 
Conservation Law);  

b) lands and submerged lands containing remnants of any vegetation that is 
not aquatic or semi-aquatic that has died because of wet conditions over a 
sufficiently  long period, provided that such wet conditions do not exceed 
a maximum seasonal water depth of six feet and provided further that such 
conditions can be expected to persist indefinitely, barring human 
intervention;  

c) lands and waters substantially enclosed by aquatic or semi-aquatic 
vegetation as set forth in paragraph (a) of Section 24-0107 or by dead 
vegetation as set forth in paragraph (b) of Section 24-0107, the regulation 
of which is necessary to protect and preserve the aquatic and semi-aquatic 
vegetation; and  

d) the waters overlying the areas set forth in (a) and (b) and the lands 
underlying (c).   

(ECL, Title 1, Section 24) 

2. WETLANDS REGULATIONS 

The first law adopted to protect wetlands by regulating activities in and adjacent to wetlands was 

enacted by Massachusetts in 1963 and required a state permit for the filling or dredging of tidal 

wetlands (Adler, 1999).  In 1965, Massachusetts passed a second wetlands law that extended its 

regulatory authority to fresh water wetlands (Town of Needham Conservation Commission, 

2006).  Similarly, Connecticut in 1969 (Dreyer and Niering, 1995) and New York in 1973 

(Atlantic States Marine Fisheries Commission, 2004) passed laws that regulated activities in tidal 

wetlands.  In 1972, Connecticut (Connecticut Association of Conservation & Inlands Wetlands 

Commissions, Inc., 2006) and New York in 1975 (NYSDEC, 2006) passed laws regulating 
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activities in fresh water wetlands.  While the federal government has not adopted a law that 

specifically protected and regulates activities in or near wetlands, many local municipalities 

under their zoning and land use powers have. 

2.1. Federal Regulation 

The Federal government regulates wetlands under the Federal Water Pollution Control Act 

(1972) (“The Clean Water Act” [CWA]), which covers all “waters of the United States” which 

may have been or are used in interstate or foreign commerce.  Wetlands are defined in 

accordance with three criteria: 

• Hydrology 

• Vegetation 

• Soils   

Wetlands are defined as “waters of the United States” (NYSDOS, 1997).  This definition has 

received some modification through a 2001 Supreme Court decision (Solid Waste Agency of 

Northern Cook County v. United States Army Corps of Engineers), which limits the Federal 

government in its regulation of isolated wetlands that are not hydraulically connected to other 

waters.  The discharge of dredge or fill material or the construction of any kind in a wetland 

requires a permit from the US Army Corps of Engineers, under the CWA (§ 404).  The Federal 

government does not regulate “adjacent” areas near wetlands (NYSDOS, 1997). 

The Federal government can also regulate wetlands under Section 10 of the Rivers and Harbors 

Act of 1899 (33 USC 403).  Section 10 regulates navigable waters and includes activities such as 

beach nourishment, dredging, filling, and the construction of boat ramps, piers, pilings, and shore 

protection (NYSDOS, 1997). 

In addition, President George W. Bush established a federal policy of “no-net loss” of wetlands, 

on Earth Day, 2004 (www.whitehouse.gov/news/releases/2004/04/20040422-4.html). 

The National Marine Fisheries Service has review respons ibilities for actions involving activities 

seaward of the high tide line, and special responsibilities for designated Essential Fish Habitats, 

which may affect wetlands projects (NYSDOS, 1997). 
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The New York State Department of State (NYSDOS), through the Coastal Zone Management 

Act (1972), was delegated authority to address coastal zone problems, including environmental 

issues (which can include wetlands) (see below) (NYSDOS, 1997). 

There are two Federal estuary programs  that potentially affect the County’s wetlands, the Long 

Island Sound Study (LISS) and the Peconic Estuary Program (PEP).  Both are administered by 

USEPA. 

The LISS Comprehensive Conservation and Management Plan (CCMP) (LISS, 1994) identified 

habitat enhancement (including wetlands) as an important goal.  Tracking reports on the progress 

of the CCMP implementation note with approval that Connecticut abandoned its mosquito 

ditching maintenance practices with Open Marsh Water Management (OMWM) and that New 

York State has been phasing out its ditching practices.  It was recommended that New York State 

continue to phase out mosquito ditching and implement OMWM to control mosquitoes and 

improve the value of wetlands by restoring wetland ponds and pools.  Technical guidance in 

achieving the habitat restoration goals (LISS, 2003a) listed twelve habitat types, five of which 

were specifically addressed.  Tidal wetlands were included.  The focus was on Connecticut 

marshes, but included those marshes found on Long Island.  Seven specific impacts to marshes 

were identified as requiring restoration: 

• grid (parallel) ditching 

• draining 

• impoundments 

• filling/burying 

• phragmites invasion 

• stormwater impacts 

• sea level rise impacts 

For each impact, preferred means of restoration were cited.  OMWM was not specifically 

identified as a restoration means, although ditch plugs and pond creation were identified as 

useful means of restoring salt marshes.  Although mosquito management was identified as a 
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means of causing impairments to habitat, mosquito management was not included as an element 

to be addressed during restoration activities.  No Suffolk County marsh was identified on the 

primary priority list for restoration. 

The PEP CCMP (SCDHS, 2002) contains many brief mentions of mosquito control effects on 

the estuary.  Mosquito control ditching was listed as a cause of habitat loss, fragmentation, and 

degradation of the marshes where it was conducted. 

The CCMP recommends improved coordination between the Suffolk County Department of 

Health Services (SCDHS), the Suffolk County Department of Public Works, Division of Vector 

Control (SCVC), other agencies and departments, and municipalities in maintaining existing 

mosquito ditches and developing coordinated planning efforts relating to mosquito control in 

wetlands.  The Plan recommends that OMWM techniques be employed.  OMWM helps to 

ensure that fish life that feed on mosquito larvae can survive and be present in areas where 

mosquitoes breed.  A no new ditch policy was established, and it was urged that SCVC work 

cooperatively with all governments and government agencies in planning mosquito ditch 

maintenance.  Phragmites control was also emphasized (SCDHS, 2002). 

Policies have also been established by major federal landholders regarding management of 

wetlands.  For instance, the National Park Service (NPS) generally (and the Fire Island National 

Seashore [FINS], specifically) has determined: 

The establishment and maintenance of ditches in Fire Island tidal 
marshes as a means of mosquito control are extremely disruptive to 
the natural evolutionary processes of the ecosystem.  Furthermore, 
the effectiveness of the grid drainage system for mosquito control 
is generally believed to be of little, if any, value.  Considering the 
National Park Service’s mandate to preserve Fire Island’s natural 
environment and the lack of knowledge of ditching effects, the 
maintenance of existing ditches will be terminated on all Park 
Service owned lands.  Ditching activities on other lands within the 
legislated boundary of Fire Island Seashore should also be 
terminated with the exception of designated experimental sites.  
The cessation of ditching as a mosquito control method will remain 
in effect until its utility can be proven and its effectiveness is 
shown to outweigh the associated environmental degradation. 

(Fire Island National Seashore, 1977) 
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The NPS has also identified poor salt marsh quality and the potential for the need for more active 

salt marsh management as major issues for FINS.  However, NPS has not yet determined what 

management might be permissible to address both an apparent need for marsh management and a 

general distaste for grid ditching and the maintenance of the grid ditch system (Milstead et al., 

2004). 

United States Fish and Wildlife Services (USFWS) is a large landholder in east coast US salt 

marshes.  USFWS would also like to eliminate pesticide use in its refuges, but also maintain its 

policy of being a good neighbor to surrounding communities.  Its perception is that this role 

includes preventing, as much as possible, mosquito problems to exist due to breeding on the 

refuges.  OMWM holds a promise of meeting these two goals, and, potentially, of providing 

collateral wildlife values enhancements. 

Initial guidance had been offered that closed (ditch plug) systems and semi-open (sill systems) 

were preferable over open systems.  The exception was the use of open systems to address 

Phragmites invasion.  USFWS appeared concerned that open systems would serve to drain the 

water table excessively (Taylor, 1998).  However, noting the lack of standardized information on 

OMWM benefits and potential impacts, the advisory was slightly altered in 1999 so that 

determinations regarding OMWM projects would be made at the specific refuge level (USFWS, 

1999), pending the outcome of initial (Roman, 1998) and long-term (James-Pirri et al., 2001) 

projects.  The initial evaluation, in Maine for ditch plugging, found shifts in vegetation toward S. 

alterniflora due to increased water levels,  Bird responses were variable across the sites, but fish 

populations were either stable (at two sites) or significantly enhanced (at one site) (Adamowicz 

and Roman, 2002).  The larger, longer project by James-Pirri et al., has only published interim 

data sets (James-Pirri et al., 2003); a project report was due in 2004, but has been delayed while 

undergoing review by USFWS and United States Geological Survey (USGS) (the project 

sponsors).  Reportedly, USFWS will use the findings of the James-Pirri et al. study to determine 

the Region 5-wide response to OMWM proposals. 

2.2. State Regulation 

New York State has two different regulatory programs and sets of requirements for wetlands 

protection:  
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• one for fresh water wetlands as set forth under Article 24 of the ECL. 

• one for tidal wetlands under Article 25 of the ECL.   

Article 24 was adopted in 1975.  Article 25 was adopted in 1973 but its implementing 

regulations did not become effective until 1977 (NYSDOS, 1997).    

The regulations for fresh water wetlands are contained in 6 NYCRR Part 662, Part 663, Part 664, 

and Part 665.  The implementing regulations for tidal wetlands are found in 6 NYCRR Part 661.  

Both laws and their regulations define wetlands based largely on vegetation.  They map 

regulated wetlands (New York State does not have jurisdiction over “unmapped” wetlands).  

They also identify regulated activities (but almost any activity requires a permit) and set forth 

standards for permit issuance.  The permitting process itself is governed under the New York 

State Department of Environmental Conservation (NYSDEC) Uniform Procedures Act 

(NYSDOS, 1997). 

Two of the more significant differences between the two wetland laws and their regulations are: 

• the Freshwater Wetlands Act (FWA) regulates activities within 100 feet of the edge of 

wetlands while the Tidal Wetlands Act (TWA) regulates activities within 300 feet of the 

edge of wetlands. 

• the regulation of fresh water wetlands can be delegated to local municipalities provided the 

regulations are at least as restrictive as the regulations in effect pursuant to the FWA.   

Ditch maintenance activities have been found to be acceptable under the TWA.  Other forms of 

marsh management require further review, and generally are determined to require a permit.  

Suffolk County has applied for and received general permits for its marsh management activities, 

including replacement of in-kind water control structures and ditch maintenance, for example.   

The application of pesticides directly to any regulated body of water in New York (that is, 

“waters of the State”) is considered an aquatic application.  As such, it requires an NYSDEC 

Article 15 Aquatic Pesticides Permit.  This regulation covers the application of any larvicide to 

standing water, except for water solely within artificial containers or other, isolated waters not 

considered “waters of the State.”  The County maintains such a permit (through SCVC).  Ultra 
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low volume (ULV) adulticides are not applied directly to water, do not target the aquatic stage of 

mosquitoes, and so do not require an Article 15 permit. 

The NYSDEC Article 24 regulations (6NYCRR Part 663) state that the application of a pesticide 

covered under an Article 15 permit also requires a separate Freshwater Wetlands permit.  The 

County also maintains an Article 24 permit to allow for its fresh water wetland larvicide 

program.  Application of adulticide within 100 feet of an NYSDEC regulated fresh water 

wetland area requires a permit.  NYSDEC has indicated that ULV adulticide applications that 

take place 150 feet or more from fresh water wetlands will be considered out of Article 24 

jurisdiction.  The County therefore maintains such a setback on its vector control adulticide 

applications. 

If an application of adulticide over a regulated fresh water wetland is deemed necessary, an 

emergency authorization can be requested from NYSDEC if the Commissioner of the State 

Department of Health has previously declared a Health Threat.  The emergency request to 

NYSDEC needs to present the specific reason the application is needed, with maps delineating 

the application zone.  Emergency actions required to respond to a public health threat are exempt 

from regulation under Article 24.  

The NYSDEC Article 25 regulations (6NYCRR Part 661) state that the use or application of any 

pesticide, where otherwise authorized by law, does not require a permit.  Thus, if a pesticide is 

registered in New York State and is applied per the label, a permit is not needed (except if the 

application is made to NYSDEC-owned lands, see below).  Application of adulticides over tidal 

wetlands is generally avoided.  If required due to a public health threat, such applications can be 

made without a specific permit if the product label specifically allows such use of the product 

over tidal marshes.   

Application of pesticides to NYSDEC-owned lands requires NYSDEC permission.  This 

permission had been received in the form of a sign-off on Article 15 permits for larvicide use.  In 

March, 2006, SCVC received a letter stating this would no longer be the case, although 

NYSDEC had not yet determined how such permission might be granted (D. Ninivaggi, SCVC, 

personal communication, 2006). 
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NYSDEC implements several other programs that indirectly affect wetlands: 

• Coastal Erosion Hazard Areas Program: actions that may affect mapped coastal erosion 

zones receive further regulation. 

• Use and Protection of Waters (Stream Protection Program): regulates disturbances of 

stream beds, or excavation and fill of any navigable waterway. 

• State Pollution Discharge Elimination Program: regulates discharges into surface water 

by industrial, commercial, and municipal sources, and some residential areas as well, 

including a ban on the discharge of untreated stormwater to wetlands. 

• Water Quality Certification Program: under the CWA, New York was delegated the 

authority to regulate discharges to navigable waters. 

• Endangered Species Program: regulates activities that might harm Federal or State listed 

endangered or threatened species. 

• Natural Heritage Program: this program identifies occurrences of rare biota and amps 

natural communities, and is funded jointly with The Nature Conservancy (TNC). 

• Wild, Scenic and Recreational Rivers System: designated systems receive extra 

protections.  

(NYSDOS, 1997) 

NYSDOS developed a State-wide Coastal Management Plan (CMP), which was approved by the 

US Secretary of Commerce in 1982.  The policies established in this plan are used by NYSDOS 

when it reviews Federal and State actions in the coastal zone, subjecting them to a single set of 

locally-determined criteria.  There are now 13 criteria that must be complied with in these 

“consistency” reviews.  NYSDOS can further delegate coastal management authority through the 

Local Waterfront Revitalization Program (LWRP) (see below) (NYSDOS, 1997). 

Another element of the State CMP was the designation and mapping of Significant Coastal Fish 

and Wildlife Habitats.  These sites are further protected, with the intent of preventing 

impairment.  A goal is to restore any such habitats to improve them, where practical (NYSDOS, 

1997).  
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In 1999, NYSDOS completed a management plan for Long Island Sound, designed to help spur 

implementation of the State CMP.  The Long Island Sound CMP recognized four arenas for 

action: 

• The developed coast 

• The natural coast 

• The public coast 

• The working coast 

Under the natural coast, protection and restoration of tidal and included fresh water wetlands was 

identified as a priority.  One of the important identified impairments of the mid-Sound coast was 

ditches installed for mosquito control purposes.  Invasive plants, presumably inc luding 

Phragmites, were also identified as a problem.  Recommendation 11 of the Plan was to reach a 

net gain in quality and quantity of tidal wetlands, and no net loss for fresh water wetlands.  The 

primary means of achieving the gains was to be reconstruction of lost physical features that 

would result in natural wetlands functioning.  Sites for restoration were to be identified by LISS.  

In addition, 13 regionally important natural areas were identified, 10 of which lie at least 

partially in Suffolk County, and all but one of which have important wetland resources (Oyster 

Bay-Cold Spring Harbor, Lloyd Neck-Eatons Neck, Crab Meadow-Fresh Pond, Sunken 

Meadow-Nissequogue River, Stony Brook-Setauket, Mount Sinai, Wading River, Wildwood-

Bating Hollow, Riverhead Bluffs [no wetlands], eastern islands [Plum Island, Great Gull Island, 

etc.], Fishers Island) (NYSDOS, 1999). 

The South Shore Estuary Reserve (SSER), a planning effort under the direction of NYSDOS, 

determined that, in order to meet estuarine water quality objectives, stream corridors (especially 

fresh water wetlands along the streams) would need to be managed as described by New York 

State in its guideline to prevent non-point pollution, including sediment erosion, from stormwater 

(NYSDEC, 1996).  The Comprehensive Management Plan also identified wetlands as key 

elements of the biological landscape, and called for increasing the quantity and quality of 

wetlands, especially tidal wetlands.  The means of doing this were identified as primarily being: 

• hydrological modification of formerly connected wetlands 
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• restoration of dredge spoil sites 

• OMWM 

• Establishing protective buffers 

• Identifying existing high quality wetlands 

(SSER Council, 2001) 

NYSDOS and NYSDEC collaborated on the production of Salt Marsh Restoration and 

Monitoring Guidelines (Niedowski, 2000).  This apparently was the result of considerations of 

the Seatuck OMWM demonstration project in 1986 (see Lent et al., 1990), plus other pressures 

to develop a state guidance for salt marsh projects.  The Guidelines do not appear to have any 

regulatory authority, nor do they seem to be referred to by those proposing or enforcing the State 

regulations. 

The document is intended to serve as a framework for New York salt marsh restoration activities, 

including planning, design, implementation, and monitoring for restoration projects sponsored by 

municipalities.  The goal statements for habitat restoration in New York State are summarized as 

follows: 

• To the greatest extent practicable, achieve functional, community, and/or ecosystem 

equivalence with reference sites when undertaking restoration. 

• Restore critical habitats for priority fish, wildlife, and plant species, including those listed 

as threatened, endangered, and of special concern by Federal and State governments, and 

species of historical or current commercial and/or recreational importance in New York 

State. 

• Plan and implement restoration initiatives using a regional perspective to integrate and 

prioritize individual restoration projects and programs.  

• To the extent practical, use historical acreages, proportions, and/or spatial distributions to 

prioritize habitats from a state or regional perspective.  

• To the extent practical, ensure where appropriate that historical acreages, proportions, 

and/or spatial distributions of priority habitats are restored and preserved. 
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Two desirable OMWM techniques described in the manual are closed systems and semi-tidal 

systems.  According to the guidelines, closed systems should consist of shallow ponds and 

pannes ranging from two to 18 inches deep, sump ponds ranging from 30 to 36 inches deep, and 

pond radial, spur ditches approximately 30 inches deep.  Ponds with gentle slopes are 

recommended in areas where mosquito breeding is evident.  More shallow areas may be 

constructed in a pond for shore bird foraging areas.  Excavated spoil resulting from pool and 

ditch creation is recommended to be used to raise the bottom of ditches, and for plugging ditches.  

The use of rotary ditching equipment is advised to minimize the impacts of spoil disposal.  The 

semi-tidal systems are described as consisting of 30 inch deep ditches with sills, so that they are 

only partially tidal.  A sump pond and connector ditch system is recommended for semi-tidal 

systems as well (Niedowski, 2000).  Open systems are not discussed.    

The New York State Department of General Services administers all State lands below high tide, 

and issues any grants, easements, or leases required for any private use of such lands (NYSDOS, 

1997). 

2.3. County Regulation 

Suffolk County does not regulate wetlands.  However, in the late 1970s, there was a fresh water 

wetlands law (Local Law 20-1976, Chapter 488 of the Suffolk County Code “Freshwater 

Wetlands”) that referred to a Commissioner of Environmental Control, criteria, and applications 

(W. Dawydiak, Suffolk County Department of Health Services, personal communications, 

2005).  It is not clear if the County ever implemented the law, which was repealed in 1993 by 

Local Law 16-1993. 

2.4. Local Regulation 

Nine of Suffolk County’s 10 townships have local laws that regulate activities in wetlands; in 

some cases, the local laws regulate the adjacent area.  The Town of East Hampton Trustees 

regulate wetlands, but this is not codified in the Town Code.  The town laws typically describe 

the value of wetlands and the need to protect them, and then define prohibited activities, identify 

regulated activities, and set forth a permitting procedure for proposed activities in or adjacent to 

wetlands.  The local laws may include standards for permit issuance.  Wetlands are protected by 
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denying a permit, or issuing a permit that contains conditions designed to minimize or mitigate 

impacts.  Unlike New York State, which maps wetlands, the Towns do not map the wetlands.  In 

some Towns, they explicitly reference the State maps. 

Review of the nine Town Codes found the following: 

Babylon 

Chapter 108  Dredging 

A permit is needed to remove any material from any waterway, watercourse, or upland abutting 

or adjoining a waterway or watercourse. 

Chapter 128  Freshwater Wetlands 

This law is very similar to the New York State FWA.  A permit is needed for activities within 

100 feet of a fresh water wetlands including:  

• draining 

• dredging 

• excavating 

• dumping 

• filling 

• erecting any roads or structures 

• discharging  pollutants or effluents 

Public health activities are exempt.  

Brookhaven 

Chapter 81  Wetlands and Waterways 

A permit is needed for activities within 150 feet of tidal and fresh water wetlands including: 

• draining 
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• dredging 

• excavating 

• dumping 

• filling 

• erecting any roads or structures 

• discharging pollutants or effluents 

Huntington  

Chapter 141  Streams, Watercourses & Wetlands  

Article I  Filling, Diversion, or Draining of Streams and Watercourse 

A permit is needed to: 

• fill or divert the course of streams, creeks, or watercourses 

• divert any stream, watercourse, or creek from its natural course 

• drain any pond or impoundment. 

Chapter 141  Streams, Watercourses & Wetlands 

Article II Freshwater Wetlands  

The Town assumes the implementation of the New York State FWA. 

Chapter 137  Marine Conservation   

Article II  Removal or Deposition of Material 

A permit is needed to remove/place material on wetlands or watercourses owned by the Town. 
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Chapter 137  Marine Conservation 

Article III Construction or Reconstruction 

A permit is needed to construct or reconstruct a dam or impounding structure and docks, piers 

and pilings. 

Islip 

Chapter 67  Wetlands and Watercourse 

A permit is needed to dig, dredge, excavate, or dump on tidal waters, tidal marshes, fresh water 

wetlands, coastal wetlands, tidal wetlands, and watercourses. 

Riverhead 

Chapter 107  Tidal and Freshwater Wetlands 

A permit is needed to dig, dredge, excavate, or dump on tidal waters, tidal marshes, fresh water 

wetlands, coastal wetlands, tidal wetlands, and watercourses, and within 150 feet of a wetland. 

Shelter Island 

Chapter 129  Wetlands 

A permit is needed for dredging, disturbing, filling, or excavating in tidal and fresh water 

wetlands, and within 100 feet of a wetland. 

Smithtown    

Chapter 170  Freshwater Wetlands  

Pursuant to the New York State FWA, the Town assumes the implementation of the Act. 

Chapter 138  Dredging  

A permit is needed to remove or deposit fill from any wetlands or watercourse. 
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Southampton 

Article VII Regulating Dredging, Docks, Bulkheading and Channels (Board of Trustees) 

A permit is required to dredge or deposit material on the bottom of any waters in the Town. 

Chapter 325  Wetlands 

A permit is needed undertake open water marsh management measures and to place, deposit, or 

dredge material in a tidal or fresh water wetland area, or within 200 feet of a wetlands boundary. 

Southold  

Chapter 97  Wetlands and Shorelines 

A permit is needed to remove material from wetlands or to deposit or discharge material on tidal 

or fresh water wetlands 

Town Trustees 

Suffolk County has a special wetlands regulatory situation, which is the result of local history 

and practice.  This is the establishment of town trustees, who in three cases are entirely separate 

from other elements of Town government. 

In 1664, King Charles II granted all lands “from the west side of the Connecticut River to the 

east side of the Delaware River,” including associated islands, to his brother, the Duke of York.  

Colonel Richard Nicolls was sent to ensure the Dutch (former rulers of this area) recognized this 

claim.  It had been determined in English law that when the King conquered a kingdom, he could 

alter laws as he saw fit, and so Col. Nicolls imposed English law throughout the new territories 

on behalf of the King.  In 1665, Col. Nicolls established the Duke’s Laws, in consultation with 

the settlers of the area.  The Duke’s Laws also included the town patents.  These designated 

several patentees, who could act on behalf of “themselves and their associates, the freeholders 

and inhabitants” as proprietors of the towns.  The land grants included “havens, harbors, creeks, 

quarries, woodland, meadows, pastures, marshes, lakes, fishing, hawking, hunting and fowling” 

and established the Town.  It also required that each purchase of land from the Indians would 
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need approval from the Duke (or his governor).  Generally, the lands were held as “tenants in 

common” where shares of the land were held by the original purchasing families, and could be 

inherited and otherwise transferred.  The land grants extended to high water, and also to the 

mouths of protected bodies of water.  It appears that “swamps,” “bogs,” and “boggy meadows” 

referred to fresh water wetlands, “marsh” was low marsh, “foreshore” was the area between low 

and high tides, “salt meadow” was high marsh, and “thatch” and ”creek thatch” was grass 

growing along streams.  These terms apparently were not used precisely at the time, but rather 

were determined later through interpretations of particular filings and court decisions (Kavanagh, 

1980). 

The Towns, and their time of foundations, are: 

• Brookhaven (1655) 

• Easthampton (sic) (1649) (Gardiners Island was separate, settled 1640) 

• Huntington (1653) (included Babylon, not established until 1872) 

• Islip (1710) 

• Shelter Island (1649) 

• Southampton (1640) 

• Southold (1640) (including Riverhead, not established until 1792) 

War flared up again in 1673; the King renewed his brother’s charter in 1674.  In 1683, the fourth 

English governor of New York, Colonel Thomas Dongan, arrived with instructions to call an 

assembly to reestablish the “good weal and government” of the colony.  To improve on the 

collection of rents for the Duke, Col. Dongan rewrote the patents for the Towns between 1686 

and 1688.  This was also done to impose English and catholic authority on the colonists, 

reflecting the protestant upheavals that had been causing turmoil and civil war in England over 

the previous hundred years, and would lead to the loss of throne for James II within several years 

(Kavanagh, 1980). 

Dongan quickly persuaded Brookhaven, Easthampton (sic), and Southampton to surrender their 

patents, and receive new ones.  Southold, resisted, and operated under a patent issued by the 
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second Governor, Major Edmund Andros.  Smithtown and Shelter Island were private 

proprietary grants, and so did not require a patent (as was the case for Gardiners Island).  

Huntington was resistant, but acceded to the Governor, and agreed to a new patent in 1688 

(Kavanagh, 1980). 

Turmoil followed in 1689 with the Glorious Revolution that led to the reign of William and 

Mary and the deposition of James II.  In 1691, Colonel Henry Sloughter was appointed governor, 

and held an assembly for “settling, quieting, and confirming” the various patents.  Thus Shelter 

Island, Smithtown, Southold, and when incorporated, Islip (by virtue of patents issued to 

individual landholders) are “Andros Patent” towns, as the Andros patents they held were 

confirmed by Col. Sloughter.  Brookhaven, Southampton, and Southampton are “Dongan Patent” 

towns, as their Dongan patents were also confirmed by Col. Sloughter.  Huntington, on the other 

hand, had its Dongan Patent originally affirmed by the sitting governor during an unsettled time 

locally called the Leisler Rebellion (after the James II-appointed governor hanged by Col. 

Sloughter when he took command of the colony).  Col. Sloughter voided all laws and decisions 

made during the rebellion.  Therefore, Huntington applied for a re-confirmation of its patent, and 

finally received one in 1694 from the new Governor, Benjamin Fletcher.  Huntington thus has a 

“Fletcher Patent,” which is of the same form and essentially the same content as a Dongan patent 

(Kavanagh, 1980). 

All of the patents described and assigned land to the landholders, and, as described above, the 

Nicolls patents (which became Andros patents) also assigned certain rights to the landholders.  

The Dongan patents went further, however.  They expanded the rights of the Towns to be 

equivalent to towns and boroughs in England, so that they could own and hold land in and of 

themselves, and sue and be sued.  In addition, the Dongan patents created trustees for each Town 

to hold and manage all unappropriated land for the use and benefit of the freeholders of the 

towns.  The scope of the trust was listed as: 

houses, messuages, tenements, buildings, mills, mill dams, fencing, enclosures, 
gardens, orchards, fields, pastures, woods, underwoods, trees, timbers, feedings 
and common pasture, meadows, marshes, swamps, plains, rivers, rivulets, waters, 
lakes, ponds, brooks, streams, beaches, quarries, creeks, harbors, highways and 
easements, fishing, hawking, hunting and fowling, mines and minerals (gold and 
silver mines excepted), and all franchises, profits, commodities, and heriditaments 
whatsoever to the … tract of land and premises… 
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This was due to the practice of having common lands for the use of all, and established a means 

for the ordering and management of those lands.  The trustees were bound by previous land 

grants and use, and were to be elected annually.  This meant that although the trustees had great 

power over the towns, the practice of holding town meetings meant that many aspects of 

governance were outside of their realm, and these meeting eventually provided the basis for 

separate Town governance (under Town Boards) (Kavanagh, 1980). 

When the State formed its constitution in 1777, it affirmed common law and acts of the colonial 

legislature, as well as colonial land charters and patents.  It also took title to all unappropriated 

navigable waters and the lands under them (exclusive of lands already granted to New York City, 

Long Island towns, and certain individuals, by kings of England).  Subsequent court cases 

determined the extent (and limits) of those preexisting arrangements.  Generally, trustees were 

sometimes lax in maintaining public land title to wetlands areas that were surrounded by uplands 

and so were easily utilized by surrounding landowners.  They have tended to be more vigilant 

with low marsh and foreshore areas, although historical use patterns led to many leaseholders to 

fill and otherwise destroy wetlands still under trustee ownership (Kavanagh, 1980). 

At this time, towns maintaining separate town trustees are: 

• East Hampton: nine trustees, two year terms 

The Trustees own and/or manage waters, lands underwater, and adjacent beaches.  In discharging 

their duties as the owners and/or managers of the above, the Trustees have developed policies 

and regulations designed to improve water quality, increase the productivity of their holdings and 

protect public rights.  These include regulating docks, controlling boat discharges, involvement 

in shellfish propagation and quality enhancement programs, and designating areas in their 

harbors for various activities, such as water ski, mooring, windsurfing, fish trap, and duck blind 

areas.  They review, and must approve, all dredging projects.  They review, and must approve, 

all bulkheads, revetments and other erosion control devices proposed to be constructed (or which 

may have an impact) on their lands.  They have adopted rules governing beach driving and work 

with the Town Board to coordinate efforts toward more responsible beach use.  The Trustees also 

own many upland parcels, numerous roads in all areas of Town, and many properties between 

the ocean and “oceanfront” residences (Town of East Hampton, 2006).  
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• Southampton: five trustees, two-year terms 

Duties of the trustees are to preserve public access to the water, uphold the traditions of a 

maritime community, advise the Town Board on coastal related issues, inform the public of the 

facts of coastal issues and policy, represent the best interest of the freeholders, maintain and 

protect surface water quality, regulate dock and bulkhead construction and impacts, promote 

sustainable harvest of commercial shellfish and finfish, provide a safe marine environment, and 

inspect all structures built on bay bottom (Town of Southampton, 2006). 

• Southold: five trustees, four year terms  

Duties of the trustees are the regulation of any activity along the shoreline of the Town and its 

inland wetlands, per Chapter 97 of Town Code, and to approve moorings (Town of Southold, 

2006). 

In the other patent towns, town trustees have become subsumed into the Town Boards.  

Nonetheless, Town Boards will often need to become the “Town Trustees” to settle certain 

issues.  Trustee issues have been extensively litigated and are often subject to intense interest on 

the part of some community activists, even where the practice of trusteeship is otherwise largely 

ignored. 

Local Waterfront Revitalization Programs  

The approved and adopted LWRPs for Suffolk County were closely reviewed.  The following six 

municipalities have the only approved and adopted LWRPs in Suffolk County: 

• the Town of Smithtown (1989) 

• the Town of Southold (2005) 

• the Village of Greenport (1989) 

• the Village of Head-of-the-Harbor (1991) 

• the Village of Lloyd Harbor (1997) 

• the Village of Sag Harbor (1986, amended 1999) 

(NYSDOS, 2006) 
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The following notes specifics in each LWRP which could bear on wetlands management. 

Town of Smithtown 

There are no direct mentions of vector control actions.  Indirect policies that may affect wetlands 

management include: 

• Policy 25 states, “protect, restore and enhance natural and man-made resources.”  

• Policy 25B states, “prevent the irreversible modification of natural geologic forms and 

the removal of vegetation from dunes, bluffs and wetland areas.” 

• Policy 35B states, “wetland channels maybe altered only if the action results enhancing 

the viability of the wetland area.” 

• Policy 44 intends to preserve and protect tidal and freshwater wetlands and preserve the 

benefits derived from these areas. 

Town of Southold 

There are no direct mentions of vector control in the document, with the exception of one 

reference, when discussing Hashamomuck Pond, of ditching as a potential cause of loss of tidal 

connection, and therefore something that should be avoided.  Indirect references to wetlands 

management and/or vector control activities include: 

• discussion of a restoration of 80 acres of diked agricultural land by the US Department of 

Agriculture, where tidal flow had been lost, on the east bank of West Creek; 

• Policy 6.1, which states, “protect and restore ecological quality throughout the Town of 

Southold;” 

• Policy 6.2, which states, “protect and restore Significant Coastal Fish and Wildlife 

Habitats,” noting specifically that actions that destroy habitat values through physical 

alteration or significantly impair the viability of the habitat (causing a reduction in vital 

resources or change in environmental conditions beyond the tolerance range of important 

species) should be avoided; 
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• Policy 6.3, which states, “protect and restore tidal and freshwater wetlands,” where 

restoration is defined as reconstruction of physical values, adjustment of adverse 

chemical characteristics, or the manipulation of biological characteristics back to some 

prior, preferred state. 

Village of Greenport 

There are no direct mentions of vector control.  Indirect policies that may affect wetlands 

management include: 

• According to Policy 12, “activities or development in the coastal area will be undertaken 

so as to minimize damage to natural resources.” 

• Policy 44 aims to preserve and protect tidal and fresh water wetlands and preserve the 

benefits derived from these areas. 

Village of Head of the Harbor 

The LWRP does not specifically make mention of mosquito management within its boundaries. 

There are some policies which may or may not be compatible with marsh management. 

• On page II-31, the extreme frailty of the Village’s beaches, dunes, escarpments, and 

extensive tidal wetlands is discussed, and a need to protect these assets natural state as 

best as possible is recognized. 

• Page II-52 discusses Village concerns regarding the preservation of its fresh water 

wetlands and tidal marshes. 

• Under Policy 44, tidal and fresh water wetlands, as well as the benefits derived from 

them, must be preserved and protected.  

• The report asserts that fish and wildlife habitats are within the wetlands and marshes of 

the village.  Policy 7 states that “significant coastal fish and wildlife habitats…shall be 

protected, preserved, and…restored.”  Policy 7D states that reducing or eliminating these 

areas for a “regional public purpose” is allowable, with the condition that there is creation 

of new habitat in a ratio of two to one. 
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Village of Lloyd Harbor 

There are no direct mentions of vector control.  Indirect policies that may affect wetlands 

management include: 

• Policy 7 states, “coastal fish and wildlife habitats…shall be protected, preserved, and 

where practicable…restored so as to maintain their viability as habitats.” 

• Policy 12 requires that all activities in the coastal area must be undertaken so as to 

minimize damage to natural resources. 

• Policy 24 addresses preventing impairment of scenic resources.  This impairment 

includes irreversible modification of geologic forms. 

• Policy 25 intends to “protect, restore or enhance natural and man-made resources 

which…contribute to the overall scenic quality of the coastal area.” 

• Policy 44 states its goal is to “preserve and protect tidal and freshwater wetlands and 

preserve the benefits derived from these areas.” 

• Chapter 137 of the Town of Huntington Code is discussed.  This code section addresses 

Marine Conservation.  It was established to protect and preserve the watercourses, coastal 

shorelines, tidal marshes and watersheds.  This law also regulates the removal or 

deposition of soils within wetland areas of the Town. 

Village of Sag Harbor 

There are no direct mentions of vector control.  Indirect policies that may affect wetlands 

management include: 

• The Village Conservation Districts (CDs) are described.  These were created to preserve 

the tidal and fresh water marshes found within any one or all of the CDs.  The CDs 

restrict use of the wetlands by permit.  The major intent of the CDs is to preserve the 

water quality of natural areas. 

• Policy 6.3 on page III-21 is intended to protect and restore tidal wetlands. 
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Generally, policies that relate to wetland preservation generally intend to maintain and enhance 

wetlands with as little activity in them as possible.  Although water management for vector 

control purposes is nowhere mentioned explicitly, it may be that the policies would be 

interpreted that water management could not occur unless it resulted in “improvements” to the 

wetlands.  Alteration of a wetland can occur, even to the point of total destruction (see Head of 

the Harbor), although mitigation may be required.  
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3. GENERAL FACTORS ASSOCIATED WITH SALT MARSH LOSSES  

One of the first wetland surveys in the United States based on wetland habitat values rather than 

on values for agriculture was carried out in 1954 and published by the USFWS two years later as 

Circular 39 (Shaw and Fredine, 1956).  This was not a comprehensive effort, but focused on 

defining areas of value as water fowl habitat.   

Trends for salt marsh areas are difficult to construct.  Even in Europe, where marsh studies have 

been undertaken for much longer than in the US, it is said that most wetland trend data are 

generated from indirect measures (Allen, 2000).  The National Wetland Inventory (NWI) was a 

program established to create comprehensive maps of wetlands in the US.  88 percent of the 

continental US (excluding Alaska) has been mapped.  The first of a series of trend documents 

was produced in 1983 (Wilen et al., 2002).  The report documented trends in the nation’s 

wetlands from the 1950s to the 1970s (Frayer, et al., 1983).  The data from that early report has 

been generally revised by later efforts, and Dahl (1990) has become the standard reference for 

historical wetlands losses.  

The extent of wetland losses in the United States is both widespread and severe.  An analysis of 

losses between the 1780s and the 1980s indicates that a 53 percent loss occurred in the 

continental US, excluding Alaska (Dahl, 1990).  Losses to coastal wetlands have occurred due 

to:  

• excessive harvesting of their production 

• hydrologic modification and seawall construction 

• coastal development 

• pollution 

• other less important factors 

Fresh water wetlands have been lost because of:  

• hydrologic modification and development, including drainage for agriculture, forestry, 

and mosquito control 
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• filling for residential, commercial, and industrial development 

• filling for solid-waste disposal 

• mining of peat  

(Mitsch and Gosselink, 2000). 

Frayer et al. (1983) estimated a net loss from the 1950s to the 1970s of more than 3.7 million ha 

(over nine million acres), a loss rate of approximately 0.4 percent per year.  That averages to 

185,000 ha (450,000 acres) each year.  Although wetland loss rates are slowing, according to 

some estimates the United States continues to lose approximately 70,000 to 90,000 acres of 

wetlands on non-federal, rural lands each year (USEPA, 1995).  USFWS, through the NWI 

program, estimates the rate is lower but still substantial at 58,500 acres per year (USFWS, 2000).  

Another estimate is that 162,800 acres of wetlands on privately-owned lands were lost between 

1992 and 1997 (NRCS, 2000).  President GWH Bush set a goal of no net loss of wetlands 

throughout the country in the late 1980s (his son later established this as an explicit policy).  

More ambitiously, a National Research Council report (1992) called for the fulfillment of a goal 

of gaining 4 million ha of wetlands by the year 2010, largely through the reconversion of crop 

and pasture land. 

Gosselink and Bauman (1980) estimated the US loss rate of coastal wetlands at 8,100 ha per year 

between 1922 and 1954.  This increased to 19,000 ha per year between 1954 and the 1970s.  

Frayer et al. (1983) estimated that 73,000 ha of estuarine wetlands were lost each year from the 

1950s to the 1970s.  The rate was said to slow to 2,900 ha per year from the mid-1970s to the 

mid-1980s with the promulgation of wetland protections (Dahl and Johnson, 1991).  Generally, 

good estimates of historical loss have not been agreed upon, although all researchers have found 

that losses have been substantial. 

Redfield (1972) codified the classic description of marsh development, based on a number of 

cores in a New England marsh.  He described how a marsh can increase in area both by 

extension out into an estuary by trapping sediment and accreting material to raise its elevation, 

and through growth over former uplands as they become flooded by rising sea level.  However, 

this was recognized a relatively simplistic view that does not apply to all marshes.  For example, 

back barrier marshes were found to be much younger (1,000 years old at most) compared to 
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mainland marshes (4,000 years old or more) (Newman and Munsart, 1968), suggesting they may 

be continually reconstituted due to landward migration of the barrier islands.  Other marshes 

clearly do not grow at constant rates.  Nearly all regional salt marshes were unlikely to have 

formed prior to the major reduction of sea level rise that occurred 5,000 years ago (Rampino and 

Sanders, 1981).  Stevenson et al. (1986) suggest that generally marsh accretion or loss is a 

complex function that is under the overall control of relative sea level rise.  Important 

environmental factors that increase sediment deposition rates include higher tidal ranges and 

riverine inputs.  It was also noted that too much sedimentary input leads to autocompaction of 

the sediments, which can contribute to marsh submergence.  In sum, whether a marsh adds or 

loses vegetated area over time is determined by processes that combine in ways that are 

determined on local scales, by and large. 

Kennish (2001), on the other hand, identified different anthropogenic causes of marsh loss, on 

different geographical scales.  Local causes can be direct or indirect causes of marsh loss.  Direct 

impacts that modify or destroy the marsh, and which tend to occur on very short time scales, 

include: 

• dredging 

• spoil placement 

• ditching 

• canal cutting 

• constructing levees 

• salt hay farming 

Local, but indirect, causes of marsh loss, which tend to occur over longer time periods than the 

direct causes above, include actions that: 

• interfere with normal flooding patterns 

• alter drainage processes 

• reduce mineral inputs 
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Regional causes of salt marsh loss are those that cause subsidence, which occurs at time scales 

measured in decades, and may be irreversible.  Anthropogenic subsidence is due to subsurface 

withdrawals of: 

• groundwater 

• oil 

• natural gas 

Global- level changes that cause salt marsh loss are those relating to climate change, as warming 

is causing eustatic  sea level rise.  The factors involved in sea level rise tend to be those that vary 

on a multi-decadal to century scale.  Eustatic sea level rise is occurring or is anticipated to occur 

because of: 

• potential destabilization of Antarctic continental glaciers 

• Greenland and other high Arctic continental glacier melting 

• thermal expansion of ocean waters 

Loss of salt marsh must be understood in the context of salt marsh expansion, or, at least, 

maintenance.  North American salt marshes were enabled when sea level rise decreased seve ral 

thousand years ago, allowing accretion rates for the marshes to match or outstrip relative sea 

level rises.  The general process has been well described (Redfield, 1965; Teal and Teal, 1969; 

Redfield, 1972).  Halophytic plants gain a foothold in a sheltered portion of an estuarine setting, 

and then expand their domain out into the estuary through sediment accretion and into the 

uplands as invading salt water displaces less hardy vegetation.  Every marsh is the function of 

local forces influencing these overall processes. 

Marsh sediments are derived from autochthonous (that is, “imported”) minerals or allochthonous 

(that is, marsh-derived) detritus and roots of macrophytes (Anisfield et al., 1999).  The percent of 

material that is inorganic or organic depends upon the physical setting and the vegetation regime.  

Marshes along the southern part of the east coast of the US tend to be at the mouths of rivers, and 

therefore often receive large inputs of inorganic matter transported by the rivers (Wiegert and 
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Freeman, 1990).  The New England marsh type, on the other hand, derives less of its accretion 

from minerals, and more from plant materials (Bertness, 1988; Frey and Basan, 1985). 

Within a marsh, the low marsh tends to have more inorganic matter, while the high marsh has 

more organic matter.  Partly this is a function of inundation frequency, as the low marsh is 

flooded more often than the high marsh and so can collect more mineral material from tidal 

deposition (Cahoon and Reed, 1995).  In addition, with high hydrogen sulfide levels in the 

saturated low marsh soils, a mineral buffer containing iron is important to help manage this toxic 

gas.  Sulfide precipitates as an inert mineral, pyrite, in contact with iron, which is delivered to the 

marsh through inorganic sedimentation (Lord and Church, 1983).  Thus, accumulation of 

inorganic matter on the low marsh can foster this chemical transformation, which helps 

macrophytes to survive in such a harsh environment.  

The input of inorganic material from routine flooding events is not sufficient to explain most 

marsh accretion rates.  Calculations for south shore Long Island marshes, for example, suggest 

that even if all of the inorganic matter in a tidal prism were to be deposited in the marsh, the 

marsh would only receive approximately 50 percent of the material necessary to match long-term 

sea-level increases (Cashin Associates, 2005).  Extraordinary events, particularly large storms, 

however, deliver vast amounts of materials over short periods of times (Donnelly et al., 2001).  

Years with more storms have been shown to deposit more sediment in high marshes (Harrison 

and Bloom, 1977).  Sediment rates in Louisiana depend on the resuspension of sediments from 

nearby bodies of water, which is largely caused by stronger storms (Cahoon and Reed, 1995).  In 

Delaware, tidal sediment sources were found to be inadequate to keep marshes above rises in sea 

level, but the marshes were found to be maintaining themselves due to storm-derived sediment 

sources (Stumpf, 1983). 

Peat accumulates faster in the high marsh than the low marsh (Redfield, 1972), and tends to form 

uneven tussocks there (Nixon, 1982).  Low marsh microtopography tends to be smoother, 

although low marsh sediments tend to be composed of larger grain sizes.  Peat formation is 

enhanced when winter ice shears plants off, creating greater detritus loadings (Frey and Basan, 

1985).  Generally, for east coast US marshes, peat accumulation is five times more important 

than inorganic inputs (Turner et al., 2000).  However, overall sedimentation rates are greater in 
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the low marsh compared to the high marsh, even in New England (Chapman, 1974; Jordan and 

Valiela, 1983; Richard, 1978; Bricker-Urso et al., 1989).  The natural tendency is for low marsh 

to develop into high marsh, raising itself above the daily tide level (Redfield, 1972), although 

high marsh accounts for less than half of all New England type marshes (Nixon, 1982); high 

marsh does comprise the vast majority of southern marshes (Wiegert and Freeman, 1990). 

Invasive Phragmites australis (Phragmites) can raise the marsh surface where it is growing.  

This is due to the tremendous density of roots and rhizomes that it develops, and the above-

ground stalk density of this plant.  The below-ground structure creates additional organic inputs, 

and the density of the above-ground growth catches additional sediment beyond what other salt 

marsh plants might accumulate (Meyerson et al., 2000; Rooth et al, 2003), although Leonard et 

al. (2002) found  differently for the Chesapeake Bay area.  This process benefits Phragmites as it 

is thought to be not as tolerant of salinity as other marsh plants, and so raising the marsh surface 

may insulate it from some salinity effects (Meyerson et al., 2000). 

Sea level rise is often cited as a primary concern regarding salt marsh loss, for the obvious reason 

that as sea level increases, it threatens to flood the salt marshes, perhaps to too great a height.  

Exactly how sea level increases are affected by various processes must be understood, because 

relative sea level is not changing at the same rate, or even in the same overall direction, at all 

places throughout the world.  Overall world-wide sea level is controlled by changes either in the 

volume of water in oceans or the volume of ocean basins.  The volume of water in the oceans is 

dominated by glaciation, which can produce very large changes (100 m or more) over relatively 

short time scales (thousands of years).  Other, potentially rapid (tens of meters over a thousand 

years) changes in water volume include the growth or disappearance of marginal seas, thermal 

expansion of water, and changes in storage for groundwater and fresh surface waters.  Changes 

in ocean basin geometry (the overall volume between the continents) tend to be much slower 

(tens of meters per million years), and are dominated by variations in sea floor spreading and 

ocean ridge lengths, although the net effect of these changes can be as great as glacial changes 

(hundreds of meters of change in sea level).  Smaller effects result from greater or lesser ocean 

basin sedimentation generation, or the subsidence of ocean plateaus (although the creation of 

such plateaus can cause 50 m or more of sea level change over a million years) (Miller et al., 

2005). 
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Local sea level rise is linked to world-wide change, but also is a function of local tectonic forces.  

These may cause the land mass to rise or sink relative to the ocean surface due to sediment 

loading on the continental shelf or slope or because of mountain building or erosion, which affect 

the overall attitude of the continental land mass.  Other forces that affect relative sea levels  

include isostatic rebound from glaciation, where portions of the continent may have been 

depressed due to the weight of the glaciers lying on them.  The depressed areas will eventually 

rebound past their former elevation, and then oscillate back to the “correct” (i.e., unglaciated) 

elevation once the ice sheet retreats.  This means that various shorelines may be rising or sinking 

relative to sea level.  To complicate matters, areas where the glaciers did not reach may have 

experienced relative increases in elevation relative to sea level during glaciation, much as a 

leaning on a floating wooden block causes the unweighted opposite side to tip up.  These 

changes tend to be measured at time scales best understood to be thousands to tens of thousands 

of years.  Therefore, even along the same coastline, the shoreline itself may be rising or sinking 

relative to sea level (Kennet, 1982). 

Generally, the earth is thought to be in an interglacial period.  A glacial maximum occurred 

approximately 20,000 years ago.  At that time, due to the cold temperatures (since water has less 

volume when it is cold) and the incorporation of ocean water into the continental glaciers, global 

sea level may have been 50 to 100 m (or even more) lower than it is today.  As the glaciers 

melted and the world warmed, sea level rose.  The rate of rise, some three mm per year, slowed 

some 5,000 years ago to the vicinity of one mm, which allowed for the initiation of New 

England-type salt marsh formation, as the marshes could not maintain themselves under prior sea 

level increase rates.  Salt marshes formed on river delta sediments did exist prior to 5,000 years 

ago (Mitsch and Gosselink, 2003).  Some marshes that are tidal today, such as along the Hudson 

River, appear to have formed earlier than 5,000 years ago, as well (Montalto and Steenhuis, 

2004), but would have had to have been fresh water systems then. 

Over the past five thousand years, sea level has continued to rise due to continuing warming, 

producing thermal expansion and further melting of continental ice, although clearly at a slower 

rate than the preceding 15,000 years post glacial maximum.  However, it is also clear that global 

climate change is affecting sea level by increasing the warming trend (Karl and Trenburth, 

2003).  Generally, sea level rise is said to have been one to three mm per year over the past 
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century (accurate estimates being complicated by the varying local forces affecting coastline 

geology, discussed above), with more recent calculations suggesting 1.9 mm is likely to be the 

most accurate estimate.  That 1.9 mm rate is composed of 0.5 mm due to thermal expansion and 

1.4 mm due to continental ice loss (Munk, 2003).  Satellite imagery analysis of the actual world-

wide level of the ocean has found that due to increasing world-wide temperatures, the rate of 

ocean expansion is increasing, too, and so the newest estimate for sea level rise from 1993 to 

1998 was 3.2 mm per year – approximately 50 percent faster than the longer term rate (Cabanes 

et al., 2001).  Therefore, there are concerns that marshes that developed under one rate of sea 

level rise may not be able to maintain themselves with accelerations in that rate.  Partially, this  is 

because the low gradient of marsh surfaces amplifies small vertical changes into the horizontal 

plane.  Pilkey and Cooper (2004) note that a sea level increase of one cm, which is the result of 

three years of average sea level rise, at the coastal plain slope for North Carolina could result in 

inundation of 100 m or so of shore lands. 

One particular study found relative sea level rise (with respect to coastal marshes) was greatest 

along an arc from Cape Cod to cent ral New Jersey, and decreased both north and south of this 

area over the past thousand years.  Coastal Connecticut was also found to have lower rates of 

marsh submergence.  This was thought to result from the New York Bight area reacting 

differently under glacial rebound than other portions of the coastline (Newman and Munsart, 

1968).  Compilations of long-term sea level trends from National Oceanic Atmospheric  

Administration (NOAA) records (Table 1) support the observations of Newman and Munsart to 

some degree, but also suggest that they oversimplified the situation somewhat.  For instance, the 

NOAA data do not support a finding that the entire New York Bight region is subsiding more 

than other areas of the East Coast.  Generally, local sea level rise at New York stations is greater 

than that in Maine, but less than that in New Jersey and most points to the south.   Local sea level 

rise is much less than that measured for coastal Louisiana (data not shown in Table 1), where 

long-term rates approach 1 cm per year.  
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Table 1.  Sea Level Rise Rates, US East Coast (from NOAA Tide Gage Records) 

State  Station Name Time Period Rate (mm) SE (mm) 

Bermuda  1932-99 1.83 0.30 
Fernandina Beach 1897-1999 2.04 0.12 
Mayport  1928-99 2.43 0.18 
Miami Beach 1931-81 2.39 0.22 

Florida 

Key West 1913-99 2.27 0.09 
Georgia Fort Pulaski 1935-99 3.05 0.20 
South Carolina Charleston 1921-99 3.28 0.14 

Beaufort 1973-99 3.71 0.64 
North Carolina 

Wilmington 1935-99 2.22 0.25 
Kiptopeke 1951-99 3.59 0.27 
Colonial Beach 1972-99 5.27 0.72 
Lewisetta 1974-99 4.85 0.79 
Gloucester Point 1950-99 3.95 0.27 
Sewell’s Point 1927-99 4.42 0.16 
Portsmouth 1935-87 3.76 0.23 

Virginia 

Chesapeake Bay-Bridge 
Tunnel 

1975-99 7.01 0.86 

Cambridge 1943-99 3.52 0.24 
Baltimore 1902-99 3.12 0.08 
Annapolis 1928-99 3.53 0.13 
Solomons Island 1937-99 3.29 0.17 

Maryland 

Washington DC 1931-99 3.13 0.21 
Delaware Lewes 1919-99 3.16 0.19 
Pennsylvania Philadelphia 1900-99 2.75 0.12 

Canly Hook 1932-99 3.88 0.15 
Atlantic City 1911-99 3.98 0.11 New Jersey 

Cape May 1965-99 3.88 0.53 
Montauk 1947-99 2.58 0.19 
Port Jefferson 1957-92 2.44 0.39 
Willets Point 1931-99 2.41 0.15 
New Rochelle 1957-81 0.54 0.85 

New York 

The Battery  1856-1999 2.77 0.05 
New London 1938-99 2.13 0.15 

Connecticut 
Bridgeport 1964-99 2.58 0.41 
Newport  1930-99 2.57 0.11 

Rhode Island 
Providence 1938-99 1.88 0.17 
Boston 1921-99 2.65 0.10 
Woods Hole 1932-99 2.59 0.12 Massachusetts 
Nantucket 1965-99 3.00 0.32 
Eastport  1929-99 2.12 0.13 
Bar Harbor 1947-99 2.18 0.16 
Portland 1912-99 1.91 0.09 

Maine 

Scavey Island 1926-86 1.75 0.17 
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Morris et al. (2002) found that in systems with high rates of sediment loadings, such as the 

southeastern US, marshes should be able to sustain themselves better against sea level rises than 

those with smaller sediment inputs such as the northeast US.  This is because peat formation, 

which is more important for northeast US marshes, may not increase over time to be able to 

ensure sufficient material inputs.  However, generally, most northeast US salt marsh 

sedimentation rates have been measured to meet or exceed sea level increases over recent history 

(Orson et al., 1998; Redfield, 1967; Bricker-Urso et al., 1989; Redfield and Rubin, 1962; 

Armentano and Woodwell, 1975; Harrison and Bloom, 1977; DeLaune et al., 1978; Stumpf, 

1983; Wood et al., 1989; Orson and Howes, 1992; Warren and Niering, 1993; Roman et al., 

1997; see also the calculations in the Seatuck-Wertheim Retrospective study, part of the Early 

Action projects).  Partially, this is because sedimentation rates seem to be closely linked to 

relative water levels experienced by the salt marsh (Anisfield et al., 1999).  Note that Roman et 

al. (1997) found that the steady pattern of sedimentation is augmented by storms, and 

hypothesized that these episodic pulses are necessary for marshes to exceed the rate of sea level 

rise.   

In many ways, sedimentation in a marsh has negative feedback systems associated with relative 

sea level rise.  In a broad way, if a marsh accretes material too rapidly, it will elevate itself above 

the tidal forces that control its accumulation of mineral sediment, and change the means by 

which organic material is produced through changes in the vegetation regime.  If sedimentation 

is insufficient to match sea level rise, greater tidal inundation occurs, which can potentially 

increase exposure to sediment laden tidal flooding.  Perhaps due to more flooding, or greater 

productivity by S. alterniflora, low marsh accretion rates are often much greater than high marsh 

accretion rates (see Morris et al., 2002).  The signal that causes accretion needs to be damped in 

some way, however, as salt marsh sediment levels do not fluctuate over relatively short time 

cycles as sea level measurements do; rather, marshes tend to show regular accretion of materials, 

implying that accretion and sea level changes are only linked indirectly (McCaffrey and 

Thomson, 1980).  However, it is not always the case that marsh accretion inevitably matches sea 

level rise (although many measurements do show a general concordance). 

Also, it has been noted that in many instances rising sea level can even lead to increased marsh 

area, as the rise in water levels allows the marsh to expand landward.  If the low marsh can 
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maintain itself against the rise in sea level so that there is no loss along the perimeter, the area of 

the marsh will expand (Teal and Teal, 1969; Gornitz et al., 2004).  However, if development 

precludes retreat landward, and sedimentation does not exceed sea level rise, then the marsh will 

shrink.  This has been the gross process that has been implicated in wide-spread marsh losses of 

the late 20th century (Gornitz et al., 2004).  Also, one study concluded that as sea level rise 

accelerated from the mid-1980s to the late 1990s, S. alterniflora expanded its area in the marsh 

relative to other marsh grasses.  This change in the pattern of zonal segregation for marsh plants 

is attributed to greater stresses on the system, and continuing increases in the stresses could lead 

to S. alterniflora-dominated marshes in the relatively near future.  This kind of marsh is 

suggested to be more at risk from drowning with increasing sea level rise rates (Donnelly and 

Bertness, 2001). 

It is not true that all salt marshes are maintaining themselves in light of increasing sea levels.  

Certain marsh systems have suffered recent large areal losses, although it is not clear that 

sedimentation rates are the key factor (Reed, 1995; Kolker et al., 2004; Kolker et al., 2005).  

Adam (2002) particularly warns against sweeping generalizations regarding impacts from sea 

level rise.  The impacts can be different not only on continental scales, but locally, where 

changes in sediment budgets over relatively limited portions of the coastline can mean radically 

different responses to the same increase in sea level. 

In particular, one study has strongly suggested that island marsh systems may be most in peril 

from increasing sea level rise rates.  This may be partially due to the lack of upland sediment 

inputs for such systems.  The Chesapeake Bay was found to be experiencing a sea level rise of 3 

mm/yr in the mid-1980s.  Marsh accretion rates were found to be less than this at sites 

experiencing major areal losses (Stevenson et al., 1986).  At Bloodsworth Island, in particular, 

three mechanisms were found to be causing marsh loss.  These were: 

• Perimeter erosion by wave action 

• Channel formation and subsequent enlargement 

• Interior pond formation and expansion 
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Over one-quarter of the island’s area was lost between 1849 and 1992, most of which occurred 

due to perimeter loss.  Ponds and channel widening caused most interior marsh losses prior to 

1942.  A brief period of accelerated sea-level rise (to 7 mm/year from 1930 to 1948) was thought 

to be linked to the creation of new, non-channel ponds (although it may also be an artifact 

relating to the non- inclusion of small, non-connected ponds in older maps).  Non-channel ponds 

have also been found to be growing in area in other, mainland marshes.  The ponds appear to 

form due to waterlogging of vegetation, almost exclusively Juncus roemerianus (black needle 

rush).  J. roemerianus is a high marsh plant, and so cannot withstand daily tidal inundation.  If 

the underlying substrate fails to maintain itself against sea level rise, there will be more frequent  

inundations of the plants, leading to die backs.  Continuing losses in interior wetland areas 

appear to be linked to new pond formation, rather than expansion of existing ponds (which 

appear to be fairly stable in size) (Downs et al., 1994).  Potentially, the relative submergence 

might be linked to excessive groundwater withdrawals on a regional scale.  The removal of 

subsurface water might have hastened local submergence, so that the removal of subsurface 

water in turn led to drowning of the marsh because the surface subsidence allowed for more tidal 

penetration across the depressed marsh surface (Stevenson et al., 2000).  In Louisiana, it was 

found that internal ponds did appear to form in marshes following waterlogging, due to collapse 

of the fine root structure in the peat, rather than erosion of the surface sediments.  The collapse of 

the peat substructure meant that overall marsh elevation could rapidly decrease although overall 

water levels remained essentially constant (DeLaune et al., 1994). 

Perimeter loss is generally a consequence of erosion.  Five lagoonal marsh areas from Cape Cod, 

Massachusetts to the southern Delmarva peninsula, Virginia, were all found to have experienced 

marsh losses over the period 1932 to 1994.  The amount of change varied among sites but each 

site lost the greatest amount of salt marsh vegetated area due to deterioration of marsh edges.  

The majority of marsh edge loss occurred at areas adjacent to large open bodies of water or 

navigation channels with high boat traffic (Erwin et al., 2004).  Waves and boat wakes can attack 

the edge of the marsh, potentially undercutting root mats along the marsh edge  (Schwimmer, 

2001).  

A comparison of lagoonal and shoreline marsh systems found that, due to rising sea level, the 

lagoonal systems appeared to be losing area while the mainland systems were increasing.  The 
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losses for the lagoon-based marshes were along the marsh front, but the gains at the mainland 

sites were primarily through encroachment up onto shoreward areas (not extension outwards into 

the estuary).  No interior losses were found at this Virginia site (Kastler and Wiberg, 1996). 

However, along the southeast English coast, where marsh loss is a problem, too, the general 

cause was thought to be “coastal squeeze.”  Coastal squeeze describes the situation where 

marshes are trapped between increasing sea levels and hardened shorelines.  For most of these 

English marshes, however, this explanation has been rejected, for several reasons: 

• Previously, marshes have accreted sediment at a rate exceeding sea level.  This generally 

leads to an expansion of marsh seaward. 

• If marsh squeeze were occurring, the predominant losses would be in high marsh plant 

area.  Most marsh losses have been in low marsh plant area. 

• The apparent applicability of an alternate hypothesis, associated with changes in intertidal 

biota (especially increases in a polychaete, Nereis diversicolor), which may cause the loss 

of pioneer plants and increase sediment instability. 

(Hughes and Paramor, 2004) 

Kearney has found that increasing marsh loss directly correlates to the percentage area of 

standing water.  In one sense, this is a tautology, since for marshes, which are generally mostly 

vegetation, as they gain water area they must inversely lose marsh vegetated surfaces.  However, 

Kearney proposes that waterlogging, which he hypothesizes can be directly measured via the 

percentage of open water in a system, is the proximate cause of vegetated marsh loss.  Kearney 

measured the amount of water in a variety of marshes using remote sensing data from satellites.  

This technique was developed in microtidal regimes in the Chesapeake Bay system, and needs 

adjustment when applied to higher tidal range regimes (Kearney et al., 1999).   

This has resulted in the identification of four classes of marsh quality, based on the satellite 

quantifications of open water within the marsh and subsequent developments in the marshes: 

• Class 1: zero to 20 percent water: healthy marsh, stable substrate 

• Class 2: 21 to 30 percent water: tidal streams will widen 
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• Class 3: 31 to 50 percent water: ponds will enlarge and coalesce, and streams widen 

further 

• Class 4: more than 50 percent water: large ponds remain all year, streams cut off islands 

and enlarge ponds, allowing greater wind fetch, creating a positive feedback leading to 

more degradation 

The National Aeronautics and Space Administration (NASA) Coastal Marsh Project has mapped 

the east coast of the US according to these classifications.  The general finding has been that 

there is a much greater marsh quality problem than previously thought, and that many marsh 

systems are under tremendous strain (Kearney et al., 1999). 

Conversely, it has also long been known that reducing water levels in a marsh system causes 

subsidence, as up to 75 percent of the volume of peats are lost when they become exposed to the 

air and dry out (Snowden et al., 1977).   

Generally, there seems to be a golden mean that sustains marshes:  

• diversity of biota – but not an excess of any one kind 

• sufficient tidal inputs to support plant growth, but no too much to cause erosion or 

waterlogging 

• sufficient sediment inputs (of the right kind) 

• a minimum of anthropogenic inputs of almost all kinds – except when restoration is 

required 

It is not clear if the areas that have experienced large losses are illustrative of the future for other 

areas, or if they are anomalous.  Two areas of widespread interest are Louisiana and Jamaica 

Bay.  Louisiana has more salt marsh than any other part of the continental US, and has been the 

subject of much marsh research.  Jamaica Bay may be a local model for Long Island, or at least a 

nearby example that lessons can be drawn from, and has recently attracted a good deal of 

research interest. 
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4. US EXAMPLES OF RECENT MAJOR SALT MARSH LOSSES  

4.1. Louisiana Coastal Marshes 

Louisiana experienced an average loss rate of coastal salt marsh of 10,800 ha per year from 1958 

to 1974 (Dunbar et al., 1992).  The prime factor in these losses was said to be a relative sea level 

increase.  The sea level increase relative to marsh surfaces appears to have been caused by land 

subsidence, sediment starvation, altered hydrology, and a number of other human activities 

(Bauman and Turner, 1990; Turner, 1997).  This rate of wetland loss along the Gulf of Mexico 

represented a very high 0.86 percent per year.  The loss rate declined to 6,600 ha yr from 1983 to 

1990 (Dunbar et al., 1992).  USGS data for 1978 to 1990, using a technique that is sensitive to 

changes on the order of 50 to 60 m of linear loss, showed a loss of 108,500 ha of land for 1978 to 

1990, with another 61,900 ha lost from 1990 to 2000 throughout the entire Louisiana Coastal 

Area.  The mean annual loss per year was calculated to be 7,740 ha per year over the entire 22 

year period.  Not all land loss measured by USGS was wetlands.  The report specified that 

wetlands losses slowed over the study time, although there were breakups noted in previously 

intact interior marshes in the Chenier Plain.  Gains were noted at certain wetland restoration 

sites, but most of the gains in land area were associated with delta building at the Atchafalya and 

Wax Lake outlet deltas (Barras et al., 2004).  

Oil and gas extraction activities in the inshore coastal marshes peaked in the 1970s and canal 

dredging decreased concurrently.  Canals were cut for access to drill sites, and for other 

navigation purposes related to the oil industry.  The decline in in-shore petroleum product 

extraction, along with more stringent environmental control of permits for and design of wetland  

related activities, has been cited as a cause of the falling rate of marsh loss (Mitsch and 

Gosselink, 2000).  Nonetheless, the sum of wetlands loss in the Mississippi delta since 1950 has 

been estimated to total 40,000 ha (Stokstad, 2005, reporting on an as of March 2006 unpublished 

National Academy of Science report). 

The losses in Louisiana are not evenly distributed.  Some of the localized losses occur in 

understandable ways, such as when storms with high wave energy cause erosion of underlying 

sediments along the gulf front (Nyman et al., 1994).  Overall blame for recent losses are linked to 

river control efforts of the 1940s, which robbed the system of sediment inputs, canal construction 
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associated with oil and gas extraction, and grazing by the invasive nutria.  The prime actor is 

believed to be the disruption of sediment inputs, as the deltaic soils naturally subside through 

consolidation unless new inputs are received (Stokstad, 2005).  Other losses occur in what are 

called “hot spots,” where the causes of loss are not as easy to distinguish. 

The Missisippi dikes force the river to flow directly to the sea out the “Birdclaw” delta, although 

there is evidence that the river was actually in the first stages of changing its mouth to the 

Atchafalya River in the recent past (Penland et al., 1988).  This robs the western portion of the 

state of potential sediment inputs and tends to input all river-borne sediments out onto the 

continental shelf.  In addition, watershed diking has apparently outweighed continuing 

agricultural erosion elsewhere in the river system, so that the suspended sediment  load of the 

river has decreased by nearly 50 percent since the 1950s (Turner and Rao, 1990). 

Canals associated with petroleum product extraction changed salinity patterns and water levels in 

various  marshes.  They disrupted sedimentation patterns, especially when spoil banks inhibited 

the natural overwash of tides or storm waters onto the marsh surface.  Spoil banks are extensive 

due to the depths of the canals, with one estimate suggesting that more than twice as great an 

area of salt marsh was filled with spoil compared to the dredged surface area of canal (Craig et 

al., 1979).  Turner (1997) makes a compelling statistical case that the predominant force caus ing 

marsh loss along the gulf coastline is the impacts of canals, due to the indirect effects of the 

canals insertion and associated construction of the spoil banks.  He tested impacts from canals 

against three other hypotheses (declining mineral inputs due to decreasing Missisippi River 

sediment loads; decreasing mineral inputs due to levee prevention of overbank flooding; and salt 

water intrusion from offshore) and found statistically significant correlation only for the canal 

hypothesis, based on geographic interpretations of marsh loss over time.  Day et al. (2000), 

criticizing this study,  found that the use of USGS quadrangle maps was an inappropriate scale, 

and, reexamining the same data sets using a variety of statistical transformations, found that 

canals at most accounted for 9.2 percent of marsh losses overall (although perhaps as much as 

half in some basins).  This analysis instead found that there appeared to be a myriad of potential 

causes for the loss of marshes, but generally found many linked to the changes in hydrologic 

inputs associated with the hardening of the Mississippi River.  Gosselink (2001) vigorously 

objected to the analysis means as well.  He noted that Turner, for example, did not account for 
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pre-1930s marsh losses, did not determine if effects from individual canal construction varied 

over time or spatial scales (as might be anticipated), and may have inappropriately linked canals 

and marsh losses based on arbitrary geographical divisions, such as the tiling of USGS 

quadrangle maps.  Although Gosselink agreed canal construction obviously plays a role in the 

loss of wetlands, he noted that the Turner hypothesis provided no biological aspect for the losses, 

and said little about the mechanisms involved in the phenomenon.   In his reply to these 

comments, Turner (2001) noted that it cannot be denied that marsh loss rates peaked with canal 

construction.  He agreed that the statistical analysis depends on the scale chosen; his chosen 

analogy was detecting the curvature of the earth, which cannot be done at small distance scales, 

but instead requires a larger, more appropriate scale, which suggests that certain measurements 

need to be made at certain scales.  This meant Day et al. had no good rationale for criticizing his 

(Turner’s) choice of scale, and Turner instead found that the scale used by Day et al. was 

inappropriately chosen, and so missed the global aspects captured in Turner’s original work.  

Day et al. (2001), in a response to Turner’s response, noted that the findings made by the Day 

group represent the consensus views of many close observers of the marsh loss issue, and that 

initial results of remedial work (based on the consensus view) appeared to be successful.  This 

argues that the consensus view is at least adequate for operational purposes. 

Another oft-cited cause for marsh loss is deep geological processes.  In Madison Bay, 

Terrebonne Parish, in southeastern Louisiana, former marsh surfaces are now one meter or more 

under water.  The subsidence rate over the past 40 years, approximately 23 mm per year, is an 

order of magnitude more than the long-term local subsidence rate two mm a year, calculated over 

time spans ranging from 400 to 4,000 years.  The long-range rate appears to be the result of 

overall increases in global sea level coupled with local subsidence due to sediment loading from 

the Mississippi River.  The recent rate also appears attributable to geological fault activation 

following natural gas mining (Morton et al., 2003). 

Additionally, shipping canals have been linked to marsh losses, especially in the New Orleans 

area (in association with the Mississippi River Gulf Outlet).  Marsh losses were caused by 

directly by erosion from ship wakes and indirectly through salt water intrusion that killed fresh 

water cypress swamps (Day, 2005). 
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The practice of using impoundments in the wetlands (to promote bird usage or for agricultural 

reasons) has resulted in nearly 10 percent of Louisiana’s wetlands being under such regimes.  

Impoundments are thought to experience lower sedimentation rates, and distinct changes in 

vegetation.  The dikes associated with impoundments can preclude landward migration in the 

face of sea level rise (Kennish, 2001). 

Turner and Rao (1990) clearly linked the creation of open water in the interior of the marsh to 

the general loss of wetlands, finding that it greatly exceeded losses from the edge of the habitat. 

It is thought that different factors may be important for different hot spots.  One theory is that the 

marshes become waterlogged, the plants die back, and then there are no stabilizing roots to hold 

the sediments in place.  Experiments that raised the level of marshes, reducing waterlogging, 

resulted in more vigorous growth, and tended to support this hypothesis (Webb et al., 1995).  

Alternately, there has also been evidence that the cause of the die back is initiated in the 

subsurface, and that the loss of root matter leads to peat destabilization, and this leads to the loss 

of the above-ground vegetation (DeLaune et al., 1994).  Such a die back could occur due to the 

generation of reducing conditions which allow for sulfide production.  Spartina alterniflora, 

under some conditions, can control its root-zone environment to prevent poisoning by sulfide 

(Mendelssohn and McKee, 1988).  However, in the absence of sufficient mineral inputs, it has 

been suggested that not enough sulfide will be fixed to allow for successful plant growth (Lord 

and Church, 1983).  A transplantation experiment in Barataria Bay showed that the soil 

chemistry in the die back zone in the interior of the marsh was different from that found along 

creek banks.  In the die back zone, sulfide prevented the transplanted S. alterniflora from 

succeeding, whereas it flourished along the creek banks (Mendelssohn and McKee, 1988). 

Another alternative is to blame consumption of grasses for the loss of vegetation.  Herbivory by 

snow geese has been identified as the means of some local losses of marsh vegetation.  Nutria are 

also cited as major herbivores, and may cause much more damage than geese.  The loss of 

surface vegetation to consumption may be compounded by impacts to soils from loss of shading 

(changes in soil chemistry due to heating and degassing), and ultimately loss of the binding root 

materials.  Furthermore, statistical analyses find nutria population levels correlate well with 

marsh loss rates in areas where sediment inputs are low (Ford and Grace, 1998).   
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It has also been suggested that the overharvesting of blue crabs (Callinectes sapidus) can cause 

marsh die back.  Blue crabs have been identified as a major control on the population of Littoria 

irrorata (marsh periwinkle).  In its turn, L. irrorata is commonly found grazing on Spartina 

alterniflora.  Increases in catches of crabs could reduce the predator controls on snail populations 

(abetted by decreases in another important L. irrorata predator, Malaclemys terrapin 

[diamondback terrapin] ) (Silliman and Bertness, 2002).  This description is slightly complicated 

by the fact that the snails actually graze not on the Spartina, but on fungi growing on the grass 

(Silliman and Zieman, 2001).  However, more snails result in increased grazing on the S. 

alterniflora fungi, which invariably causes collateral damage to the underlying grass.  The 

damage leads to pathogenic fungal invasion of the Spartina, which can cause plant death.  The 

potential for this to occur was demonstrated through experimental exclusions of blue crabs from 

marsh plots in Virginia.  This has also been proposed as a mechanism for at least part of the 

impacts experienced in Louisiana (Silliman and Bertness, 2002).  The hypothesis is somewhat 

shaken by later research implying that another crab (the black-clawed mud crab, Panopeus 

herbstii, which is not commercially important) is a dominant predator for snails (Silliman et al., 

2004).  The overall process of indirect, top-down impacts is called a trophic cascade, and has 

been demonstrated for other systems, such as kelp  (Paine, 2002) and seagrass communities 

(Duffy et al., 2001), and so was thought to potentially apply to marsh loss as well. 

Experimental work in areas of Georgia and Louisiana impacted by die back implied that physical 

stress or snail impacts alone cannot account for the measured losses.  It is possible that the 

combination results in synergy, especially when the snails form consumer fronts that can sweep 

from one affected area outwards, abetted by decreased predation on the snails due to 

overharvesting of key species (Silliman et al., 2005). 

The phenomenon of sudden marsh die back of Spartina (mostly S. alterniflora) has been dubbed 

“brown marsh” in Louisiana.  It was first noted to affect large areas of the coastline in the spring 

of 2000, and approximately two-thirds of the Barataria-Terrebonne estuary was affected to some 

degree, amounting to approximately 250,000 acres of intertidal marsh.  At a conference on the 

subject in 2001 (“Coastal Marsh Dieback in the Northern Gulf of Mexico: Extent, Causes, 

Consequences and Remedies,” www.brownmarsh.net/reports.htm), various hypotheses regarding 
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its cause have been offered.  Correlated events/measurements that have been linked to sudden 

die-offs include: 

• drought-related events, such as high salinity, low water levels, decreased groundwater 

inputs, increased sulfide-other fermentation products, metals bioavailability (both less 

and more).  For many of these factors, although S. patens has been shown to have 

susceptibility, other plants that should have been similarly affected did not show such 

signs, or were not as seriously impacted.  In most cases, relevant measures were not 

made, or were not made in a timely fashion. 

• biotic stressors, such as pathogens or herbivores.  Pathogens (fungi) were found in 

Florida and Texas, but not in Louisiana, and while snails have been found eating dead 

vegetation, there is no evidence of snail or insect infestations causing the damage.  

Rather, the snails appear to opportunis tically benefit from earlier impacts. 

• chemical contamination could cause the pattern of die-offs, but are not known to have 

occurred. 

• high water levels, as the impacts seem greatest in lower elevation areas – but plants with 

less flooding tolerance than Spartina have survived. 

• sediment starvation, which could be a root cause of various of the effects above, but 

which does not adequately explain the spotty nature and rapidity of development of the 

phenomenon. 

• clonal susceptibility, in that genetically identical plants could all fall prey to the same 

phenomenon, which helps to explain the patchy nature of the events. 

Reports made at the conference implied that die-off patches could be successfully replanted. 

Similar events may have occurred in Florida over the 1990 to 1995 time period.  There was 

another episode in Georgia in the spring of 2002, which may also have been occurring in 

Charleston Harbor at the same time (Flory and Alber, 2002). 

All of the processes and causes may be inextricably linked.  For example, tests on the impact of 

concurrent salinity reductions and nitrogen concentration increases (as would result in certain 
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marshes if Mississippi waters were redirected into marshes instead of being channeled into the 

Gulf of Mexico) on S. patens found increased growth rates.  The experimenters concluded that 

the diversion of river water into salt marshes could thus stabilize imperiled vegetation, in and of 

itself (DeLaune et al., 2005) – although the additional sediment inputs that would also result 

from river water inputs would also be a positive factor in resuscitating the marshes. 

4.2. Jamaica Bay 

Jamaica Bay was once one of the largest expanses of salt marsh on the east coast of the US.  It 

has suffered extensive losses of its marshlands since the early 1900s.  Major shoreline 

developments that led to the loss of fringing wetlands included the initial construction of Floyd 

Bennet Field  (1909) and several extensive landfills, including the Pennsylvania Avenue and 

Fountain Avenue landfills on the north shore, and the Edgemere Landfill on the Rockaway 

Peninsula, in the 1930s and 1940s.  The construction and continued expansion of Idlewild 

(Kennedy) Airport post World War II also destroyed vast expanses of shoreline marsh.  

Incremental shoreline development, including diking and bulkheading, also resulted in general 

marsh loss.  The construction of a roadway and elevated “subway” line across the center of the 

marsh, and dredging to provide structural fills, also eliminated large areas of marshes.  By one 

account, although 4,000 acres of salt marsh remained in the center of the bay, construction of 

Idlewild Airport alone consumed some 4,500 acres along the eastern shoreline, and all peripheral 

wetlands were filled along the Brooklyn and northern part of the Queens shoreline (as much as 

12,000 acres of marsh) (Swanson et al., 1992). 

Over the past thirty years or so, however, the remaining island marsh system has also suffered a 

catastrophic collapse.  This has been marked by a tendency for the islands to ho llow out from the 

inside, leading to remnant, isolated fragments of vegetation, so that in some instances the entire 

island is lost.  The total loss of the island marshes now exceeds 50 percent (comparing 1924 to 

1999); for the period 1974 to 1999, the Bay as a whole has lost 34 percent of its wetlands, with 

some particular islands losing up to three-quarters of their vegetated area (Hartig et al., 2002). 

NYSDEC historical map analysis found that between 1857 and 1924, intertidal marsh on the 

islands varied by up to ten acres a year, with no consistent trends towards loss or gain.   

Significant storms caused marsh losses, but marshes rebuilt between these events.  For 50 years 
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prior to 1974, there was a loss of 780 acres of marsh in the islands, due to dredging and filling 

operations; another 510 acres were lost for unspecified reasons.  This meant there was a net loss 

of approximately 26 acres per year (but only 10 acres a year lost for reasons other than dredging 

and filling).  Following the institution of strict regulations in 1974, losses of marsh continued 

unabated: another 524 acres were lost, a mean loss rate of 26 acres a year.  The next five years 

(until 1999) were calamitous, with the rate of loss increasing by over 50 percent to 44 acres a 

year (220 acres of net loss).  Inspection of aerial photographs showed that vegetated wetlands 

were being converted to unvegetated open waters.  In many cases, channels and pools within 

islands expanded, as at Black Wall Marsh.  In other areas, such as Duck Point Marsh, major 

portions of islands disappeared, while the remaining part of the island maintained its former 

creek-pond structure with little alteration.  At Elders Point Marsh, most of the island was lost, 

but that marsh that remained has been drastically reworked with new channels and inlet areas 

appearing.  In other areas, such as East High Marsh, losses seemed to be concentrated along one  

particular edge of the marsh (NYSDEC, undated). 

Hartig et al. (undated) collected various measurements (such as sedimentation rates and 

vegetation composition and productivity) at three marshes where NYSDEC noted conspicuous 

marsh loss trends.  This work confirmed that much of the losses occurred through pool 

enlargement and development in the interior of the marsh, and through growth of mudflats at the 

expense of low marsh along the marsh fringe.  The growth of pools was coupled with decreases 

in the health and vigor of S. alterniflora, with unusually large populations of Geukensia demissus 

(ribbed mussels) found on dead S. alterniflora stalks.  However, overall, the above-ground 

productivity of the S. alterniflora was near the upper end of regional values. 

Early reports on the losses linked mussel populations to the phenomenon.  Banks of ribbed 

mussels died in areas where losses occurred, but thrived on stable islands.  It was not clear if 

there was one cause for both vegetation and mussel demise, if the loss of plants was killing the 

mussels, or if the death of mussels meant the shells helped smother the plants (Stewart, 2001).  It 

was suggested that perhaps the banks of mussels were impeding drainage of the marshes, thus 

helping to drown the interior plants (Hartig et al., 2002).  Some researchers found mussel banks 

helped to form berms on the marsh edge, largely through biodeposition of sediments that they 

filtered from the water column.  Whether this served to keep the marsh above rising sealevel or 
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helped lead to its demise was not clear (Franz and Friedman, 2004).  Sea lettuce (Ulva lactuca) 

has been noted at high densities on mudflats in the Bay, and along the wrack line within marshes.  

It was suggested that high enough volumes of wrack could result in smothering of Spartina 

(Hartig et al., 2002; Frame et al., 2004).  Another biological agent that can cause marsh loss is 

water fowl.  Jamaica Bay supports a large population of ducks and geese; although it is not 

documented whether these populations have increased over the past several decades, herbivory 

on the island marshes might result in marsh die-offs (Hartig et al, 2002). 

Zeppie (1977) found accretion rates to be 8 mm per year for the low marsh and 5 mm per year 

for the high marsh; Hartig et al. (undated) note that this relatively high rate was measured for a 

time period when there was much dredging and filling associated with airport construction, and 

sediments might also have been being introduced into the system from uncapped landfills, 

upland development, and relatively unrestricted combined sewer overflows; none of these forces 

now act on the system.  Unpublished data collected by the Goodbred laboratory (Marine Science 

Research Center, Stony Brook University) found that the sedimentation rate at Big Egg Marsh 

was 5.2 mm/yr, and appears to have been increasing over the past several decades.  Big Egg 

Marsh has been cited as one of the areas most impacted by marsh loss, and was selected for a 

restoration project, yet it clearly has no dearth of sediment supply.  Similarly, the Goodbred 

laboratory measured sedimentation rates to be 4.4 mm/yr at East High Marsh, and 2.8 mm/yr at 

JoCo marsh.  These rates were reported to be similar to rates recorded at apparently stable 

marshes elsewhere on Long Island (Branca, 2004). 

Generally, marsh health in the Hudson-Raritan Estuary has been linked to hydrologic integrity 

(Montalto and Steenhuis, 2004).  It is clear that the hydrology of the Jamaica Bay system has 

been altered, perhaps more than any other system in the New York City area that still possessed 

extensive salt marshes.  Exactly how hydrologic alterations could cause the observed marsh 

losses is not especially transparent. 

Jamaica Bay is a system with many stressors.  Natural fresh water inputs are now restricted to 

submarine groundwater discharge.  All fresh water streams were sewered, and now serve 

predominantly as combined sewer overflow output points or sewage treatment plant discharges.  

Approximately 109 liters of sewage effluent are discharge to the Bay every day, along with 5 x 
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108 liters of stormwater run-off (Swanson et al., 1992).  It is clear that the quality of sewage 

effluent and storm water is different from more natural drainage into the Bay pre-development.  

Although current submarine discharge of groundwater has not been determined other than 

through modeling (see Misut and Monti, 1998), there has been some reasoned speculation that 

the amounts now discharging are different from former amounts, the chemistry of the 

groundwater may very well be altered, and either one of such changes could affect the health of 

the island wetland systems (Beck and Rapaglia, 2005).  It was found, for example, that only in 

the upper 30 cm of sediments is there evidence of Salicornia, suggesting that until recently (the 

past 100 years) has the Bay been salty enough to support those species (Poteet and Lieberman, 

undated). 

Sediment dynamics have certainly been altered.  The sewering of the fresh water streams has 

eliminated them as potential sources of mineral material (Swanson et al., 1992).  Long shore drift 

westwards along the Rockaway Peninsula (indicated by the explosive growth of the spit from the 

early 1800s to approximately the 1930s) was changed with the hardening of the Rockaway inlet 

prior to World War II.  Development along the Rockaway peninsula now prevents overwashes of 

sand into the Bay (Hartig et al., 2002).  Tidal circulation in the Bay, with residence times 

increased due to dredging, is now flood-tide dominated.  Mean tidal currents are greater on the 

ebb tide for flood-tide dominated systems (because the same volume of water must be 

transported over a shorter period of time).  This suggests a greater potential for the export than 

import of sediment each tidal cycle (see, for example, Georgas, 2001).  Nonetheless, the 

Goodbred research suggests the amount of sediment inputs is not inadequate compared to those 

found at other marshes in the region.   

The deeper channels associated with dredging may directly lead to local erosion of marshes.  The 

channels serve as sediment sinks, thus robbing nearby marshes of potential mineral inputs.  In 

addition, boat wakes and higher wave heights permitted by the deeper water might increase 

shoreline erosion.  Bulkheads and other shoreline armoring also increase wave refraction and 

reflection back onto the marsh edges (Hartig et al., 2002).  However, most losses are initiated 

internally in these marshes, and the Goodbred data suggests that adequate volumes of sediment 

are accreting in most areas.  Hartig et al. (undated) thought that one reason for the increase in 



Suffolk County Vector Control and Wetlands Management Long-Term Plan Literature Review 
Task Three – Book 9 – Salt Marsh Losses March 2006 

 

Cashin Associates, PC  51 
 

marsh loss rates recently is that mineral sediment input losses reached a critical value, however, 

leading to increasing cascades of impacts related to hydrogen sulfide poisoning. 

It is hypothesized that although S. alterniflora can oxygenate sediments, if sea level rise causes 

intertidal pools on the interior of an island to contain more water, the local marsh water table 

may rise, and increase the anoxia in the sediments.  Decreases in the depth to the anoxic layer 

would increase exposure of marsh plants to hydrogen sulfide.  Roots might die back, the peat 

structure collapse, and the marsh would suffer a die back (Hartig et al., undated).  USGS research 

supports some of this theory, finding that sediments that experience flooding and drying cycles 

also cycle from reducing to oxidizing conditions over relatively short time scales, but those 

sediments that remain flooded are almost always reducing (Catallo, 1999). 

Another process leading sulfide poisoning is associated with eutrophication of the Bay.  The 

increase in nutrients in the Jamaica Bay system might lead to greater plant growth, and greater 

deposition rates of organic material.  The organic to inorganic ratio in the sediments might have 

been altered due to decreases in sediment transport, relating to the changes wrought by dredging 

and the sewering of streams.  Increases in organic content in the marsh sediments might lead to 

more consumption of organic matter by microbes.  In waterlogged sediments, oxygen is rapidly 

consumed, and anaerobic processes lead to reduction of sulfates to sulfides.  Where mineral 

sediments are present, this sulfide production can be buffered.  When mineral sediments are 

lacking, Spartina (including the hardier S. alterniflora) may be unable to cope.  Roots might die 

back, which could lead to collapse of the marsh substrate – a die back from the interior of the 

marsh island (Kolker, in press).  

NYSDEC has recently sponsored a restoration project on Elders Point Marsh.  This project 

involves spraying a slurry of sediment back onto the portions of the marsh that had lost elevation 

(the sediments would be gained from a navigational dredging project in Rockaway Inlet (Atlantic 

States Marine Fisheries Council, 2004).  This project is based on the hypothesis that the marshes 

are drowning in place due to sediment starvation in the face of rising sea levels (Hartig et al., 

2002).  Early reports on the project were promising (Cahoon et al., 2004). 
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5. LONG ISLAND SALT MARSH OBSERVATIONS 

5.1. NYSDEC 

NYSDEC has traced salt marsh losses in specific marshes in each of the major estuaries 

associated with Long Island.  The NYSDEC work does not ascribe specific causes to its 

observations, but rather has tended to use these trends as a powerful justification for an overall 

conservative management approach to the region’s salt marshes.  NYSDEC has not formally 

published this information, but has made it available at its website 

(www.dec.state.ny.us/website/dfwmr/marine/wetlands/index.html). 

NYSDEC selected the sites for study based on qualitative observations of losses, and so this is a 

biased data set, selected to determine how much marsh loss has been occurring.  Comparisons 

were made between the 1974 aerial infrared photography and contemporary aerial photography 

(some infrared, and some not).  All photos were digitized and placed into a GIS. 

None of the losses were due to dredging or filling.  Various reasons for losses were proposed, 

including: 

• Sediment budget disruption 

• Ponding in interior sections 

• Wind and wave erosion 

• Ice shearing 

• Ice rafting 

• Sea level rise 

Long Island Sound 

There are an estimated 20,820 acres of tidal wetlands associated with Long Island Sound, and 

that 85 percent lie in Connecticut  (LISS, 2003b).  CA quantified the salt marsh area in Suffolk 

County along Long Island Sound at 2,575 acres, which is in rough agreement with the estimate. 
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It is estimated that 25 to 35 percent of the Sound’s tidal wetlands were destroyed by dredging, 

filling and development (LISS, 1994).  However, NYSDEC has quantified wetlands loss in 

certain of the embayments of Long Island Sound (Table 2).   

Table 2.  North Shore Wetlands Trends 

Harbor Wetlands 1974 Acreage 1990s Acreage Percent Change 
Manhasset Bay Kings Point 

Plum Point 
Manorhaven 
South Manhasset Bay 

2 
7.36 
8.91 
5.34 

0.481 
4.321 
3.421 
1.281 

-79 
-42.5 
-61 
-26 

Nissequogue River Cedar Island-East Shore 61.14 54.182 -11.4 
Stony Brook Harbor Youngs Island 70.58 29.963 -57.5 
Flax Pond  73 583 -20 
Mount Sinai Harbor Center Marsh Island 95.32 48.653 -49.0 
1 1994 survey 
2 1992 survey 
3 1999 survey 

The findings show variable losses ranging from approximately 10 percent to nearly three-

quarters of the vegetation, over a 20 year period.  At South Manhasset Bay, it appears that the 

loss was due to drowning of the marsh, perhaps because it could not maintain itself against sea 

level rise.  Erosion does not appear to be an important factor, as shoals and mudflats contiguous 

with the wetlands were not affected.  At Manorhaven, the vegetated wetlands were converted to 

mudflats, without any clear change in other conditions within the marshlands. 

Peconic Bay 

Only two marshes were surveyed.  Both showed significant losses. 

Table 3.  Peconic Bay Wetlands Trends 
Wetlands 1974 Acreage 2002 Acreage Percent Change 
Corey Creek 28.16 20.41 -27.5 
Cedar Beach Creek 19.72 11.16 -43.4 

South Shore Estuary 

There were major losses in several large salt marshes on the south shore. 

Table 4.  South Shore Wetlands Trends 
Embayment Wetlands 1974 Acreage 1990s Acreage Percent Change 
South Oyster Bay Gilgo Island 

Goose Island 
108 
61 

701 
462 

-36 
-25 

Middle Bay West Island 527 4041 -23 
East Bay East Bay Island 606 4982 -18 

1 1998 survey 
2 2001 survey 
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Aerial photographs of East Bay Islands generally appear to show channel widening as the cause 

of the acreage losses, although there also appears to be more interior open water on several 

islands.  The photographs along the south shore are not orthogonal, and so interpretation of 

changes is not straight forward.  In the Middle Bay photographs, the major morphology of the 

channels appears to be similar, although perhaps the channels are wider.  The islands now appear 

to be pockmarked with small ponds or pannes.  

NYSDEC also looked at marsh loss in Shinnecock Bay.  This mapping was made in anticipation 

of an update of the 1974 Tidal Wetlands Mapping, but that process has not proceeded well.  The 

1994 Shinnecock Bay study found shoreline marshes had expanded significantly (by 161 acres), 

mostly into uplands area (apparently spurred by sea level rise).  Marsh islands did not fare well, 

however.  In 1974, there were 13 islands with 30 acres of intertidal marsh.  Only seven marshes, 

totaling 15 acres, remained in 1994 (Hartig et al., 2000). 

5.2. NYSDOS 

NYSDOS has also analyzed various areas of Long Island’s salt marshes.  The NYSDOS findings 

do not always agree with those of NYSDEC.  NYSDOS has not generally publicized its findings.  

The following is based on interviews with Jeffrey Zappieri and review of a powerpoint 

presentation on the marsh measurement methodology being employed by NYSDOS for its 

analyses. 

NYSDOS is the program manager for the SSER; much of its analyses have been conducted in 

this estuary.  In some ways, its findings parallel those of NYSDEC.  Comparisons of accurate 

charts from the 1800s to current aerial photography seem to show that as much as 400 to 500 feet 

of marsh have been lost in certain areas of the estuary over the past 125 years.  Much of the 

significant perimeter losses appear to have occurred because of erosion.  Channel slumping and 

boat wakes also have been contributors.  Mouths of mosquito ditches have been found to have 

widened, causing significant perimeter losses in some marshes.  In some instances, mosquito 

ditch mouths were now as wide as 50 feet. 

Nonetheless, NYSDOS draws an different overall conclusion from its analyses than does 

NYSDEC.  This is because NYSDOS has determined wetlands losses are not universal, nor is 
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loss occurring a particular rate generally (which might have a link to sea level rise, for instance).  

NYSDOS recently focused its analysis on marsh islands in the SSER that occur in landscape 

positions that do not subject them to major sources of perimeter erosion.  NYSDOS has 

identified the  correlations to perimeter marsh losses as exposure to a northeast storm fetch and 

proximity to boat channels.  Where these two factors are not significant, there was a small 

overall loss in marsh area between mappings from 1974 and 2001.  There was significant 

variation throughout the estuary.  Some marshes were observed to have no change in size, and 

some were found to have expanded. 

The disagreement between the two agencies has not been openly presented, but rather is 

perceived through informal discussions with staff members.  NYSDOS acknowledges its work is 

limited in scope.  However, NYSDOS also believes that the NYSDEC analysis is also limited in 

scope, and is a biased sample.  NYSDEC has explicitly stated at its website that its analysis 

focuses on areas where marsh loss was anecdotally reported to have occurred, and so does not 

dispute that its selection of sites is biased.  NYSDEC simply believes that determining the 

seriousness of the potential problem requires focusing limited available resources on the areas 

where the problem is occurring.  NYSDOS emphasizes that when NYSDEC analyses did not 

look for areas that were losing marsh, NYSDEC seemed to find similar results as NYSDOS did 

(in Shinnecock Bay, for example), where some marshes were found to have gained acreage 

although others lost acreage.  NYSDEC suggests that the apparent correlation between marsh 

loss and proximity to New York City implies a cause that is likely to be anthropogenic, and most 

likely linked to some form of pollutant input.  If marsh loss occurs because of some factor (or 

factors) linked to population density, then increasing development implies that problems will 

soon occur at other sites, as well.  NYSDOS implies that there has been insufficient analysis to 

draw such broad conclusions. 

NYSDOS is broadening its analysis of wetland loss to include a greater variety of marsh and 

landscape types.  NYSDOS has developed a means of more efficiently comparing digital 

orthophotography, and is comparing photography from 1974 to 2001 aerial photography.   

Spectral analysis allows for surface water coverage within marsh interiors to be compared in a 

more automated way that may allow for greater spatial coverages.  This will allow various 

landscape features to be compared in terms of impacts on marsh fragmentation much more 
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efficiently.  Initial results seem to show decreasing levels of water within most marshes of the 

SSER. 

5.3. The Nature Conservancy 

TNC has taken an active role in discussions regarding marsh health and trends during the 

development of the Long-Term Plan.  Susan Antenen, served as the TNC representative to most 

Long-Term Plan committees, and provided the following perspective. 

As with most local environmental organizations, the TNC view is that wetland loss is still 

occurring, and that the future of marshes is bleak.  Historically, drastic wetland loss had occurred 

from filling and draining.  This was reduced with the passage of the New York State wetland 

regulations in the mid-1970s.  Presently, wetlands losses occur from various actions that lead to 

on-going marsh degradation. 

Degradation along the perimeter of marshes is the direct result of human alterations of adjacent 

areas.  Shoreline hardening and development of adjacent areas prevent or reduce a marsh’s 

ability to migrate in the face of sea level rise.  Dredging channels or canals at too steep a slope 

(greater than three on one) causes slumping of the perimeter of nearby marshes.  Boat wakes and 

harvesting of ribbed mussels (which serve to hold banks together) also lead to perimeter losses. 

Degradation within the marsh similarly has several potential causes.  Marshes may drown, as a 

result of changes in sedimentation or increases in nutrient loadings.  This is because large 

amounts of nutrients in marshes increase decomposition rates, which raises the risk of flooding.  

Even in healthy marshes, interior mudflats are known to expand.  If they expand at too great a 

rate, overall degradation of the marsh may occur.  Furthermore, the buildup of sulfide in a marsh 

impedes vegetation growth or colonization. 

Degradation of marshes is also influenced by upland conditions.  Conveyance of runoff into a 

marsh, additions of nutrients due to septic system and fertilizer use at adjacent (within basin) 

properties, and general intensification of land use all have or can lead to negative effects on 

existing marsh quality. 
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5.4. Other Studies 

USFWS made periodic  local updates of the Circular 39 coastal wetlands quantification.  The 

local component was based on a set of 43 wetlands complexes (a complex might extend over 

several drainage basins) comprising the significant, important water fowl habitats in Kings, 

Queens, Suffolk, and Nassau Counties, and the Bronx, as determined by a New York State 

Conservation Department biologist, Donald Foley from 1949 to 1951.  The quantification of 

areas was expanded somewhat with growing realization that coastal wetlands had ecological 

values for other than water fowl, but still had a major focus on bird habitat (38,000 acres of “high 

to moderate value” wetlands and 5,000 acres of “low to negligible value” wetlands in 1964, for 

example).  Measurements in 1959 and 1964 were made via overflights, and calculated using 

planimeters, with ground surveys conducted in the western portion of the area where airplane 

traffic was too heavy to allow for many overflights.  Six wetlands complexes were added to the 

Long Island lists between 1954 and 1964, making the loss of coastal wetlands even greater than 

is quantified in Table 5.  These quantifications do not include many smaller wetlands, and so are 

not complete (USFWS, 1965). 

Table 5.  Suffolk County and Downstate Significant Water Fowl Coastal Wetlands Trends 

Year Suffolk County Acres Total Nassau, Suffolk, Kings, Queens, the Bronx Acres 
19541 20,590 43,215 
19591 19,208 37,504 
19641 17,008 30,580 
19682 12,930  
19712,3 10,834  
11 year difference (1954-1964) 1,4 -3,582 -12,635 
18 year difference (1954-1971)5 -9,756  
1 from USFWS Circular 39 and updates  

2 NYSOPS, 1972, as reported in Kavanagh, 1980 

3 Kavanagh, 1980, notes this is les than O’Connor and Terry, 1972, who reported 12,725 acres of tidal wetlands in 
Suffolk County 
4 Areas surveyed on not comparable, as six complexes were added 1954-1964 
5 Measurements may not have used similar methodologies  

USFWS attributed the acreage losses through 1964 to the following causes: 

• housing (34 percent) 

• miscellaneous fill (end use not known) (20 percent) 

• recreational uses (17 percent) 
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• industrial uses (13 percent) 

• marinas, docks, channels (six percent) 

• airports (four percent) 

• bridges, roads, parking (three percent) 

In 1964, only 12 percent of the remaining wetlands in the Long Island region were deemed as 

being safe from destruction, although this forecast was aid to require “considerable optimism.”  

This forecast is justified by the pace of consumption, which saw Suffolk County’s share of the 

area’s undeveloped wetlands rise from 47.6 percent to 55.6 percent in ten years.  USFWS also 

notes the survey did not account for changes in marsh quality, as might occur due to dredge spoil 

fill resulting conversion from a Spartina-dominated marsh to a Phragmites monoculture. 

It is noted that, especially in New England, marsh systems suffered from tidal restrictions as road 

maintenance responsibilities were transferred from individual property owners to local 

governments, and as improvements to the coastal road systems were implemented.  Culverts and 

were often undersized or poorly placed to meet the environmental needs of salt marshes.  This 

has caused transformation of formerly salt systems to fresh or brackish systems, and meant these 

systems did not perform ecological functions as well as when they had better connections to the 

estuaries (Boumans et al., 2002). 

High marshes along the Connecticut coast were found to be accreting at a rates ranging from 2.0 

to 6.6 mm/yr from 1963 to 1973.  The higher rates were found at sites with greater tidal ranges, 

and so was related to the amount of “net flooding” experienced by the marsh (Harrison and 

Bloom, 1977).  As is now understood, those sedimentation rates are on the same order as sea 

level rise rates. 

The relationship of inorganic to organic matter in sediments accreting in the high marsh of a 

river valley salt marsh near New Haven appeared to be controlled by erosion processes occurring 

within the watershed.  The amount of clay in the cores increased with records of increasing 

upland erosion.  This study also emphasized that it is below ground growth that results in peat 

accumulation, and that nearly all above ground plant detritus appears to be exported from the 

high marsh.  The marsh was found to be maintaining itself against long-term sea level rise trends, 
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but to not be subject to the (sometimes wide) interannual fluctuations that mark the historical 

record to sea level measurements (McCaffrey and Thomson, 1980). 

Warren and Niering (1993) found that although vegetation changes were occurring in the 

Wequetequock-Pawcatuck marsh (compared to an initial characterization by Miller and Egler 

[1950] from the 1940s), no loss in vegetated marsh area had occurred yet.  They traced the 

changes to increasing sea level rise rates, and so fo recast losses in northeast US marshes due to 

incapacity to manage changing sea levels.  It was noted that other environmental factors could be 

affecting the vegetation on the marsh, however. 

NYSDEC made an initial effort to update the 1974 wetlands mapping by conducting pilot work 

in Shinnecock and Moriches Bays from 1996 to 1998.  There, NYSDEC found that there had 

been a net increase in vegetated wetlands amounting to 125 acres, because of landward migration 

of tidal wetlands in excess of any seaward losses.  Approximately 100 acres of the gains were 

realized in Moriches Bay (NYSDEC, undated). 

An analysis of the NWI by Tiner et al. (1998) (USFWS) was made for Suffolk County as part of 

PEP.  The study compared the 1974 NWI based on black and white aerial photography 

interpretation to a 1994 update based on color infrared aerial photography.  The technique was 

intended to identify all changes in area with accuracy between 0.01 and 0.1 acres.  Although the  

study was not finalized, and therefore its interpretations may not be entirely complete, it is 

possible to read the presented data as suggesting that estuarine wetlands lost 115.46 acres over 

the twenty years, (including approximately one acre of salt shrub lands).  The remaining 

inventory of estuarine wetlands was quantified as 5,678.58 acres.  This suggests that the loss of 

tidal wetlands over the 29 years was 2.0 percent (0.1 percent, or 5.6 acres, per year). 

GIS maps for Suffolk County of the NASA Coastal Marsh Project (see above) were accessed 

(http://www.geog.umd.edu/wetlands/data.htm).  These are based on comparisons of the GIS 

NWI classifications to spectral analyses of the amount of water within defined salt marsh 

classifications (Kearney et al., 1999).  CA similarly interpreted the NWI classifications to 

determine the acreage of salt marshes in Suffolk County.  The interpretations were not in exact 

agreement, as the sum of the Coastal Marsh Project coverages was 15,400 acres compared to the 

CA sum of 16,839 acres (Cashin Associates, in prep) (Figure 1). 
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The Coastal Marsh Project classifications of the County’s salt marshes, as computed by CA from 

the GIS coverages, are listed in Table 6.   

Table 6.  Coastal Marsh Project Classifications of Suffolk County NWI Salt Marshes 

Class Percent Surface Water Acres Percent of County Salt Marshes 
1 0-20 8,847 57.4 
2 21-30 3,323 21.6 
3 31-50 2,040 13.2 
4 50+ 1,190 7.7 

 

As discussed above, there are some acknowledged potential methodological problems in this 

analysis.  Some relate to difficulties ensuring that proper notice is taken of tidal conditions.  

Additionally, the methodology was developed in a microtidal setting, and requires adjustments 

when translated to more robust tidal regimes.  These problems may be reflected in the 

classifications of Suffolk County’s wetlands.  For example, the largest contiguous blocks of 

Class 4 wetlands are found along the western shoreline of the Carmans River (an area 

specifically identified by the NYSDEC Natural Heritage Unit as relatively high quality high 

marsh in 2000 [MacDonald and Edinger, 2000]), the barrier island area of Shinnecock Bay (but 

not the marsh islands, see the NYSDEC analysis above), scattered interior marsh areas along the 

north shore of the Peconic Bay, and many of the marshes in the mid-North Shore (most of Mount 

Sinai Harbor, most of Flax Pond, the middle of Stony Brook Harbor, and the middle part of the 

Nissequogue River).  Much of the remainder of the North Shore salt marshes are classifed as 

Class 3, as are large sections of the northern marshes of the Peconic Bay and the barrier island 

systems in Moriches and Shinnecock Bay.  Much of the south shore island systems are classified 

as Class 2 (see Figures 2 through 4). 
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In Stony Brook Harbor, a study of a potentially tidally-restricted marsh found that it, and other 

marshes around the harbor, generally accreted sediment at a sufficient pace to keep up with sea 

level rise.  Where there were no barriers to doing so, the marsh also transgressed landward with 

increasing sea levels, thus increasing overall marsh acreage (Cademartori, 2000).  An overall 

study of Stony Brook Harbor, however, found substantial marsh loss during the 20th century.  

Half of the loss was directly attributed to channel dredging projects.  Measured accretion rates in 

the latter half of the century were elevated, which was attributed to periodic sediment inputs 

from dredging projects, and potentially related to storms.  Thus, it seemed likely that although on 

short time scales (decadal) sea level rise sometimes exceeded accretion rates, by and large 

sediment inputs appeared great enough to maintain marshes against rising sea levels.  The study 

suggested that dredging indirectly contributed to marsh loss by changing harbor hydrodynamics 

through the alterations in bathymetry and potentially supporting increased boat traffic and 

associated wakes (which lead to perimeter erosion) (Cademartori and Swanson, 2001). 

LISS held a workshop in 2003 regarding the potential for “Jamaica Bay disease” to propagate in 

the Sound watershed.  Although most observations of wetlands losses similar to those in Jamaica 

Bay are anecdotal, researchers agreed that significant effects from human alterations to the 

environment might be impacting the Sound wetlands.  Stressors of marsh systems were 

determined to be nitrates, sulfides, salinity, pollutants (herbicides, lime, creosote, and MTBE 

[methyl tert butyl ether), diseases, boat wakes, and changes in shoreline morphology 

(bulkheads), exacerbated by local effects such as storm water outfalls.   Forcing functions that 

may cause marsh losses include relative sea level rise, thermal and climate changes, increased 

hydrological variability, dredging, storms, and the presence of people in the coastal zone.  The 

poor definition of marsh loss was also noted, as cover type conversions and fragmentation of the 

marsh may also be important factors to consider, besides mere loss of vegetated areas (LISS, 

undated). 

Of extreme interest was the general finding that nearly all river mouth marsh systems in western 

Connecticut have suffered from extensive marsh loss, apparently due to marsh drowning where 

vegetated wetland is converted to mudflats.  Lists of chemical, biological, and physical stressors 

to the salt marshes were compiled.  The importance of baseline monitoring in order to detect 

change was stressed (LISS, undated). 
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A marsh on the north shore of the Sound (Rye New York) was studied over 17 years (1985 to 

2002).  Eight permanent plots were sampled in 1985, and reassessed in 2002.  Overall vegetation 

and peat losses were averaged, and on an annualized basis amounted to 2.9 percent and 3.6 

percent per plot, respectively.  The low marsh border also retreated shoreward at a rate of 0.12 

m/year (Endrenny, 2004). 

Ron Rozsa (Connecticut Department of Environmental Protection) posted some anecdotal 

findings of sudden marsh die back in Connecticut inner harbor low marshes and across both low 

and high marshes on Cape Cod in 2005 (sites that he and Scott Warren, Connecticut College, 

visit each year with ecology classes).  He suggested that at the Connecticut sites there might be a 

relation between drought and the low marsh impacts, as sediment elevation tables set at depth 

suggested the marshes were floating on groundwater.  With the drought, the marshes lost relative 

height and the plants were drowned (Georgia Coastal Research Council website: 

alpha.marsci.uga.edu/coastalcouncil/capecod_dieback.htm).  

An estimation of recent salt marsh loss in Connecticut was made, based on a GIS interpretation 

of aerial photography.  Area estimates of annual loss rates were made, and found to vary along 

the coast (although the data were presented in terms of total area rather than percentage loss, or 

in terms of some sort of indexing factor).  The study implied that loss along the shoreline was the 

greatest threat to the marshes (Valauskas and Zajac, 2005). 
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