Jack Melcher

UEP‐232

Final Paper

Watersheds Tributary to Closed Shellfish Harvesting Areas on
Massachusetts’ Clam Coast
Background
Famous across the country as “Ipswich Clams”, deep‐fried whole‐bellied clams are
summer delicacy beloved by natives and visitors to the North Shore of Massachusetts. In
addition to being a valuable resource themselves, the sensitivity of clams to water quality
makes them useful indicators of ecosystem health. When levels of nutrients (nitrogen and
phosphorus) are increased above natural levels, algal blooms often occur. Algal blooms
result in the production of toxic chemicals, loss of oxygen, fish kills, loss of biodiversity, loss
of aquatic plant beds, and other problems (Carpenter 1998). Human health is threatened
when clams are dug for consumption that can contain dangerous levels of neurotoxins
produced by certain types of algae. Commonly called “red tides”, algal blooms result in
closures of shellfish harvesting areas by the Massachusetts Division of Marine Fisheries
(Mass‐DMF). Shellfish beds may also be closed due to water quality impairment from fecal
coliform bacteria, hydrocarbons, pesticides, heavy metals, or polycyclic biphenyl’s (PCB’s)
(Mass‐DMF). Data on shellfish bed closures is readily available from MassGIS and is a
convenient way to assess water quality outcomes of the upstream land use.
Unfortunately, we don’t have data on why shellfish harvesting areas are closed. In a
paper published in 2000, White states that impervious areas are not highly correlated with
bacterial loading. Nutrient loading responsible for algal blooms can be estimated using
loading coefficients that give the expected amount of pollutant runoff per area for each land
use. AQUALAND: The Massachusetts Aquatic Landscape Characterization Tool by The
Landscape Ecology Program at the University of Massachusetts gives one such loading
scheme. This gives us a total of four pollutants that can be linked with shellfish bed
closures: impervious area (from Mass GIS), nitrogen (from AQUALAND), phosphorus (from
AQUALAND), and total suspended solids (from AQUALAND). If we can determine which of
these pollutants is most significantly linked with shellfish bed closures, we can target the
landuses that cause proportionately more of that type of pollution.
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Objectives
My intent for this project was to delineate watersheds serving different estuaries in
Newbury, Rowley, Ipswich, Essex, and Gloucester – which I am calling the “Clam Coast” –
and then find correlations between the land use characteristics of the watersheds with the
opened or closed status of the shellfish beds.


What is the most significant indicator of the size of the shellfish bed closures at the
estuaries of the watershed?
o Impervious area
o Estimated nitrogen loading
o Estimated phosphorus loading
o Estimated total suspended solids loading
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Methodology
Watershed delineation
This study will focus on the area of coastal Massachusetts between Cape Ann and
the Merrimack River. There are very small basins such Walker Creek, Saginese Creek, and
Labor in Vain Creek; small river basins such as the Parker River, Rowley River, Essex River,
Walker Creek; and the medium‐sized Ipswich River in this area. The Ipswich watershed
has been delineated by MassGIS, but I want to use GIS tools to delineate the smaller basins
in the area.
On Barbara’s advice, I purposely chose a less‐dense Digital Elevation Model (DEM)
out of the available data layers. As encountered in the final project of Luba Zhaurova
(2007), manmade barriers and water courses (such as a culvert under a highway) can
interrupt the continuous surfaces that the GIS tools need to delineate a watershed. Also,
the memory and processing power of GIS may limit the resolution to which watersheds can
be delineated. My study looked a fairly wide geographic area, so this may have especially
been a problem. For these reasons, although a 5 m grid‐spacing DEM is available from
MassGIS, I used a 30 m DEM produced by the USGS. Much of the country is available as a 10
m DEM, but not Massachusetts (presumably the state already has a more accurate grid).

o 1” – 30 m DEM


NAD83, NAVD88, meters
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The DEM was downloaded from USGS, then the area of interest exported into the Mass
Mainland Projection. The “Working With Elevation Data” tipsheet was helpful here.
Next, the ESRI tutorial “Watershed Delineation from a DEW 09” was used to learn
the process of adjusting Environment settings, checking that the ocean elevation is zero,
setting the flow direction of the DEM, and locating “sinks”. I looked at the Data set
development advice provided by USGS (http://hydrosheds.cr.usgs.gov/datasets.php#3) for
figuring the correct depth at which to fill sinks, ideally filling only sinks that are the result
of errors in the DEM and not actual ponds:
Are sinks representative of real features or DEM errors?
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The lighter brown are real depressions, while the dark spots are errors in the DEM. While
the method described by USGS can quickly highlight errors, to fill them “correctly” would
require (to some extent) a manual process, which my dataset was too large to do in the
time available. I used the lazy method of simply filling all sinks to the top. This is an option
in the “Fill sinks” tool. Finally, the flow direction is set and the watersheds can be
delineated in one of two ways:


Watersheds – delineates a basin based on a point. The point must be a shape file
(draw a point then convert graphics to feature). I was able to use this to delineate
reasonable watersheds based on the estuaries of Ipswich, Essex, and Walter rivers. I
tried to delineate a point as close to the ocean as possible, but found that I had to
successively move the point upstream and retry the watershed tool until it worked.
Unfortunately, for some watersheds I wanted to delineate, this tool did not work at
all.



Basins – divides a DEM into regions that drain to a section of ocean. This is what the
ESRI tutorial shows. I had to do this for the Parker watershed because the
Watershed tool did not work. The resulting Parker watershed was very similar to
the Parker watershed given by MassGIS, so I suspect this is what they do. What this
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means is that I was not able to delineate the Parker, Rowley, and Eagle Hill rivers
individually, the whole Parker region had to be grouped as a whole.

Impervious area
Zonal analysis tools were used to calculate percentage impervious area based on the
1‐meter resolution raster available from MassGIS. Separate tiles had to be downloaded
individually from MassGIS because of the very high resolution of this data set. Other
methods of estimating impervious area are available, but the results vary from this (most
accurate) version of the impervious area (as explored in the final project of Christina
Gerstner, 2007). Because of limitations on data storage for this project, these files were
discarded after the analysis was complete. The image shown below is the 30‐meter
impervious surface raster from the 2001 National Land Cover Database.
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Pollutants Based on Coefficients by Land Use
The Land Use 2005 layer was used to estimate pollutant loads given by the
AQUALAND program. The coefficients given by AQUALAND are as follows:
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Some landuses contained in my study areas were not included in the AQUALAND chart.
Loading coefficients were assigned as follows:
38
20
40
25
39

Very low density residential
Water
Brushland successional
Saltwater Sandy Beach
Junkyard

Assumed the same as:
Assigned coefficients of:
Assumed the same as:
Assumed the same as:
Assumed the same as:

13
0
6
5
19

Low density residential
Open Land
Mining
Waste disposal
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Expected non‐point source pollutant loads (in terms of kilograms of nitrogen,
phosphorus, or total suspended solids per hectare, per year) for Massachusetts land uses
were obtained from the manual of AQUALAND modeling program. These values can be
used to get a picture of where the areas that have highly‐polluting runoff are located. For
example, non‐point nitrogen loads are shown below:

Calculation of bed closure sizes
This was a weak link in the analysis. What I was originally intending was that some
rivers would have closed areas, and some wouldn’t. Since I wasn’t able to delineate the
small watersheds (such as the Rowley River and the Eagle Hill River) I was only able to
examine watersheds that had areas of closure in their estuaries.
My second choice was to estimate the percent of shellfishing area that was closed,
but I wasn’t able to determine what the total estuary for each river was. I kept tripping up
on the fact that as you travel out an estuary, many smaller streams (with their own
watersheds) are always joining in.
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What I ended up looking at was size of the closed shellfish beds, and this is a flawed
metric. Since larger rivers have larger estuaries, it didn’t necessarily mean much that the
Ipswich had the largest closure area. I did end up trimming a couple of the closed‐bed
polygons, so I did get some good experience there. Here are the results of the calculations:
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Results
In a very unfortunate coincidence (in terms of having an interesting analysis), the
watersheds have the exact same ranking in terms of size and level of development (by all
measures). This makes it incredibly difficult to determine if the larger closures are due to
impaired water quality, or just the estuaries being bigger. Had there been some variation
to how the different indicators ranked the watersheds, I could have come up with a
weighting scheme to favor factors that I (or, ideally, an expert) thought were the most
important to shellfish.
Total watershed area had the highest correlation with area of closed shellfish bed.
Interestingly, the flux of pollutants determined using the AQUALAND coefficients were all
better predictors of shellfish bed closure area than impervious cover. This has policy
significance since the Massachusetts Department of Environmental Protection in their
regulations to date has prioritized impervious area, when in fact land uses that may not
have such a high impervious cover (such as Spectator Recreation and Residential –
multifamily) are the highest weighted in terms of nitrogen runoff.
Summary of Watershed Statistics
Area of
Closed
Shellfishing
Beds
Watershed (hectares)

Total
Watershed
%
Area
Impervious (km2)

Flux of
Nitrogen
(1,000
kg/year)

Flux of
Phosphorus
(1,000
kg/year)

Flux of Total
Suspended Solids
(1,000 kg/year)

Ipswich

155

12%

37,600

190

24.9

6,400

Parker

141

8%

19,600

84

9.5

2,500

Essex

41

7%

2,600

10

1.1

260

Walter

2

6%

540

2

0.2

51

Correlation of Area of Closed Shellfishing Beds with Potential Causal Factors
Correlation Coefficient
(r)

0.81

0.92

0.90

0.86

0.87

Significance (P‐value)

0.19

0.08

0.11

0.14

0.13
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Data Sources
Data Layer

Available
from

Scale of source data /
accuracy

Vintage of source
data

Designated shellfish
growing areas

MassGIS

1:5,000

Sep. 2009

Shellfish suitability areas

MassGIS

???

Nov. 2008

Impervious surface

MassGIS

1‐meter pixels

2005

Digital Elevation Model
(30m)

MassGIS

7 to 15 m vertical
accuracy

???

Land Use 2005

MassGIS

1‐acre minimum
mapping unit

2005
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