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Study shows — Nitrogen pollution is not the driving cause

Fall 2021
Results of WRWA funded Study

Westport River Watershed Alliance
Westport, MA
westportwatershed.org

PRINCIPAL INVESTIGATORS
Dr. Catherine M. Matassa
University of Connecticut
Dr. Patrick J. Ewanchuk
Providence College
Dr. Mark D. Bertness
Brown University
We know from years of study that excessive nitrogen
originating from a range of sources has impaired the
environmental quality of the Westport River.
To understand what might be causing the Westport
River marsh degradation, scientists conducted a series
of experiments throughout both branches of the River,
which are experiencing different rates of salt marsh loss.
These experiments were designed to figure out the
underlying mechanism(s) of marsh loss, so that sound
conservation and management strategies can be designed
and implemented.

Test #1—Nitrogen overload?—experiments were

designed to test the effects of elevated nitrogen loads on
marsh vegetation and on the different degrees of marsh
loss observed across the watershed.

Test #2—Changing currents and water flow?—

experiments were designed to reveal how differing water
flow and sediment dynamics relate to differences in
vegetation and marsh loss between the branches of the
Westport River.

What’s Going On?
Why are Westport’s marshes falling apart?
Westport River marshes have declined by nearly 50%
during the past 80 years. Previous work by Costa and
Weiner suggest that the rate of this decline has increased
dramatically over the past 15 years.
The underlying cause of this accelerated loss is not fully
understood. Along the Eastern seaboard, a number of
potential causes of marsh loss have been identified,
including increased nitrogen pollution, sea level rise,
dredging, coastal development, erosion, and grazing from
crabs. The Westport River watershed has experienced
several of these impacts. Importantly, these multiple
drivers may also be operating at different extents and/or
durations of time across the two branches.
Elevated levels of nitrogen are generally bad news for
marshes and wetlands, and high nitrogen levels have
been shown to cause marsh loss in other New England
salt marshes by shrinking the root systems that hold the
marsh together (Deegan et al. 2012). Both branches of
the Westport River have experienced elevated levels of
nitrogen pollution. The major focus of this study was to
experimentally test the role of nitrogen in multiple areas
of the River that have experienced different rates of
marsh loss.
Findings from this study suggest that changes in water
flow over the past few decades may be the primary driver
of the accelerated rate of marsh loss, rather than nitrogen
overloading (which remains an ecological problem for the
Westport River and the watershed.)

The Experiments—
What Was Done?

Tests were done in marshes on both
branches of the River to capture the
natural variation in marsh loss and the
processes that might contribute to it.

Site Characterization—How do the marshes look and

feel? One of the first things scientists noticed was the
striking difference in the hardness or peat compaction
between upper and lower river sites. To quantify this
apparent difference in sediment compaction, scientists
measured the average pressure required to penetrate the
sediment using a Pesola penetrometer. This method of
measuring sediment hardness failed to quantify what was
clearly observed as compacted marsh surface because
high densities of ribbed mussels made softer sediments
appear “hard”. Because fast-moving water can inhibit the
accumulation of fine, soft sediments in the marsh, scientists
measured relative flow rates throughout the watershed by
deploying “flow blocks” along the marsh edges. Flow blocks
are cylindrical plaster castings of standardized density and
volume. Changes in their mass during deployment provides
relative estimates of erosion due to water flow.

Field Experiments—Adding Nutrients (Nitrogen) and Aeration

At each of the 14 test sites there were 15 experimental plots
(50x 50cm) in three groups of five. Plots in each group were then
14 sites where experiments were done.
randomly assigned to a treatment combination or an unaltered
control. Treatment combinations included all 4
possible combinations of a nutrient addition: (+
or - fertilizer) and an aeration (+ or - aeration)
treatment. Nutrients were added to the marsh by
inserting 4 perforated test tubes (50mL) filled with
either 160 g of Osmocote fertilizer (+ fertilizer)
or gravel (- fertilizer). To aerate the soil, which
can enhance gas exchange and nutrient uptake in
compact sediments, 8 aeration plugs were put in
each plot. Aeration plugs were created by filling
15ml test tubes with gravel and either drilling
holes in the tubes to promote aeration (+ aeration)
or leaving them solid (- aeration). The control was
left untouched (no tubes) and used to estimate:
(1) any effect of inserting inert tubes (-fertilizer/aeration) into the plot and (2) the relative effect of each treatment within each group compared to the control.
Above and below ground growth of marsh plants was measured for each test area.

Greenhouse Experiments—Sediment Compaction/Nutrients

Scientists took marsh plants from the River back to a greenhouse to do growth experiments to isolate the effects
of sediment compaction on the growth of Spartina. Results indicate the negative effects of hard sediment depend
on nutrient availability. With low nutrients, sediment type had no effect on Spartina growth, which remained low.
Additional nutrients increased plant growth, but only in controls or when plants were grown in softened sediments.
Additional nutrients increased below ground biomass only in softened sediments.

Experiment Results—
What It Means
Results for Test #1 – Nitrogen overloading?

The work to date indicates that the Westport River marsh vegetation
is nutrient-limited. In biology, the definition of a limiting nutrientis that
which limits the potential for growth and reproduction in an organism
or population. Throughout the river branches, even in areas of high
background nitrogen, above-ground Spartina alterniflora biomass is still
limited by nitrogen. Plants that are nitrogen limited must continue to invest
in below-ground biomass (roots) to obtain nutrients, and therefore are
not likely to cause the creek-bank collapse observed in eutrophic estuaries
elsewhere in New England (i.e., Deegan et al 2012).
Elevated nitrogen levels are not driving the loss of marsh plants in
Westport. This conclusion is supported by the results of a greenhouse
study and the field observations over the two years. Results of the nutrient
addition experiments both in the field and greenhouse, extensive field
surveys, and nutrient data suggest that current marsh loss in the Westport
River is not a direct result of increased nutrients in the water column.
In addition, site surveys and observations also suggest that changes in water
flow/hydrology or sediment dynamics may play a larger role in the decline
of marsh health and loss of marsh area seen in the River, particularly in the
lower River. More data on changes in hydrology and its role in the growth
and establishment of Spartina alterniflora are needed—that’s what WRWA
is working on currently.

Visit WRWA’s website
to view the full 2021
report:
http://westportwatershed.
org/whats-being-done/
projects/

Greenhouse experiments modify soil
types and nutrient loads to test their
effects on plant growth.

Results for Test #2– Changing currents and water flow?
The work to date suggests that changes in water flow patterns and
resulting sedimentation are the most likely drivers of observed decline
and degradation of our saltmarshes.
Areas in the lower branches where visible degradation is occurring are
coincident with a compacted or hardened and barren marsh surface.
While standard sediment compaction measurement revealed similar
‘hardness’ in the upper and lower river marshes, hardness in the upper
river was due to high densities of ribbed mussels (Geukensia demissa),
which are an integral part of healthy marshes. Invertebrate surveys
showed mussels were much less abundant in the lower parts of the river,
indicated that measurements of sediment hardness in these areas can be
attributed to peat compaction.
Data and observations from this study suggest that in areas of increased
water flow, the leading edges of the marshes are losing sediments and
eroding. These leading edges become undercut, weakened and eventually
calve off. This is most notable in the lower river marsh islands that have
been and continue to be most vulnerable to possible changes in water
flow, wave action, sea level rise, submergence time, and sediment
dynamics. WRWA is working on collecting new data on tide heights within
the River system to assess changes within the last 10-15 years.

Surveying an experimental plot
where fertilizer was added.

What’s Next – Research On
Tides and Current Velocity

Looking at changes in flow in the River

The next steps:
To fully understand the mechanism for the loss of marsh area in the
Westport River, one needs to fully understand the changes in water
flow and sediment dynamics. This information is vital to any possible
future successful restoration or mitigation project.
• Deploy tide and flow loggers in the River at a number of sites
across a range of current marsh health. Data generated will
provide answers to questions of how differences in water
flow, submergence time, and relative sea level relate to marsh
conditions.
• Install a series of water level monitoring stations to provide
marsh peat water logging data necessary to address if changes
in marsh peat are leading to some marshes holding on to water
(staying waterlogged) longer than other marshes.
• Assess sediment removal and deposition at the variable flow speeds around the river. At a larger scale, a
sediment “budget” for the watershed may provide valuable information about the sources and sinks of various
sediment types within and across the estuary.

Summary of Study Results
• Elevated nitrogen levels are not driving the loss of marsh
plants in Westport. This conclusion is supported by the
results of a greenhouse study and the field observations over
two years. Nitrogen overloading is a problem. Water quality
declines when too much nitrogen gets into the water. Since
nitrogen fuels the growth of algae that makes the River’s
waters look cloudy and murky. Beaches and shorelines
can become covered with slimy green algae. Over time,
underwater eelgrass beds die and fish and shellfish slowly
disappear.
• Areas in the lower branches where visible degradation is
occurring are coincident with a compacted or hardened and
barren marsh surface.
• Invertebrate surveys show that a healthy marsh indicator
(ribbed mussel—Geukensia demissa) is present in much
higher numbers in the upper reaches of the River than in the
lower parts of the River.
• These surveys also that found other plants (rockweed—
Fucus spp) and invertebrates indicative of hardened
shorelines (periwinkle/snail—Littoriana spp) were not largely
present in the upper reaches but plentiful in the lower part
of the river.
• Experiments where marsh plants (Spartina alterniflora) from
different part of the river were transplanted in various marsh
soil conditions found that compacted soil conditions have
a negative effect on delivery of nutrients below the surface
and on plant growth.

• Differing water flow and sediment dynamics drive differences
in vegetation and marsh loss between the branches of the
Westport River. To move forward and fully understand the
mechanism for the loss of marsh area in the Westport River
changes in water flow and sediment dynamics needs to be
assessed.
• Human activity changes sedimentation dynamics in the River
through:
• Dredging
• Shoreline stabilization / Docks and piers
• Roads, driveways, houses (impervious surfaces)
• Global Warming / Sea Level Rise
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