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Along the Gulf of Maine’s coast from Massachusetts to Nova 
Scotia, hundreds of road embankments, railroad berms, under-
sized culverts, dikes, dams, and other manmade barriers block 
salt marshes from the natural ebb and flow of tides. Many of 
these were constructed decades ago, but they continue to de-
grade the health of twenty percent or more of the region’s salt 
marshes (Cornelisen 1998). Reduced tidal flooding impairs the 
ability of salt marshes to sustain coastal food webs, provide nurs-
ery habitat for fish, and remove pollutants from the water. 

If manmade barriers are removed to restore tidal flooding, 
the affected salt marshes can regain approximately their natural 
state and function (Sinicrope et al. 1990, Burdick et al. 1997). 
Although many government and non-government organizations 
now emphasize salt marsh restoration, many tidal restrictions re-
main throughout the Gulf of Maine (Wells 1999, MWRP 2005, 
HRSC 2006). In Maine alone, more than 140 culverts and other 
tidal restrictions were affecting salt marsh health as recently as 
2004 (Bonebakker, unpublished data). Scientists are investigat-
ing the ecological impacts of tidal restrictions around the Gulf of 
Maine, the effectiveness of habitat restoration methods, and the 
ecological benefits of habitat restoration. A priority is to expand 
and standardize salt marsh monitoring programs to allow better 
assessment of marsh health.

Restoring the health of salt marshes is often quite feasible and 
straightforward. For example, one common remedy is to add or 
expand culverts under roads and railways, which can improve 
salt marsh health by increasing tidal exchange. A major chal-
lenge, however, is the availability of funding for habitat restora-
tion projects. The U.S. National Oceanic and Atmospheric Ad-
ministration (NOAA), the partners in Canada’s Eastern Habitat 
Joint Venture, and other funding sources are supporting habitat 
restoration in the Gulf of Maine, but more funding is needed to 
achieve the full ecological and economic benefits. 

This document summarizes current scientific understanding 
about salt marshes in the Gulf of Maine. It describes the valuable 
ecological roles of healthy salt marshes; human impacts on salt 
marshes; methods for restoring salt marsh habitats; and the need 
for a regional salt marsh monitoring program.

USFWS - Kelly Fike
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Salt marshes are coastal wetlands that are flooded regularly by the tides. 
They range in size from narrow shoreline fringes to vast meadows. Salt 
marshes play an integral role in improving water quality by remov-
ing contaminants, excess nutrients, and sediment washed downstream 
from the watershed. Acre for acre, salt marshes can produce an amount 
of plant biomass similar to intensively farmed cropland. This abun-
dant plant growth helps to sustain food webs of shellfish, fish, birds, 
and wildlife, not only in the marshes but offshore and in surrounding 
terrestrial ecosystems. Winter flounder, striped bass, clams, and other 
species of commercial and recreational value are among the animals 
and plants that thrive in healthy salt marsh ecosystems. 
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Marsh Distribution in the Gulf of Maine
A large percentage of salt marsh habitat has been 
destroyed in the last four centuries, but salt marshes 
still occur in many places along the Gulf of Maine 
coast. They tend to be biggest and most common in 
New Brunswick, Nova Scotia, and Massachusetts. 
The Great Marsh in northeastern Massachusetts, for 
example, covers some 30 square miles, making it the 
largest marsh in New England. Sizable marshes also 
exist in New Hampshire and southern Maine. The 
Hampton-Seabrook marsh in New Hampshire in-
cludes approximately eight of the state’s ten square 

miles of salt marsh. The Webhannet/Little River sys-
tem in Wells, Maine, encompasses six square miles, 
while the Scarborough Marsh near Portland is 4.2 
square miles. To the north and east along the Maine 
coast, salt marshes tend to be smaller (Jacobson et al. 
1987), until expansive marshes are reached along the 
Bay of Fundy. 

Marsh Formation
Salt marshes develop over centuries in places along the 
coast where shelter from strong waves and currents al-
lows sediment to accumulate. Salt marsh plants colo-
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Marsh
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High
Marsh

Low 
Marsh

Pool Panne

nize the sediment because they are uniquely adapted 
to the wet and salty environment. Their dense stems 
trap even more sediment and organic matter, and 
gradually a foundation of peat develops. Over time, 
the peat accumulates, allowing the marsh to expand 
horizontally and vertically. On the whole, the Gulf of 
Maine region has fewer, smaller salt marshes than the 
southeastern U.S. coast because glaciers scoured the 
bedrock of the Gulf of Maine watershed. 

Dominant Plants
Approximately thirty plant species commonly in-
habit Gulf of Maine salt marshes, but the dominant 

• frequent tidal 
flooding

• high salinity
• wettest soil

• less frequent tidal flooding
• moderate salinity
• wet soil

• Infrequent or no tidal 
flooding

• lower salinity
• drier soil

COMMON SALT MARSH PLANTS

Marsh Border High Marsh Pool Panne Low Marsh

plants are two closely related grasses called Spartina 
alterniflora (smooth cordgrass) and Spartina patens 
(salt meadow hay). Spartina alterniflora grows along 
the edges of creeks and channels at the low fringes 
of the marsh, where tides flood the peat and plants 
twice daily. Spartina patens grows in slightly elevated, 
interior portions of the marsh that are flooded less 
often, during the higher (spring) tides. Salt marshes 
in New Hampshire and Maine have a higher ratio 
of high marsh (characterized by Spartina patens) to 
low marsh (characterized by Spartina alterniflora) 
than salt marshes in southern New England (Nixon 
1982). 
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River water and groundwater flowing into a salt 
marsh often contain sediments, excess nutrients, and 
toxic contaminants from land-based human activi-
ties. Salt marshes filter some of these pollutants in the 
following ways: 

• Dense vegetation in the salt marsh slows the wa-
ter, which causes suspended particles to settle, 
clarifying the water.

• During spring and summer, marsh plants take up 
nutrients that otherwise might cause algal blooms 
and eutrophication in coastal waters. 

• Denitrification by microbes in marsh sediments 
removes nitrogen from the ecosystem. 

• Plants and microbes remove some toxic contami-

nants, which eventually become incorporated 
into peat, resulting in long-term burial and re-
moval from the food web. 

Salt marshes have a remarkable capacity for removing 
nitrogen from groundwater. This function is notable 
because it helps to protect coastal marine ecosystems 
from eutrophication caused by fertilizers, septic sys-
tems, and other nitrogen sources. Unlike other habi-
tats along the coast, salt marshes tolerate large inputs 
of nitrogen. Nitrogen entering a marsh as nitrate or 
nitrite in the groundwater can be transformed to ni-
trogen gas by denitrification and released to the at-
mosphere. Nitrogen taken up by plants eventually 

Values of Salt Marshes

Salt marshes remove pollutants from water

Nitrogen Removal Benefits Eelgrass
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Key points for management 

removing excess nitrogen and preventing 
growth of algae

reduced capacity for ni-
trogen removal

is released as organic matter in the fall or buried in 
peat. Because primary productivity in salt marshes 
tends to be limited by the amount of nitrogen that 
is available, when more nitrogen enters the marsh in 
groundwater or surface water it enhances the growth 
of plants and algae. Higher nitrogen levels can im-
prove plants’ food value for grazing animals (Buchs-
baum et al. 1981), and they can also change the rela-
tive abundance of plant species and encourage inva-
sive plants like common reed (Phragmites australis) 
(Bertness et al. 2002).

Salt marshes have more capability to remove ni-
trogen from groundwater than from tidal and sur-
face waters. Groundwater seeps through the marsh 
soil and sediments, enabling plants and microbes to 
take up nitrogen carried by the water. In contrast, 
tidal and surface waters flow in channels through 
the marsh, having little contact with the anoxic sedi-
ments where microbes remove nitrogen. In addition, 
only a small proportion of tidal and surface water is 
absorbed by the vegetated marsh, so plants have little 
opportunity to take up nitrogen from the water.

Nitrate Removal from Groundwater
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Values of Salt Marshes

Salt marshes fuel coastal food webs and fisheries
Although few animals eat the live plants in a salt 
marsh, salt marshes contribute to the coastal food 
web in two major ways: export of partially decayed 
plant matter, or detritus, from the marsh by tidal cur-
rents and the “food web relay” that moves nutrients 
from the marsh into coastal waters. Salt marshes act 
as breadbaskets that help to support commercial and 
recreational fisheries in the Gulf of Maine.

The export of waterborne detritus and dissolved 
nutrients from salt marshes supports the growth of 
phytoplankton, shellfish, and other organisms living 
outside marshes. Gordon (1985) showed that plank-
tonic crustaceans in the Gulf of Maine have chemi-
cal “signatures” indicating that their nutrient supply 
originates in salt marshes. In the food web relay, or 
trophic relay (Kneib 1997), the energy captured by 
salt marsh plants is like the baton in a track-and-field 
race. Through predator-prey interactions, energy is 
relayed from salt marshes to the offshore food web.

A similar food web relay brings nutrients from 
the marsh into terrestrial food webs. Wading birds, 
migratory waterfowl, raptors, otters, and other ani-
mals spend part of their time feeding in salt marshes. 
When they defecate, die, or are eaten in the uplands, 
the organic matter that they obtained from the marsh 
enters the terrestrial food web.

Relay in the Salt Marsh Aquatic Food Web

1

2 3

4

dashed lines and arrows indicate movement

salt marsh

tidal creek

ocean

1

1

2

2

3

3

4

Flounder Spawn in Estuaries
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Key Points for Management 

salt marshes benefit commercial and 
recreational fisheries

Silversides Migrate Offshore

Fish Diversity
RareAbundant Common
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Salt marshA

Clam flatB

Rockweed bedC

Eelgrass bedD Rocky bottomE

B

A

Ecological Linkages
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Bird staging and feeding areaF Seal haul-out and feeding areaG
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Birds That Use Tidal Marshes

Nest in high marsh and feed in high and low marsh
(S. alterniflora, pools, and pannes) 

Nest in maritime shrub transition zone, feed in marsh

Nest in cattail or Phragmites

Nest on offshore islands, feed in salt marsh

Nest in cavities or next boxes, feed in salt marsh

Clapper rail Canada goose Snowy egret
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Nest on beaches, feed in salt marshes, beaches,
and mudflats

Feed in salt marshes during migration

Winter in salt marshes

Use tidal creeks, bays, and mudflats

Piping plover Willet Least tern
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Summary of Salt Marsh
Ecological Functions

High primary productivity

food for shellfish and 
finfish

Nursery for some young fish
Filtration of water

Recycling 
of some nutrients

buffer against climate change

Foraging, staging, and sheltering 
habitat

Protection of uplands prevention 
of property damage
Enjoyed by people

outdoor classrooms

self-maintain ecological 
functions

Life in a Northeastern Salt Marsh
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Salt Marsh Ecology

Shown above: Great blue heron...Green heron...Canada geese...Belted kingfisher...Black duck...Saltmarsh sharp-tailed 
sparrow...Willet...Osprey...Northern harrier...Smooth cordgrass...Salt meadow hay...Seaside lavender...Glasswort...Fiddler 
crab...Horseshoe crab...Periwinkle snail...Softshell clam...Ribbed mussel...Clamworm...Algae and diatoms...Zooplankton...
American eel...Killifish...Atlantic silversides...Raccoon...Green darner (dragonfly)...Red fox
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“...There are at present about 3240 acres of city real estate in an area that 
contains old Boston, Roxbury, and Back Bay...When the Puritans arrived to 
settle this area, there existed only 1185 acres of dry land on which to build. Four 
hundred eighty-five acres of the present 3240 acres were shallow water which was 
part marsh, part mud and sand flat, and part open water even at low tide. There 
was a gain of 2055 acres of dry land made by filling the marshes and lowlands.”

John and Mildred Teal, 1969
From Life and Death of the Salt Marsh

Boston metropolitan area, late 1990s

Boston area, late 1700s
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In the last four centuries, New Brunswick and Nova Scotia have lost 
some 75 percent of their salt marsh habitat (Reed and Smith 1972). 
Based on historical maps, Bromberg and Bertness (2005) estimated 
that New England states have lost an average of 37 percent of their salt 
marshes since 1777. Some 80 percent of salt marshes around Boston 
have been filled (Bromberg and Bertness 2005) to accommodate ex-
pansion of the city, as shown on the opposite page. Many salt marshes 
around the Gulf of Maine have been filled, drained, or diked, perma-
nently changing wetlands to dry land. In practical terms, most of these 
marshes are lost forever. 

Other human impacts on salt marshes can be reversed. Undersized 
culverts beneath roads and railways degrade marsh health by restrict-
ing tidal flow. Often they were installed decades or even centuries ago. 
Today many could be removed or enlarged. The natural functions of 
salt marshes often can be restored, if tides are allowed to flow more 
naturally.
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Cumulative Impacts
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Cumulative Impacts

Gulf of Maine Habitat Restoration Strategy

Types of Human Impacts

Filled marsh

Tidal restrictions

Invasion by common reed (Phragmites australis)

“Hardening” of marsh border and loss of 
vegetated buffer

Impervious surfaces and runoff of freshwater 
and pollutants

Dikes that convert marshes to farmland

A

A

B

C

D

E

Massachusetts
Rumney Marsh
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IMPACT
Filled marshes

Background: Countless acres of salt marsh were once 
filled with dirt, rocks, waste, or dredge material, 
converting marsh to non-tidal wetlands and upland. 
The practice provided a way to dispose of unwanted 
fill material and created land for development and 
agriculture. 

Effects: Artificial raising of the marsh surface elimi-
nates tides for marsh plants, fish, and birds. The in-
vasive common reed, Phragmites australis, often can 
become established in filled areas and then invade 
adjacent healthy marsh.

Restoration Options
• Remove fill and grade the terrain to elevations 

slightly below that of surrounding marsh; add 
creeks and pools

• Revegetate the area using plantings, soil seed 
banks, and wrack seed banks, or rely on natural 
revegetation (requires at least 10 years) 

• Monitor the plant community and remove inva-
sive species before they spread

Benefits of Restoration: The return of tidal condi-
tions should allow the area to function once again as 
salt marsh. 

Other Considerations: Some marsh functions may 
return quickly, while others may take years or de-
cades. Another disposal site must be found for the 
removed fill. 

BEFORE

AFTER

Drowning Under Rising Seas?
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IMPACT
Tidal restrictions

Background: Hundreds of roads and rail lines have 
been constructed across salt marshes in the Gulf of 
Maine, often with undersized culverts and bridges 
that limit the flood and ebb of the tides in the marsh. 
Debris in culverts can further reduce tidal flow. Tide 
gates installed to regulate tidal flooding may be too 
restrictive or may become locked in closed position.

Effects: Impaired tidal flooding leads to changes in 
plant community composition, salinity, water quali-
ty, sediment characteristics, and animal populations.

Restoration Options 
• Enlarge or add culverts and bridge spans
• Remove or improve tide gates
• Clean out debris in culverts and implement on-

going maintenance

upstream restricted marsh

downstream healthy
marsh

Bridge Street culvert
tidal restriction

Sesuit Creek Habitat 
Restoration Project Site 
(Dennis, Massachusetts)

• Identify and remove downstream tidal restric-
tions

Benefits of Restoration: When tidal restrictions are 
eliminated, physical conditions in the salt marsh may 
return to approximately normal. This allows the rees-
tablishment of plant and animal communities. 

Other Considerations: Restoration of tidal flooding 
can sometimes result in excessive flooding of vegetat-
ed marsh areas because the peat may have subsided 
during the period of tidal restriction. Excessive flood-
ing can kill marsh vegetation and lead to erosion of 
the marsh. Therefore, project planning should in-
clude analysis of marsh and surrounding elevations 
above and below the tidal restriction relative to the 
potential tidal range. It is also important to consider 
the potential for higher amplitude tides in the marsh 
to flood the adjoining properties and human struc-
tures that were added while tides were restricted.
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Methods for Restoring Tidal Flow 

BEFORE

AFTER

Restricting Tidal Flow Affects Ecosystems

1

2 3

4

salt marsh ocean

1

1

2
3

3

4

Improperly Designed Culverts 
Break the Food Web Relay

undersized culvert

ro
ad
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How do culverts affect tides in a salt marsh?

“Often salt marsh restoration could be accomplished 
fairly easily and without interfering with present-day 
land uses and human activities.”

Tidal Cycle

Tidal Height

Tidal Height

Tidal Height

UNRESTRICTED CROSSING

MODERATELY RESTRICTED

SEVERELY RESTRICTED
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IMPACT
Invasion by common reed (Phragmites australis)

Background: Phragmites typically invades areas where 
salinity has declined because of tidal restrictions, in-
creased freshwater runoff, and/or buildup of fresh 
water on the marsh due to hydrological blockage. 
Disturbance of the soil and plants along the upland-
marsh border raises the risk of invasion.

Effects: When Phragmites invades a salt marsh, it rad-
ically changes the ecological conditions. It grows in 
dense stands that exclude other plant species, offers 
little value to wildlife, increases peat accumulation 
and therefore marsh elevation, and creates a fire risk. 

Restoration Options
• Raise soil salinity by removing tidal restrictions 

and fill, and by reducing/redirecting runoff
• Cut and remove Phragmites stems and rhizomes
• Use appropriate herbicides
• Revegetate with appropriate marsh plants

Benefits of Restoration: Removal of Phragmites im-
proves health of salt marsh plant and wildlife com-
munities, and it reduces fire risk.

Other Considerations: Presence of Phragmites is of-

ten a symptom of other human impacts, such as tidal 
restrictions, that may need to be addressed to restore 
the habitat.

IMPACT
“Hardening” of upland-marsh border and loss 
of vegetated buffer

Background: Land development practices often in-
clude construction of roads, seawalls, parking lots, 
buildings, and other hard structures at the upland-
marsh edge without provision for a vegetated buffer.

Effects: Normally, continual build-up of peat allows 
salt marshes to expand gradually upward and inland 
in response to rising sea level. Where hardening of 
the marsh-upland boundary blocks inland migra-
tion, salt marshes will eventually be lost under the 
rising sea. Lack of buffers may increase the impacts of 
pollutants and nutrients on the marsh, encourage in-
vasive species, decrease nesting habitat (Hanson and 
Shriver 2006), and reduce habitat quality.

Restoration Options
• Remove structures along the upland-marsh edge 

that block inland migration of marshes
• Avoid development of new structures along the 

salt marsh edge
• Require a vegetated buffer on uplands surround-

ing marshes and restore lost buffers  

Benefits of Restoration: Long-term persistence of 
salt marshes despite rising sea level. Preservation of 
the high-diversity plant communities at the upper 
marsh edge.

Other Considerations: Although laws protect salt 
marshes from direct impacts, development of adja-
cent land is not regulated as strictly.
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IMPACT
Increased freshwater runoff and water pollution

Background: Development and agricultural activity 
in the watershed can increase freshwater runoff, nu-
trients, sediments, toxic contaminants, and disease-
causing agents entering salt marshes. 

Effects: Pollutants affect the health of fish, shellfish, 
birds, wildlife, and humans. Soil disturbance and de-
creased salinity enable invasion by the common reed, 
Phragmites australis.

Restoration Options
• Minimize impervious surfaces, erosion, fertiliz-

ers, and water contamination in the watershed
• Increase storm-water management and land-use 

practices that reduce runoff and pollution
• Create and maintain forested buffers along 

marsh-upland edges

Benefits of Restoration: Improvement in all-around 
health of salt marsh allows it to provide its natural 
functions as part of the coastal ecosystem and help to 
sustain fisheries.
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Other Considerations: These options have wide-
ranging benefits, not just for salt marshes, and they 
complement the natural capacity of salt marshes for 
removing pollutants.

IMPACT
Dikes

Background: In New Brunswick and Nova Scotia, 
dikes have been built across the seaward edges of vast 
areas of marsh. These tide-blocking structures allow 
agriculture on the rich soils. 

Effects: Loss of the salt marsh ecosystem. At some 
sites, the land is no longer farmed, but dikes prevent 
tidal flooding and return of salt marsh functions.

Restoration Options
• If no present agricultural use of diked area, grade 

soil to appropriate elevation and dig tidal chan-
nels and creeks; reestablish tidal flow by removing 
tidal blockages; vegetate with salt marsh species

Benefits of Restoration: Restore marsh ecosystem.

Other Considerations: Diked areas may be below ad-
jacent salt marshes due to drying of the soil, subsid-

ence of the Earth’s crust, and rising sea levels. When 
tidal flooding is restored, it may need to be increased 
in phases up to the natural tidal range. Otherwise, 
the marsh may drown under excess flooding.

Restoration to Enhance Fisheries
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Restoration in Action
Since 1990, government agencies have initiated more 
than 100 salt marsh restoration projects in the Gulf 
of Maine (Cornelisen 1998). State, provincial, and 
federal agencies are collaborating with local govern-
ments and non-government organizations to priori-
tize and implement salt marsh restoration projects.

Partners in Restoration
The Gulf of Maine Council on the Marine Environ-
ment/National Oceanic and Atmospheric Adminis-
tration (NOAA) Habitat Restoration Partnership was 

established in 2001 to provide grants for restoration 
projects in the Gulf of Maine and its watershed. Each 
year, a team of representatives from Massachusetts, 
New Hampshire, Maine, and the NOAA Restoration 
Center reviews grant proposals and selects projects 
on a competitive basis. Locations of habitat restora-
tion projects funded by the Partnership are shown 
on the map above. For information, including proj-
ect overviews, grant opportunities, and how to plan 
and implement a restoration project, visit the Gulf of 
Maine Habitat Restoration Web Portal (http://resto-
ration.gulfofmaine.org).
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Oak Island Salt Marsh Restoration

Revere, Massachusetts

Bridge Creek

Barnstable, Massachusetts

Habitat Restoration Case Studies
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Drakes Island Marsh Restoration

Wells, Maine

Cheverie Creek

Cheverie, Nova Scotia
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Much information that would be invaluable for management of the 
region’s salt marshes is not available, such as the original extent of salt 
marshes, historical losses, and current acreage that is healthy or is de-
grading due to indirect impacts like tidal restrictions. Management 
and restoration efforts could be improved through understanding the 
condition of the region’s marshes and the changes that they are expe-
riencing due to climate change, rising sea levels, increased freshwater 
runoff, and invasive species.  

Since the early 1990s, salt marsh restoration projects have become 
increasingly common in the Gulf of Maine. Most experts consider eco-
logical monitoring to be an integral component of habitat restoration. 
Indeed, many restored, impaired, and reference salt marsh sites in the 
region have been monitored. However, because monitoring has been 
conducted by many independent organizations with different proto-
cols and objectives, the data are often incompatible or unavailable for 
sharing and integrative analysis. Despite the common goal of enhanc-
ing habitat, coastal decision-makers have not been able to gain a coher-
ent regional perspective on salt marsh health and restoration. The Gulf 
of Maine Salt Marsh Monitoring Protocol, which was developed by 
dozens of scientists and managers, now makes that regional perspec-
tive attainable, especially when combined with regional initiatives to 
promote data sharing.
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Why is Monitoring Needed?
Salt marshes are dynamic places. They change hourly 
with tides, daily with weather, monthly with seasons, 
and over years and millennia with changes in sea level 
and climate. Fish enter salt marshes on flooding tides 
and depart on the ebb. Migratory birds stop during 
spring and autumn to feed in salt marshes. The salt 
marsh plant community shifts in its composition as 
the physical and ecological conditions change. 

Humans are a major agent of change in salt 
marshes, causing immediate and long-term effects. 
Disturbances from human activities include the di-
rect impacts of physical alterations such as filling, the 
indirect impacts of tidal restrictions and land use in 
the surrounding watershed, and the long-term im-
pacts of a changing global climate. Effects of human 
activities can be exacerbated by natural disturbances, 
including severe weather events and biotic, geo-
morphic, and climatic processes. Collectively, these 
anthropogenic and natural disturbances produce a 
multitude of stresses on coastal ecosystems with far-
reaching but poorly understood consequences, rang-
ing from degraded habitat structure to major shifts in 
ecosystem function. 

Basic information on the status and trends of salt 
marshes around the Gulf of Maine and the causes and 
consequences of change is vital to identify and reverse 
trends of habitat loss and degradation in the region. It 

is clear that incorporating long-term change analysis 
into coastal restoration, management, and conserva-
tion is necessary to detect threats to critical habitats, 
identify sources of problems, and develop manage-
ment solutions. Current national strategies for com-
prehensive assessments of natural resources highlight 
the overwhelming need for an integrated approach 
to ecosystem monitoring, research, and management 
(NSTC 1997; CRMSW 2000) and provide a frame-
work for establishing and implementing monitoring 
of salt marshes in the Gulf of Maine.
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Regional Monitoring Protocol 
Regionally coordinated monitoring of impaired, re-
stored, and intact reference marshes will provide an 
essential cornerstone of an integrated salt marsh as-
sessment and management strategy in the Gulf of 
Maine. Long-term monitoring will identify chang-
es in marsh extent and ecological condition, reveal 
sources of disturbance, and show the ecosystem-level 
effects of human impacts. In addition, it could pro-
vide early warning of new threats, allowing proactive 
management that preserves marshes and reduces the 
need for restoration in the future.

 In 1999, approximately 50 wetland scientists and 
resource managers from around the Gulf of Maine 
convened to coordinate regional assessment of salt 
marsh ecosystem characteristics, management priori-
ties, and restoration outcomes. Under the auspices of 
the Global Programme of Action Coalition for the 
Gulf of Maine (GPAC), they developed a compre-
hensive protocol for standardized monitoring of im-
paired, restored, and natural salt marshes (Neckles 
and Dionne 2000). In 2004, scientists revised the 
protocol to make it more streamlined and cost-ef-
fective. The Gulf of Maine Salt Marsh Monitoring 
Protocol (see pages 34-35) specifies a set of marsh 
indicators and data-collection techniques to allow 
assessment of geospatial attributes, hydrology, soils, 
plants, invertebrates, fish, and birds. The protocol 

enables the thorough characterization of salt marsh 
sites. When the data are collected before and after a 
habitat restoration project, as well as in unimpaired 
marshes, they can be used to determine the effective-
ness of restoration and the degree of natural variabil-
ity in salt marshes.

Measuring the Outcomes of Restoration 
One major goal of monitoring is to measure out-
comes of marsh restoration. Do salt marshes recover 
their natural structure and functions after tidal flood-
ing is restored? How quickly, and how completely? 
Although people often assume that after a restoration 
project is implemented nature will do the rest, it is 
not known yet whether this is true. The definition 
of successful restoration depends on the goals of the 
specific project, but usually it means that the species 
and processes of the restored marsh become more 
similar to undisturbed salt marshes. Monitoring in-
dividual sites and building a regional database will 
allow scientists to gauge the outcomes of restoration 
and understand the natural range of variability of salt 
marshes in the Gulf of Maine. 

Monitoring a marsh for at least one year before 
restoration provides a baseline against which changes 
can be measured. Then the marsh must be moni-
tored for several years after restoration actions have 
been implemented. While some characteristics of the 
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ecosystem such as plant species diversity may recover 
quickly within a few years, other characteristics such 
as soil organic content may respond more slowly over 
decades. A combination of baseline and post-resto-
ration data enables scientists to identify clearly the 
outcomes of restoration. 

Post-restoration monitoring is also necessary for 
adaptive management and site maintenance. For ex-
ample, the monitoring data might reveal that addi-
tional restoration is needed, such as removing new 
invasive plants or digging more channels to deliver 
tides to distant portions of the site. Monitoring 
might also indicate that a restored site requires main-
tenance such as cleaning culverts or re-planting seed-
lings washed away by storms. 

Findings from Regional Data
Five years after the development of the Gulf of 
Maine Salt Marsh Monitoring Protocol, Konisky et 
al. (2006) compiled monitoring datasets from 36 salt 
marsh restoration projects—completed or planned—
and conducted the first regional analysis of monitor-
ing data and restoration practices. The monitoring 
data confirmed that salt marshes selected for resto-
ration were degraded relative to reference areas. The 
degraded sites had lower tidal heights, reduced salin-

ity levels, and plant communities with greater cov-
erage of brackish plant species and less coverage of 
halophytes. After restoration, physical factors tended 
to rebound quickly. Tidal flow and salinity, for exam-
ple, increased within one year. Biological responses 
were slower and less discernible. Plant communities 
seemed to shift toward increased cover of halophytes 
and lower cover of brackish species by three or more 
years after restoration.  Fish and bird communities 
were indistinguishable among reference, impaired, 
and restored marshes, but this finding may be attrib-
utable to the fact that only a few programs collected 
data on fish and birds, and their sampling methods 
were inconsistent. 

The study by Konisky et al. provides solid sup-
port for the widely held beliefs that degraded marsh-
es differ from reference sites in important ecological 
characteristics and that restoration practices can set 
degraded marshes on a trajectory toward recovery 
from human impacts. 

Revisions to the Gulf of Maine Salt Marsh 
Monitoring Protocol include additional acceptable 
sampling methods and identification of a subset of 
variables that should be monitored for all restoration 
projects. Refined and streamlined protocols should 
lead to greater adherence by monitoring groups. 
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Next steps: Framework for Regional Monitoring 
Existing monitoring programs around the Gulf of 
Maine provide the basis for a regional salt marsh 
monitoring network that is currently being devel-
oped by the Gulf of Maine Council on the Marine 
Environment. Planning of the framework builds on 
existing monitoring programs at the state (Massa-
chusetts Office of Coastal Zone Management; New 
Hampshire Coastal Program), Gulf of Maine (GPAC 
restoration monitoring protocol), and federal (Na-
tional Park Service Vital Signs Monitoring Program; 
NOAA National Estuarine Research Reserve bio-
monitoring protocol; Environment Canada/Envi-
ronmental Monitoring and Assessment Network) 
levels, ensuring that complementary and compatible 

methods are used. By weaving together existing pro-
grams, a cost-effective regional monitoring network 
for salt marshes could be developed while providing 
a regional context for individual local assessments. 
The framework adopts the three-tiered approach 
of the Coastal Research and Monitoring Strategy 
(CRMSW 2000). Indicators will be monitored at 
scales appropriate for identifying and characterizing 
problems. Remote sensing and automated data col-
lection will be used to sample over large spatial scales, 
and particular sites within a region will be examined 
in detail using rapid-assessment methods. Index sites 
with high spatial and temporal resolution will allow 
diagnosis of cause-effect relationships.
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All around the Gulf of Maine, initiatives to monitor, manage, and restore salt 
marshes are gaining momentum. Dozens of habitat restoration projects have 
been completed and many more are planned and in progress, as recognition of 
salt marshes’ importance continues to grow. Meanwhile, scientific studies are ad-
vancing the understanding of salt marsh ecology and the techniques for restora-
tion and monitoring. 

However, regional gaps in information, funding, and cooperation need to be 
addressed for salt marsh restoration and monitoring to fulfill their potential. Nu-
merous partners, including Gulf of Maine Council on the Marine Environment 
and NOAA, are working to address these gaps. A major priority is to expand and 
standardize salt marsh monitoring on a regional scale to:

• Provide baseline information about the region’s salt marshes
• Identify restoration needs and opportunities
• Measure the success of independent restoration projects and regional pro-

grams
• Determine whether the overall extent, distribution, and ecological condition 

of marshes is changing over time
• Reveal the causes and consequences of changes in salt marshes 
• Evaluate science-based approaches for ensuring sustained productivity, use, 

and enjoyment of salt marsh ecosystems

An expansion of salt marsh restoration and long-term change analysis around the 
Gulf of Maine in Massachusetts, New Hampshire, Maine, New Brunswick, and 
Nova Scotia can help ensure that salt marshes support coastal food webs, fisher-
ies, and water quality into the future. 
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Linear drainage ditches are strikingly unnatural against the sinuous pattern of tidal creeks in a Barnstable, Massachusetts, salt marsh. 
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View of salt marshes and the surrounding seascape in a Massachusetts salt marsh.  MA Executive Office of Environmental Affairs/MassGIS
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