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The Coalition for Buzzards Bay is a nonprofit, membership The Center for Marine Science and Technology (CMAST)
organization dedicated to the restoration, protection and within the University of Massachusetts-Dartmouth is a new
sustainable use and enjoyment of Buzzards Bay and its state-of-the-art marine laboratory located on Buzzards Bay.
watershed. Formed in 1987, the Coalition works to improve CMAST consists of 14 laboratories supporting over 25

the health of the Bay for all through education, conservation, research and teaching faculty and their technical staff and
research and advocacy. Programs at The Coalition for Buz- students. CMAST laboratories include expertise in coastal
zards Bay include: Baywatchers, a bay-wide water quality — ecosystem level ecology, wetlands ecology, fish population
monitoring program — the largest in Massachusetts — which biology, ornithology, phytoplankton ecology, benthic ecology,
utilizes volunteers to sample coastal water quality from biogeochemistry, marine physiology (toxics), eelgrass
Westport to Woods Hole; a Bay Lands Center supporting theecology, data management, physical oceanography and
conservation of important watershed open space and habitathydrology. In addition, CMAST is an academic center which
environmental education programs for school children and provides undergraduate and graduate research programs.
adults; and a new BayKeeper advocacy initiative to support

the cleanup and protection of Buzzards Bay. The Coastal Systems Program was established within CMAST

to provide research quality information to address the growing
The Coalition for Buzzards Bay is membership supported by ecological degradation of coastal ecosystems. The goal of the
more than 2,000 individuals, families, businesses and organiProgram is to fill the niche between basic and applied research
zations and managed by a 20 member volunteer Board of  to provide high quality scientific support for management of
Directors. Based in New Bedford, a permanent staff of six ascoastal ecosystems (bays, harbors, wetlands and watersheds).
well as intern and part-time staff support the Coalition’s work The Coastal Systems Program is one of five research area

on behalf of a clean and healthy Bay. programs within CMAST, using state-of-the-art instrumenta-
tion and methodologies to address specific coastal problems,
while simultaneously producing new knowledge of the
functioning of coastal systems. CMAST is a focal point for
water quality monitoring throughout S.E. Massachusetts. In
addition to regional studies, Coastal Systems Program
personnel conduct coastal research world-wide with studies in
Antarctica, the Caribbean Basin and the Black Sea.

www.savebuzzardsbay.org

www.cmast.umassd.edu/main.html
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From the Huthors

Those of us fortunate enough to be familiar with the open waters of Buzzards Bay enjoy one of the cleanest, highestayiesity est
on the entire eastern seaboard. Despite centuries of human use, pollution and alterations to its watershed, centralBuateards Ba
quality remains healthy.

An ecosystem-wide change, however, is occurring along the coastline. This change involves inputs of nutrients, panttmearly nit

which is already decreasing water quality and the health of the Bay at its most vulnerable points. At greatest risk & enthre Bay

than 30 harbors, coves, and river mouths which receive the initial nutrient load from the watershed. Unfortunately, these same
embayments and nearshore waters are often particularly sensitive to increased nutrient loading and support the mosigiicairse eco
habitats, productive shellfish beds, and much of the recreational use and aesthetic values of the Bay.

Since 1992, the Buzzards Bay Citizens’ Water Quality Monitoring Program, known as “Baywatchers”, has been monitoring and
evaluating bay water quality and particularly the impacts of nitrogen loading. More than 300 dedicated citizen volunteers have
contributed to the effort, sampling 180 different monitoring stations. Focused on nutrient loading and eutrophicatioad#t®deg

of water quality and loss of habitats from excessive amounts of nutrients entering the Bay’s waters, the Baywatcherstheogram is
primary source of long-term data assessing the health of the bay’s embayments from Westport Rivers to Quissett Harbodon Cape C
As the largest citizens monitoring program in the state, Baywatchers has shown that monitoring is essential for environmental
management to be based on informed, science-based decisions for the restoration and protection of Buzzards Bay.

The results of our now seven-year-old water quality monitoring effort are documented in this Report. While much of theray rema
healthy, our data reveals that over half of all Buzzards Bay harbors and coves are showing signs of eutrophication;relatiécbgen
water quality degradation. All of the twelve major embayments on the western shore are exhibiting some signs of eutragitation

of these actually drop to levels where shellfish, finfish, and other aquatic life are damaged. Poor water clarity, balg) ks s,
suffocating algae growth, stressed marine organisms and even fish kills are all symptoms of this decline.

Eel Pond in Mattapoisett - once considered one of the best oyster spots in all of Buzzards Bay, the Slocums and LitteRigers,
Branch of the Westport, Padanaram & New Bedford Harbors, and the Weweantic and Agawam Rivers are the embayments that we
are losing to nitrogen pollution.

Fortunately, all of these areas are restorable. While eutrophication impacts the entire ecology of an affected aigayitisibts.
The return of eelgrass beds to Clarks Cove in New Bedford and Dartmouth is a prime example of the Bay’s ability to rebound once
there is a reduction in nitrogen loading to acceptable levels. Nevertheless, there are few easy fixes.

As a long-term ecological monitoring effort, our Citizens Monitoring Program documents trends and focuses attention to where
problems exist. We have endeavored also to provide Management Recommendations for each embayment to set a course for th
restoration of areas already suffering from nutrient overloading and the preservation of areas not yet harmed by hussamlaetéviti

is much work to be done, but we believe that the body of data and information assembled here in this Report lays theffmundation
better understanding and management of the Nitrogen Problem - the most serious and challenging threat to the health of our Bay.

R

Brian L. Howes, Ph.D. Tony Williams Mark Rasmussen
Director, Coastal Systems Program Water Quality Monitoring Coordinator ~ Executive Director
Center for Marine Science & Technology The Coalition for Buzzards Bay The Coalition for Buzzards Bay

University of Massachusetts, Dartmouth

New Bedford, Massachusetts December 1999
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Buzzards Bay Background

Buzzards Bay, described by Gabriel Archer in an account pbtential water quality degradation from excessive nutrient load-
Bartholomew Gosnold’s discovery in 1602 as “the stateliestg. The Project worked closely with regional scientists and the
sound | was ever in,” remains one of the few relatively pristin@oalition for Buzzards Bay in the development and continued
bays in the metropolitan corridor from Washington to Bostoimplementation of the Plan. The Plan’s focus on watershed
The bay and its surrounding marshes and uplands have providettient loading helped to form a collaborative effort to assess the
a variety of biotic resources not only to European settlers ovautrient related health of the Bay which became the Water Quality
nearly 400 years but also to the Native Americans who relied dtonitoring Program, “Baywatchers.”

this estuary for thousands of years before them. Today the

uplands are divided between 18 communities and although Bezzards Bay generally runs northeast to southwest, encom-
bay is still exploited for its biotic resources, its aesthetic amhssed primarily by the Massachusetts mainland to the west, Cape
recreational values add to the growing concern to preserve @sd to the eastand northeast, and the Elizabeth Islands (Cuttyhunk,
environmental quality. At the same time, the health of tHdashawena, Pasque, Penikese and Naushon) to the southeast.
Buzzards Bay ecosystem, like that of almost all estuarine syidie bay is approximately 27 miles long and 7 miles wide and is

tems, is clearly con-

trolled not just by pro-

cesses within the bay
waters themselves but
also by inputs from the
surrounding uplands as
well. Therefore, to prop-

erly understand and
manage this system, itis
important to describe in
detail activities and land
use patterns within the
watershed as well as
within the tidal reach of

the bay waters. This
combined watershed-
bay system is referred to
as the “Buzzards Bay
Ecosystem” and is the
necessary frame of ref-
erence for understand-
ing the biotic structure

of the bay and for man-
aging and conserving its
resources.

In 1984, Buzzards Bay

LT o LT
Y. lm

relatively shallow with a
mean depth of 11 meters.
The bay was formed as a
result of the last ice age
andthe retreat of the gla-
ciers (about 16,000-
18,000 years ago), and
the geologic processes
generated lasting differ-
ences in the watersheds
onthe western versusthe
eastern shores. The west-
ern shore is physically
more irregular, creating
more embayments than
onthe eastern shore. This
undulating coast creates
about 202 miles of wa-
terfront, including 11
miles of public beaches.

The watershed area of
Buzzards Bay is divided
among 10 coastal towns
located from Westport
on the west to Gosnold
on the east and 8

became one of four estu-| > noncoastal towns, which
aries making up the either completely
National Estuary Pro- (Carver, Rochester,

gram. In 1985, the Bay was designated an “Estuary of Natiomedushnet) or partially (Fall River, Freetown, Lakeville,
Significance” by Congress and the Buzzards Bay Project wigddleborough, Plymouth) lie within the watershed boundary.
established to develop strategies for protecting the Bay’s natufdle port of New Bedford, located on the southwestern shore, is
resources. A Comprehensive Conservation and Managem#rd major industrial and business center within the Buzzards Bay
Plan (CCMP) for Buzzards Bay was developed by the Buzzandatershed. Well known historically as a hub of the whaling
Bay Project with support from USEPA and the Massachusettslustry in the early 1800’s, New Bedford remains an active
Executive Office of Environmental Affairs which focused orfishing port (coastal and offshore) for the region and represents
three priority issues: closure of shellfish beds, contamination ofie of the largest revenue-producing fishing ports on the east
fish and shellfish by toxic metals and organic compounds, andast of the United States. The concerns over problems facing
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The Coalition for Buzzards Bay

Buzzards Bay fisheries voiced more than 100 years ago haubjected to coastal eutrophication because of their location and
resurfaced. In addition to the historic pollutants (urban runofbhysical characteristics, often having restricted circulation and
heavy metals) and the discovery of polychlorinated biphengimaller volumes which limit dilution of excessive nutrients from
(PCB) pollution in the waters and sediments of New Bedforddnd.
Harbor, degradation of the Bay’s sub-embayments has refocused
attention and resulted in a renewed scientific interest in the bEleven small primary rivers empty into the bay; seven are found
and its environs. on the western shore: Agawam, Wankinco, Weweantic,
Mattapoisett, Acushnet, Paskamanset, and Westport, and four on
The Buzzards Bay drainage basin encompasses 426 sq. ntieseastern shore: Pocasset, Back, Wild Harbor, and Herring
compared with 212 sq. miles of bay surface. Buzzards Bay i®eook. All are tidal to some extent inland from their mouths, and
moderate-sized estuary. Buzzards Bay differs somewhat frahe eastern shore rivers are primarily groundwater fed. The river
other major estuarine systems in that the water surface represdigsharges on different sides of the bay reflect the very different
a large portion, almost one-third, of the total area of the bay plwatershed areas available for generating freshwater flows as well
watershed. This potentially decreases the role of inputs from the the effects of their differing glacial history on surface versus
watershed compared with other large estuarine systems wheregtwmindwater flow. Inputs of freshwater discharges directly into

bay area is gener-
ally lessthan 10%
of the total sys-
tem and is a par-
tial reason for the
high water qual-
ity of the bay. Of
the Bay's water
area87% iswithin
the central Bay
and with only
13% held within
the 28 major
embayments.
However, the em-
bayments, be-
cause of their lo-
cation and physi-
cal structure, rep-
resentsome of the
most productive
marine habitats,

the Bay are rela-
tively small com-
pared to the daily
flushing of sea-
water, and subse-
quent minor dilu-
tion of salinity re-
sults in bay water
salinity concen-
trations approxi-
mating that of
nearby oceanic
waters. The salin-
ity results from
the relatively
small (2:1) water-
shed-versus-bay
area and height-
ens the contrast
between the
embayments,
which have more

butalsothose first estuarine habitat,
subject to coastal and the almost
eutrophication. It Osprey Gil Fernandez marine open Bay.
is the nearshore

region of the Bay Buzzards Bay is

which supports a variety of ecological habitats from saltmarshltmcated at a strategic transition point for habitat distribution of

tidal wetlands, eelgrass beds, barrier beaches rocky shoresmady marine species, being proximate to and exchanging with
tidal rivers. These inlets with their abundance of saltmarsh atidtee very different marine systems, the Atlantic Ocean to the

other habitats are important spawning and nursery habitats $outh, Vineyard Sound to the east, and Cape Cod Bay to the north.
fish, shellfish and other migratory and terrestrial species. Quite its northeastern end, Buzzards Bay is connected to Cape Cod
often, as in Buzzards Bay, they also serve as important redBay by the Cape Cod Canal. The construction of this canalin 1914
ational and aesthetic resources and also support an importatdwed ships navigating along a popular trade route from north-

tourist and fisheries industry. The high level of water quality iarn to mid-Atlantic and southern ports to avoid the treacherous
the Bay and its coves provides a large economic source to the lagaters off of the outer coast of Cape Cod. The joining of Buzzards
communities. It is these embayments which are the areas fiBsty and Cape Cod Bay via the Cape Cod Canal provides the
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potential for mixing of semi-tropical and arcadian species, mattis system. Over the past century, a regional shift in land-use
ing the bay a unique area for study of marine organisms.  from farming (and more recently from new growth forestlands) to
industry, residential and tourist related development has lead to
The mouth of Buzzards Bay opens up to the continental shelf eastincrease in population and its associated increased nutrient
of Rhode Island and Rhode Island Sound, providing accessldading to the Bay waters. Population growth within the Buzzards
some of the world’s most productive offshore fishing ground8ay watershed has increased more than 50% over the past 50
notably George’s Bank. Buzzards Bay itself supports varied figiears. Some towns have grown from small rural communities to
populations, both resident and migratory, with over 200 recordedburban communities for Boston or Providence; others have
species and productive coastal fisheries. In fact, even the naemperienced continued growth in response to the demand for
“Buzzards Bay” indirectly reflects the fisheries resource, as itwasmmer or retirement homes near the water. The land-use shifts
ostensibly named after the osprey or fish-hawk (Pandion hatiave already resulted in local declines in water quality with
aetus). Feeding exclusively on fish, the osprey was known in egplgtential effects on the local economy. Only management from
natural history as the buzzardet (little buzzard) and was commmnvhole system perspective will be effective in protecting this
around the bay (in fact, even noted in Gosnolds voyage). Whethesource that attracts so many. Identifying the resulting effects on
due to the buzzardet or simply the misidentification of osprey 8ay systems and the role of various land-use shifts is difficult.
buzzards, the name Buzzards Bay has supplanted the origidalvever, this challenge is necessary for sustaining Buzzards Bay
“Gosnold’s Hope.” With the recovery of osprey populationgnd for implementing environmental management and future
stimulated by the banning of dichlorodiphenyltrichlo roethaneconomic development in the region. Future success and protec-
(DDT) and the expansion of safe nesting platforms (most notakign of this ecosystem will involve monitoring, identifying physi-
along the Westport River and Martha’s Vineyard), Buzzards Baal and biological processes, providing data and synthesis, and
may again warrant the name. continued publicinvolvement. This needed management requires
quantitative information on the Bay and its resources and is the
While Bartholomew Gosnold would certainly be taken aback Hyasis for the founding of the Baywatchers Program.
the alterations wrought within his “stateliest of sound’s” water-
shed, areas of the bay itself remain much as when he sailed them
almost 400 years ago. However, many activities and the increas-
ing pressures of development are beginning to significantly alter

|o The Coalition for Buzzards Bay



Daywatchers

The Buzzards Bay Water Quality Monitoring Program

The Buzzards Bay Water Quality Monitoring Program wa¥olunteers conduct weekly measurements from May to Septem-
initiated in 1992 to assess and evaluate nitrogen-related waier of the most variable water quality parameters: dissolved
quality and long-term ecological trends in Buzzards Bay. Thexygen, temperature, salinity, water clarity. Measurements are
program is the primary source of long-term data on the healthaafnducted on-site between 6 AM - 9 AM to capture the daily low
the Bay’s 28 major harbors and coves from the Westport Riversygen period. These basic parameters give an immediate
on the western shore to Quissett Harbor (Falmouth) on the east@rapshot of the health of the bay and can sometimes act as an
shore. The program provides needed information to make indicator for the need for additional investigation. In addition to
formed, scientifically based decisions about the restoration atiet weekly sampling of oxygen and related parameters, more
protection of Buzzards Bay. Until the inception of the progranmtensive nutrient sampling is conducted at 2 week intervals
no comprehensive database existed on nutrients and the exteduoing July and August to capture the critical interval for evalu-
eutrophication in the most sensitive areas of the Bay ecosystating nutrient related health of shallow embayments. The nutrient

To achieve the
ambitious goal of
monitoring all of
Buzzards Bay's
major embay-
ments and their
tributaries, which
cover more than
a quarter of the
Massachusetts
coast , the Water
Quality Monitor-
ing Program
neededtoinvolve
citizen volun-
teers. Traditional
technical sam-
pling of hundreds
of water quality
samples Bay-
wide and nearly
simultaneously
(over a few
hours) was sim-
ply not possible
within any rea-
sonable cost. The
result has been a
program which
provides cost-
effective com-

| Town Boundaries

! - -k I

[ Buzzards Bay Watarshed Area

samplings, in ad-
dition to oxygen
related param-
eters, determine
the levels of in-
organic and or-
ganic nitrogen,
chlorophyllaand
particulate or-
ganic carbon.
These samples
are collected at a
minimum from

the inner to the
outer portions of
each embay-
ment. Three
types of water
samples are col-
lected: whole
water for analy-
sis of organic car-
bon and nitrogen
and chlorophyll

on the particu-
lates and water
filtered in the

field for dis-

solved nitrogen
and phosphorus.
The sample
bottles are pre-

prehensive water quality data, which also educates and empowsared by and returned (with samples) to the Coastal Systems
citizens concerned with the present and future health of the Bagboratory at the Center for Marine Science and Technology

Itis this active citizenry which helps to foster sound manageme@MAST). The Laboratory uses oceanographic techniques for

and restoration of the Bay's resources. To date 300 citizdetermining the levels of each of the parameters of interest. Each
volunteer, “Baywatchers”, have contributed their time and ewnf the water quality parameters is further described in the Water
ergy in the monitoring of over 180 sampling stations. Quality Parameters section which follows.



Watershed Nitrogen and
the Future of the Bay

Why do we focus on excessive nutrients, and how does this alterittieg your garden, nutrient overloading in marine ecosystems stimu-
aquatic ecosystem of the Bay? More than half of the United Stak@tes the growth of plants (algae and phytoplankton). Too much
population lives in communities within 50 miles of the coasalgae blocks sunlightto eelgrass, reducing the area of this valuable
Southeastern Massachusetts in particular is among the fastessery habitat and feeding ground. In addition, living and dying
growing regions in the U.S. with an additional 200,000 peop#dgae consume oxygen, leading to anoxic (no oxygen) and hypoxic
forecasted by 2020. As the population increases so do our use@wl oxygen) conditions. This process of water quality decline
expectations for the environment to sustain our economic aci@ates a chain reaction of negative impacts known as eutrophica-
ecological needs. In the Buzzards Bay watershed, this resultsiam. Poor water clarity, bad odors, stressed marine organisms and
increased activity within coastal ecosystems and on the Bay watesgen fish kills are all symptoms of eutrophic conditions.
If we continue to rely on coastal systems to provide us with a strong
economy and a healthy environment, then we must also workEatrophication, is the greatest long-term threat to the Buzzards
protect and restore a healthy Bay. The goal is to sustain fisheBeg/ ecosystem. The difficulty with managing nitrogen loading
and shellfisheries, clean recreational waters, our beaches, foretemns from the widespread distribution of sources within the
open space and wetland habitats. In order to wisely protect &wal’'s 432 square mile watershed. The principal sources of
manage Buzzards Bay, it is hecessary to first understand factuitsogen input to Buzzards Bay include septic systems, waste-
which need to be managed to prevent its degradation. water treatment facilities, stormwater runoff, lawn and agri-
cultural fertiliz-

Although much of ers, and rain. All

the Buzzards Bay
system remains
relatively healthy,
there have been

of these sources
are rooted in
the watershed'’s
growing popula-

major changes in tion which has
land use within more than
the surrounding doubled this cen-
watershed which tury alone to now
are resulting in include more
significant modi- than 375,000
fications to much people.

of the Bay’s mar-
gins. This system-
wide change in-
volves inputs of
nutrients, particu-
larly nitrogen. At

Nitrogen, which

is a limited nutri-

ent in coastal
systems contrib-
utes to the
greatest risk are growth of algae

the Bay's harbors, : 1 & within Buzzards
(r;T?c\)/ueti,S \E/lvnh(ijcle\r/g-r The Coalition for Buzzards Bay \?Viyen Ws\;[;tresé
ceive the initial within the water-
nutrient load from the watershed. Unfortunately, these sarabed enters into the ground or runs off the land and into streams
embayments and nearshore waters are often particularly sensitind rivers it carries nitrogen and other watershed derived con-
to increased nutrient loading and support the most diverse etaminants (natural and man-made) to the Bay. In the past when
logical habitats, productive shellfish beds, and much of ttiee Bay watershed was primarily unaltered forest and wetlands,
recreational use and aesthetic values of the Bay. these natural systems acted as filters to absorb and limit a

relatively small amount of nitrogen from entering the Bay.

Nitrogen is a natural and essential part of all marine ecosystefisday, however, forest and vegetated watershed areas are being
Excess quantities of nitrogen, however, adversely affect watmnverted to residential development, urban areas, and
quality and degrade habitat, ultimately impacting a wide range mbnpervious areas, which contribute to and allow more nitrogen
marine organisms including fish and shellfish. Similar to overfertito move freely to coastal waters. As a result, some of the
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embayments, particularly in the upper reaches, are becomalgo believed to play a role in the increasing number of algae
nutrient overloaded or eutrophic. The resulthas been anincreasledms, red tides and toxic microbes, suchfésteria piscicida
frequency of algae blooms, loss of eelgrass beds and bottdat maybe harmful to people fish and marine mammals along the
dwelling animal communities such as shellfish, worms, arghstern coastofthe country. We recognize that excessive nitrogen
crustaceans that support the food chains of the marine systemput to coastal waters is a form of “pollution” and that it is an

issue which can occur throughout the margins of the Bay. This
Growing nutrient loads to coastal waters throughout the country a@lution, which can result in the loss of whole embayments as
currently threatening many embayments, which are rapidly reagreductive and economically useful marine habitats, is the basis
ing states of nutrient overfertilization. These high nutrient loads d@ our monitoring program.

Cffects of Nutrignts
in the Bay

Healthy Levels of Excess levels of
\/ Nutrients nutrients
PN R e
' / ;7’: \"\;/ =
LR PN :
Algae growth is Algae use IS
limited | nutrients to grow |72ty ol
and reproduce |~y >N
. 0= = S = =
: oS NNV Rz o Sy s AR AL
. Sunlight penetrates S L P T ST
= (° clear water [ il i il i W it S
B I A . = L ot L = AT

Reprinted with the permission of the Chesapeake Bay Foundation. |3



Water Quality Monitoring Parameters

Temperature ductivity, high oxygen, low water clarity in surface waters and
low productivity, shading and low dissolved oxygen levels near

One of the easiest water quality tests that the volunteers perfothe bottom. In addition, since plants and animals generally are

temperature, is also one of the most important. Temperata@apted to a specific range of salinity, salinity data can be used to

controls the level of dissolved oxygen which Bay waters holdelimit the range and habitat of various organisms within an

when in balance with the overlying atmosphere and the rateseofibayment. Salinity is determined using a salinity table based

various biological processes. In warmer water oxygen is leggon measured density (by hydrometer) and temperature (by

soluble and respiration rate of organisms increase, hence oxygestal thermometer).

consumption goes up. This enables one to estimate if changing

oxygen conditions are the result of changes in nutrient conditio34ssolved Oxygen (D.O.)

biological production and consumption, or simply the physical

component of the solubility of dissolved oxygen in water. IDissolved oxygen is the measurement of the amount of oxygen

addition, when surface and bottom measurements are maue]ecules dissolved in a volume of water, generally expressed as

temperature can be used to indicate (with salinity) if the Bayilligrams of oxygen per liter of water (mg/l) or parts per million

waters are well mixed from top to bottom. Annual temperaturégpm). Oxygen is required for survival and growth of fish,

can range from about>Zelsius in winter to over 2% elsius shellfish, and other animals and plants. D.O. is one of the most

during summer. Temperature is measured using a metal themportant parameters for determining the health of a system,

mometer. particularly relative to nutrient loading. D.O. levels in the water
are controlled primarily by the rate of uptake in the respiration of
Water Clarity organisms in the watercolumn and sediments and the input from

photosynthesis and exchange with the overlying atmosphere.
Water clarity, or light penetration, in the embayments is affect&darmer waters increase the respiration rate of animals and the
by the amount of suspended particles, usually particles of plamonsumption of oxygen. Oxygen is used by bacteria to break
ton (phytoplankton and zooplankton) or silt in the water columdown the plants, algae, and animals after they die. This consump-
Eutrophic waters typically have poor light penetration or transion by bacteria usually occurs at the bottom where the dead
parency. Light penetration is important for photosynthesis anthterials are deposited which creates a region of high oxygen
growth of plants both in the water column and on the bottoraptake within the bottom waters of embayments. This high
Reduced water clarity from suspended sediment can occur aftemand for oxygen from bottom waters can result in low oxygen
heavy rains; stirring up of bottom particles by wind, waves, adevels, particularly when waters become stratified (non-vertically
boat traffic; or the rapid growth of plankton from warm temperamnixed).
tures and nutrients. This reduced water clarity can shade bottom
dwelling plants, clog fish gills and shellfish, and hinder prey fisb.O. solubility is the physical ability of water to hold oxygen and
from finding food. Baywatchers measure water transparenisydependent on water temperature and salinity. The amount of
using a simple device known as a Secchi Disk, a black and wHeD. that water will hold at a specific temperature and salinity,
circle lowered into the water. The depth that the disk disappe&rken itis in balance with the overlying atmosphere, is termed “air
to the eye is known as the Secchi Depth, recorded in meters. Inghturation”. Field measurements of dissolved oxygen can be
middle of Buzzards Bay summertime water transparency caompared to the “expected” level of oxygen at “air saturation”
exceed 4 or 5 meters, in the less nutrient enriched embaymentsn@ expressed as the percentage of the expected level or more
or 3 meters and in the eutrophic areas Secchi Depth can be tg=serally, the percentage of air saturation (%Air Sat). Colder
than 1 meter (standing waist deep, you can’t see your toes!).water can hold more oxygen than warm water and lower salinity

water more than ocean water. D.O. in milligrams of oxygen per
Salinity liter of water (mg/L) is measured using Hach Dissolved Oxygen

Kit and percent air saturation (%Air Sat) is calculated from D.O.
Seawater contains high concentrations of dissolved salts. Saliniging parallel measurements of temperature and salinity. Most
is the measurement of the amount of dissolved salts in a volupiants and animals can function normally when the DO levels
of water and is expressed in parts per thousand (ppt). The salimégnain above 5 mg/l. However when D.O. declines to hypoxic
ranges from a fairly constant 35 ppt in offshore ocean water tde@els (between 3 and 5 mg/l), some organisms become stressed
ppt for freshwater from groundwater or stream inputs. Buzzardsdie. These hypoxic levels typically occur between 6 and 9 AM
Bay and its sub-embayments contain a mixture of seawater ghdfore photosynthesis makes up the nighttime oxygen demand),
freshwater from the watershed and rainfall. Salinity varies witdrenerally during summer when waters are warm. Low D.O.
freshwater input and exchange with offshore waters. Stratificaaters are often associated with algae blooms from enriched
tion of the watercolumn (density stratification) can occur, whereutrient conditions generally resulting from watershed inputs.
more dense, higher salinity water forms a wedge under the lighRarcent air saturation is used to correct oxygen levels (mg/L) for
freshwater entering from a watershed. This is very importantébanges due to salinity and temperature and allow determination
environmental health, since stratification can result in high prof biological effects and impacts.
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Chlorophyll a are nutrients that are in short supply in coastal waters and are
rapidly taken up by algae. As a result these inorganic forms are
Chlorophyll a is the primary photosynthetic green plant pigmegenerally in very low concentrations with most of the total
found in algae and most phytoplankton. Measuring the abumitrogen pool found in organic forms. High inorganic nitrogen
dance of chlorophyll a and its immediate breakdown produdgvels in an estuary typically indicates that the sample was
pheophytin a, indicates the amount of living (or senescent) alg@llected near a source (stream, outfall etc.) or that the estuary is
or algae biomass in a body of water. These algae populatidmghly eutrophic. Organic forms of nitrogen are created when
increase and decrease throughout the year with variationsiriorganic nitrogen is rapidly taken up by algae. Filtered water
temperature and light under the influence of the amount samples brought to the Coastal Systems Laboratory at CMAST
nutrients available to support their growth. Chlorophyll a (somese assayed for ammonium and nitrate+nitrite. Organic forms of
times with pheophytin a) is therefore used as an indicator of thigrogen are also assayed by the Monitoring Program. Dissolved
algae population and if a bloom has occurred. High levels ofterganic nitrogen is a mixture of complex organic nitrogen com-
indicate nutrient enriched conditions, and result in reduced wagunds like amino acids, urea, and other substances released by
clarity, greenish coloration and the potential for low dissolveliving organisms and decaying organic matter. Sometimes ultra
oxygen levels. Water samples for chlorophyll a and pheophytirsmall algae and bacteria are measured in this analysis. Since the
are collected in light-tight bottles by Baywatchers and analyzedsay by the CMAST Laboratory is conducted on samples filtered
by the Coastal Systems Laboratory at CMAST. A known volumie the field, if the volunteer does not do a good job filtering a
of the sampled water is passed through a filter to collect teample, both dissolved and total organic nitrogen measurements
particles which contain the chlorophylls, which is then extractedll be overestimated. Eutrophic waters typically have higher
and assayed. Concentrations of chlorophyll a and pheophytidissolved organic nitrogen concentrations than more pristine
are recorded as micrograms of pigment per liter of water (ug/lgreas. Particulate organic nitrogen is inorganic nitrogen which
has been used in the production of algae and phytoplankton and
Nutrients the zooplankton and larger animals which in turn consume them.
The nitrogen may be within both plant and animal tissue, living
Nitrogen and phosphorus are important plant and phytoplanktand dead. Eutrophic systems have more organic particles within
nutrients, with nitrogen generally considered the more limitinthe water. Unfiltered samples collected by the Baywatchers are
and problematic nutrient for coastal waters. Light, temperatureturned to the CMAST Laboratory for filtration and assay of the
and the availability of nutrients control the productivity of Bayparticles. Concentrations of both inorganic and organic forms of
waters, just as they are important for growth in a garden or lawntrogen are expressed as milligrams of nitrogen per liter
Nitrogen is the primary nutrient controlling plant productior(mg N/L).
within the embayments to Buzzards Bay. Some level of nitrogen
input is essential for growth of phytoplankton and plants and thi@tal nitrogen (TN) is merely the sum of all inorganic and organic
fish, shellfish and waterfowl which they support. However, tonitrogen in the water (except for nitrogen gas). Total nitrogen is
much nitrogen creates an overabundance of plant matter cauging of the most widely used indicators of eutrophication used by
reduced water clarity and low oxygen conditions which hasarine ecologists. The idea behind the use of total nitrogen is
negative effects on stable plant and animal communities. For thiste simple, as nitrogen is constantly being converted between
reason, nitrogen inputs and the variety of physical parameterarious forms. Within an estuary inorganic forms can be impor-
which modify the level of ecological impact of nitrogen loads, ar@ant near nitrogen sources or in areas of high organic matter decay,
importantto monitor for each embayment. These physical parawhereas in other areas nitrogen has been converted into living
eters; bathymetry (depth), stratification, temperature (for oxyg@nganisms through the food chain. Total nitrogen accounts for
consumption), flushing rate, and the form of nitrogen involvethese changes and is generally higher in estuaries that are more
(organic/inorganic) help to identify potential impacts to systemutrophic. One drawback with using total nitrogen as an indicator
health. is that, in some bays, macro-algae growing on the bottom of a bay
can also take up nitrogen. To the extent that macroalgae occur,
Nitrogen enters and occurs within embayments in several différacking total nitrogen can underestimate nutrient related health
ent chemical forms; inorganic forms (DIN - Dissolved Inorganiof an embayment. Total nitrogen, like other nitrogen forms is
Nitrogen) as ammonium (N}, nitrate (NO,) and nitrite (NQ),  reported as “mg N/L”. Values of total nitrogen less than 0.35 mg
which can directly stimulate plant growth, and organic forms dt/L are characteristic of non-nutrient enrichment, while eutrophic
as dissolved (DON - Dissolved Organic Nitrogen) or particulateeas have concentrations above 0.60-0.70 mg N/L.
(PON - Particulate Organic Nitrogen) material from living and
dead organisms. Organic forms of nitrogen can rapidly be
changed into inorganic forms through biological processes which
occur during respiration or decay. Knowing the amount and form
of nitrogen at any location helps to identify its source, potential
impact to an embayment and where management decisions are
needed. Most of the nitrogen entering Buzzards Bay and its
embayments is as inorganic nitrogen (DIN), primarily from
fertilizers, septic systems, and acid rain. These forms of nitrogen
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Other Monitoring: Bacteria & Toxics

The Buzzards BagZomprehensiv€onservation and anage-
mentPlan identified three pollution problems as priority issue
for monitoring;

¢ Health risks and closure of shellfish beds due to pathog
and fecal coliform contamination associated with the i
proper treatment or disposal of human wastes and ot
coliform and pathogen sources.

e Contamination of fish, lobster, and shellfish by toxic suk
stances and the effects of this contamination on hum
health and the environment.

e Excessive nutrient inputs into the bay and their potential f

causing water quality degradation and loss of habitat. = e
Closing of shellfish beds The Coalition for Buzzards Bay

- o th hout the B It
The Coalition for Buzzards Bay monitoring program was der(;%uga?huogeﬁ Cc?zt;(;f,l;aion

signed to fill the void of information on nutrient enrichmenty .
primarily from human sources entering into Buzzards Bay. It do
not provide information regarding either pathogen/bacteria &
toxic related contamination. 3

(DMF), Massachusetts Department of Environmental Protecti
(DEP), Environmental Protection Agency (EPA), Food and Dru
Administration (FDA), and a few other localized research arf
management projects. While some of the sources of pathog
contamlnatlon are the same as those contrlbutlng to nutrig

vary, often conS|derany Pathogen contamination remainsg:#
critical concern in Buzzards Bay where more than 8,000 acres
shellfish beds remain closed to harvest on either a permaneng
conditional/seasonal basis.

Toxic Contamination Monitoring of toxic compounds inf.g
contaminated sources, sediments, and tissues of lobsters, sl
fish and fishes provide information on the fate of marine syster#
and potential public health effects. This information on petrd
leum residues, PAH’s, PCB’s, effluent waters, and othg
discharges to the Bay is monitored by a variety of local State a
Federal agencies; Municipal officials, Department of Water Pg
lution Control (DWPC), DMF, EPA, National Oceanographic

contractors.

Contaminated by past dlscharges City of New Bedford
of toxic PCB’s, New Bedford Harbor
is currently undergoing cleanup.
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The Buzzards Bay Health Indegx

Indices have been developed as g These pigments are found within
approach to simplifying complex . phytoplankton and other plants
and diverse data sets to focus on ke Good to Excellent (65 -1 00) within the Bay and are not typically

issues. In the Buzzards Bay ) entering the Bay from the surround-
Citizen’s Monitoring Program, the Fair (35 - 65) ing watershed. This allows an esti-
key issue is the level of eutrophica mate of the response of the algae
tion or nutrient related health of an . Poor/Eutrophic Conditions (< 35) | within the Bay to the inorganic ni-

embayment. The Program’s pri- trogen entering from the watershed.
mary parameters, oxygen, light pen- Dissolved oxygen is an important

etration (Secchi Depth), chlorophyll a pigments, and nitrogendicator of the tolerance level of an embayment to the level of
(inorganic and organic), allow for the production of a singlaitrogen it is receiving and phytoplankton (chlorophyll) it is
“health index”. While the index is only an approximate gauge girowing. Dissolved oxygen concentration represents the balance
the health of an embayment, in application to specific embayetween inputs from photosynthesis and from the overlying
ments it does appear to agree with other health indicators, suchtmsosphere and outputs due to respiration of animal and plant
eelgrass distribution or organic rich sediments. The index prmemmunities and decaying organic matter. When Bay waters
vides a simple mechanism for the intercomparison of sites wittshow low oxygen levels, it clearly indicates a disruption of the
and between embayments and allows for a “bay at a glandsllance due to an overabundance of respiration and decay relative
picture of conditions throughout Buzzards Bay (see Watty the amount of oxygen input that the system receives. In
Quality Poster 1992-1998). An explanation of each key wataddition, low oxygen levels are themselves directly stressful to
quality parameter and the method for determining the Buzzarasimal and plant communities. In order to account for changes in
Bay Health Index is detailed below. measured oxygen levels resulting from changes in water tempera-
ture and salinity (which control the level of oxygen in water in
The health index is based upon independent water quality pardratance with the atmosphere, with no other inputs or outputs),
eters which are directly related to the level of nutrient relatexkygen concentrations (mg/L) are converted to percent of air
health or level of nitrogen fertilization
(eutrophication) of an embayment. Th
index includes the plant nutrient, nitro
gen, as its availability generally limits
plant production within the Bay. Total
nitrogen is divided into inorganic and
organic forms for the calculations. Inor
ganic nitrogen is the predominant for
of nitrogen (nitrate, nitrite and ammo
nium) which enters the Bay from th
watershed and stimulates the growth
phytoplankton and other plants. Inth
upper regions of embayments or i
highly eutrophic embayments, inorgani
nitrogen levels can be high. When th
inorganic nitrogen is incorporated b
plants it is transformed into organic ni
trogen which is found within Bay wa-
ters in particulate (within cells or plant
and animal matter) and dissolved (lo
from plants and animals by excretion,
leaching, or during decay) forms. As nitrogen loading to ssaturation. Percent saturation (%Sat) values less than 100%
embayment increases, so does the quantity of organic nitrogedicate that the waters have more oxygen consumption than
found within the embayment’s waters. Under eutrophic condiupply and greater than 100% indicate excess supply, usually due
tions high levels of inorganic nitrogen can typically be fountb high levels of phytoplankton photosynthesis. However, since
within the headwaters of inlets with high levels of organid is the degree of low oxygen conditions that control ecosystem
nitrogen throughout most of the system. Since organic nitrogkealth and since these may occur only periodically, use of the
can also enter embayment waters from runoff or resuspensiomeérage of all oxygen measurements would tend to obscure the
bottom sediments or in dissolved forms from the watershed, Vewel of stress. For this reason, only the lowest 20% of the summer
use the plant pigments chlorophyll a and pheophytin a as a gaogggen measurements are used within the index. This is a shift
of the organic matter produced within the embayment watefsom 33% used previously (Baywatchers Report 1996). How-
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ever, this appears to in-
crease the sensitivity and
accuracy of the index.
In some embayments
dissolved oxygen was
measured in the surface
water, rather than just
above the sediment sur-
face. In these systems
the oxygen scores would
represent “best case”f&
conditions. However in
the shallow estuaries
monitored, we have @
found that surface andf
bottom waters generally
do not show significant -
differences in dissolved ¥
oxygen level; when oxy-
gen levels decline, they
decline throughout the
watercolumn. Thefinal s
index parameter, light 3 : o
penetration, relates to volunteer monitoring sampling kit N. Garfield, 1999

the ability of waters to

support bottom plants

(eelgrass and macroalgae) but is primarily another measureToe Health Index Score is the sum of the five individual health
embayment response. Light penetration within the embayment®res for a given site. The Health Index is given with the
to Buzzards Bay is primarily controlled by the amount of phyindividual parameters for each embayment site within the text and
toplankton within the water, although localized input of otheis summarized, Bay-wide, in the Water Quality Poster 1992-98.
types of particles or high levels of humic acids can also affect tAike Index should be used as a screening tool, but the individual
parameter. Typically, the higher the level of eutrophication, thErameters need to be referred to in order to diagnose the under-
less light penetrates into the watercolumn. The measure of ligying causes of low scores.

penetration is based upon Secchi depth.

To generate the Health Index Score from the five base parameters,
the summer averages were calculated. The average value for each
parameter was then given a “health score” ranging from 0-108.5

where 100 is excellent and O is eutrophic (unhealthy).
excellent conditions parallel environmental conditions of heal,
eelgrass beds, diverse and productive animal and plant co
nities, clear waters, high oxygen levels; in contrast the eutro
conditions are where eelgrass beds have been lost, bottom a
and plant communities are depauperate, there is periodic
dissolved oxygen and occasionally even fish kills. Scores
tween 100-0 indicate conditions of intermediate environme
health. These values are based upon observations in Buz
Bay and other regional embayments. Other regions may ha
adjust the index to meet site specific conditions. The upper
lower levels of each parameter and the resulting index score
shown in the previous table. The value for each param
contributing to an embayment’s health score, is calculated ut
a non-linear (natural logarithim) relationship of the measu
parameter to the “working” range for that parameter.
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Rain Mffecting Water Quality

Over the seven years of monitoring, year-to-year variability inday cycles throughoutthe summer and Baywatchers monitoring
nutrient related water quality was observed in many of the a random sampling of summer weather conditions (with the
embayments. While some of the shifts could be explained byxception that Monitors do not sample during a gale).
changes in nitrogen inputs from the surrounding watershed, either
due to increased development or implementation of remediatittris possible to gauge the general importance of rainfall to the
efforts, some variations did not appear to be related to watersimegnitoring results by comparing 1992 and 1996 the two highest
activities. In addition, some of the interannual variation did ne&infall years sampled with 1993, a regional drought year. Com-
represent a steady shift or trend. This variability is generalparing overall nutrient water quality, no clear relationship with
explainable based upon differences in tidal conditions (springsasonal precipitation is seen. However within the smaller sub-
neap) or wind driven variations in flushing or vertical mixing oEmbayments receiving significant freshwater inflows, nitrogen
the watercolumn. Sampling for nutrients is always at mid-el@nd chlorophyll a levels show a slight tendency toward lower
tide. However, larger scale factors like rainfall may also playa@ncentrations during the high rainfall years. The lack of a “clear
role. rainfall effect” results from the water quality values representing
random samplings of weather conditions and for the Bay Health
Patterns of rainfall are not always consistent around the baydex, the offsetting effects of higher Index values due to lower
Stations near the “mouth” of the Bay tend to have higher rainfalitrogen, but lower Index values due to lower dissolved oxygen.
than those in the upper reaches. For example a big rainfall in 139hore complete rainfall analysis indicates that within individual
dropped eight inches of rain in Westport but only 5 inches in tleenbayments, effects on individual water quality parameters can
town of Wareham. Consequently it is important to monitdoe observed following specific rainfall events. However, interms
rainfall in several parts of Buzzards Bay to help interpret locaf determining long-term trends in the health of the Bay, high or
conditions. For this reason also, citizens record on their datav rainfall years do not appear to be biasing the data.
sheets how many days it has been since a rain.

January - December Rain June - September Rain

E & =
B 0=

B
]

Precptatian {in}
B

Precpatatian {ir)

-

Rainfall data is collected at many locations around Buzzards Ba#wailable rain fall data was provided by Dick Payne (Falmouth),
We assembled data from 6 sampling locations distributed arourddnry Forcier (Otis), Wareham Cranberry Station, Buzzards Bay
the margin of the Bay, along the eastern shore from Falmouth @mject (Wareham), Ben Schnieder (Mattapoisett), Manuel F.
Otis AFB, at the head of the Bay from Wareham and along tl@amacho Jr. (New Bedford) and Dale Thomas (Westport).
western shore from Mattapoisett, New Bedford and Westport.

Rainfall can affect water quality in a variety of ways including: (1)Vhile we could not present all the data collected in this program,
increasing inputs of nitrogen through surface water inflows, (&n the following pages we show the most salient information
increasing the probability of watercolumn stratification (uneharacterizing nutrient related water quality. We hope that these
mixed watercolumn) and therefore low dissolved oxygen, (8hdings help the public and state and local officials understand
causing low dissolved oxygen if associated with several dayslo€al water quality conditions and how their embayment com-
low light and (4) increasing flushing of small upper portions gbares to others in Buzzards Bay.

estuaries. Fortunately, weather patterns within the Bay shift on 5-
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The watershed boundaries and land-use characteristics of Buzzards Bay embayments west of the Cape Cod Canal usedérétisasepmn the 1994
Buzzards Bay Project Reports. Land-use for watersheds to the embayments east of the Canal were based on Cape Cod @35 waitsisinet!
delineations and MassGIS data. A few of the Cape Cod watersheds differ slightly from the 1996 Baywatchers Report aidates (R80ity Poster
due to the recent inclusion of the more up-to-date Commission information.
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Quissett tlarbor

falmouth

The Harbor supports healthy
eelgrass beds, particularly in
the outer portion. Associated
with these beds is a scallop
area at the mouth of the Har-
bor. The Town of Falmouth
Shellfish Office considers the
Harbor to be “113 acres of
very good oyster habitat” also
supporting quahogs
(Mercenarig and soft-shell
clams Mya). The habitat cur-
rently supports both recre-
ational and commercial shell-
fishing. While the southern
half of Quissett Harbor is clas-
sified as Approved for shell-
fishing, the more heavily used
inner Harbor is conditionally
closed to shellfishing on a sea-
sonal basis due to the marina

policy.

Water Quality

The high quality of Buzzards

Bay source waters and the
small watershed with primarily residential development contrib-
ute to the high water and habitat quality within Quissett Harbor.

I Once called Quamquisset Harbor, Quissett Harbor is one of thhis is further assisted by the relatively open Harbor structure
deeper and better flushed embayments in Buzzards Bay. Tieich facilitates good tidal exchange with offshore waters. In
Harbor is semi-enclosed and has both an inner and outer baaiidition, the lack of a significant surface water input (river),

| Tidal exchange with waters entering from Buzzards Bay is thougielps to prevent pulse inputs of freshwater and nutrients which

| acentral channel. Throughout the 7 years of monitoring Quissetin enhance algal blooms and decrease water column mixing

| Harbor has ranked among the highest water quality embayme(sslinity stratification).

| within Buzzards Bay. The Harbor watershed falls almost entirely

| within the Buzzards Bay glacial moraine deposits. As aresultthe
watershed soils consist of boulders with intermixed sands ang

: Embayment and Watershed Characteristics

gravel. The boulders are clearly seen in the eroded shore of:
Knob at the mouth of the Harbor.

. Good to Excellent (65 - 100)
[ ] rair35-69)
. Poor/Eutrophic Conditions (< 35)

BAY HEALTH INDEX

With one of the smallest watersheds of all those sampled, Quiss

Harbor’s surrounding drainage basin consists mostly of residg 100

I

I

I

I

I

| tial land and the Woods Hole Golf Club (12% of the watershé
| 1and area). Thisdrainage basin is also among the least forestec
| has a modest capacity for additional residential development.
| present, the watershed has less than 150 housing units and
| year-round occupancy. After residential on-site septic syste
| nitrogen leaching from golf course fertilizer applications is t
| second largest source of loading to the Harbor.
I

I

I

I

I

The Harbor is used heavily by recreational boaters with appro
mately 240 boat moorings. The Quissett Harbor Boatyard, |
cated within the inner Harbor has a boat pump-out available
round.

80
60|
40
20|
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Quissett Harbor - Innar
Taokal ‘Wyaber Codumn Mitrogen
The good circulation and low terrestrial loading to the Harbor can
be seen in the very small enhancement of nitrogen and chloro-
phyll a levels from the inner versus outer basin in each year of
! study. Over the long-term, average total nitrogen and chlorophyll
a pigment concentrations were 30% and 32% higher in the inner
Harbor compared to the outer station. The high nitrogen levels in
the inner Harbor in 1994 were primarily the result of elevated
. dissolved organic nitrogen concentrations, the cause of which is
. . . . unclear. Dissolved organic nitrogen is less involved with nutrient
problems than other nitrogen forms, because in marine waters
i ',':T g e E E g much of this material is not biologically active. Exclusive of the
1994 inner Harbor data, total nitrogen averaged only 18% higher
inthe inner versus outer basin with average concentrations of 0.33
Guinselt Harbar - Dutar and _0.28 mg/L, respectively. However, even with 'Fhese increases
Tkl Wahar Cdumn MiIrogen the inner Harbor concentrations are still low, since the outer
. Harbor waters reflect the source waters of Buzzards Bay.
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Oxygen concentrations within the Harbor were typically repre-
! sentative of high water quality. However, on a single date in 1995
and 1996 in the outer Harbor and 2 dates in 1995 in the inner
Harbor showed significant oxygen depletions. While the outer
Harbor oxygen depletion is rare and departs from the general
baseline, the inner Harbor showed oxygen declines below 70% air
equilibration in 6 of the 7 years. While this observation is cause
for concern and the focus of additional monitoring, it should be
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noted that the inner sampling station is sited to gauge the Harbor’s
“worst case” conditions.

The Health Index for the Harbor reflects the generally high water
quality of the entire system. The low scores in the inner Harbor
in 1994 and 1995 result from the oxygen depletion in those years
and the high dissolved organic nitrogen in 1994. While these
results suggest that the inner Harbor has the “potential” for
nutrientimpacted water quality, these conditions are atypical and
localized. The persistence of eelgrass beds and a healthy shell-
fishery (including bay scallops) supports the evaluation of Quissett
Harbor as a high water and habitat quality embayment. Quissett
Harbor (particularly the outer portion) should serve as a good
long-term “benchmark” system from which to monitor changesin
other systems.

Management Needs

Water quality is generally excellent in Quissett Harbor and future
growth projections for the watershed do not appear to threaten
that status, as is the case with so many other embayments.
Nitrogen sources to the Harbor are predominantly associated with
residential development, however, leaching of fertilizers from the
golf course represent the largest single parcel input. Opportuni-
ties to reduce fertilizer leaching may represent a simple cost-
effective approach for offsetting nitrogen from future develop-
ment, if an unanticipated decline in water quality is observed. _ 5

P e

In light of the Harbor's present health, nitrogen management . o
action is not currently anticipated for this watershed. However, ~ Sampling poles J.Mulvey 1998
determination of the cause of the infrequent occurrence of

oxygen declines in the inner Harbor region is necessary for proper

management of this system.
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West Falmouth tlarbor

falmouth

Harbor is somewhat geologically com-
plex, being composed primarily of
Falmouth Glacial Moraine. This com-
plexity increases the difficulties of mod-
eling the trajectories of two major ground-
water plumes within the watershed, the
plume from the WWTF and from the
former septage lagoons at the Falmouth
Landfill.

The Harbor is moderate in size, 197 acres,
and composed of an outer region between
the jetties and the Snug Harbor Point, the
inner Harbor consisting of the Snug Har-
bor and Chappaquoit basins and 3 tribu-
tary systems, Mashapaquit Creek Marsh,
Harbor Head and Oyster Pond. Each of
these systems has its own sensitivity to
nitrogen loading. Oyster Pond, a kettle
pond now tidally connected to the Bay, is
the deepest part of the West Falmouth
Harbor marine system, more than 24 feet
in depth. This 7 acre salt pond has a small
channel for tidal flow and typically main-
tains a salinity throughout the watercolumn
above 25 ppt. However, because of its
depth, Oyster Pond periodically stratifies
and oxygen depletion of bottom waters
results. Harbor Head is a shallow basin
between Oyster Pond and the primary
basins of the Harbor and therefore re-
ceives nutrients from its surrounding wa-
tershed as well as nutrients from the Oyster Pond watershed
which leave the Pond during ebb tidal flows. Similarly,
Chappaquoit Basin receives ebb tidal waters from both Harbor

|
|
|
|
| West Falmouth Harbor, a coastal embayment opening into thi¢ad and Oyster Pond. Snug Harbor, 37 acres, averages 1.2 m
| easternwaters of Buzzards Bay, is one of the Town of Falmoutil§Pth (at mid-tide) and is the most heavily nutrient loaded basin
| significant marine resources. At a time when many other coast4ithin the System. Snug Harbor and its upper portion,
| ponds and bays in the Town have been degraded, water qualitMashapaquit Creek (14 acres) form a sub-estuary to the Harbor
| West Falmouth Harbor has until recently remained fairly high, a&hich began receiving nitrogen when the groundwater effluent
| pockets of eelgrass and healthy animal populations demonstrdtbime from the Falmouth WWTF reached its shores in ca. 1994.
| However, West Falmouth Harbor is a system currently undergo- o ) .

ing changes due to nutrient overloading primarily from recenthe Harbor is important for recreational boating and supports
: entry of nutrients discharged from the Town’s Wastewater Trea$26 moorings. The Inner Harbor has both a Town Dock and
|
|
|
|
|
|
|
|
|
|

oAM,
A

)
o

Embayment and Watershed Characteristics

ment Facility (WTTF). public boat ramp. The Town Dock consists of a pier with floats.
Boat fueling activities at the Town Dock have been discontinued.

West Falmouth Harbor, historically called Chappagquoit Harbof, Ump-out facilities for boat waste were not available over the
is an enclosed tidal system comprised of multiple basins withRgriod of study.

mean depth at MLW of 0.6 meters. The Harbor was originally an ) ] )
open basin with an island, what is now Chappaquoit PoinfVestFalmouthHarborremains animportant habitat for quahogs,

marking the outer boundary with Buzzards Bay. Deposition ofg0ft-shell clams, and oysters and to some extent scallops. In 1993
sand spit enclosed the present Harbor as well as the Gré Harbor supplied over 8% of Falmouth’s commercial and
Sippewissett and Little Sippewissett Marshes to the South. DJfcreational catch of clams, quahogs, and scallops, some 1200
ing this century, jetties were placed at the Harbor inlet, furthdshels valued at about $90,000 (Town of Falmouth, 1993). In
enclosing the outer basin. The upper watershed to West Faimo@glition, the inner Harbor supports an “up-weller” for shellfish
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propagation, maintained by the Town Shellfish Department. Thppears that some loss has occurred from the inner areas. The
Department in 1997 used the Harbor for transfer of 1158 bushptesence of eelgrass is important to the use of West Falmouth
of quahogs and 100,000 of seed, while MA Division of Marinélarbor as bay scallop habitat. It is clear from the seed/harvest
Fisheries planted seed bay scallops in 1995 (1.5 million) follow@dograms in 1995 and 1997 that scallop production within this
by 75,000 seed by the Town in 1997. The Harbor supports divessstem is still possible, although potentially declining.
areas for shellfish harvest which are Conditional/Prohibited. In
November of 1998, the Harbor was reclassified as “Seasonaflfest Falmouth Harbor is notable for its diversity of nitrogen
Approved”, this allows shellfish harvest from November 1 througbources. The Harbor’s watershed comprises a variety of nutrient
April 30 only. However, the region of Snug Harbor andources, amongthemthe Town’'s Waste Water Treatment Facility,
Mashapaquit Creek is Prohibited (permanently closed). Bacterital landfill, old septage lagoons, composting installations, runoff
contamination to the Harbor appears to be primarily via tidédlom roads and lawns, as well as effluent from a growing number
outflows from the Mashapaquit Creek Marsh which may be iof residential septic systems and from the Town’s industrial park.
part “natural” contamination from wildlife. However, directThe Treatment Facility was designed to reduce its nitrogen load
discharge of road runoff, particularly in the Snug Harbor regidio the Harbor through spray irrigation of vegetation, whereby
to the extent that it is occurring should be mitigated. nutrients would be denitrified or taken up by growing plants.
However, this system has been only partially effective. The
The Harbor supports both salt marsh and eelgrass communiti@g:ogen-rich plume created by this source has entered the ground-
Ofthe 38 acres of salt marsh the largest areas are found surrowvatter in the northeast section of the watershed and is currently
ing Mashapaquit Creek and Oyster Pond. Narrow fringing mardischarging to the Snug Harbor/Mashapaquit Creek sub-estuary.
is found bordering much of the inner Harbor. Eelgrass beds are
highly sensitive to nutrient overloading. Eelgrass beds withMitrogen loading estimates from the watershed to the Harbor have
West Falmouth Harbor in the mid-1980’s were found to cover daeen conducted by CMAST scientists, Cape Cod Commission,
28 acres. While a current assessment is not yet availableBitzzards Bay Project and most recently as part of wastewater
facilities planning for West Falmouth Harbor. While the absolute
values vary slightly, it appears that the WWTF presently contrib-
utes about 70% of the watershed nitrogen input to the Harbor.
The remainder is from residential housing and light commercial
B coodtoxcetent (55 100) areas (Falmouth Technology Park) and associated sources (roads,
BAY HEALTH INDEX (] Far(35-65) driveways, etc.), and the nitrogen enriched groundwater plume
B poorEutrophic Conditons (< 35) originating from the Falmouth Landfill and its now closed
septage disposal lagoons. The WWTF has been increasing its
mass of nitrogen discharged in its treated effluent since its start-
up in October 1986. From 1991-92 to 1997-98 alone, effluent
discharge from the WWTF has increased more than 50%. The
increasing mass of N discharged results from increasing use of
the Facility for septage, additional hook-ups within sewered
92 93 94 95 96 97 98 areas and increased occupancy. This increasing rate of loading
from the WWTF is much higher than from increasing develop-
ment within the West Falmouth Harbor watershed. While all
sources of nitrogen contribute to over-fertilization of the Harbor,
the WWTF clearly presents the largest source and is increasing at
the highest rate. The current facility’s planning represents an
opportunity to address this nitrogen source and other wastewater
sources within the Harbor watershed.

0
92 93 94 95 96 97 98

" Water Quality

80

:: West Falmouth Harbor has been monitored by the Baywatchers

20 and Falmouth Pond Watchers since 1992. After 1993, nutrient
sampling has been by Pond Watchers and the Health Index is
based upon nitrogen, oxygen and clarity parameters only. Thisis

supported by analysis of the 1992-93 data which yielded an Index
100 score of 66 compared to the four parameter score of 65. In 1999,

:: chlorophyll a was added to the Pond Watchers Program.

40
20 Oxygen depletion of bottom waters is observed at all Harbor

TR TETET stations during summer. Oxygen depletion to 80% of air satura-
tion is common throughout the inner regions (WF1, WF2, WF4)

092 93 94 95 96 97 98
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and relatively infrequent in the outer Harbor. At present, withiNitrogen levels are consistently higher within the inner Harbor
the inner regions periodic oxygen depletion to 60% saturationtigan the outer Harbor waters throughout the monitoring period.
relatively common. However, only in Snug Harbor do oxygefhis is common to most embayments as the watershed inputs are
levels routinely reach ecologically stressful levels. There appedypically highest in the inner regions and this is where flushing is
to be a trend in the oxygen data of greater depletion in recémiest. However, there appears to be a trend in the nitrogen
versus previous years in Snug Harbor and “outer Snug Harbadncentrations similar to that observed for oxygen and which
(mid-region at Town Dock). The other stations although variableppears to coincide with entry of the WWTF plume. The Snug
do not show the same trend. Oxygen depletion to below 80%tddirbor total nitrogen concentrations from 1995-1998 average
air saturation occurred in Snug Harbor only about 15% of the tirR8% higher than in the years 1992-93 (plume entry was 1994-95).
in the 1992-94 sampling compared to more than 60% in the 1998 ¢contrast, both the mid and outer Harbor regions showed slightly
98 sampling period with the mid-Harbor (WF1) showing a simildower levels (ca. 5%) in the later versus earlier years. Therefore,
but smaller trend, 20% versus 32% respectively. The Falmolttappears that the trend in nitrogen is related to events in Snug
WWTF nitrogen plume began discharging to the Mashapaqtitirbor rather than being a reflection of influences from the
Creek/Snug Harbor sub-system in the mid 1990’s (1994-95).greater system.
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In addition to a decline in water quality related parameters;i
Health Index suggests that changes may be resulting in a gra
decline in overall system quality. However, since this is only
screening technique, additional field measurements are requ
to confirm the level of decline in habitat quality associated wi
the observed increases in nitrogen and depletion in bottom w;
oxygen levels. While outer West Falmouth Harbor and Hark
Head are showing generally high water quality, above the med
for the embayments to Buzzards Bay, Snug Harbor is show
only moderate to fair quality.

Management Needs

West Falmouth Harbor is showing the initial stages of nutrie

overloading. While residential and commercial development

within the watershed provide significant inputs of nitrogen to'tl
Harbor, the Falmouth Wastewater Treatment Facility accou
for more than two thirds of the nitrogen loading. The Facili
opened in October of 1986, while providing good treatment
organic matter, currently only removes nitrogen as sludge
when discharge is by the spray irrigation sites (as opposed to
rapid infiltration beds). Effluent discharging from the Facilit
averages about 20 mg N/L. A study of the facility upgrade
currently underway by the Town of Falmouth and its consultan

In a previous study in the early 1990’s gauging the impacts of
present WWTF on West Falmouth Harbor (by B. Howes now
CMAST and J. Ramsey now at Applied Coastal Res. & Eng. In
the authors concluded that small declines in the quality of |

Harbor sub-systems, primarily Snug Harbor would take place

Habitat decline would result primarily from nitrogen inputs fror
the WWTF, continuing development within the watershed, a
entry of the Landfill plume. Nitrogen management particular
for the inner Harbor was recommended as development con
ued. However, the authors stated that major water qua
declines were not expected to result as long as there were no.n
additional sources of nitrogen added to the Harbor. The conti
ally increasing nitrogen loading to the watershed from the WW'
is just such an increased load (as is the increase in potel
Landfill inputs based upon new data).

The average annual discharge of nitrogen to the spray irrigal
and rapid sand infiltration beds in 1997-98 is more than 5(
higher than in 1991-92. Since the WWTF represents moreltl

two-thirds of the total watershed nitrogen loading, this transla™ -

into an increase in total nitrogen loading of more than one-th
over six years. In addition, since the travel time for nitrogen frc
the WWTF through groundwater transport to the Harbor is abt
6 years (effluent nitrogen entering the Harbor in 1998 w
discharged in 1992), the Harbor will experience more than a3
increase in total nitrogen load from present (1998) to 2004. ‘T
increase will occur even if the WWTF discharged ceased in 19
Since Snug Harbor is currently showing the initial signs |
nutrient overloading, this large input is cause for serious conce

West Falmouth Harbor is currently in need of nitrogen manag
ment to protect its resources. Nitrogen management for t
system will have to focus primarily upon reducing nitrogen inpu

from wastewater due to discharge from the WWTF and frc...
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present (and future) residential housing within the watershead.groundwater. Since these wetlands mainly receive nitrogen
The increase in nitrogen loading from the existing groundwatéom the northern spray irrigation and rapid infiltration beds,
plume will take place with likely negative effects on inner Harbanaximizing use of these beds (based upon hydraulic capacity)
systems. However, nitrogen reduction should be a priority for tsbould maximize the “natural” attenuation capabilities of the
WWTF upgrade which will be performed over the next few yearsystem. While there is are currently patches of macro-algae along
In addition, sewering the portions of the watershed which contribtashapaquit Creek and organic sediments within the Creek
ute to the inner Harbor region can offset future growth artmbttom, these do not appear to be beyond the norm for New
partially offset the load from the upgraded Facility. England salt marshes. Salt marshes are naturally highly nutrient
and organically rich environments, and as a result they support
A part of the currentincrease in nitrogen loading is due to septafish and shellfish production both within their systems and in
Septage is only accepted from sites within the Town of Falmoutidjacent receiving waters. Long-term nutrient additions to salt
but almost all is from outside of the watershed to the Harbanarshes have not shown negative effects even after 30 years.
Unlike the sewage entering through pipes, septage is hauled in
trucks which have the option to discharge to other septage additional management action is related to the bacterial
treatment facilities in the region, at only a minor increase epntamination of inner Harbor waters. An evaluation of direct
possibly a decrease in cost to the homeowner. Analysis of tleadway discharges needs to be undertaken and if appropriate
septage volume treated by the WWTF shows a continuing iproperly managed to prevent further contamination. The Harbor
would be best served if
an engineered wetland
systemwere employed as
these approaches gener-
ally provide better remov-
als of nutrients and patho-
gens, ratherthan rapid in-
filtration systems which
focus primarily on patho-
gens.

While West Falmouth
Harbor has a high toler-
ance for nutrient loading,
it is essential that the
Town manage nitrogen
loading to keep within ac-
ceptable limits. The Har-
bor still maintains active
shellfish and eelgrass re-
sources and a modest
scallop harvest. Even if
interim nitrogen manage-
ment actions are imple-
crease, with averages of 21,200 gal/d, 22,900 gal/d, 26,100 gatidnted immediately, the Harbor will see higher nitrogen loads for
and 27,900 gal/d for 1995, 1996, 1997, 1998, respectively, othee next 6-8 years. These years will be critical in determining the
31% increase over the past four years. While this represents dolyg-term health of this system’s environmental resources.
about 6% of the total WWTF volume, the nitrogen concentration

in septage is generally many fold higher than for sewage. Even

conservative estimates by the Town suggest that septage nitrogen

may contribute more than 10% of the total WWTF nitrogen

discharge. These data strongly support the contention that an

immediate action to lower nitrogen loading to the Harbor is to

cease accepting septage until a new nitrogen removing Facility is

on-line.

T.Williams 1998

An additional short-term action may also help to reduce future
nitrogen inputs to the Harbor. The salt marshes of Mashapaquit
Creek at the head of Snug Harbor have been the subject of study
by CMAST scientists since 1996. These marshes have been
found to denitrify one-quarter to one-third of the nitrate entering
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Wild tlarbor, Rands tarbor,
Flddlzrs Covg Falmouth

; ==7.] Residential and commercial land covers ca.

’ ‘ Y : -l.yhi""r u) 40% of the watershed and accounts for most
] L g of the nitrogen loading to the Wild Harbor

‘E‘r— T 1 Estuary. The watershed east of Route 28 is

Catadmet Rock + S ?'ii oy largely undeveloped while the coastal por-
i ey *-., mﬂ? et tions are approaching full build-out. The un-

:_'i-l-_'.- i y ;ﬂ'ﬂ‘ Pl o -é_ L-L.F'ln' developed upper 39% of the watershed falls

P T %'.F : 3 “Bael  Within the Massachusetts Military Reserva-

. 5 '5 il tion (23% of watershed) and the Crane Wild-

e life Management Area (16% of watershed).
The lower portion of the watershed is rela-
tively densely developed and includes the
older village of North Falmouth and the Sil-
ver Beach community. The area also sup-
ports a community beach. Silver Beach has
summer cottages, an increasing proportion
of which are now used as year round resi-
dences. These cottages are clustered together
along the shore and are showing increasing
septic system failures, particularly in the New
Silver Beach area. The town of Falmouth has

Cro T i, - i proposed to construct a small treatment facil-
R _5,_ et A e ity to handle those homes that cannot meet
ik £ st f Title 5 septic system requirements. The gen-

_ iy $ gl eral increase in watershed development

i '?"Eﬁ e 1A e coupled with increasing failure of septic sys-

| tems likely contributes to bacterial contami-
| nation of the adjacent waters.
| Embayment and Watershed Characteristics While alteration of embayment systems is occurring throughout

I ) ~ Buzzards Bay as land-use shifts from forest and agriculture to

| two smaller systems (Rands Canal and Fiddlers Cove) on HWjitional stressor, oil contamination. On 16 September 1969,
| north side of Nyes Neck connected by tidal exchanges to the high barge Florida ran aground on a rocky shoal just west of
| quality waters of Outer Megansett Harbor and the larger systefassett's Point in West Falmouth, MA. Roughly 180,000 gallons
| Wild Harbor, on the south side of Nyes Neck with direct X no. 2 fuel oil poured into Buzzards Bay and were driven by
| changes with Buzzards Bay waters. All three systems are maigdyth-southwest winds into the Wild Harbor River. The oil
situated in watersheds composed of glacial outwash consistinggfead over more than 1000 acres including 6.4 km of coastline.
sands and gravels. The southern and eastern portion of the Wi spill caused the death of many marine and saltmarsh plants
| Harbor upland is within the Buzzards Bay Moraine. and animals. Much of the oil settled along a narrow band in the
| ) ) ) Wild Harbor Marsh and Wild Harbor boat basin, resulting in
Wild Harbor is a southwest-facing embayment of 110 acres w ifi i
g _ _ ignificant losses of benthic infauna and marsh grass. After four
| fringing saltmarshand a predominantly sandy bottom inthe ou{gfars, the spill was still evident in invertebrates, fish and birds in
regions. The Harbor has approximately 98 boat moorings af heavily oiled areas. The boat basin was still heavily contami-
| Slips and limited boat use. Today the Harbor supports soft-Shglied 5 years after the spill and its animal populations reduced in
| clams, quahogs, and oysters, but is periodically closed 4gyndance and dominated by opportunistic species. Twenty
shellfishing and classified prohibited due to poor water qualityears after the spill oil was still readily detectable in some of the
from bacterial contamination, likely from the adjacent watershegharsh sites, to the extent that disturbance of deeper sediments
I The outer margins of the Harbor continue to support eelgrass bgfisquce an oily sheen. However, in the majority of the marsh
| with distribution limited by the depth of the central Harbor. Thegreas, the oil is gone and in the subtidal sediments the spilled oil
| marginal beds are moderately dense and showed increases fiQ@tually all gone. Of the marsh areas most heavily impacted by

| the 1970’s to 1980’s. the spill, both the vegetation and animal populations appear to

I
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have fully recovered, although some oil contamination can still |
detected. It appears that the longest detectable effect of the
spill has been the closure of the area to shellfish for more than t
decades.

Fiddlers Cove and Rands Canal (also called Rands Harbor)
north of Wild Harbor, are actually part of the Megansett Harbc -
System. While these embayments have relatively small wat
sheds, they have been developed, primarily for single fami
residences. Neither of these two embayments have had quan
tive nitrogen loading evaluations. However, their small volum
and direct connection to the high quality tidal waters of outt
Megansett Harbor are likely the primary mechanisms maintai
ing the present water quality within both of these highly altere
estuarine systems

Both Rands Canal and Fiddlers Cove have been greatly alte
over the past approximately 100 years by human activitie
Fiddlers Cove and Rands Canal appear more as salt marsh cr:
than embayments in 1880 and 1916 maps. In addition, the up
reaches of Fiddlers Cove still supported bordering saltmarsh
the late 1960’s and 1970’s. At present in much of the area, i
wetlands have been removed or greatly reduced to increi
navigable waters or by construction of hard coastal structur
(e.g. riprap). Both embayments support quahogs, soft-shell cla
and oysters but are only classified as Conditional for the harw
of shellfish. Eelgrass has notbeen noted in these systemsinre
years. This contrasts with the Megansett Harbor shoreline ac
cent to Rands Canal and Fiddlers Cove which currently suppc
extensive eelgrass beds.

Water Quality

Wild Harbor, Rands Canal and Fiddlers Cove have been mo
tored by the Baywatchers Program since 1992 only for dissolv
oxygen levels. Based upon the oxygen monitoring results, nut
ent and chlorophyll a sampling was initiated in 1999 to allow
better assessment of the health of these embayments. Tt
systems are relatively small, with watershed loadings below t
Buzzards Bay Project’s impact threshold. In addition, Wil
Harbor is relatively open and well flushed, and water qualit
concerns focus primarily on the tidal marsh region of the Wil
Harbor River. The estuarine region of Rands Canal and Fiddls
Cove have been heavily altered by dredging, filling and shorelit ..

structures. The oxygen monitoring has been conducted as a

screening tool to trigger increased monitoring should period
oxygen depletions be detected. Oxygen monitoring is not suf
cient to distinguish between moderate and high water quali
however, itis a good indicator of the onset of eutrophic conditiol
in a coastal embayment.

Wild Harbor oxygen monitoring has focused primarily upon th
northern portion of the main basin where upland development
the most extensive and dense. Overall, oxygen values indica
moderately healthy system, despite the increased watershed
trient loadings and oil spills of the past century. However, tf
oxygen saturation values do show periodic oxygen depletio
below 60% of air equilibration and oxygen declines below 80
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The Coalition for Buzzards Bay

saturation have been the typical condition from 1996-98. Management Needs
addition, there appears to be a downward trend in oxygen levels
from an average of ca. 90% in 1992-93 to ca. 70% in 1997-9%he most pressing management concern for Wild Harbor is
These data suggest first, that the inner regions of the system mayediation of wastewater disposal problems primarily within
be showing modest nutrient related habitat declines and secahe, New Silver Beach community. The implementation of a
that the system may be undergoing a gradual decline. community wastewater system provides a potential solution to
this problem and is supported by the Falmouth Board of Health
The oxygen data are consistent with the presence of eelgrasd the Buzzards Bay Project. This community wastewater
within the margins of the outer Harbor as the sampling locatigmoject has the potential to serve as a model for many areas of the
WH1 was chosen as a sentinel station to detect the onset of wMassachusetts coast and may also have a positive effect on
quality decline. Itis unlikely given the open nature of the centreg#ducing bacterial contamination to the Harbor waters. However,
basin and its access to the high quality waters of Buzzards Bays effort will only have a positive impact upon the Harbor health
that the bulk of the Harbor is currently showing declining watéfthe discharged nitrogen load is reduced or enters the Harbor in
quality. It should be noted also that oxygen data alone are adietter flushed region than at present. A shiftinthe nitrogen entry
sufficient to determine the cause or level of environmental heaftbint from the central basin to a tributary should be evaluated in
within this system. However, the levels and frequency of oxygdight of the current oxygen depletions observed at the mouth of the
depletion in this system and the apparent temporal trend shouldibethern sub-basin. Community wastewater systems if properly
cause for concern and supports the newly initiated higher leveliofplemented, not only provide wastewater treatment but also
water quality monitoring in this system. allow for site specific nitrogen reductions without causing a mere
“shifting of the problem”, since the discharge remains within the
Rands Canal appears to currently maintain relatively good wateatershed of origin.
quality based upon dissolved oxygen levels. The oxygen data
suggests that while some depletion is occurring, it is not severa/dile Wild Harbor is a relatively open embayment with good
saturation levels below 60% of air equilibration have been oflushing, the apparent oxygen depletions in the northern tributary
served in only a single sample over the seven years of monitoriegggest the potential for localized water quality decline. The
While the depletions are not “severe” they are greater than ttenversion of summer cottages to year-round use is resulting in
80% of air equilibration values typical of embayments with lovan increasing nitrogen loading to the Harbor without visible “new
nutrient loading and the waters of Buzzards Bay. Since tbevelopment”. At present the watershed nitrogen loadings are
monitoring station is at the innermost portion of the Canal, theeing held at a “reduced” level by the large fraction of the upper
values are likely the “worst case” for this system. The dateatershed which is undeveloped within the Massachusetts Mili-
support the contention that tidal exchanges with the high qualtgry Reservation and the Crane Wildlife Reserve.
waters of outer Megansett Harbor are currently maintaining
moderate water quality within Rands Canal. However, since &ince Wild Harbor was the site of a world-famous oil spill, we
15% of the summer oxygen samples show saturation valuedake this opportunity to stress the importance of preventing
less than 80% saturation, the system appears to be susceptibtbsicharges to the Harbor and all Buzzards Bay waters. It is
nutrient over-loading. Continued monitoring of the oxygeimportant to note that oil spills continue to occur periodically
levels within the upper reaches of the Canal should continue witiroughout the Buzzards Bay system and their occurrence contin-
the newly initiated nutrient and chlorophyll a sampling. ues to generate significant public attention. However, about 3
times as much oil enters the Bay through small chronic dis-
Fiddlers Cove is similar to adjacent Rands Canal in size, levelafarges, storm drains and runoff than from the more dramatic
alteration and watershed land-use. Therefore, it is not surprissgjlls. It is these small, but cumulatively more important oil
that the Cove waters also show summertime oxygen depletioamuts, which are controlled and prevented by citizens at the
While there are only five years of data, the oxygen levels indicateighborhood level.
a similar water quality within the outer portion of Fiddlers Cove
and inner Rands Canal. However, since the Fiddlers Cove statiRends Canal and Fiddlers Cove are currently showing modest
is in the basin near the inlet, it is likely that the upper portion ofkygen depletions during summer. Fiddlers Cove oxygen levels
the Cove is lower in habitat health. Moderate to poor water qualgyggest that the upper portions of the Cove may have impaired
within the upper Cove would be consistent with its configuratiomabitat quality. Given that only screening monitoring has been
highly altered basin, wetland loss and the changes in nitrogen lasdurring, it is suggested that the newly initiated increased
from its watershed over the past few decades. In addition, thealysis be expanded to include both upper and lower Fiddlers
recent oxygen data from the lower Cove suggests that conditi@@@ve and to a lesser extent increased monitoring of Rands Canal
may be declining over the initial sampling interval of 1992-93at the present station. Maintenance of flushing of these small
Given these data, a more complete analysis of water qualitifered tidal systems appears to be essential.
should be undertaken which should include both the upper and
lower Cove.
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Megansett & Squeteague flarbors

falmouth

The Megansett and
Squeteague basins are
important recreational
harbors supporting about
150 moorings and 75
slips. The system also
supports several beaches
and a public boat ramp
and pier. Both systems
support shellfish re-
sources, even occasion-
ally bay scallops.
Megansett Harbor main-
tains 1049 acres of shell-
fish beds which are either
Approved or Condition-
ally Approved for harvest.
Two small sub-embay-
ments on the southern
shore of Megansett Har-
bor, Fiddlers Cove and
Rands Harbor have sig-
nificant populations of
quahogs, clams and oys-
ters. Megansett Harbor
was closed to shellfish-
ing in 1969 due to an oil
spill from the barge
“Florida” which caused
much more long lasting

I
I
| Embayment and Watershed Characteristics impacts to adjacent Wild Harbor. Today, Megansett and
I
I

A

Ecraggy

Squeteague are both open to shellfishing, one of the few Buzzards

Megansett and Squeteague Harbors are actually parts of @ embayments without any pollution related bed closures.
larger embayment with two separate drainage basins. At one point

I the two basins were connected, but the deposition of a sarBith Megansett and Squeteague Harbors currently support eel-

| barrier spit, due to erosion and long-shore transport, has creagegks beds. Within Megansett Harbor, the beds are large with high
the two basin system seen today. In the last century this regifhsity of cover. This is consistent with the observation of

| was called Cataumet Harbor, adjacent to the village of Catauragtasional bay scallops within this basin. However within

| (then partofthe Town of Sandwich). On modern charts, the larggtjueteague Harbor, the eelgrass area and density of coverage has

| well flushed outer basin of the embayment forms Megansefininished. The beds in this inner basin have retreated to the

I Harbor and the much smaller, shallower inner basin, Squeteagiégtion nearest the channel which carries high quality flood

| Harbor. The Harbors are connected by a narrow channel whighters from the outer bay. This most likely results from the

I malntalns_ tlda.| flow. However, the names are not all that hﬂﬁcusing of watershed inputs through groundwater flows on the

| changed in this system. The northern boundary of Megansgiier basin. Much of the nitrogen input from the watershed to the
Harbor is formed by Scraggy Neck, formed of glacial moraingntire system first enters the inner harbor and is then passed to the

| deposits (boulders, sand and gravel). In early maps, Scragg@per system in outflowing tidal waters

| Neck is not shown to be connected to the mainland, but had a

| sandy spit reaching towards it from the nearby shore. Howevegigurces of nitrogen-loading within this drainage basin are small

| construction of a road to the Neck has created a sandy causew@yipared to its size because more than 50% of the area is

| which now prevents flow between the Southern portion of Reghdeveloped and currently designated as protected open-space,
Brook Harbor (Hospital Cove) and Megansett Harbor. Theggiblic water supply protection areas, or part of the Massachusetts

| systems now operate as independent hydrographic units, aMititary Reservation. Within the Megansett & Squeteague Har-

| dence that alterations have been made throughout Buzzards Bay watershed 18.5% of the land or 235 acres is currently

to both the hydrodynamics (see also New Bedford Hurricapermanently protected as open space. Within this watershed a

Barrier) as well as nutrient loads.
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The Coalition for Buzzards Bay

single parcel, more than one-third of watershed (467 acres) ME1 - Megansell Harbor
undeveloped forest land held within the Massachusetts Milita "
Reservation. The remaining 45% of watershed land is eitF
developed or available for residential development with a sm.
areain cranberry agriculture. However, as future build-out occt
within the Squeteague Harbor contributing area, further degrac
tion of this enclosed basin is expected

i
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Water Quality

Water quality in Megansett Harbor was among the best of all e
the embayments monitored in Buzzards Bay, although the int
portion, Squeteague Harbor, is showing degradation most like s
related to nutrient related impacts. Within Squeteague Harb
elevated nutrient and chlorophyll a concentrations and periodic
oxygen depletion were observed, with a suggestion of rece MG2 - Megansell Harlsor
further deterioration. Nitrogen levels were generally 1.3 to 1 -

times Buzzards Bay source waters. Similarly, chlorophyll pi¢ . W o

ments frequently averaged about 10 ug/L, significantly high ﬁ’ E’*’" g

than in the main bay and 2 times that of adjacent Megans T "o

Harbor. These results indicate that Squeteague does not have '
tidal exchange necessary to flush out the land-derived nutrie
and the phytoplankton which they support within this basi
These results are consistent with the thinning and loss of eelgr
beds, except those associated with the tidal channel to the o
bay. These symptoms indicate that the inner harbor is beyonc ==
ability to assimilate additional nutrients without degrading hab

tat quality. o

T Tt ST

T

Megansett Harbor’'s current health is maintained both by its

relatively low watershed loadings and its open deep basinw 537 - Sgueteague Harlar
excellent exchange with the high quality waters of Buzzards Be -
The persistence of large, dense eelgrass beds throughout ..
Harbor is consistent with the good water clarity, low chlorophy
a levels and small elevations in total nitrogen levels observ
throughout the past 7 years. Similarly, oxygen concentratio
were consistently at non-stressful levels in all samples. Tidal a

T

n Iﬂl’_-

vy l.ll
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o U Glusiten

. Good to Excellent (65 - 100)
BAY HEALTH INDEX D Fair (35 - 65) P

. Poor/Eutrophic Conditions (< 35)

wind-driven mixing of the water column also helps to maintain
oxygen levels by preventing stratification in this system.

The Health Index shows the contrast between the outer open basin
of Megansett and the inner enclosed basin of Squeteague. The
outer basin exhibited consistent high quality waters compared to
the moderately degraded waters of Squeteague Harbor. In both
locations, there were no definitive long-term trends in the Index
and there was little inter-annual variation. The index results are
consistent with the habitat parameters (eelgrass and shellfish)
documented for these basins.

" 92 93 94 95 96 97 98

092 93 94 95 96 97 98
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Within the overall harbor system, Squeteague Harbor is fl
sentinel system for water quality decline. This inner enclosg |mTu:‘:LTw
basin has already undergone moderate degradation which lik )

will continue if contributing portions of the watershed continue t
develop without nitrogen management. Squeteague is currer
only partially degraded and nitrogen source reductions wou
likely produce significant and noticeable improvements in wate
quality. The current trend in Megansett Harbor and its contribt
ing watershed suggests that this system will remain of hig
quality into the foreseeable future.

TR PR, (R o |
L |
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Management Needs

B
Water quality in Megansett Harbor continues to rank amongtl
best in Buzzards Bay. In contrast, the inner basin of Squeteague
Harbor, typical of coastal embayments, is enclosed and m¢
heavily pollutant loaded with resulting water quality declines.! |
addition, given the configuration of the overall system, most
the nitrogen entering Megansett Harbor is discharged first
Squeteague Harbor and enters the outer basin via ebb tidal flo
Nitrogen management should focus on remediating the pres
decline of Squeteague Harbor, which will then also prote
Megansett Harbor.

Sgueieague Harbor
Tiokal Winhsr Column hetsogen

Presently, water quality within the Harbor System is significantl l I I I I
dependent upon the relatively low watershed nitrogen loadil b .

given the overall watershed area. Preservation of the large op

space areas, particularly forestlands is critical to preservation = ey ';' ey :" m pr=—s
the adjacent marine basins. Therefore, it is essential that fut

management of the large watershed area within the Massacnu=

setts Military Reservation not result in any net increase in its

nitrogen loading to groundwater which enters the Harbors.

HATRGR Pl (s por milon|

erate levels of dissolved nitrogen within this plume. The concen-
At present, the principal sources of nitrogen to both Harborstrétion of nitrate in samples taken by Air Force as part of the
from residential land-use. As the entire watershed is served@ndfill-1 Plume cleanup plan were 2.5, 2.0, and 2.7 mg/l. These
on-site septic systems, wastewater is the single largest comporevgls are above background concentrations of 0.05 mg/l and
of the watershed nitrogen load. Under present conditions, th@fésent a potential concern to the ecological health of the down-
is limited potential for additional development within the watergradient coastal waters. The Air Force Center for Environmental
shed given the less than 100 acres of developable land. Howefgellence needs to evaluate the potential for this “new” nitrogen
nitrogen loading can stillincrease significantly if load to further degrade the marine habitats within Squeteague
the primarily summer residences are converted
toyear-round use. Given that Squeteague Harli
is only moderately degraded, nitrogen manag
ment within its contributing area should have
significant positive effect. Similarly, increasing
nitrogen loads to the inner basin should ha
associated water quality declines.

Squeteague Harbor, along with Red Brook Ha
bor to the north, is also receiving groundwate
emanating from recharge within the Massach
setts Military Reservation. Part of this ground
water has been contaminated with leachate frg
the Base’s landfill (now closed and capped). T
result is a plume of contaminated groundwater,s =
Landfill-1 Plume, which will be discharging to r
Squeteague Harbor. In addition to volatile o
ganic contaminants there are also generallym
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Mlegansett Harbor
Profopiankscn Pigmarnd

Egueteague Harbor
Prosioplarnkson Figmarnd

.
i I I
5l
1 ST 1380

1#32 83 13 1308

Harbor. Additional monitoring of this embayment for both
organic and nitrogen contamination needs to be performed rela-
tive to effects on the marine resources. Given the ecological
balance currently within the inner basin, a program to offset the
contribution of nitrogen from the Massachusetts Military Reser-
vation landfill plume may be necessary for this system. If
sufficient nitrogen loading from the landfill plume is found, then
the nitrogen mitigation should be modeled on the similar program
developed in the Ashumet Valley Plume Response Decision, the
Falmouth Nitrogen Offset Program.

The Coalition for Buzzards Bay
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Red Brook flarbor

Bourneg
Red Brook Harbor supports ca. 14 acres of
fringing salt marsh. However, like adja-
cent Hen Cove, Red Brook Harbor ap-
pears to have lost its eelgrass beds in
recent years. A 1984 survey of the inner
Harbor indicated that about half of the
available eelgrass habitat was supporting
beds (ca. 7 acres). The beds were prima-
rily in the shallow waters at the Harbor
margins due in part to the depth of the
central basin. Based on data developed by
the Massachusetts Wetlands Conservancy
Program in 1996, eelgrass beds appear to
have all but disappeared from the Harbor
(and adjacent Hen Cove) with the nearest
beds located outside of Bassetts Island.
This decline is of concern and is consis-
tent with a decline in water quality.
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At present, the Harbor continues to sup-

port both recreational and commercial

harvest of quahogs, soft-shell clams, and

oysters. The inner portions of Red Brook

I H);rbor are classifigd as Seasonally Ap-

I proved, due to the marinas and large number of boats present

| Embayment and Watershed Characteristics during summer and the potential for pollution. Red Brook has

| heavy boat usage with approximately 352 boat moorings and

| Red Brook Harbor is the southern-most sub-embayment with#iPs: and two marinas. Each marina has a boat pump-out facility.

| the Pocasset Harbor/Hen Cove/Red Brook Harbor Complex. ) )

| This greater harbor system is formed by Wings Neck to the nof§d Brook represents the major surface freshwater inflow to the

| and Scraggy Neck to the south. Wings Neck, historically alddarbor and to thegreater_CompIex. Red Brook enters at the head

| called Wenaumet Neck, was originally anisland formed as part@fithe Harbor and is fed primarily by groundwatgr and the'surface
the Falmouth Glacial Moraine. The island was connected to th@ters of Red Brook Pond. The Brook also receives loading from
mainland by the growth of a sandy spit, which then providedan_Off along its course. Direct discharge of groundvyater is also
sufficiently protected environment for the development of the s&f Important source of freshwater and watershed derived nitrogen

| marshes at the head of Pocasset Harbor. More recently, ¥éhe Harbor.

I Complex became hydrologically distinct with the connection of . o

Scraggy Neck, so that at present all tidal exchanges take p|ggé:ongern_to Red Brook ar_ud the Harbor is the contribution of

| through the system mouth constrained by the two Necks. Regntamination from the landfill plume, LF-1, from the Massachu-

| Brook Harbor, Pocasset Harbor, and Hen Cove are actually ﬁﬁ;tS.Mlhtal’y Reservation. Dgcades of Ieachgte from the former

| three major coves within the greater system which are sedandfill at Massachusgtts Military Regervaﬂo_n has formed a

| separated by the centrally located trilobate Bassetts Island. c#figundwater plume which has begun discharging to Red Brook,

| of the special concerns relating to the water quality of thgndthereforet_he Harbor. Although the landfill is _noyvcapped and

| complex s the entry into Red Brook Harbor of the Landfil PlumEhe upper portion of the plume slated for remediation, the lower
(LF-1) from the Massachusetts Military Reservation. portion of the plume will continue to contribute to the Harbor for

I many years. Fortunately the higher concentrations of organic

| Red Brook Harbor is a moderately sized Cape Cod embaymenggftaminants are upgradient from the site of remediation, and

| 151 acres and an average depth of almost 2 meters. The HafBtoval by natural attenuation and the newly installed active

| receives tidal exchanges with Buzzards Bay though a nearljrgatmentfacility should greatly reduce their entry into the marine

I

I

I

I

I

I

meter deep channel running between the southern end of Bas§gtdronment.  However, it should be noted that although the
Island and Scraggy Neck. The inner portion of the Harbor l@vels qf contamination are too hlghfordr'lnklng water standards,
bounded by Handy Point and Long Point. The mouths of inn@Yen \_Nlthout'attenuat.mn they are still quite IQW. The plume also
Red Brook Harbor and Hen Cove both exchange tidal waters wi@ntains nutrients which are not currently being addressed by the
outer Red Brook Harbor. containment system. Since the plume is not homogeneous, but
contains regions of high and low concentration, it is not possible
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at present to gauge the magnitude of this nutrient source to émbayments, the watershed is also home to some of the few
Harbor. If further studies indicate that the landfill plume is aoranberry bogs (92 acres) on the eastern shore of the Bay. Given
important nitrogen source to the Harbor, then programs to offsee Harbor watershed’s land-use and structure, this system would
this nitrogen load should be employed. A similar Nitrogen Offsée expected to support relatively good water quality. The Cape
Program was developed to remediate the effects of nitrog€nd Commission ranks Red Brook Harbor at the median level for
entering Great and Green Ponds in Falmouth from the Ashun@ztpe Cod Embayments for nitrogen sensitivity. These factors
Valley Sewage Plume. The Plume results from the now closedderscore the need to determine the cause of reported eelgrass
Massachusetts Military Reservation Wastewater Treatment Hass.

cility (the new facility now discharges to the Cape Cod Canal).

The basis of an Offset Program is to address the nitrogen loadi\@, ter Quality

from a plume having a low concentration but large volume by

treating nitrogen sources with high concentration and low volunied Brook Harbor shows a slight gradient in key water quality
(e.g. septic systems) which are more effectively managed. Trgatrameters from the outer to the inner regions. Total nitrogen
ing the higher concentration and more manageable alternative

sources within the watershed yields better loading reductions RE1 - Hed Brook Harbor®arkers B,

the receiving waters of the Bay, because less than 100% of "
plume volume (hence load) is captured by in-plume treatme

systems (which are designed for organic contaminants). T . . - - - 1 - o

plume may also discharge to the adjacent Megansett Harl 5| R e - '!‘ L ? :

system in the future. 3 1'5- - " am : : -
;\: M r = = ¥ - -:

While the Red Brook Harbor watershed is of moderate size for t i-’* = @

eastern shore of Buzzards Bay at 2,562 acres of upland, itis« = =m

of the least developed. Despite its level of development, it
almost certain that the great majority of nutrients are enteringt
Harbor from the usual sources associated with residential de\
opment and cranberry agriculture rather than from the LF
plume. The fact that 1,580 acres, or two-thirds of the watersh =
is forested (primarily unfragmented pine/oak forest within the
Massachusetts Military Reservation), is important to water que!

ity within the Harbor and provides a degree of “protection ==
against future nitrogen overloading. However, this “protectior

RE2 - Red Brook Harbor Central

will persistonly as long as this upper region is maintained asfor ==
lands or other non-nitrogen contributing land-uses. Althoug -
small in number when compared to western Buzzards B * ™" g=
5; B
- -
=1
;£ am
. Good to Excellent (65 - 100)
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Red Brook Harbar - ODuder
Total Waber Column Biliogen

(outer 0.33 mg N/L, inner 0.38 mg N/L), chlorophyll a pigmel
(outer 4.9 ug/L, inner 5.4 ug/L) and particulate organic car
(outer 0.60 mg C/L, inner 0.69 mg C/L) are all typically ab
10% higher within the inner vs. outer Harbor waters. Simila
there is a correspondingly weak salinity gradient (Outer 29.5
mid 29.4 ppt, inner 28.7 ppt) suggesting that freshwater infl
become relatively well mixed into the Harbor waters. Howe\
the levels of these key parameters are higher than Buzzard:
waters, but are only moderately elevated compared to ¢
embayments. The high chlorophylllevels within the inner Har
suggest the rapid uptake of dissolved nutrients entering fron
surrounding watershed. Based upon the nutrient levels
apparent mixing, the observed dissolved oxygen depletion:
slightly greater than might be expected. However, althougt
levels typically decline below 80% of air saturation, depletic
below 60% saturation are infrequent. . The typically moderat
high oxygen values suggest only a relatively low level of stres
benthic animals from hypoxia in this harbor. However,
variability of oxygen in this estuary system indicates that it n
be susceptible to weather conditions that facilitate low oxy
levels (warm temperatures, overcast, calm), and that the es
may have difficulty in handling additional organic matter, eitl
from plant production or input from land, without further oxyg
declines.
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The composite Health Index brings forward the inter-anr
variations in both outer and inner Harbor water quality and

Jo

consistent pattern of slightly lower water quality within the inner
versus outer region. Consistent with the levels of the individual
monitoring parameters, the index classifies the inner and outer
Harbor regions as having moderate to good water quality, ranking
just above (outer) and below (inner) the median conditions for
Buzzards Bay embayments. At presentthere is no clear temporal
trend in water column parameters over the study period. How-
ever, the reported eelgrass decline within the Harbor is cause for
concern and is consistent with the observed inter-annual declines
in water quality. Evaluation of macroalgal distribution and
production within this system may vyield insight into the these
issues.

Management Needs

At present it appears that Red Brook Harbor is incapable of
assimilating additional nitrogen inputs without experiencing fur-
ther water quality declines. The largest nitrogen source appears to
be associated with residential development. Opportunities for
additional development within the watershed are limited as most
of the land is already developed or within Massachusetts Military
Reservation. Any nitrogen management strategy for this estuary
must take into account present and future nutrient loading from
the LF-1 plume and other land-uses.

Red Brook Harbor is currently receiving nitrogen loading from
the Landfill-1 contaminated groundwater plume emanating from

Red Brook Harbor - Innar
Priioplankion Pigment
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the Massachusetts Military Reservation. Some of the higherent  practices
concentrations of nitrate in samples taken by the Air Force as p@@MP’s) be in place
of the LF-1 cleanup plan were 2.5, 2.0, and 2.7 mg/l. These leviils minimizing ni-

are well above background concentrations of 0.05 mg/l ategen inputs to the
present a concern to the ecological health of the downgradiétarbor. The Town
coastal waters. However, the level of loading requires determirsdrould work with the
tion of the volume of nitrate enriched water within the plume. Thgrowers to facilitate
Air Force Center for Environmental Excellence should assess the implementation

non-point source nitrogen loading to the Red Brook watershetiBMP’s where ap-

and a long-term embayment nutrient related water quality mopilicable to both pro-
toring program. It is likely that a nitrogen mitigation programect the Harbor envi-
similar to the Ashumet Valley Plume Response Decision (desnmentand thistra-
scribed in the Megansett section) will need to be instituted. ditional small-scale
agriculture practice.
Boat discharges that place nutrient inputs directly into bay wate3sice the Harbor is
should not be occurring as the Harbor has pump-out facilities. &feady showing in-
the 350 slips and moorings in Red Brook Harbor, the vast majoritipient nutrient over-
are for summer usage and typically occupied only a few days peding, maintaining
week. Use of existing boat pump-out facilities and compliandbe upper watershed
with proper discharge procedures should keep this sourceasfforest, a virtually
nutrients and bacterial contaminants near zero. Boat ownamn-contributing
should continue to be encouraged to make use of Pump-tard-use (for nitro-
facilities by the Town, marinas and Harbor Master. gen), is important to
the future of Red
Although cranberry agriculture does not contribute more nitrog&rook Harbor.
to coastal waters than many other land uses, such as residential
development on septic systems, it is important that best manage-

Red Brook, Hen Cove & Pocasset Harbor Systems

The Coalition for Buzzards Bay
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Hen Cove

Bourng
_ by Of the three coves within the Complex, Hen Cove has the most
8 4 tortuous channel for exchange with Buzzards Bay waters, due to
pt ',_: - its location directly behind Bassetts Island. As a result, Hen
R Cove receives tidal water which has passed and mixed with the
| o adjacent systems, with possible increases in nitrogen levels.
WSS - This mixing pattern combined with the land-use results in an
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annual nutrient load above recommended limits where ecologi-
cal healthis considered to begin to be impaired. A flushing study
for the Cove was completed in 1997. The shallow bathymetry
of the Cove, mean depth 0.8 m, facilitates its flushing by tidal
waters.

s nEn®
=

e
|  Patuissat:
' : The cove hosts a variety of marine activities with more than 100
moorings and slips, a well used public beach, private beaches
and a boat launch. The Cove supports productive shellfish
habitat, but shellfishing in the inner Cove is prohibited due to
poor water quality from bacterial contamination. Of concernto
water quality is surface water inflow to the head of the Cove from
Embayment and Watershed Characteristics a small freshwater pond, which has had high levels of fecal
coliform and nitrogen concentrations.
Hen Cove is the middle cove within the Pocasset Harbor/Hen
Cove/Red Brook Harbor Complex. This greater harbor systemHgn Cove supports about 5 acres of tidal marsh, primarily at the
formed by Wings Neck to the north and Scraggy Neck to thfad, but apparently has lost much of its eelgrass. Based on data
south. Wings Neck, historically also called Wenaumet Neck, wggveloped by the Massachusetts Wetlands Conservancy Program
originally an island formed as part of the Falmouth Glacigh 1996, eelgrass was not prevalent in the Cove, the nearest beds
Moraine. The island was connected to the mainland by the growsiging found outside of Bassetts Island. This is in sharp contrast to
of a sandy spit, which then provided a sufficiently protectegh earlier survey in 1985 which reported a 6.4 acre bed within the
environment for the development of the salt marshes at the h@adacres of available habitat inside the Cove. This change is of
of Pocasset Harbor. More recently, the Complex became hydgencern as it may be an indicator of declining water quality.
logically distinct with the connection of Scraggy Neck, so that at

present all tidal exchanges take place through the system movg{}l .
constrained by the two Necks. Hen Cove, Pocasset Harbor an ter Quallty
Red Brook Harbor are actually the three major coves within thge integrated effects of watershed nitrogen loading, flushing
greater system which are semi-separated by the centrally locag@d potential nitrogen additions to flood waters from adjacent
trilobate Bassetts Island. One of the special concerns relating{@tems are a moderate level of water quality degradation within
the water quality of this complex is the entry into Red Brookien Cove. This appears to represent a relatively recent phenom-
Harbor of the Landfill Plume (LF-1) from the Massachusettgnon as levels of total nitrogen and chlorophyll a pigments, and
Military Reservation. oxygen saturation showed higher water quality in 1992-93, and
the presently reduced eelgrass community appears to have oc-
Hen Cove is one of the smallest embayments monitored, 64 acegfred between 1984 and 1996. Of the three coves within the
and is within one of the smaller watersheds, 1105 acres. Howex@bmplex, Hen Cove typically shows the highest total nitrogen
despite its modest size, Hen Cove’s watershed is relativelyid phytoplankton pigment levels. In addition its shallow basin
densely developed, particularly near the coast, with an averag@mdsents the potential for macroalgal accumulation which can
1.1 housing units per acre, among the highest for Buzzards Baggatively impact both shellfish and eelgrass communities.
For comparison, the adjacent Red Brook Harbor and Pocasset
River Watersheds support ca. 0.2 units per acre. In addition, Bishing of the Cove is not sufficient to prevent a horizontal
acres of the non-residential area of the watershed is within #@inity gradient of 1-2 ppt from the head to the mouth of the Cove.
Pocasset Golf Club, which also contributes nitrogen to the Co&ince nitrogen enters the Cove from the surrounding watershed
In contrast to coastal portions of the Hen Cove watershed, g freshwater flows, the salinity gradient is consistent with a
upper region supports pine/oak forest which contributes littiradient in water quality from the head to the mouth of the Cove.
nitrogen to the Cove. Most of this forested land (534 acres) is held
within the Massachusetts Military Reservation, east of Rt. 2Bowever, dissolved oxygen levels do not show the same degree
Hen Cove and the greater Complex have been designatechgepletion as the inner portions of Pocasset Harbor (prior to
nitrogen sensitive by the Cape Cod Commission, ranking 14 awg96) and Red Brook harbor. Oxygen levels are typically above
of 52 embayments. 80% of air saturation, but declines to between 80% to 60%
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saturation are common in 10% of samples. The higher ox
levels in Hen Cove likely result from its much shallower ba
which is less than half the average depth, 0.8 meters, of the
two basins. The shallow basin facilitates wind-driven mixing
the watercolumn and therefore aeration of bottom waters.

Haen Cowa
Fhgnplankicn Figmeni

Combining the monitoring parameters into the Health In
indicates that Hen Cove presently supports only fair to mode B
water quality and ranks at about the median level for Buzz

Bay. All of the data are consistent with a recent decline in w 3
quality which indicates the need for nitrogen management wi
this system.
! 1m'1ﬂ:|- m.fm. ﬂl.iﬂ?-ﬂﬂ

Management Needs

e
1

Hen Cove is a relatively small waterbody which appears to be

undergoing a water quality decline. The decline is consistent witanagement (sometimes through use of organic or slow release
nutrient over|oading from its watershed and possib|y from i,{ertilizers) and water re-use should be evaluated. AIthough the
creased nitrogen in its flooding tidal waters. However, tHgocasset Golf Club is privately owned, the Town should work
principal source of nitrogen is residential development as tMéth the club owner to develop programs to reduce fertilizer
entire watershed is densely developed and serviced by on-gigplications and minimize runoff of nitrogen into the Cove.
septic systems. In addition, there is the potential for additional

development and for conversions of summer to year-round dwel\d important protection to Hen Cove is afforded by the large
ings, which can potentially increase the wastewater nitrogen lod@ount of forested land within its upper watershed within Mas-
to Hen Cove by as much as 25%. The town and local commun#§chusetts Military Reservation. This unfragmented forestshould
should consider nitrogen management within this watershed b maintained as a cost-effective method for water quality
to prevent further water quality declines and for system restofotection.

tion. Nitrogen management will almost certainly include ap-

proaches to decrease the wastewater nitrogen loading to the Cal sources of bacterial contamination of the Cove need to be

In addition, as about 8% of the watershed is Golf Course, fertilizéyaluated and remediated. Proper management of direct surface
water inflows can play important roles in reducing bacterial

contamination and nutrient inputs. Partial remediation of

B oo o Ercellent (65 - 100) stormwater inflow was completed in 1992 when rapid infiltration
BAY HEALTH INDEX L] Fair(35-65) structures were constructed for 3 discharges to the Cove. Future
remediation should consider the use of vegetated swales or other
engineered wetlands to capture stormwater inflows as these
technologies also provide useful tools for preventing the entry to
the Cove waters of nutrients and other contaminants.

. Poor/Eutrophic Conditions (< 35)

0
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Pocasset flarbor

Bourneg
Water Quality
Pocasset Harbor has undergone a

significant improvement in water
quality over the study period. In

1992-1993 the Harbor had the poor-
estwater quality on the eastern shore
of Buzzards Bay. While the more
urbanized embayments on the west-
ern shore ranked lower than Pocasset
Harbor, its rank was relatively low
givenits small watershed dominated
by residential development and for-
est and semi-enclosed basin. The
improvement is likely related to
stormwater management practices
implemented near Barlows landing
during 1995-97.
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The apparentimprovement in nutri-

ent related water quality within the
inner region of Pocasset Harbor is
seen in some of the major watercolumn parameters. The average
20% of the lowest measured dissolved oxygen levels in the inner

Harbor after 1995 have averaged 74% of air saturation compared

Pocasset Harbor is the northern most sub-embayment within {8%9_8% from 1992-94 and the low of 18.5% in the system-wide
Pocasset Harbor/Hen Cove/Red Brook Harbor Complex. Tq oxygen year of 1995. Similarly, total nitrogen and chloro-

greater harbor system is formed by Wings Neck to the north ﬁ&/n a pigment levels in the inner Harbor were ca. 50% higher

Scraggy Neck to the south. Wings Neck, historically also call Han the outer Harbor in 1993-1995, but only 17% and 11%

Wenaumet Neck, was originally an island formed as part of the e, respectively, in 1996-97 (nutrients were not assayed in

Falmouth Glacial Moraine. The island was connected to tri§92)_ Particulate organic carbon showed only about a 10%

mai_nl_and by the growth ,Of a sandy spit, which then proVide‘jr@duction over the sampling period. While there is still a gradient
sufficiently protected environment for the development of the sq# improving water quality from inner to outer Harbor, the inner
marshes which can be seen at the head of Pocasset Harbor. ®or has improved in recent years in most of the water quality

recently, the Complex became hydrologically distinct with th arameters
connection of Scraggy Neck, so that at present all tidal exchanges

take place through the system mouth constrained by the tf‘fﬂanges in the nutrient related health of the inner Harbor is most
Necks. Pocasset ngbor, Hen .que and Red Brook Hart_’or 8fparentinthe oxygen levels and in the Health Index. In 1994 the
actually the three major coves within the greater system which giGe o rhor yielded an Index score of less than 25 based upon its
semi-separated py the centrally Iopated trilobate Bassgtts 'Slaﬁgquent oxygen depletions below 60% saturation, nitrogen con-
One of the special concemns relating to the water quality of thigations above 0.5 mg N/L and algal pigment levels averaging
complexis the entry into Red Brook_Harborofthe I__andf|II Plumga_ 7 ug/L. It appears that implementation of management
(LF-1) from the Massachusetts Military Reservation. practices near Barlows Landing have improved conditions to the
N , i oint where the Harbor presently ranks in the top quarter of
Pocasset Harbor supports significant marginal tidal We,tlanE?Jzzards Bay embayments for nutrient related water quality. The
bc->th- to thg north and east,.as well as two sr_nall marsh 'Slagé?sistence of this apparent improvement will be the focus of
within the inner Harbor region. The Harbor is used for recrey hinued monitoring. It should be noted that this system is
ational boats and contains a beach, boat ramp and pier at Barlpgy.ﬁ(ed by the Cape Cod Commission as one of the most nitrogen
Landing. The Harbor has shallow margins, particularly adjace. nsitive on Cape Cod, being fourteenth of fifty-two. Therefore

go thﬁ nofrthern marghers], blﬁ‘t mathsms a 2 meter chanlneIdV\fH re should be continued evaluation of the need for further
| e_pt s of 7 meters in the ¢ anne etweerj Bassetts Is an agement of this system to maintain its current water quality.
Wings Neck. Most ofthe eelgrass is located in the shallower inner

Harbor region and bordering the main deep channel to the mouth.
| The beds are moderate in coverage.

ud

Embayment and Watershed Characteristics
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Management Needs the Pocasset Harbor/Hen Cove/Red Brook Harbor Complex and

initial analysis of the LF-1 plume constituents, it currently ap-

Pocasset Harbor appears to be a highly responsive embaym@?\ rs that the LF-1 plume will not be a major source of nutrients

This feature coupled with its nitrogen sensitivity ranking suggetd 1S northern-most cove. However, nitrogen entering from the

than a nitrogen management evaluation is warranted. SimilatfjAtersheds of Hen Cove and Red Brook Harbor which can then
ter Pocasset Harbor in tidal exchanges is likely the major

all direct discharges to this Harbor should be identified arfd'c' N .
mitigated or prevented. Overall, given its small watersheB?tem'al source of “new” nitrogen to the Harbor. The linkage of

projections for maintaining a high water quality environment af€S€ OVes by tidal exchanges illustrates the need for manage-
good. In addition, given the existing circulation information fofnentto be bas_ed upon the entire Complex, notju_st the |n_d|\{|du§1I
coves. The existence of eelgrass should be monitored within this

system to serve as an additional indicator of water quality and

system stability.
. Good to Excellent (65 - 100)
BAY HEALTH INDEX [ Fair(35-69)

. Poor/Eutrophic Conditions (< 35)
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Pocasset River

Bourne
Water Quality

The water quality within the
Pocasset River estuary is typi-
cal of a system with signifi-
cant tidal wetland and fresh-
water inflows and relatively
low watershed nitrogen load-
ing. Itis likely that the tidal
wetlands and estuarine flows
are important in structuring
present water quality.

Oxygen levels within the mid
! L g . ’ region of the lower estuary
| typically show modest oxy-
i 0,
[ Embavment and Watershed Ch ceristi . _ . gendepl_etlontobetween80/o
| yment an atershe aracteristics and 60% of air saturation. The low dissolved oxygen levels

observed in 1995 appear to be due to meteorological conditions

[ The .Pocasset River Estuary is typl_cal of sma_II rivers on Cape C they were observed in a variety of embayments in that year.
| and is one of the smaller systems in the monitoring program. T,

. ; 16wever, the nutrient conditions within the estuary provide the
| upper fresh water portion has surface water drainage from aseUﬁccierlying cause of the 1995 depletion as they form the basis for

| of smalldpofnd_s”, endijnghinl Mill Pond aq(jjacent_ to_dCcI)untél Roady gen depletion to occur. There is an apparent improvement in

| Seavs{e}r of Mill Pond t € lower river widens, 1S t' alandcan l?5;'3(ygen conditions in recent years, with the lowest 20% of oxygen
classified as a drowned river estuary. _Sa_llnlt!es within _th_e Iow?éadings averaging 64% of saturation from 1992-1994 and 74%

[ estuary, seaward of Shore Road, are indicative of @ MiXing Q& a1 ration from 1996-1998. While this trend is encouraging,

| of Buzzards Bay tidal waters and River waters. Salinity rangﬂqe potential for periodic “bad oxygen years” like 1995, where
| fror_n 3_2'0 th t(_) _18'7 pptand avera}ged 26.8 overthe St”‘?'y per&glgen routinely declines to environmentally stressful levels
indicating significant freshwater discharge. The estuarine PQEmains a cause for concern

tion of the river is 198 acres and supports a proportionately large
| amount of wetland area, 68 acres.
| development is on Bennets Neck.

Much of the nearshefrﬁe nitrogen and chlorophyll a pigment levels are generally
consistent with the observed oxygen values, and water transpar-

I land vsis for th . has b ency is moderate, generally about 2 meters. Overall the levels of
| Recent land-use analysis for the Pocasset River has been %R85e key parameters are relatively low and indicative of a

ducted .bythe Cape Cod Commission u_sing watershed boundaﬂﬁﬁtively healthy lower riverine estuary. However, in the low

geter?ﬂtlrr]\ed frotnij?ter table tda;tr?' ;_h's a}ppro?r(]: h a”?WSTsebp%ngen year of 1995 the chlorophyll levels at the mid estuary were
| Iggnc:j baes;:non 'rllh: 'an?tr)?na; do waeterlsfer q ric;maboeute?ollztre-fif(t)hg ﬁ‘mderately elevated and the highest on record, 5.9 ug/L, but the
| o . ticulate organic carbon concentrations were very high, 1.13
| forest, but has significant development potential as the numbe CIL, 37% higher than the next highest year. In addition

housing units cantriple at build-out. At present, housing dens't'ﬁﬁring 1995 the salinity of the estuary was about 3 ppt fresher than

are low, 0.2 units per acre. The Pocasset River sub-waters o
' hﬁ%-term average. The fresher conditions suggest a greater
| (2,153 acres) accounts for about half of the total combined g 99 g

| watershed area. The upper portion of this sub-watershed (57%)
| falls within the Massachusetts Military Reservation and is foy

| ested, which greatly reduces nitrogen loading to the embaymé B oot toEcetent 65 100)
BAY HEALTH INDEX [ fargs-e)

| The estuarine portion of the Pocasset River is well utilized a B pooruroptic Condions (< 35)
mooring area with shoreline boat slips, and the inlet is fixed
stone jetties. One public beach is available, and four public acg
points. In the Buzzards Bay Project’'s Sub-Watershed Evaluati
(1994), shellfish resources were ranked as poor.

092 93 94 95 96 97 98
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freshwater flow, but more importantly the greater potential fc
watercolumn stratification and oxygen declines. The data sugg
an atypical input of organic matter either from a bloom or from th
upstream marshes orriver. All of these data are consistent with
observation of low dissolved oxygen in 1995.

The Health Index illustrates the inter-annual variations in thi =

system and the generally good water quality within the Pocas:
River estuary. The reduced water quality from 1994-96 primaril
results from total carbon and oxygen levels. The periodic declin
in water quality may be partially responsible for the lack o
eelgrass beds within the lower river. However, the extent

which the water quality within the estuary is controlled by
watershed nutrient loading versus freshwater flows and wetla

interactions needs to be evaluated in any nitrogen management

planning.

Management Needs

The Buzzards Bay Project completed an evaluation of nuti
loading to the Pocasset River in 1994 as part of the Buzzards
sub-watershed evaluation. Revisions to the watershed del
tion and isolation of inputs to the Pocasset River have mod
the earlier loading evaluation. However, it appears that cut
nitrogen inputs are well below levels necessary to degrade
estuary’s quality, but may reach detrimental levels at full build
of the watershed. Based upon the available loading estimate
the structure and sub-habitats within the estuary, it appears
the Pocasset River is relatively healthy. Although its eutroph
tion score places the River near average for tributary systems

Buzzards Bay, it is probably nearer its supportable level of water

guality than many other systems. This evaluation takes ir
consideration that the estuary has had its structure signific:
altered for navigation, bridge construction and freshwater f
controls.

At present the moderate chlorophyll levels, yet low oxy¢
concentrations, suggest that potential interactions with borde
wetlands (possibly organic matter imports) may be involvet
the organic matter-oxygen dynamics. Accumulated algae
organic matter in River sediments may also be accounting
these low oxygen levels. Additional work, focused upon de
mining the cause of the observed low oxygen condition:
needed. However, itappears that like adjacent systems, addi
nutrient inputs to Pocasset River to the extent that they resi
additional organic matter production, are likely to result in ev:
more extreme oxygen depletions.

Management to maximize tidal exchanges with Buzzards Bay
waters will help to maintain the quality of the Pocasset River
system. It should be noted that as a tidal river with “significant”

freshwater flow, the Pocasset River to its mouth at Buzzards Bay
almost certainly falls under regulation by the new Massachusetts

Rivers Act.
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Phinngy’s tarbor, Back River,
el Pond Bourng
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! .. Like many of the coastal embayments to Buzzards Bay, Phinney’s

I Embayment and Watershed Characteristics Harbor has been extensively modified over the past century.
Charts from 1880 and 1916 indicate that what is now denoted as

| The Phinney’s Harbor System consists of a relatively welPhinney’s Harbor, formed primarily by the northern peninsula

| flushed semi-enclosed outer harbor region, Phinney’s Harbending at Mashnee “Island”, did not exist. The peninsula is

| and a bifurcated tributary embayment, Back River and Eel Porattificial, constructed to connect the mainland between Agawam

All of the tidal exchanges to the tributary enclosed embaymergdad Rocky Points to Mashnee Island. This connection also

are viathe inlet to the Back River. This makes the Back River anonnected Hog Island which was “along the way” to create the

Eel Pond the least well flushed portions of the system. These spikesent peninsula. While this created a Harbor and may have

embayments receive most of the nitrogen entering from tpeoduced additional eelgrass habitat, it also significantly altered

Phinney’s Harbor watershed. The moderately sized watersttad circulation within the region.

(2,488 acres) to this system consists of both glacial outwash sands

and gravels and Falmouth Moraine, producing a complex grourithe combined estuarine area is 536 acres, similar to the size of

water flow system. Freshwater enters the embayment systBottermilk Bay. The system currently supports ca. 400 moorings

| primarily by groundwater flow, but some small surface watend slips and 1 public beach. While Phinney’s Harbor has a mean

| flows are present particularly to Back River and Eel Pondepth of 2 meters and contains shallow marginal areas, the central
Records from 1880 show a surface water flow from Mill Pond to

| the upper Back River as the major historic stream inflow.
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portion of the Harbor deepens rapidly to ca. 5 meters. In contre PH1 - Phinneys Hartas Private Deck
Eel Pond and Back River are shallow with areas draining col
pletely leaving tidal flats at low tide. These inner areas suppt
almost all of the 85 acres of saltmarsh in the system, but virtua
no eelgrass. Phinney’s Harbor has traditionally supported abi

i
wg 00 'I'- -

dant eelgrass beds and good shellfishing resources, althol ‘E
observations by the Massachusetts Division of Marine Fisheri * ...
in 1995 indicated a die-off of eelgrass within some areas of t 3
Harbor. The region from Arthur Avenue to Toby’s Islanc 7 an

periodically has poor water quality from bacteria contaminatic
and is seasonally closed to shellfishing, partially due to contar ~ **
nation from runoff from the watershed and other potenti
sources. -

Much of the nitrogen in the watershed discharges to Phinnev’s

Harbor through the Back River and Eel Pond. Developme ... PH2- Phinneys HarborfMonument Beach
within the watershed is primarily in the nearshore region. Almo o= %" -
two-thirds of the upland is currently forested, and 39% of th. .. 5 P == -
forest is within the Massachusetts Military Reservation. Of t g % 5 .
available developable lands, almost two-thirds have already be & == = ™ e n. -
utilized. The result is a watershed approaching build-out wi E - -
residential inputs accounting for almost all of the nitrogen loadir ; N

to the adjacent waters. Based upon flushing, direct nitrog =

loading to the outer harbor likely plays only a small role in wate ~ =~

quality. In addition, much of the outer harbor watershed .

associated with the peninsula which represents a small contrik
ing area and nitrogen load relative to the volume of the harbor.
is the nitrogen loading to Eel Pond and Back River that is of mc
concern both to these systems and to the region of Phinney -

Harbor adjacent to the mouth of the Back River. BR1, BR2 Rack River
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The Coalition for Buzzards Bay
Water Quality

Phinney’s Harbor has maintained relatively good nutrient relati
water quality throughout the monitoring period. The high chlc
rophyll levels in 1996 were not observed in other years. Oxyg
levels within the outer Harbor are typically (90% of samples
above 80% air saturation and depletions below 70% saturation
relatively rare, (3% of samples). Similarly, key eutrophicatio
parameters are generally good to moderate with total nitroge

Phimhey"s Harbor

T | Waler Celurmn Mimges

Hilregen mgil, jparis e millan|
fin
=

chlorophyll a pigments and particulate organic carbon averagir .
respectively, 0.405 mg N/L, 7.2 ug/L and 0.81 mg C/L over tk 11 . .

monitoring interval. However, these values do show significa

enrichment over Buzzards Bay waters indicating the effects § - — — L -

. . . o) 1583 1303 1554, 4] 1956 1887 155
watershed nutrientloading. The persistence of eelgrass within

Harbor is consistent with the observed levels of these water
quality parameters, however, reports of some eelgrass die-of Back River
cause for concern. Tosa | Warier Ciodimn Mimegen

The enclosed waters of Back River and Eel Pond show or
moderate water quality declines over Phinney’s Harbor wate
These systems receive much of the nutrient load from the wat
shed that ultimately is carried to Phinney’s Harbor. However,
appears that flushing of these small sub-embayments is suffici
to limit the extent of their nutrient related responses. Tot

nitrogen and particulate carbon levels were elevated less'tt . l I .
10% in Eel Pond and Back River compared to Phinney’s Hark

waters. However, chlorophyll a pigments were significantl L el L e L]
higher (14%) in Eel Pond over the incoming tidal waters and 1993 191 1SS TERS 1REG 19T 15
large bloom was apparent in the summer of 1998. Oxygen lev

within the sub-embayments suggests that the increase in nutri~—"

response parameters in Eel Pond has not been sufficient to [c¢ Eel Fond - Bourne
ecologically stressful oxygen declines. Only during 1995 we e

oxygen saturation values below 70% air saturation observed'e )

values below 60% saturation have yet to be measured. In contr
the Back River oxygen status does suggest important oxyg
declines related to nutrient and organic matter loadings. Duril
both 1992 and 1998, oxygen levels were seen to drop below 6l
saturation. However, evaluating the causes of the oxyg
declines in the Back River is not a simple matter. The lar
wetland area associated with this sub-system may also be aff
ing oxygen levels. ltis likely that the near “emptying out” of thy
upper Back River during ebb tides is critical to bolstering th I ) e e
water quality in this system.

HETE{Ea mgil jparis fes millcnj

Hilrngen mgil |paris pe mlian|

Integrating the water quality parameters into the Health Index
supports the contention that Phinney’s Harbor supports moder, S%d, barring radical changes in land-use. However, periodic

to good water quality, that the Back River waters are in f valuation of the eelgrass beds within the outer Harbor is impor-

condition and that Eel PO”‘? i§ inter'mediated between_the tV\ant to determine if the die-off in 1995 is part of a temporal trend.
The lack of eelgrass beds within the inner embayments is consis-

tent with their observed water quality. However, the presencegl% Need
wetlands and tidal flats within the Back River likely playsYianagement INeeds

Important roles.m t.hls sub-system habitat q.uallty, and a highgk gjgential development accounts for nearly three-quarters of
Ieyel of e"a“_‘a“"” IS hecessary pefore nutrlept managementeihayment loadings of nitrogen. Currently the nitrogen loading
th|s_systgm 'S .un.dertak(.en. Similarly, anqu5|s of macro-algg| only at ca. one-sixth of the critical nitrogen load suggested by
proliferation within the inner system, which does not Sho‘f‘he Buzzards Bay Project. At full buildout the nitrogen load is

di_rectlyhin thle _molnitoring paramet]?rsﬁ.shouild be ConSideri&pected to be less than one-quarter of the critical load. What is
Given the relatively open natur.e 0 P_ inney's Harbor and t‘, rotecting” the Harbor from nutrient overloading is the exten-
level of watershed build-out, this basin is projected to rem

ive forested areas within the upper watershed. More than 60%
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ofthe uplandis forested and largely non-developable as most falls
within the boundaries of the Massachusetts Military Reservation.

The results of the water quality monitoring program are consis-
tent with the watershed loading assessments. However, condi-
tions within the mouth of the Back River, the periodic plankton
bloom levels in the Harbor and Eel Pond (1996 and 1998,
respectively), and possible localized loss of eelgrass suggest that
the Harbor System may be closer to its nutrient tolerance thresh-
old than previously thought. At present, it appears likely that
nitrogen management actions will not be required for outer
Phinney’s Harbor. In contrast, the inner harbor areas, Back River
and Eel Pond, may require watershed nitrogen management to
prevent further increased loadings. However, additional analysis
will be needed to separate natural system versus watershed
effects, as part of a nitrogen management plan. The Cape Cod
Commission has updated the subwatershed for Phinney’s Harbor,
and the Buzzards Bay Project needs to update its nitrogen loading
assessment for the estuary. Present efforts should focus on bacte-
rial contamination relative to the limited seasonal shellfish bed
closures and recreational beaches within the Harbor and other
direct management of harbor resources.



Duttermilk Bay & lsittle Buttermilk Bay

Bourne, Wargham

BT N

I
I
[ .. Aquife_r, on_e_ofthelargestin Massachusetts. The watershed to the
| Embayment and Watershed Characteristics  Bays is divided among three towns, Wareham, Bourne, and
| . _ _ _ ~ Plymouth and is the eighth largest sub-watershed to Buzzards
The estuarine portion of the Buttermilk Bay System is compris@hy. This watershed has largely residential land-use, which is
: primarily of a 530 acre enclosed bay, Buttermilk Bay, connecteflistered, primarily in the nearshore areas, but there is also
at its inland most portion through a narrow channel to Littlgonsiderable new development within the upper watershed in
| Buttermilk Bay. Initially a freshwater kettle pond adjacent t®lymouth. Many residential areas have been and continue to be
| Buttermilk Bay, Little Buttermilk Bay became connected withsewered since the 1990’s, most notably Indian Heights adjacent
| rising sea-level, but has restricted flushing. There are seveg@iMiller Cove. Approximately 9% of the watershed is used for
| coves within the Bays, most significantly Miller Cove and Queesigriculture, mostly cranberry bogs.

Sewell Cove. Both embayments have several creeks and streams
| for freshwater inputs (and nitrogen), the largest being Red Brogkuttermilk Bay is shallow, averaging only 1.5 meters in depth,
| Nevertheless the majority of freshwater enters the Bay via groungith only a moderate dilution of salinity (25-30ppt) from fresh-
| water. All tidal exchanges with Buzzards Bay waters are via théater inflows and is know for eelgrass beds covering nearly 40%
| inlet to Buttermilk Bay at Cohasset Narrows to Butler Cove. of the embayment in the 1980’s. The embayment has 3 beaches,

- _ ~ water-skiing and other boating recreation. There are approxi-

The watershed contributing to the Buttermilk Bays consistately 137 boat moorings and slips, and a marina providing a
| primarily of fine to coarse sands deposited as part of the Warehpinp-out boat and dockside facility and a waste dump facility.
I Outwash Plain. The upland is part of the Plymouth-Carveicreased shoreline development has resulted in loss of salt marsh
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coverage with portions of this estuary’s shores. Wetland loss LEZ - Little Buitermilk Bay
now primarily through small erosion events, however filling o
salt marsh was a major mechanism for wetland loss only 30-
years ago. Fortunately, many of the coves and the mouths of f
Brook and Goat Meadow Brook still support modest size marshi
Little Buttermilk Bay also supports eelgrass beds and significa
shellfish populations. a
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Buttermilk Bay has historically sustained an active shellfisher = ..
However, bacterial contamination caused major restrictions
harvest in the mid-1980’s. The bacterial contamination w: o
traced primarily to stormwater runoff, particularly from road
ways which has resulted in extensive surface water mitigati e
projects within this basin. Buttermilk Bay is the only embaymel

to Buzzards Bay to have remediated all (30) of its stormwater
discharges. OE3 - Butterrnilk Bay/Miller Cove

Water Quality o

Buttermilk Bay has shown moderate to good water quali
throughout the monitoring period. Oxygen levels have on
shown depletions to 60% of air saturation on one occasion &
generally are greater than 80% of saturation. Only in 1997 we
moderate oxygen depletions, 60%-80% saturation, observed c
consistent basis. It is interesting to note that Butler Cove whi
is tributary to the inlet to Buttermilk Bay at Cohasset Narrow S

shows greater oxygen depletions than in Buttermilk Bay and

more similar to the confined waters of Little Buttermilk Bay. Thit =

is likely due to its highly developed watershed, but an accure -
diagnosis is not possible from the limited data available.
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BE4 Bullermilk Bay/Contfinental Marina

The general trend in Buttermilk Bay appears to be toward imprc &
ing nutrient related water quality conditions within the Bay o > !.i i

Average (shown with its standard error or SE, a measure . o =
variability) total nitrogen, particulate carbon and chlorophyl 5 =« -
pigments all show decreasing levels when comparing 1993- : r
versus 1996-98 (stations BB3, BB1, BB2); TN, 0.467 mg N/ | == %

N
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The Coalition for Buzzards Bay

(SE=0.093) vs. 0.398 mg N/L (SE=0.064); POC, 1.13 mg CJ

(SE=0.23) vs. 0.72 mg C/L (SE=0.12); Total pigment, 9.0 ug/ ,:’:ﬂ';“;\_‘:‘:‘:'l':ii_
(SE=1.8)vs.6.2ug/L (SE=1.0). The levels of reduction are ab¢

one third for the phytoplankton indicators (POC and chlorophy
pigments) and half that for total nitrogen which includes a lar¢
relatively non-active pool of DON. The reductions in the Ke
water quality parameters are reflected in the composite heg
index which also shows an improvement in recent years. Wh

these data are not conclusive, it is likely that the observ

reduction is related to the removal of a large percentage of 1 I .
wastewater nitrogen load by sewering. Although groundwat

travel times can delay the onset of nitrogen reductions to‘b

waters, the effects of sewering Indian Heights would be affectil ey E E : g yree
Bay conditions by the late 1990’s. At present, the magnitude

the expected water quality improvement is not known nor is the

time interval required for full effect. However, to the extent the Buttermilk Bay

the observed trend is accurate it should signal the onset Tt Wk Cizhurrn Piirogan
improving habitat quality within Buttermilk Bay. .

Hiregen mgil jparie e mill

Sewering is a common approach to nitrogen mitigation fc
restoration of coastal embayments, but caution must be taket
preventtransferring the problem to another watershed as occut
in West Falmouth Harbor in the mid-1980’s (which is now in neg
of its own reduction in nitrogen loading). The sewering within th
lower Buttermilk Bay watershed presently transfers this wast
water nitrogen loading to the Wareham Waste Water Treatmg
Facility (\(VV'\/TF).. This WWTF.discharges secondar.ily trea_te‘ : L o o e b L
effluent (limited nitrogen reduction) to the Agawam River whicl 199 19E3 1S4 TERE @G 1997 199
flows into the Wareham River Estuary. Nitrogen loading evalt

ations of this receiving embayment are currently underway as part

ofaplanned upgrade ofthe WWTF. The goal of these evaluatigpg, Bay should show higher nitrogen and chlorophyll pigments

is to manage nitrogen related water quality within the Warehgil, , the outer system. Both of these effects appear to be supported
River Estuary as related to nitrogen loading from its WatershB? the monitoring results.
s

and the various sewered areas which currently contribute to th
syst'em. Since the WWTF W'I,l be upgra_ded, ”'”096” remov@ver the monitoring period, Little Buttermilk Bay has consis-
designs can be added as requm?d to achieve sustainable env'tré’rrfﬂy exhibited higher concentrations than Buttermilk Bay of TN
mental quality (see Wareham River Estuary text). The Town gf =1 mg N/L (SE=0.023) vs. 0.426 mg N/L (SE=0.013)),
Wareham is supporting this effort to ensure that nitrogen removal i |ate organic carbon (1.23 mg C/L (SE=0.10) vs. 0.88 mg
will be at the appropriate level for the protection (or possiblg, (SE=0.06)), and chlorophyll a pigments (8.7 ug/L (SE=1.2)
enhancement) of nutrient related water quality in this system,,¢ 73 ug/L (SE=0.6)). The higher TN (21%), POC (39%), and

. ) . ) . . igment (19%) levels result from the additional nitrogen loading
The improving trend in Buttermilk Bay is not as readily appareiiy o the | jttie Buttermilk Bay watershed. Higher levels of these

in the Little Buttermilk Bay ,dat_%- This regults from the Iimitedconstituents in the inner reaches is typical of embayments with
oxygenldata setand the varlablllt_ylnthe_ plgmer_ltdata. HoweVFéstricted inlets and whose freshwater input is dominated by
the available data does support improving nutrient related walgh, |\ qvater. These higher levels are consistent with the greater
quality within this tr!butary system. The improvement is I.|kel bxygen depletions and generally slightly lower eutrophication
the result of lower nitrogen and phytoplankton concentrations ije scores for the inner versus outer basin. Since this relation-

the incomipg .ﬂOOd Water§ from Buttermilk Bay more thar}:hip is primarily the result of embayment structure, Little Butter-
decreases in nitrogen loading from its own sub-watershed. Lit Ik Bay should serve as the “worst-case” or most nutrient

Buttermilk Bay has lower nitrogen loading from its watershed,, itie region of the greater Buttermilk Bay System.
than does Buttermilk Bay, but all of its tidal exchange is with the

waters of Buttermilk Bay after they have received their watersh
nitrogen load in passage through to the inner bay. The effect is%anagement Needs

that q§creas.ed. nitrogen Ioading to Buttermilk Bay.will iMprove o uttermilk Bay System is one of the few embayments to
conditions within Little Buttermilk Bay and (2) that Little Butter- Buzzards Bay where significant management practices for pro-

tection and improvement of system health have been imple-
mented. As a result it appears to be a system which may be

o]
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increasing in habitat quality, counter to the trend in much of the
regions embayments.

Buttermilk Bay is the first embayment to Buzzards Bay where the
nitrogen loading limits proposed by the Buzzards Bay Project
have been adopted and where detailed mass loading evaluations
have been performed. In order to protect the Bay from nutrient
overloading, the towns of Wareham, Plymouth, and Bourne
“reprogrammed” future growth in 1991 through zoning changes
aimed at reducing the number of homes (primarily septic sys-
tems) in the watershed so that recommended nitrogen limits
would not be exceeded. Further, remediation of existing nitrogen
loading resulted from sewering of several densely developed
nearshore areas by the Towns of Bourne and Wareham. The
sewering resulted from the need to protect public health as septic
systems failures were occurring in these areas. However, the
collateral result was likely the current trend of improving nutrient
related water quality observed in both Buttermilk and Little
Buttermilk Bays. Further monitoring needs to be conducted in
order to determine the extent and duration of the apparent water
quality trend. If improvement continues, Buttermilk Bay should
serve as a model of restoration for other embayments in South
Eastern Massachusetts.
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Wargham

the watershed in-
cludes primarily

high unit density in

residential land-use
with considerable
commercial devel-
opmentalong Cran-
berry Highway.

Runoff from these
areasis a significant
source of pollution,
causing shellfish
bed closures and in
some regions there
are restrictions to
herring migration.

The single golf

course within the
watershed, Little

Harbor Golf Course,
sitson the watershed
divide and partitions
its nitrogen load

fromfertilizer usage
between Onset Bay
and the adjacent

s 47 kT ' ’ open Bay waters.
7 _ | ] e, M4l openBay

|

| Wareham began construction of surfacelr:/v%elgt):‘:r7 ri]h;nfge%(gm fa-

: Embayment and Watershed Characteristics  cilities to treat runoff from a densely developed sub-watershed

and to mitigate 14 discharges from the Point Independence and

| Onset Bay is located near the head of Buzzards Bay and adjad¥Merside areas to improve the water quality of receiving waters

I . .
to the major channel to the Cape Cod Canal. This places Ord reduce shellfish bed closures. The stormwater projects were
Bay within the mixing zone of two high quality waters, Buzzardgaralleledin 1997 and 1.998 by extension of sewer service to many

I Bay and southern Cape Cod Bay (via the Canal). Onset Bay @eqisely developed neighborhoods along the Broad Cove and

| shallow (average 2 meters) embayment but with moderate flududdy Cove shorelines such as the Point Independence area.

: ing, water quality is good except for the upper and inner portioh§ese sewer projects have reduced the nitrogen load to Onset
of the estuary—Broad Cove, Muddy Cove and Shell Point Bagay, likely with long-term positive effects to the Bay system

| These inner areas of the Bay are bordered by dense residefiiarticularly the inner regions). Sewering is a common approach

| development and/or wetlands. Shellfishing within these shalld nitrogen mitigation for restoration of coastal embayments, but

| covesisona Conditional basis, with closures after heavy rainf@gution must be taken to prevent transferring the problem to

| Unlike many similar embayments with more developed watepnother watershed as occurred in West Falmouth Harbor in the

| sheds, eelgrass is still present in isolated beds throughout frig-1980’s (which is now in need of its own reduction in nitrogen

| estuary with the exception of Muddy Cove on the north end of tigading). The sewering within the lower Buttermilk Bay water-
system and Sunset Cove at the west end. shed and the Onset area presently transfers this wastewater

I nitrogen loading to the Wareham Waste Water Treatment Facility

: The outer region of the embayment (central region of Onset BYYWTF). This WWTF discharges secondarily treated effluent
maintains a dredged “deepwater” channel and good exchargéth limited nitrogen reduction) to the Agawam River which
with the low nutrient offshore waters. The Bay supports a Towpws into the Wareham River Estuary. Nitrogen loading evalu-

| Pier, almost 800 boat moorings and slips, several marinasatipns of this receiving embaymentare currently underway as part

| pump-out dock facilities and 1 pump-out boat, and 6 publRfaplanned upgrade ofthe WWTF. The goal of these evaluations

| beaches. The shoreline also has many motels, restaurants &8d0 manage nitrogen related water quality within the Wareham

| multifamily dwellings and is a popular tourist location. Similarly River Estuary as related to nitrogen loading from its watershed
| and the various sewered areas which currently contribute to this
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system. Since the WWTF will be upgraded, nitrogen remov 5F1 - Onset/Shell Point Bay
designs can be added as required to achieve sustainable envi

wih

L]
mental quality (see Wareham River Estuary text). o |z
Only about 4% of the watershed area is agricultural, most 5 wn E
cranberry bogs (ca.100 acres or 75% of all agriculture). i
addition, 266 acres, or 8%, of the watershed is permanen * ..
protected as open space. Much of this land is owned by the Or 3
Water District which maintains public drinking water wells in the 7 an
area around Sand Pond between Route 495 and Cranberry H
way. However, the Onset watershed has proportionately le e
undeveloped forested area then most of the sub-watershed
Buzzards Bay. . .
Water Quallty ) OB1 - Onsat Town Feer
Onset Bay is one of the more subdivided embayments to Buzza o - e -
Bay with at least 7 sub-bays and coves. As aresultaproporti = % - ke = 4
ately high number of monitoring stations were required to chare :: ﬁ e ;@, ﬁg J%
terize this Bay. Overall, the Onset Bay System supportshighwe ; .. - - E'F". - "_"'_ 5
quality and nutrient related habitat health. Only the shallowinne = - . ] "
most embayments, Shell Point Bay and Muddy Cove, shc 2 un "
modest water quality degradation. This high overall water quali _:_5"
seems intuitively contradictory given the watershed’s highdens = ==
of development and low acreage of forested land. However,
least 4 mechanisms help to maintain the water quality of thisB:
First, while the watershed is densely developed, recent sewer
is transporting a portion of the associated nitrogen, which othi -
wise would be impacting the bay, to another watershed. Seco =
although the watershed is relatively densely developed, it |s
proportionately small compared to most other embayments on .. DB .Point Independence Yacht Club
- = =
i A y -
100% E ;E 5 Iﬁ
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The Coalition for Buzzards Bay
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western side of Buzzards Bay. Third, Onset Bay is located at the
mixing zone of the high quality waters of Buzzards Bay and Capéthin the Bay suggest only a modest elevation over the adjacent
Cod Bay. The different tidal elevations on either side of the Cammahrine source waters. Only the shallow semi-enclosed waters of
generate high tidal current velocities which can reach 4 kndell Point Bay showed significant elevations in nitrogen, indica-
during Spring Tide. Fourth, Onset Bay has no major rivéive of both its lower tidal exchange and it being the focus of
discharge and therefore tends to have a more diffuse inputtefrestrial inputs. In addition, given the tidal wetlands bordering
terrestrially derived nitrogen and is less capable of developitiljs sub-Bay, some level of nitrogen enhancement might be
water column stratification which helps to maintain bottom watexpected. However, chlorophyll a levels were not enhanced in
oxygen levels. This lack of river discharge can be seen in tties Cove over Onset Bay proper. The critical water quality
absence of a strong salinity gradient from the Bay mouth to tharameter for Onset Bay was bottom water oxygen. As expected
inland shallow coves, average 30.8 ppt and 29.5 ppt respectivéfgm the nutrient parameters and the flushing characteristics,
Onset Bay proper (Inner and Outer) maintained relatively high
Nitrogen and chlorophyll a levels within the Inner and Outepsxygen levels within the bottom waters. In the more than 100
portions of Onset Bay were similar throughout the study perig@mplings no stressful oxygen conditions were observed. Evenin
reflecting the relatively well flushed conditions. Conditions 59



is showing only moderate levels of nutrientimpact on its ecological
health, further nitrogen loading reductions resulting as the effects
of recent sewering are felt by the bay (based upon the groundwater

travel times) and through additional nitrogen management would

likely cause improvements within the upper portions of the system.
18 Unlike many embayments in the western watershed of Buzzards
Bay, the Onset Bay System has the potential to avoid further

e oy degradation with only modest investment. With nitrogen manage-
!._w ment the Onset System should improve and a high quality environ-

ment be sustainable well into the next century.

. ' I I - i Management Needs

Shell Point Bay, Sunset Cove and the East River/Muddy Cove
areas of the greater Onset Bay system are currently the most
sensitive areas in the bay to increasing nitrogen loading and

Shell Point Bay - Onset
Phytoplanaton Pymeni

Cirvset Bay - Inrer should be the focus of nitrogen management in Onset Bay. This
FIapraiion Pagment natural characteristic of these areas makes them less capable of
x assimilating nitrogen loading from their surrounding watershed
and more susceptible to the effects of eutrophication. Given that
5 they appear to be only slightly degraded, nitrogen management

should have discernible positive effects.
Ehieropted
Onset Bay has the capability to control discharge of boat wastes

!"'“ more than most other Massachusetts bays and harbors. While
§ boat discharges directly into bay waters typically represent a very
. I I small source of nutrients, they can be very important sources of
i I toxic and bacterial contamination. Of the nearly 800 slips and
1583 1 ! B4 TR 3EG 1987 1550

moorings in Onset Bay, the vast majority are summer usage and
generally occupied only a few days per week. The availability of
the 4 pump-out dock-side facilities and pump-out boat within the

Onset Bay - Outer harbor allows for the reduction of boat discharges to zero in this
Phytocplanidon Bgmenl system. Boat owners should be strongly encouraged to make use
- of Pumpout facilities to remove entirely this source of contami-

nants to Bay waters.

Nitrogen management within the watershed should be conducted

Eﬂm to preserve and improve the Bay. New development within the

Bir inner watershed should be reviewed for discharge through the
!-w Town'’s wastewater treatment facility, instead of use of on-site

i systems. The goal should be to prevent further nitrogen loading to
the inner regions of the Bay. Although the Little Harbor Golf Club
I ' . is privately owned, the Town should work with the club owner to
T FeS4 HEIS 198G 19T 15 develop programs to reduce fertilizer applications and minimize

runoff of nitrogen into the Bay. In addition, the Town’s stormwater
runoff program should continue to identify and mitigate remain-
ing discharges to the Harbor System, particularly in beach and
the inner-most portions of the Bay, Muddy Cove and Shell Poigge|ifish areas. Where possible, stormwater runoff should be
Bay, significant oxygen depletions were relatively rare and stressigintrolled by vegetated swales or engineered wetlands that re-
levels were only observed in the Muddy Cove/Broad Covgove nutrients as well as other contaminants. Rapid infiltration
region. Even in this portion of the Bay, only 4 dates over thgsins, though the only option in some areas, do not remove the
sample period showed stressful oxygen depletions. All of theggogen load from stormwater but focus on bacteria removal.
parameters support the persistence of eelgrass beds and the
production of shellfish within this system. Onset Bay has one of the more densely developed watersheds and
concomitantly lowest undeveloped forested areas within the
The health index scores for this Bay are generally high as wouldg¢,2ards Bay watershed. For nitrogen management as well as
expected from the base parameters. Even in the inner regigign space benefits to the public, it is prudent to investigate
which are showing moderate water quality degradation, the scopggtection of open space, particularly in the Point Richard area
are approaching the “high quality” index values. While this systeflong Shell Point Bay and Sunset Cove and within the drinking
60 water supply area adjacent to existing Onset Water District lands.



Wargeham River E€stuary

Wankineco, dgawam, Broadmarsh Rivers & Marks Cove
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Cove: 114 acres).

| Embayment and Watershed Characteristics

Wargham
River discharges at the mouth of the Wareham River Estuary.
The Weweantic River is the largest river within the Buzzards
Bay watershed, contributing about 13% of the total freshwa-
ter inflow. The combined flow of the three rivers makes the
Wareham River Estuary (and Weweantic Estuary) subject to
the greatest surface freshwater inflows of all of the sub-
embayments to Buzzards Bay. Within this relatively small
region is about one-quarter of the total freshwater inflow to
the Bay. The effect of this high level of freshwater discharge
is reflected in the lower salinities within the Wareham River
Estuary and the freshwater influence even at the system’s
entrance to Buzzards Bay (average salinities: Agawam River
<4 ppt (upper-AG1) and 16 ppt (lower-AG2), Upper Wareham
River= 23 ppt, Lower Wareham River= 25 ppt, Outer Marks
Cove= 28 ppt, Weweantic at Cromeset Pt.= 23 ppt). The
influence of the Weweantic River discharge would help to
explain the weak salinity gradient within the mid to lower
reaches of the Wareham River and the lower salinities in
Marks Cove (Inner and Outer=28 ppt) compared to the mouth
of adjacent Onset Bay with salinities of 31 ppt, typical of
Buzzards Bay waters.

The nutrient related water quality within an embayment is the
integration of the rate of nitrogen inputs from the surrounding
watershed and the rate of loss through tidal exchanges. In
addition, the higher the quality of the incoming tidal waters,
the greater the dilution of the watershed nitrogen load and the
higher the nutrient related health of the embayment. Most of
Buzzards Bay’s embayments are flooded with high quality,
low nutrient Buzzards Bay waters, afundamental mechanism
in maintaining their generally good water quality. However,
as the level of nutrients within the incoming tidal waters

increases, the nutrient related health of a receiving embayment
decreases, even if its watershed loading remains unchanged (see
| The Wareham River Complex is a drowned river estuary fed at 8cums & Little Rivers). It appears likely that since waters from
| northern end by two major rivers, the Wankinco and Agawarhpth the Wareham and Weweantic Rivers discharge to and are
| which are tidal in their lower reaches and merge to form the tiddoded from a common outer embayment, their water quality is

Wareham River. The lower portion of the Wareham River Estudligked by the tides. It is nearly certain that outflowing nitrogen
includes Broad Marsh River, Crab Cove, Crooked River and Mar&sriched waters from these adjacent systems mix and a portion of
Cove. The mouth of the Estuary is at Long Beach Point aftteir nitrogen load re-enters the Wareham River Estuary with the
Cromeset Point at the tip of Cromeset Neck which separates itheoming flood tidewaters from the Bay. Therefore, management
Wareham River Complex from the Weweantic River System. Tleénutrientrelated water quality within the Wareham River Complex
embayment is relatively shallow (mean depth 1 meter) and réeds to consider possible inputs from the Weweantic River as well
moderate size at 729 acres (Wareham River: 615 acres, Maakgrom its own watershed.

The Wareham River Complex’s drainage basin, at 28,400 acres, is

The Wankinco and Agawam Rivers, which drain the western atfte third largest in Buzzards Bay. Land uses in the lower watershed
eastern portions of the upper watershed respectively, are amongnhkide densely developed residential and commercial areas, while
largestrivers discharging to Buzzards Bay, contributing almost 1a¢% upper watershed is lightly developed with the major developed
of the Bay’s freshwater inflow. Both Rivers are freshwater to thdand-use being cranberry agriculture. However, the majority of the

control weirs at Route 28 and are tidal below. In order to managatershed remains in undeveloped forestlands. Cranberry bog
coastal and estuarine water quality in the Wareham River systaoreage in the Wareham River watershed is the second highest use,
the watersheds for both rivers must be evaluated in aggregatecdwering about 2,530 acres—containing 1,672 acres of agricultural
addition to the Wankinco and Agawam Rivers, the Weweantiog surface, or 6% of the watershed land area. The adjacent
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Weweantic River watershed has the most cranberry productiondtershed to the Wareham River Complex, the removal of nitrogen
any watershed in the Buzzards Bay basin at 4,688 acres (soulaading from adjacent watersheds by sewering has been important
Cape Cod Cranberry Growers Association). to the nutrient related health of other embayments within the Town
of Wareham (for example, Buttermilk Bay).
The Wareham River watershed leads the entire Bay area in acres of
permanently protected open space, 10,826 acres or 36.37%Reéults of the Citizens’ Water Quality Monitoring Program indi-
watershed. Much of this protected land is located in the uppeate that this estuary is showing nutrient related water quality
watershed within the Myles Standish State Forest. In fact, 65%«dg#clines. Like many of the embayments to Buzzards Bay, the level
the 14,651 acre State Forest lies within the Wareham River watefrdlecline is greatest in the upper regions, where most of the land-
shed. These lands are an important factor in reducing potenbabked nutrients enter. Water quality improves farther down the
future increases in nitrogen loading to the estuary. estuary towards the mouth, where exchange with the high quality
Buzzards Bay waters occurs. Due to the structure of the estuary,
Homes along the densely developed western shore of the Wareliaene is a clear shift in water quality from the upper (above the
River from Swifts Beach to Route 6, including most of Broadandwich Road/Route 6 Bridge) vs. lower (main basin) regions.
Marsh River, are served by municipal sewer. The remaining homEe eastern branch of the Upper Wareham River Estuary, the tidal
in the watershed rely on individual, on-site septic systems. Tteach of the Agawam River, is one of the more heavily nutrient
major point source of nitrogen in the watershed is the Warehdoaded estuarine regions within Buzzards Bay. The tidal reach of
Wastewater Treatment Facility (WWTF) which discharges 1 MGEhe Agawam River receives nutrient inputs both from the surround-
(million gal./day) of secondarily treated effluent (minimal nitrogeling watershed and from regions outside of the watershed, imported
removal) to the Agawam River south of Route 6 and accounts foa the Wareham Wastewater Treatment Facility. This upper
about one-third of the total watershed nitrogen load (Buzzards Bagion of the estuary is showing poor nutrient related habitat
Project 1998). This treatment facility is slated to be up-graded amuhlity, the lowest within the Wareham River Complex.
additional studies are currently being conducted to ascertainits role
in the water quality within the Wareham River Estuary. Whil&he Wareham River Complex supports approximately 291 acres of
some of the nitrogen load from this WWTF originates outside of tilsaltmarsh, most of which borders the Agawam and Broad Marsh
Rivers and Marks Cove. Also of major importance to the water
quality of the estuary is the large fresh surface water resources
within the watershed. The large network of ponds and freshwater
wetlands provides a means of nutrient retention within this water-
shed not present in more groundwater-dominated watersheds.
Eelgrass surveys and mapping by the Massachusetts DEP Wet-
lands Conservancy Program in 1996 show eelgrass beds almost
100 totally absent from the Wareham River estuary. Historically,
80 eelgrass populations existed in dense beds outside of Long Beach
% Point with less dense beds within the lower estuary up to the mouth

:: of Broad Marsh River.

. Good to Excellent (65 - 100)
BAY HEALTH INDEX D Fair (35 - 65)

. Poor/Eutrophic Conditions (< 35)

[}
°2 93 o4 %5 96 97 98 The Agawam River currently supports one of the most prolific

herring runs within Buzzards Bay. The herring spawn within the
freshwater upper regions of the estuary (north of dam to Halfway
o Pond in Plymouth). Both the systems maintain fish ladders,
0 although the Wankinco ladder appears much more difficult to
20 y transit than the stream approach at the Agawam. The Wareham
005293 94 95 96 97 93 River Estuary also maintains shellfish harvests. Most of the
Wareham River is approved for harvest, however significant areas
of the upper estuary are restricted due to bacterial contamination.

100,
100

20|

The embayment supports important recreational activities, prima-
rily within the lower estuary. At presentthere are 4 public beaches
and moorings and slips for 486 boats (primarily below the Sand-
wich Rd. Bridge). There are ample facilities for off-loading boat
waste including a pump-out boat, dockside facility, and waste
dump facility located at Warr's Marina.

Water Quality

The whole of the Wareham River Complex appears to be nitrogen
enriched and experiencing a moderate to high level of nutrient

792 93 94 95 96 97 98
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related water quality decline. l : R

Unlike many embayments to
Buzzards Bay which are domi-
nated by nitrogen loading from
their watersheds, the Warehan
River Complex appearsto have
additional loading from “ex-
ternal” sources via sewering
and the Wareham Wastewate
Treatment Facility and through
likely tidal inflows of
Weweantic River waters.

Total nitrogen concentrations in the Inner (south of Sandwich Rghiorophyll concentrations were 31 ug/L (SE=0.8) and 51 ug/L in
Bridge) and middle (adjacent Wareham Neck) portions of i€ two stations in the immediate downstream reaches of the
Wareham River were moderately high, 0.57 mgN/L (SE=0.0292wam River. These levels result from the stimulation of

Standard Error is a measure of variability of samples contributiRgYtoPlankton production within the Agawam by nutrient dis-
to the average) and 0.54 mgN/L (SE=0.03) and showed lit arges fromthe WWTF. The large proportion of the plan pigment

variation over 6 of the 7 years of study. The Outer portion of tigund as chlorophyll a (mean 82%, maximum of 100%) is consis-
Wareham River (Crooked River mouth to Long Beach Pointﬁntw'th the contention that the measured phytoplankton pigments

showed more variable nitrogen levels than the inner portion, B4re Produced within the Agawam, rather than entering with the
tended to be only about 10% lower than the inner areas (0.51 mgQphwater from the upper watershed. It is important to note that
L, SE=0.003), due to dilution with flood tidal waters. In fact ther@@Sed upon available data (Agawam nutrient sampling is only for

is a notable lack of a strong nitrogen gradient within the entife’2/ & 1998), the high nitrogen and chlorophyll a levels are only
system. Both upper and lower Broad Marsh River (0.53 mgN/PPserved within the Agawam River between the WWTF and the
SE=0.013; 0.52, SE=0.014) and upper and lower Marks Cove (0&§'fluence with the Wankinco River.

mgN/L, SE=0.030; 0.45, SE=0.017) showed elevated nitrogen _ i o
levels. On average, the range of total nitrogen found within ti¢atercolumn particulate organic carbon appears to be primarily
Wareham River from the Sandwich Rd Bridge to Nobska Point 5™ Phytoplankton produced within the estuarine complex. This

the outermost portion of the estuary was only 0.57 mgN/L to 0 grganic carbon is the source material for respiration within the

mgN/L with almost all measurements above 0.5 mgNi/L. Th}gatercolumn and sediments which underlies oxygen depletions.

distribution is despite the high total nitrogen levels within thghe distribution of particulate carbon concentrations follows that

Wankinco (0.64 mgN/L) and Lower Agawam (1.05 mgN/L) angf t_he nitrogen and_ chlorophyll a concentrations from which_ itis
low levels in central Buzzards Bay (<0.30 mg N/L). derived. Levels within the entire Complex from the Wankinco

River to Broad Marsh River and Marks Cove averaged from 1.14
B}gC/L to 0.99 mgC/L with no clear gradient. Only at lower Marks
ove was the influence of tidal exchange beginning to be observ-

inflowing waters were unenriched Buzzards Bay waters, outdple. 0.83 mgC/L (S_E:O‘O4)' The Agavv_am River samples were
Marks Cove concentrations would almost certainly be below whaPre than wo fold hlgher than found_W|th|n the re_st of the estugry,
was typically observed. The average Weweantic River water néat4-2-90 mgCiL, agam_demonstratlng the lacalized high enrich-
its mouth is 0.42 mgN/L (SE=0.03) which further supports thigient from the WWTF discharges.

mixing hypothesis.

The lack of a strong horizontal gradient supports the likelihood
additional nitrogen loading from the inflowing tidal waters. |

There was a consistent pattern within the inter-annual results. The
While there is more inter-annual variation in the chlorophyll gwee constituents of total nitrogen (dissolved inorganic, dissolved

pigment concentrations, the average conditions show a nedt a_nic,_and particulate (_)rga_nic_) ar_wd chlorophyll a 6_‘” reached
identical pattern to total nitrogen. The short-term variation in tff82Ximain the 1994 sampling, indicating the lowest nutrientrelated
pigment data reflects the periodic blooms which occur within thfater quality in that year. The consistency between upper and
nutrient rich estuary. The phytoplankton pigment results indicdf@Ver estuary nitrogen and chiorophyll values suggest that a *real
high levels throughout the Wareham River Estuary and similarf?éfem occurred, possibly related tq higher effective nitrogen Ioad_—
total nitrogen, little horizontal gradient was observed. While tHa9 Such asrunoffor reduced flushing. At present the reason for this
levels were high, the range of chlorophyll was small; the uppertg?4 Mmaxima is unclear. Regardiess of the cause, the 1994 season
lower estuary, including Broad Marsh River and Crab Cov8@Y reflect the “potential worst case” water quality conditions
averaged 10.1 ug/L (SE=0.9) to 7.8 ug/L (SE=0.1). Upper aHgder present land-use and flgshmg condltlops_wnhm the Lower
lower Marks Cove showed similar levels to the Wareham Riv areham River Estuary. The nitrogen levels within the estuary also

proper, 8.5 ug/L (SE=1.0) and 6.8 ug/L, respectively. Levels Eﬁflectnitrogen loading from land, with levels almost two times the
chlorophyll a pigments within the Wankinco River were similar tgmblent levels within Buzzards Bay.
the upper Wareham River, but the Agawam River had extreme|

high chlorophyll a concentrations associated with the WwTH/Nile the Agawam River portion of the Wareham River Estuary

has not been monitored for nutrients until recently (1997), itis clear

63



A1 - Agawam River'Ri. & Brdge WR1- Wareham River/Besze Park

- b - - =
- - “ =
- Fad - s - & o -
- - up E - I:# :_ = -‘."I;l d!.
- - = ? = i L, e El -
- - — g - ﬁ L ® "'::
- =_| - 1]
- - - L &
L
-
-
B2 - Agawam Hiver®rivate Dock WR2- Wiareham River/Warrs Marina
- = - _
- o
- = - = = I~ = } E
= " - - — " T - > ]
« . 32 = % ™ R
- " - = [ -
L - -
- -
=
AG3 - Agavwam River/Rbe.§ Elks BYMR1 - Bromsimarsh River! Cendral
.
E = e’ = -
- ol h{ ol A E =:..l
L) - R IE- " & =
1. = = i
| - - B - ] - -

thatland-based nutrientloadings (including the WWTF) are having

a significant effect on both the nutrient concentrations (total nitréstuary. The presence of chronic oxygen depletion and periodic
gen: 0.78-1.05 mgN/L) and chlorophyll levelsdeclines to low oxygen levels indicates that the lower Agawam
(>30 ug/L). Both parameters reflect eutrophic conditions withiRiver is currently nutrient overloaded. These low oxygen levels
this portion of the estuary. However, stressful oxygen conditiofiely result from three major sources. The largest source is related
were only periodically encountered within the lower reaches of th@the organic matter production stimulated by the high concentra-
Agawam River, with about 20% of samples below 60% of saturéens of available nutrients within the Agawam River. A second
tion, but only ca. 5% being below 40% of saturation. In contrasQurce of oxygen uptake in the oxidation of the high ammonium
moderate oxygen depletion appears to be the norm for the Rigencentrations found below the WWTF in the River. Average
stations with more than 75% of the samples showing oxygen levamonium concentrations were 0.23 and 0.15 mg N/L at the two
below 80% of air saturation, suggesting a system with oxygétations in the lower reaches. The third source of oxygen uptake
demand beyond its capability of resupply. The relationship beglates to the interactions between the River waters and the fringing
tween nutrient loading and low oxygen conditions is the majéalt marshes. While the marshes provide essential ecological func-
feature in determining the loading tolerance of this region of tii@ns to the River System (fish nursery areas, nutrient removal,
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erosion control, etc), they also serve as a source of organic matiave, Health Index scores are unavailable for that part of the
The decay of this organic input contributes to the oxygen uptaéareham estuary. In contrast, the limited data (1997-98) from the
fromthe River waters. Itis common for salt marshes to have oxygeégawam River indicates a poor level of nutrient related water
depletion within their tidal creek waters. quality within the reaches down stream from the WWTF discharge.
Levels of chlorophyll within the Agawam River are typical of
Oxygen concentrations throughout the entire Wareham Riveutrophic (over-fertilized) coastal environments. Fortunately, the
(region below Sandwich Rd. Bridge) were generally only modepordering saltmarshes are highly tolerant of high nitrogen flood
ately depressed. Ofthe nearly 300 oxygen samples collected withaters.
the upper Wareham River and Broad Marsh River region of the
estuary from 1992 to 1998, only 3 samples showed stressful oxyJdme effect of over-fertilization on animal and fish populations
levels (40% saturation) and only 19 showed moderately stresshithin this estuarine complex has not been quantified. Oxygen
levels (below 60% of saturation). However, almost half of the totdépletions were not always correlated with nutrient or chlorophyll
samples were less than 80% of air saturation, indicating a systefavels. This likely reflects the temporal lag between the input of
which is beyond its ability to assimilate additional nutrients withourtutrients to the growth of phytoplankton to their decay which
effecting oxygen conditions. Oxygen conditions within this regiocauses the low oxygen levels. However, the levels of the nutrient
generally show lower levels than near the outlet to Buzzards Baglated water quality parameters are consistent with the reduction
and loss of eelgrass beds within the Agawam and Wareham River
The major sub-components of the Wareham River Estuary, Brgaattions of the estuary. Based upon the available results it appears
Marsh River and Marks Cove, differ from many similar subelear that nitrogen management of the Wareham River Complex
embayments to Buzzards Bay, as their water quality is significantBquires an understanding of the role of the tidal source waters in
dependent upon the quality of their adjacent tidal waters more treddition to watershed loading in determining the level of nutrient
on their localized contributing watershed. Broad Marsh Riveelated water quality.
enters into the mid region of the lower Wareham River Estuary, has
arelatively small sub-watershed and extensive marsh area (per ¥finagement Needs
of estuary surface), and is tidally restricted. Inaddition, its flooding
waters are a mixture of both Wareham River (possibly Weweaniibe Wareham River Estuary, relative to its large watershed,
River) and Buzzards Bay waters. The result is that this small saiowrently receives only moderate nitrogen loading. However, the
embayment has nutrient, chlorophyll and oxygen levels reflectiestuary is currently showing moderate (lower region) to poor
of the outer portion of the Lower Wareham River Estuary. Th{ga\gawam River) nutrient related water quality which indicates the
couplingis further demonstrated by the appearance in Broad Manged for nitrogen management. Part of this management plan must
River of the 1994 nutrient and chlorophyll maximum seen withimclude a better evaluation of this estuary’s nitrogen loading
the larger estuarine region. Thisindicates thatthe 1994 “event” wakerance and the role of watershed and tidally imported nitrogen.
a system-wide phenomenon. Nitrogen loading to the Wareham River estuary involves residen-
tial land-uses, the Wareham Wastewater Treatment Facility, and
Marks Cove also mirrored the pattern of the larger estuary, tagriculture (cranberry bogs), closely followed by commercial and
apparently was also influenced by its proximity to the outlet anddustrial development. In addition, it appears likely that since
likely to the Weweantic discharge as well. During the study periodaters from both the Wareham and Weweantic Rivers discharge to
total nitrogen concentrations varied within the inner Cove from 0.4®d are flooded from a common outer embayment, their water
mgN/L to nearly 0.8 mgN/L. The trend of apparently increasinguality is linked by the tides. Itis likely that nutrient loading to the
nitrogen levels seenin the 1992 to 1995 results is not supportedtgreham River includes some level of input from the Weweantic
the additional sampling and underscores the need for long-teRiver. A comprehensive nitrogen management strategy must
sampling to determine trends. Phytoplankton levels followed tlegaluate all of these sources in order to gauge the relative effective-
patterns of the adjacent Wareham River Estuary. In addition, likess of specific nitrogen remediation strategies.
the Wareham River, the highest average chlorophyll a pigment
concentrations were observed in 1994, and approached the 15 #gglof this writing, the Town of Wareham is in the midst of the
observed inthe upper estuary. Marks Cove supports the conceptdigtharge permit application process for the Town's Wastewater
nutrient enriched water is flowing into the Wareham River Complélkeatment Facility (WWTF). The WWTF is also slated for an
onthe flood tide. If not, the nutrient related water quality parametensgrade. Regulatory agencies responsible for issuance of the dis-
measured within the mid and outer cove should better reflect ttigarge permits - the US EPA and Massachusetts DEP — are evaluat-
high quality Buzzards Bay waters. Instead, nitrogen and salinityg new limits of nitrogen discharge as part of the plant’s permit. The
levels within the Cove reflect Wareham River values. level to which nitrogen will be reduced at theility and the relative
proportion of future new loads originating from within versus
Integrating the nutrient related parameters to derive the Heatthtside of the watershed will be important factors in determining the
Index values indicates that the Wareham River, Broad Marking-term nutrient related environmental health of this estuary.
River, Crab Cove and Crooked River have moderate nutrient
related water quality. In addition, under the conditions of 199&he Agawam River system periodically experiences phytoplank-
nutrient related water quality throughout the Wareham Rivéwon blooms and moderate to low oxygen levels indicative of over-
Complex is poor. Because oxygen was not monitored in Marfestilization and degraded nutrient related water quality. The
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Wareham Wastewater Treatment Facility discharge is the Iarge?t q . loadi he Wareh
point source of nitrogen loading to the Agawam River Estuary. any strategy to reduce nitrogen loading to the Wareham system

However, estimates of nitrogen loading based on land-use, sug V& the Io_ng-term. -gh's \.N'" becqme an fessentlal compon;;a?t as
that the River discharge originating in the upper watershed GWer service expands toimport nitrogen from more areas of Town

counts for a similar magnitude of nitrogen load and acts aspgtgde of the watershed. The issue addresses the central difficulty

functional point source discharge where it enters the tidal portighgitéogen g]anagemeﬂt. dSewgring within the Wel\_/veant(ijc River
of the estuary. In addition to discharging nitrogen originatin nd Onset Bay watersheds to Improve water guality and reopen

within the watershed to the Wareham River Complex, the ellfish beds merely transports the loading to a different estuary

also imports nitrogen from adjacent watersheds. Therefore thgless nitrogen redltljcgons are '?Str':Uts\(leTl:: nltrogedn rerl;n oval |
estuary is receiving nitrogen loading in excess of what occ pcesses are installed as part of the WWTF upgrade, the tota
within its watershed. Currently the Facility does not treat i ading to the estuary can be reduced if sufficient sources within the

effluent to remove nitrogen. The upgrading of the Facility tXVareham River watershed are connected to the Facility. Itis even
include nitrogen removal capacity likely will be an important part
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possible to off-set the imported load by additional watershed ho

. . . . f I i he Bay. - i
ups, if the Facility has sufficient removal capacity. %trogen and lower input to the Bay. Open-space preservation

provides an important method for limiting increased nitrogen
rIlo%ding to the upper regions of the Wareham River Complex. New

ltlatives should be encouraged such as protection of riparian

are served by on-site septic systems. All of these systems, Whel L dlands along the Agawam and Wankinco rivers. However, the
modern Title 5 systems or older cesspools, contribute nitrogen {q. - . : . o . '

. : o or impacts of growth will be in areas which directly increase
the Wareham River unattenuated. Itis unfeasible to extend centFI 4 b g y

) ) . : rogen loading to the upper estuary, primarily the lower portion
ized sewer service throughout the rural portions of this vaé;it .

. . . he watershed. Watershed managemen n- lannin
watershed. Therefore, much of future residential growth will likel the watershed. Watershed management, open-space planning

. S ) . nd sewering provide the best tools for managing nitrogen loadin
continue to be served primarily by on-site septic systems. Fo gp ging 9 9

. tbm these areas.
nately, nitrogen from many of these areas enters the freshwater

ponds before reaching the Estuary, resulting in some removal of

About 60% of the present homes in the Wareham River waters
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A corollary to open-space preservation is to reduce the density@ranberry growing accounts for relatively little nitrogen loading to
future development, for example by increased lot sizes. Zonittig watershed on a per acre basis, about the same as well managed
approaches are particularly applicable tools for the Towns @éiry farms and cattle or terrestrial croplands. While they may be
Wareham and Carver based upon the present distribution of dewstally important sources of nutrients to an associated embayment,
opable acreage within the watershed. At present, most of the total input from agriculture is generally less than from residen-
watershed is programmed for residential development on 1.5 ags¢ development. Cranberry agriculture generally releases nitro-
lots. A move to a lesser density of development would reduce igén at a rate equivalent to residential housing at a density of about
potential new nitrogen load. For example, if the watershed to the3 acre zoning. Within the Wareham River Estuary, cranberry
Wareham River Complex were rezoned to a 3 acre minimum lgjriculture occupies an area roughly equivalent to the current
size - as was done by the towns of Wareham, Plymouth, and Bougigeeloped area. The large volume of cranberry operations in the
in the Buttermilk Bay watershed in 1991 - future development andareham River watershed make these bogs a source of nitrogen to
its consequent nitrogen loading would be significantly reduceghe system that needs to be considered in a watershed nitrogen
However, the reduction would be less than half of that from builghanagement plan. However, it is likely that nitrogen released to
out of present zoning, as there are a variety of sources of nitrogefface waters within the upper watershed (from bogs and other
associated with development which are less sensitive to adjuahd-uses) will be partially removed in passage through the numer-
ments in lot size. It should be noted that the location of futuegis ponds before discharge to the estuarine waters. Nonetheless,
nitrogen loads is as important as their intensity. Nitrogen loag cranberry industry in this area should be encouraged to continue
entering the headwaters of an estuary tend to have a greater imgagting improvements to the efficiency of their bogs, reduce
on nutrient related water quality than those entering near the outfettilizer use to the greatest extent possible and continue to imple-
Itis now possible to determine through quantitative modeling apgent best management practices where appropriate.

analysis the relative impact on estuarine water quality of different

nutrient sources placed at different locations within the watershed.
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Weweantic River and they contribute 6.6% and
13.2% of the total freshwater inflow to Buz-
zards Bay, respectively. The total watershed of
55,438 acres is distributed among seven towns
— Wareham, Rochester, Marion, Mattapoisett,
Middleboro, Carver, and Plymouth.

The Weweantic Estuary is a moderately sized
embayment to Buzzards Bay at 588 acres of
water surface and s relatively deep (mean depth
of 5.9 m). Within the tidal reaches of the
Weweantic Estuary, eelgrass beds are not present
much above the mouth of Pattons Cove (Beaver
Creek Marshes) whichis south of the confluence
of the Weweantic and Sippican Rivers (and Rt.
6). Salinity within this region averaged 18 ppt
near Pattons Cove, 16 ppt within the Weweantic
tributary, south of Rt. 195. and only 22.6 ppt at
the tip of Cromeset Neck. These low salinities
are linked to the high freshwater discharges of
therivers. ltis likely that poor water quality has
resulted in the loss of eelgrass from this inner
region. The lower portion of the estuary cur-
rently supports less than 5 acres of eelgrass
beds, in part due to the depth of the lower basin.

-------

In contrast to sub-tidal eelgrass beds, emergent
wetlands continue to be a dominant feature of
the tidal portion of the Weweantic Estuary.
Within the salt water reaches, there are 235
acres of tidal salt marsh, 0.4 acres for every acre
of embayment surface. The riveris also hometo
tidal freshwater marsh, a rare habitat type in
Massachusetts. Thistype of habitatis createdin
areas where the outflow of the river is “blocked”
by the high tidal waters within the lower estu-
ary, creating a twice daily rise in the fresh
waters of the lower river. Inthe Weweantic this
region is just north of Interstate 195. Numerous
state-protected rare plants and animals are asso-
ciated with this unique coastal ecosystem.

i |

Shellfish harvest is classified as Prohibited by
the Massachusetts Division of Marine Fisheries

| Embayment and Watershed Characteristics

in most of the Weweantic estuary including the
entire Sippican River and most of the Weweantic
north of Rose Point. Beaverdam Creek on the eastern shore of the
estuary south of Route 6 is also Prohibited. The remainder of the
estuary is on a Conditional Closure to about half way down

The Weweantic River estuary has the largest watershed in th&meset Point. The primary source of these closures is bacterial
entire Buzzards Bay basin, slightly larger than that for thgontamination associated with residential development and

Westport Rivers. The Weweantic Estuary is actually composggrmwater discharges along the Wareham shore.
of two rivers, the Sippican River and Weweantic River, both

discharging to a common lower tidal region. The watershed e present condition is a long way from earlier times when

divided one-third to the Sippican River and two-thirds to thgyareham on the whole was reputed to have the “choicest brand”
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of oysters and supports few today. How much the lack of recovemthin the Town of Mattapoisett is held within the Haskell
results from the continuous fishing of a depleted stock (curren®wamp Wildlife Management area and therefore has lost its
at 4,000 bushels/year) and how much from habitat destruction gudential to increase future nitrogen loading to the estuary.
disease is unclear, but the day of “oisters...a foot long...so bit it
must admit of a division to be got in your mouth” (Wood 1634 adost of the future development will take place in the upper
guoted by Goode 1887:731) is not likely to be seen again soonveatershed with its associated nitrogen load reaching the tidal
Wareham shores. portion of the Estuary in river flows. However, much of the
existing development is on the lower Weweantic River estuary
The Weweantic River historically supported a strong anadreeuth of Interstate 195, which is dominated by densely developed
mous fish run. Today’s diminished run results less from declinbsach communities. These communities are currently served by
in environmental health than from physical impediments ton-site septic systems for wastewater disposal, but many of these
herring passage which have decimated anadromous fish popslgstems are sub-standard and the demand on them is increasing as
tions all along the coastal U.S. Efforts are currently underwayttoe homes are converted to year-round use. Among these densely
install a fishway and make improvements to the dam at Horseshitexeloped areas, sewering is planned for Weweantic Shores and
Pond to restore the herring fishery in the river. Hopes are that Barwood Beach. Most of these areas contribute nitrogen to the
available habitat will support a run comparable to that in tHestuary by transport of directly discharging groundwaters which
nearby Agawam River. form an unattenuated chronic source of nutrients to the nearshore.
The nitrogen removals associated with sewering should have a
Only 4,365 acres, or 8%, of the Weweantic watershed wpsesitive effect on the nutrient related water quality within the
developed with residential dwellings at the time of the lastdjacent estuarine waters.
statewide land use survey in 1985. Although the Weweantic
watershed has a low per acre housing density, it is among Tiftee Weweantic basin has more cranberry bogs than any other
fastest growing watersheds in southeastern Massachusetts. ddestal watershed in Massachusetts, but is fifth in proportion of
Town of Carver which forms the headwaters of the Weweant&end in agricultural use of the Buzzards Bay watersheds. Cran-
River showed the highest relative population growth within thigerry agriculture comprises 12% or 6,576 acres of the total
Buzzards Bay watershed, with more than a four fold increase frahleweantic Estuary watershed area. The cumulative nitrogen
1960 (pop. 1,949) to 1990 (pop.10,590). If this rate of growlbading from these bogs comprise a significant fraction of the
continues, Carver’'s population will reach 16,500 by the ye&stal current loading to this estuary. Cranberry bogs release
2020 (SRPEDD, 1997). The Buzzards Bay Project has estimatgtiogen at a level equivalent to 2-3 acre zoning of residential
that under 1994 zoning regulations, more than 28,000 residendeselopment and therefore require evaluation in nitrogen man-
are possible at complete build-out of this watershed. This pattegement for this estuary. However as many of the bogs within the
of non-urban residential development in the Buzzards Bay watepper watershed are not directly connected to the river, itis likely
shed is the cause of much of the water quality decline presertigt theirimpact will be at least slightly diminished by attenuation
observedinthe Bay's tributary embayments. Therefore, the rapidtheir nitrogen effluent by receiving surface waters (streams,
growth of widely distributed residential development is cause ftakes, ponds, wetlands).
concern regarding the future health of coastal resources in the
Weweantic Estuary. In contrast, most of the watershed adesportant to the future health of the Estuary, 8,614 acres, or
15.5% of the watershed is presently held in non-developable land
including all of the Rocky Gutter Wildlife Management Area
(3,410 acres) in Middleboro and most of the Haskell Swamp

B oot o Exclent 65- 100 Wildlife Management Area in Rochester, Marion and Mattapoisett.
BAY HEALTH INDEX LI argss-es) At present, almost two-thirds of the Weweantic Estuary Water-
B oo Eutophic ondions (< 35) shedis available for residential development. The majority of that

area is undeveloped forestlands. For an estuary already exhibit-
. ing signs of nutrient overloading, management of the estuary

100

30 requires management of this watershed growth potential and is

60 the leading management issue for the Weweantic.
40| —

» Water Quality

792 93 94 95 96 97 98

While the Weweantic Estuary has not been monitored as inten-
sively as many of the other embayment systems around Buzzards
% Bay, limited oxygen sampling was conducted in 1993-94 and
60 full-scale monitoring began in 1997. Even with the reduced
40 database, it is clear that the estuarine portion of the Weweantic/
20 Sippican River System is currently supporting only fair to poor
0 5757 55 95 97 98 nutrient related water quality. This conclusion is supported by
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The Coalition for Buzzards Bay

the lack of eelgrass within the upper estuary and possible declil WANTD - Weweantic/Horseshoe Pomd
near Rose Point. -

Nitrogen levels indicate a significant gradient from inner to oute

regions, with total nitrogen more than 40% higher in the upp

estuary, 0.694 mg N/L versus 0.484 mg N/L. This reflects tt

integration of the high nitrogen load transported by the River fro

the upper watershed and the dilution by tidal flushing wit

Buzzards Bay waters. The nitrogen levels are relatively hig

within the range which can resultin reduction in estuarine habit

quality. Similarly, the chlorophyll a pigments indicate a rela

tively large phytoplankton community and likely periodic blooms

As most of the pigment is in the active form, chlorophyll a, i

appears that these high concentrations are resulting from p _ -
toplankton growth within the estuary rather than transport ¢
freshwater phytoplankton. The plankton production is almo
certainly a consequence of nutrient discharge from the waterst
which is focused on the upper estuary. While pigment concent
tions show a gradient similar to that for total nitrogen, itis ¢
smaller magnitude averaging only 22% over the 2 years, 11.51
L versus 9.4 ug/L. These high plankton populations combint
with particulate matter entering in river discharges results intl £
measured low water clarity. Secchidisk readings were frequen -
about 1 meter or less within the upper estuary. Turbidityisama
cause of declining habitat quality for eelgrass communities. ;

1 4k
)

Wi - Wieweantic RiverRouale §

Oxygen levels showed only moderate depletion, even within tl ]
mid-estuary region. While levels rarely declined below 60% ¢

air saturation (average lowest 20% of samples were 64% satura-
tion), levels between 80% and 60% saturation were typical.

fact, levels at saturation were not commonly observed, in contr;

to most other systems. This persistent depletion of oxyge

ViWE - Wipweanhic River! Rose Boatyard

suggests that periodic low oxygen conditions may occur ai 3 =

indicates a chronically stressed system. B e = = o~
: r T o%

Integration of the nutrient, chlorophyll, and oxygen related pi  “* = LS

rameters into the Health Index emphasizes the relatively Ic
water quality of the Weweantic Estuary. Values place this syste
in the lowest quarter of the Buzzards Bay embayments studi
The lack of eelgrass supports these findings.

Management Needs

Analysis by the Buzzards Bay Project (1994) estimated thgft

existing nitrogen loadings to the Weweantic River are more thanrninimum nitrogen management needs to occur to maintain
300% over recommended limits for healthy coastal waters. The ' 9 g

relatively poor water quality observed in the monitoring prograt%resem conditions and habitat, but a reduction in nitrogen inputs

and limited distribution of eelgrass supports the contention of glvr?U|d be needed for restoration of the health of the upper estuary.

ver-fertili . Th itori indi .
over-fertilized estuary e monitoring results indicate that trﬁpst of the nitrogen from development comes from wastewater

rw ic Ri i i . . .
;Fl)fz)iar d:gzanélr%b;(::ri?a;%: arr;soennq[ w:tgoslzaelﬁtrigzlcéaposal. Almost all of the homes in the Weweantic River
y y ) P q y PiWatershed are served by onsite septic systems. All of these

with the more than two-thirds of the watershed available for .
stems, whether modern Title 5 systems or older cesspools,

) X o .5

g‘:(;ef:neéj (iji\éeL())Iz;nneirqée;nn%hZsrlcfve\:hthri;gggzmsstd Jﬁ:h?gr?%é%tribute the bulk of the nitrogen produced in every dwelling to

system. Since the embayment is already nitrogen enriched ir% Weweantic River unattenuated through groundwater flows.
|
S

eelgrass coverage would be expected as part of this decline. At

beyond its healthy level of loading, increased loading will resu ?{:‘;ﬁ:}lgr’I;Y('g;na:éeril:/g?ecra\r’]vatfc:\sl:zjid ’atrring?CoJ:ntgrfoﬂﬁro tre]?]
in further declines within the upper estuary with gradual migra-, : b g

tion of poor quality conditions towards the mouth. Further declinaettenuatlon' Since it is unfeasible o extend centralized sewer
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service to this rural, vast watershed, it is likely that residentipfotection of riparian woodlands along the Weweantic main-
growth will continue to be served by on site septic systems. stream.

Nevertheless, the extension of sewers to densely develogdw towns of Carver, Wareham, Middleboro, and Rochester
neighborhoods, particularly along the coast, are a priority ghould consider limiting the future growth potential in the
address both public health and environmental health conceMé&weantic area through increased lot size requirements. At
However, planning controls should be included in facilitiepresent, most of the watershed is programmed for residential
planning so as not to open large areas of land to increastayelopment on 1.5 acre lots. A move to a lesser density of
development. The Town of Wareham currently plans to exteqgvelopment would reduce the potential new nitrogen load. For
sewer to Weweantic Shores within the next few years, followekample, if the Weweantic River watershed were rezoned to a 3
by Briarwood Beach. Itis unlikely that Rose Point will be reachegtcre minimum lot size - as was done by the towns of Wareham,
in the near future. These actions have great potential to resulPigmouth, and Bourne in the Buttermilk Bay watershed in 1991
localized water quality improvements in the lower estuary -future development and its consequent nitrogen loading would
reducing both nitrogen and bacteria contamination. be cut in half.

In addition to direct nitrogen mitigation, growth managemerflthough the Weweantic watershed is ranked fifth in proportion
approaches are also available to control nitrogen related degraefaland under agriculture it has a large amount of cranberry
tion of the embayment. The Weweantic watershed is capableagficulture distributed throughout its upper watershed. Cranberry
large increases in development over the coming decades urgi@wing accounts for relatively little nitrogen on a per acre basis,
present zoning. Open space preservation is an important tooldbout the same as well managed dairy farms and cattle or
managing future increases in loading by controlling both tHerrestrial croplands. While they may be locally significant
locations and amount of land available. The current foundationggurces of nutrients to Buzzards Bay’s embayments, the total
large state protected forest-lands in the watershed, and in partigyut from agriculture is generally less than from residential
lar the Rocky Gutter Wildlife Management Area, should bdevelopment. In addition, it is likely that nitrogen released to
expanded and new initiatives launched to focus attention on $igface waters within the upper watershed (from bogs and other
land-uses) will be partially removed in passage through the
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numerous ponds before discharge to the estuarine waters. These
figures notwithstanding, the large volume of cranberry opera-
tions in the Weweantic River watershed make these bogs an
important source of nitrogen to the Weweantic system that needs
to be considered in a watershed nitrogen management plan. The
cranberry industry in this area should be encouraged to continue
to make improvements to the efficiency of their bogs, reduce
fertilizer use to the greatest extent possible, and maximize tail-
water recovery systems to minimize nitrogen releases from the
bog systems.

Finally it is important to note that the Weweantic River estuary
may be receiving nitrogen which had previously exited the River
and the Wareham Estuary on ebbing tide. The reason for this
“nitrogen return” is the configuration of the mouths of these 2
major estuaries and their access to Buzzards Bay
waters. This is somewhat similar to the nitrogen
loading to the Little River system from the Slocums
River in Dartmouth. However, given the general
pattern of circulation and the lower salinity within
these Estuaries, the Wareham River Estuary is
likely the greater recipient of this tidal recycling of
watershed nitrogen.

The Buzzards Bay Citizens Water Quality Moni-
toring Program documents the impaired water qual-
ity within both the upper and lower Weweantic
Estuary. Because the Weweantic watershed is so
large and still has considerable growth potential,
nitrogen management will be among the most
challenging of all Buzzards Bay embayments stud-
ied. Nitrogen management for this estuary will
likely require the use of the full spectrum of man-
agement tools such as sewer extensions, alterna-
The Coalition for Buzzards Bay tjye septic systems, preservation of open space,
and re-zoning. Specific management actions that
should be considered for the Weweantic watershed are (1) the
expanded sewering of dense coastal development areas to include
Rose Point, (2) encouragement of continuing implementation of
practices to minimize nutrient release from cranberry bogs, (3)
protection of open-space, particularly in the Weweantic River
corridor, and (4) increasing zoning from 1.5 acres to 3 acres.
While it is clear that implementing these actions requires signifi-
cant effort and time, environmental quality conditions within the
Weweantic Estuary will only continue to deteriorate and expand
seaward as nitrogen loading continues to increase. Additional
monitoring and studies are needed to determine the degree of
habitat decline anticipated under managed and unmanaged future
watershed nitrogen loading.
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dippican flarbor

Hammett Cove, Blankinship Cove & Planting Island Cove

Marion

Mgy i ever, the inner Harbor watershed is
e *y '_;. '; among the most highly developed
B ‘ .0 surrounding Buzzards Bay. As a result
e ; of the level of development and rela-
tively low flushing rate (8.6 days) for
the inner Harbor and Hammett Cove,
this region of the complex will be first
effected by nitrogen loading and there-
fore would be the initial target for nitro-
gen management.

Sippican Harbor supports a high degree
g of recreational resources. Among Buz-
gl zards Bay's embayments, Sippican Har-

i bor has one of the largest populations of
J rmcily, N boats with approximately 1,000 boat
T ' moorings and slips between the inner
L ¢ Harbor and Hammett, Blankinship and
Wt £ %A Planting Island Coves. These boats are
oA me \ serviced by a pump-out boat, dockside
V] ; facility, and a waste dump facility. In
- o addition, there are three public and eight
=l - s private beaches along the shores of this
. "1 embayment. Within Sippican Harbor
[ oysters, quahogs, and soft-shell clams
R W] are recreationally harvested, while only
\ﬁﬁ; = | ... 1 quahogsand oysterscontinueto be com-

2, N mercially harvested. The inner Harbor
. T supports only a small amount of salt
marsh, 86 acres, primarily in Hammett
Cove.

.. Eelgrass beds within the Harbor Complex are restricted to the
: Embayment and Watershed Characteristics margins and inner regions due to the depth of the central basin,
e _ _ average system depth is 2.2 m. However, within the inner basin:
Sippican Harbor is one of the larger embayments in Buzzards Bsdlgrass appears to be further limited in distribution by other
and encompasses a variety of smaller coves and harbors. Maggors, possibly water quality. Beds within the inner Harbor
than two-thirds of the marine region of Sippican Harbor is in thextend to Little Neck, but tend to be at the margins, relatively
lower Harbor region, south of Ram Island, which exchangeparse, and cover only a portion of the available habitat. Within
directly with Buzzards Bay waters. The inner regions which atRe mid-harbor region, eelgrass beds are located primarily in the
less well flushed consist of Inner Sippican Harbor, north of Raghallow, well flushed bottom between Ram Island and Planting
Island, and Hammett Cove and tributary to the mid-Harbowsland. Consistent with the land-use and flushing characteristics
Blankinship and Planting Island Coves. Hammett Cove is tlthe Harbor, relatively healthy large eelgrass beds persist within
innermost portion of the Harbor Complex and is a shallowe bulk of the nearshore region of the outer Harbor, particularly
drowned river estuary which still receives most of the surfagegong the western shore to Converse Point. The beds along the
water inflow. Planting Island Cove and Blankinship Cove argastern shore extend beyond Butler Point to surround Bird Island.
located along the eastern edge of the central harbor and currently
support shellfish and eelgrass habitat. The village of the Towngikd Island is a small, ca. 1 acre, island of rock about a half mile
Marion dominates the western shore of the inner Harbor.  off Butler Point. The island is notable as a roseate tern rookery,
currently supporting about 1,100 nesting pairs or nearly half of the
Given the size of the Harbor Complex, its drainage basin igeeding pairs in the Western Hemisphere of this federally listed
relatively small. The inner Harbor watershed which dominatesdangered species. Although the colony had declined to a low
terrestrial nitrogen inputs to the Harbor is only 1,514 acreig, the late 1980's it is currently undergoing recovery.
smaller than that for adjacent Aucoot Cove, 2604 acres. How-
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The Coalition for Buzzards Bay

Approximately 153 acres, or 10%, of the land within the SippicaX/ater Quality
Harbor watershed is protected open space or under municipal
ownership. Agriculture is limited to 24 acres of cranberry bogs @he Sippican Harbor Complex presents a wide range of nutrient
the upper reaches of the watershed near Interstate 195. Télated water quality, with a strong gradient of increasing quality
eastern shore of the mid-harbor is dominated by Blankinship afndm the inner-most reaches of Hammett Cove to the mid-Harbor
Planting Island Coves. The sub-watershed to these coves @oves to the outer, lower Harbor region which flushes directly
counts for 29% of the watershed for the upper Harbor—-446 acregith Buzzards Bay waters. Although there was a period of higher
of which 80 acres, or 18%, have been permanently protectedrityogen and phytoplankton levels at some stations in 1994-1995,
the Sippican Lands Trust. The margins of the Coves contaianditions have been relatively stable over the last three years
saltmarsh and summer and year-round residential developméh©96-98) of monitoring and similar to conditions at most sites in
1992 and 1993. Hammett Cove receives watershed inputs by both
More than three-quarters of the watershed nitrogen loading to ireundwater and surface water inflows (including Rt. 6 runoff).
inner portions of the Sippican Harbor Complex originates froffihis Cove, bordered by moderate residential development and
residential and commercial land uses. However, it is importantgaltmarsh is shallow and maintains soft organic-rich bottom
note that much of the nitrogen generated by homes and businesseliments consistent with nutrient enrichment. Hammett Cove is
in this watershed are in sewered areas served by the Margumrently showing poor nutrient related health. The Cove rou-
Wastewater Treatment Facility. The nitrogen within this wastéinely has phytoplankton blooms during summer, resulting in
water is “exported” from the Sippican Harbor watershed angeriodic chlorophyll a levels in excess of 15-20 ug/L and a long-
discharged, after secondary treatment, to Aucoot Cove. Withdatm summer-time average for the upper and lower regions of
this municipal sewer, the nitrogen load to Sippican Harbor fro@®.4 (SE=2.4) ug/L and 9.1 (SE=0.9) respectively (SE= standard
densely developed Marion village would be greatly increasederror, a measure of variability). These algal blooms result from
the high nitrogen inputs and restricted flushing. Total nitrogen
levels of 0.63 (SE=0.04) and 0.55 (SE=0.03) mg N/L for the upper
and lower Cove are about twice the nitrogen levels in the Buz-
zards Bay floodwaters entering Sippican Harbor. The high
nitrogen and high chlorophyll a concentrations are matched by
high average particulate organic carbon levels (>1.39 mg C/L).

B oo to Bxcellent (65 - 100) These high organic carbon levels fuel the high rates of respiration
BAY HEALTH INDEX  [] rir3s-65) within the Cove which underlie the periodic depletion of
B Poorutroptic Condions (< 35) watercolumn oxygen. Oxygen levels within Hammett Cove

routinely drop below 60% of air saturation in five of the seven
years of monitoring. Oxygen depletion to ca. 40% of saturation
were also observed. These oxygen declines commonly have
negative ecological impacts in coastal embayments. The process
of eutrophication (nutrient over-enrichment) has progressed to

. the point in Hammett Cove that this system'’s health is impaired

92 93 94 95 96 97 98 and ranks in the lower tier of Buzzards Bay sub-embayments.
The lack of eelgrass within this Cove is consistent with its poor
water quality.

Inner Sippican Harbor (north of Ram Island) is also nutrient
W ﬂ enriched, but not to the level of Hammett Cove. The sewering of
much of the inner Harbor and its greater volume and flushing
compared to upper Hammett Cove results in the inner Harbor
waters having about one-third lower concentrations of chloro-
phyll a pigments, 39% (7.6 ug/L vs. 12.4 ug/L), particulate

100

80 organic carbon, 44% (1.2 mg C/L vs. 1.829 mgC/L), and total
:z nitrogen, 28% (0.455 mg N/L vs. .628 mg N/L) relative to the
20 Cove. However, the observed levels of these key ecological
0

health parameters appear to be sufficiently high to result in
significant oxygen depletion within the Inner Harbor waters.
While not as common as in Hammett Cove, oxygen levels
periodically declined below 60% of air equilibration, although

depletion below 50% was not observed over the study period.
These data are consistent with the persistence of peripheral
eelgrass beds within the Inner Harbor. It is clear that the Inner

055703 94 95 55 97 53 Harbor region is currently showing degraded water quality and is

" 92 93 94 95 96 97 98

92 93 94 95 96 97 98
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pean Fartor [ The Sippican Harbor Complex has a strong gradient in water
- quality parameters which mirrors its distribution of watershed
g inputs and tidal flushing rates. Concentrations of chlorophyll a
= pigments, particulate organic carbon and total nitrogen are 2.5,
= 2.4, and 1.6 times higher in Hammett Cove than in the outer
Harborwaters. This gradientis sufficient to produce Health Index
values for Hammett Cove and the Inner Harbor typically below 40
and 60, respectively, indicative of eutrophic and moderately
degraded habitat quality. All of the outer Harbor sub-systems
rank as high water quality areas and generally support water
quality parameters within 33% of levels found in Buzzards Bay.
- Management Needs

at a level of nutrient loading where additional inputs will causéhe outer portions of Sippican Harbor as well as Blankinship
further declines. Cove exhibit high water quality, and due to their direct exchange
with the open waters of Buzzards Bay, do not require nitrogen
In contrast to the inner regions of Sippican Harbor, the outéranagement at this time. However, the inner Harbor region,
Harbor and Blankinship and Planting Island Coves currentfjorth of Ram Island, is showing low to moderate nutrient related
maintain low nutrient and organic matter levels with concombabitat quality. This region is currently receiving nitrogen inputs
tantly high levels of nutrient related water quality. These systensexcess of its ability to process them without a decline in system
typically show ca. 25% lower algal and organic matter levels ahgalth. Additional watershed nitrogen loading is likely to result
12%-14% lower total nitrogen levels than the inner Harbor, ar further ecological decline and loss of eelgrass communities.
33% to 50% of the levels in Hammett Cove. These three outer
systems did not show significant differences from each other\Mithin the Sippican Harbor Complex, Hammett Cove is the least
chlorophyll a pigments or nitrogen over the study period. Thegell flushed and receives proportionately the most surface water
relatively low levels of the key indicators of nutrient overinflows. Its water quality is well below the median for Buzzards
enrichment are consistent with the high water clarity and eelgrd8gy sub-embayments. However, despite its present low water
beds bordering the entire outer Harbor region. quality, the relatively small sub-watershed to Hammett Cove and
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inner Sippican Harbor suggest that water quality might be rand is managed primarily to control bacterial contamination and

stored through watershed nitrogen management. Both the ino#grand heavy metals which are important to shellfisheries and

Harbor and Hammett Cove sub-watershed should be evaluagedjrass communities. Nevertheless, the amount and placement

for nitrogen management alternatives. of stormwater runoff pollution in this area should be examined
and remediation undertaken. If possible an added benefit to the

Since residential land uses account for more than three-quartdesbor would be attained through the use of engineered wetlands

of nitrogen inputs, any nitrogen management strategy must imhich will remove nutrients as well as the common runoff

clude remediation of existing sources, particularly septic systguollutants.

inputs. The restoration of Hammett Cove will almost certainly

require some additional sewering, likely the extension to inclu@ppican Harbor is one of the major boat mooring areas within

neighborhoods along Route 6 in the immediate watershed to Bezzards Bay. While boat discharges likely represent a very

Cove. However, as much of the Sippican Harbor watershedsimall potential source of nutrients, they also place bacteria and

presently sewered, the focus on wastewater must be on tiral contaminants and/or organic chemicals directly into the bay.

unsewered areas and new construction. With the exceptionimfthe Harbor environment where effects of contaminants are

land along the abandoned rail corridor near Washburn Park, thgreatest, due to low to moderate flushing and presence of shellfish

is limited growth potential in the Sippican Harbor watersheénd eelgrass resources, this type of discharge should be pre-

Focusing on Hammett Cove will also serve to enhance the invented. Of the 1,000 slips and moorings in Sippican Harbor, the

Harbor region, since it receives the nitrogen enriched waters fraaist majority are summer usage and typically occupied only a few

the Cove on the ebbing tide. days per week. Encouraging use of boat pump-out facilities and
compliance with proper discharge procedures provides an easy

Lawn fertilizer leaching is generally the second most importanmtechanism to reduce this source of contamination to near zero.

source of nitrogen to watersheds under residential development.

Fertilizers also enter

adjacent Sippican

Harbor from the nine-

hole golf course and

athletic fields associ-

ated with Tabor Acad-

emy. However, the

site specific role of

fertilizersis generally

difficult to quantify

because they are ap {

plied at low concen-

trations over wide ar-

eas. Anunderstanding

of the role of lawn fer-

tilizers is important

for management as

they present an inex-

pensive trade-off for

controlling nitrogen

inputs when com-

pared to removing ni-

trogen loading from

septic systems or ag-

ricultural sources.

Fortunately, they are R. Arms 1998

easily managed through the reductions in fertilizer application

rates, the establishment of non-turf ground-covers, and in runoff

areas through maintenance of vegetated buffers at the Harbor’'s

edge.

Hammett Cove is the immediate receptor for stormwater runoff
from Route 6 and one of the more densely developed commercial
areas in Marion. This stormwater runoff receives no treatment
prior to discharge to the Cove. Typically, road stormwater runoff
is not considered a significant nitrogen source to coastal waters

13



Hucoot Cove

Marion, Mattapoisett

g g - - tively implemented. At present, there are occasional closures of
: i et shellfish beds within the Mattapoisett waters of the Cove.

The salt marsh at the head of Aucoot Cove is well developed and
large relative to the size of the Cove. This marsh has been
extensively altered through ditching for mosquito control. This
marsh accounts for most of the 132 acres of saltmarsh within the
Aucoot System, with Hiller Cove having only a small fringing
marsh area.

Both Aucoot and Hiller Cove support eelgrass beds primarily

L el -i-d?.:_‘_. : o . within the 12 foot depth contour. In addition, there are patches of
h‘\ , @acz. H“h;-l'. acs | attached macro-algae withinthe main bay area. The result of the
. = %;c__-.x et | extensive eelgrass and salt marsh habitat and the high water
iy ,_.__--F"‘<h.:a1 R LS sl quality is tha_t the Cove support.s a large ar'n'ount of associated
Ao ey — ] shellfish habitat and other wildlife communities. The embay-
B 5% o e ment has one public beach, a number of private beaches, approxi-
» ™ mately 115 boat moorings and slips, and a small boatyard at the

head of the Cove on the Mattapoisett shore. Given its open
structure, Aucoot Cove does not provide the same level of

protection for its moorings as many of Buzzards Bay'’s harbors.

After Hurricane Bob in 1991, the marshes at the head of the Cove
were strewn to the upland edge with vessels dislodged from their
moorings during the storm.

The Aucoot Cove watershed is one of the least developed coastal
watersheds on the western shore of Buzzards Bay. Developed
land uses in the watershed are primarily light residential and

comprise approximately 300 acres or 11% of the total watershed
. | area. Agriculture, primarily the production of cranberries, is

| limited to 45 acres of bogs. The remainder of land is undeveloped
| L. and is generally forested.

| Embayment and Watershed Characteristics

) Given the high growth potential of the Aucoot watershed, steps
Central Aucoot Cove and Hiller Cove form the Aucoot Covgre peing taken to protect the resources of the watershed and bay
System which is roughly defined as the marine waters inland ofig the future. In 1997 and 1998, the forested northern portions
line drawn between Converse Pointto the north and Pease Poipjitghe Aucoot Cove watershed, north of Interstate 195, were
the south. Hiller Cove is a small pocket in the outer SOUtheirr*iborporated as part of the new Haskell Swamp Wildlife Manage-
shoreline formed by Joes Point. Aucoot Cove is an open dg@Bnt Area. These 485 acres are managed by the Massachusetts
embayment. The Cove’s dimensions (almost as wide as itis lofg)isjon of Fisheries and Wildlife and contribute the majority of
result in good water exchange with the high quality waters gfotected open space in the watershed. Cumulatively, 795 acres
Buzzards Bay. The system’s circulation helps to maintain ig 3094 of the Aucoot Cove watershed are permanently protected
water quality even though the tidal creeks at the head of the C%\éﬁ)pen space. However, the remaining open-space is sufficient to

receive treated effluent from the Marion Wastewater Treatmeg)iow an increase in the area of developed land-uses of about 6
Facility (WWTF). The location of the wastewater dischargg|q over present conditions.

mandates that the upper portions of the Cove are closed to

shellfishing as a precautionary measure. In addition, periodige watershed of Aucoot Cove is not the only source of nutrients
| observations of high fecal coliforms within this region of the Covgy cove waters. Nitrogen is “imported” by the Marion WWTF

| suggestthe possibility of bacterial contamination fromwastewaighich discharges to the tidal creeks at the head of the Cove. At
| (WWTF disinfection or septic system failures) and stormwalgjresent, the Facility discharges an average of 0.6 million gallons
| flows._lt is I|kel_ythat_th(_a periodic contamination is atleast partlallizger day (MGD), serving 2,100 persons primarily in the Sippican

| associated with wildlife/marsh processes as is commonly Ofjarhor watershed. At present, more than 60% of the total water-
| served around Buzzards Bay (see for example the Buttermilk Bgyed nitrogen load to the marine environment enters through the
|

|

Study). Without an investigation of the specific sources @{wTF discharge. Although the Cove itself has the ability to
bacterial contamination, management options cannot be effggximilate a large load of nitrogen, the recipient wetland creeks
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likely serve to “protect’ the adjacent waters by interceptin§{/ater Quality
nitrogen (in the form of nitrate) discharged during the period of
low tide. Nitrate interception by salt marsh creeks has beémicoot Cove and Hiller Cove maintain a high level of water
demonstrated for Great Sippewissett Marsh and the Mashapaquiality as a result of the open well-flushed nature of the
Creek Marsh (West Falmouth Harbor) on Buzzards Bay. embayments and their relatively low rate of watershed nitrogen
loading. However, the typical focus of nitrogen inputs at the head
Impacts of effluent discharge to the marsh creeks is unclear. Sdkmbayments is further compounded in this system by the point
marshes are capable of assimilating and/or tolerating large nitdischarge of the Marion Wastewater Treatment Facility to the
genloads. However, the marsh creek carrying the treated effluerarshes at the head of the Cove. The result is a gradient in
to adjacent Aucoot Cove has developed a macro-algal communittrogen and chlorophyll a from the inner to the outer Cove
which periodically dislodges and covers the creek banks. Alsaters. Both Hiller Cove and the Outer and Middle regions of
though this can be observed in a variety of marshes around gheoot Cove are similar in average total nitrogen, 0.30 mg/L, and
Bay, itappears that this macro-algal cover may be increasing bahkorophyll pigment, 3.4-3.8 ug/L concentrations and show little
erosion in the Aucoot marsh. At present, a proper evaluation fesvation over Buzzards Bay waters. However, ebbing waters at
not been conducted. The Facility has moved to reduce envirtine head of the Cove and in the marsh creeks showed increases
mental impacts from its discharge by recently improving itsver offshore with total nitrogen, 0.40 and 0.74, and chlorophyll
disinfection process to eliminate the use of chlorine. Given tipggments, 4.4 and 8.2 ug/l, respectively. Within the Cove itself
large import of nitrogen to the watershed by the WWTF, thithe enhancement was moderate (about one third). An earlier
protection of open-space provides an “offset” against futudetailed study of the Cove in 1991, showed a similar gradient in
nitrogen loads. Itis possible that expenditures on open-space magogen and chlorophyll and had an average total nitrogen level
prevent the need for a costly WWTF upgrade to tertiary treatmemithin the marsh creeks of 0.58 mg/L. The large drop in nitrogen
which might otherwise be required at full watershed developmeamd chlorophyll levels from the marsh creek to the nearby stations
to protect Cove waters. inthe Cove result from the rapid dilution with Cove waters and the
good flushing of the Cove.

Oxygen levels within the head waters of Aucoot Cove and Hiller
Cove show periodic depletions to ecologically stressful levels.

However, all of the sampling sites are either within or directly

. Good to Excellent (65 - 100) di land hich ically disch |

BAY HEALTH INDEX O] e ss-65) adjacent tg wetlands whic typlcay ischarge low oxygen

waters during dark or very early morning periods. As might be
expected given the intensity of the association with a wetland,
Hiller Cove showed the least oxygen depletion and the inner

! marsh creek in Aucoot Cove (Station AC7) showed the greatest.
_ Inthe 1991 study, significant oxygen depletion was not observed
in Aucoot Cove except within the marshes or in the Cove directly

W W adjacent to the marshes on the ebbing tide.

0
92 93 94 95 96 97 98

. Poor/Eutrophic Conditions (< 35)

The Health Index computed for the Coves indicates high water
quality except within the marshes and region adjacent to the

marshes at the head of Aucoot Cove. The high water quality
results from the excellent water clarity, low chlorophyll pigment

and nutrient concentration. The regions of high quality waters are
consistent with the distribution of eelgrass within the Coves. The

92 93 94 95 96 97 98 Index designation of moderate water quality at the head of
Aucoot Cove is driven primarily by the oxygen levels as the

1 nutrient and chlorophyll concentrations were only moderately
enhanced over Buzzards Bay levels. The extent to which the
oxygen distribution within the marsh region is the result of
processes related to the discharge of effluent versus natural marsh

effects is at present unknown. However, it is likely that the
marshes are providing additional treatment of the nutrients which
are discharged to them and thus are helping to maintain the water

! ‘ I quality within the adjacent waters.

0
92 93 94 95 96 97 98

0
92 93 94 95 96 97 98
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Management Needs - ACT - Rucool Cove (nner)
Although Aucoot Cove is smaller than most Buzzards Be

embayments, it is also among the deepest and best flusk o

Consequently, it has a greater ability to assimilate nitroge _ = .. g
compared to other embayments of similar area. With this natu = =- = o =m
capacity, even under conditions of full build-out of its watershe: = | - -
it has been suggested that future loadings to the Cove may - -_'- o= -

within acceptable nitrogen limits unless there is any sizab -3 = -
expansion of the sewage treatment facility. Hence managem
of nitrogen inputs on a whole system basis may not be warrant

However, nitrogen concentrations are elevated in the upper Co
particularly in the marsh creek receiving effluent. Given thatth
creek receives more than 60% of the total nitrogen load to the
Cove, itisimportant to evaluate localized impact to the marsh a AGT - Indian Gove Boalyard
the waters directly adjacent to the marsh in addition to the over
Cove System. At present there are macroalgae growing in
region of the Cove adjacent to the marsh and accumulations of
lettuce Ulva) within the effluent creek. Both of these features ca
be diagnostic of nutrient overloading. However, itis the degree
accumulation rather than the presence or absence of macroa
which determine the degree of degradation. At present there
concern that degradation of the marsh is occurring and therefi
evaluation of the role of the WWTF is needed in order t
determine what improvements to the existing facility might b
warranted. The Town of Marion has planned improvementstot
sewage treatment facility such as aeration of its sewage ponds
construction of an additional lagoon. Both of these improvemer -
may help reduce nitrogen loading in effluent.
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AG2 - Bucool Cowe (Inner)

If additional import of nitrogen through the WWTF occurs, thre -
management options need to be addressed: (1) effect of additic %
loading through this point source on the marsh and head of Cc -
resources, (2) protection of open-spadgéhin the watershed = = '(.; |
sufficient to “offset” the additional nitrogen load, (3) potentia : -
exceeding of the Cove’s nitrogen capacity. At present, itappei

that the nitrogen assimilative capacity of Aucoot Cove should n

be exceeded under current projected development and op

space expansion. However, sufficient additional import of nitrc

genfrom areas outside of the Aucoot Cove watershed could ca

it to exceed the capacity.
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Finally, with more than half of the watershed area undevelop -
and zoned for future development, management of nitroge"
loading to Aucoot Cove should include careful planning of thes
lands to minimize forest loss. With 76% of the watershed i
Marion and much of the Mattapoisett portions within the Haske
Swamp Wildlife Management Area, responsibility for watershe
management falls primarily on the Town of Marion. £
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Mattapoisett Tarbor

Mattapoisett
River is the fourth largest within the Buzzards Bay
watershed and contributes about 6% of the total
freshwater inflow to the Bay. Flowing from its
source at Snipatuit Pond, the Mattapoisett River
Valley serves as a regional public drinking water
supply. In addition, the River is home to one of the
Bay’s more productive anadromous fish runs sup-
porting both alewives and other river herring with
up to 120,000 returning to spawn each year.

Ml <

. _MHa NATTAFOISETT o The watershed is dominated by forest with lesser
O .IEH @MH5S s amounts of residential and agricultural land uses.
' However, residential development is increasing as
a large portion of the watershed remains develop-
able. In contrast to most of the Bay’'s sub-
watersheds, agriculture is not dominated by cran-
berry cultivation, but by upland crops such as corn.
Despite the size of the watershed, total nutrient
loading is low compared to other watersheds of
similar size. This relatively low nitrogen loading
results primarily from the low level of develop-
ment and the fact that a portion of the associated
wastewater is transported to the Fairhaven WWTF
and discharged into the Acushnet Estuary (New
Bedford Inner Harbor). The low watershed load-
ing, coupled with a large bay volume and rapid
water exchange with the adjacent Bay, place the
Harbor at only a fraction of its critical nitrogen
loading limit and among the least loaded systems
studied. There are no major point source discharges
of pollution in the Mattapoisett Harbor watershed.

NARRRRE

The Town historically supported shipbuilding and

now the harbor maintains a large number of recre-
ational craft. At present, there are more than 650
moorings and slips within the harbor and a town
pier. Additional recreational uses of the Harbor

Embayment and Watershed Characteristics waters are the town beach areas and numerous private beaches.

=
e

The Mattapoisett Harbor watershed, fifth largest in Buzzardshe low watershed loading and good water exchange with the
Bay, is among the least developed. The Harbor is among ®Bay is consistent with the prevalence of eelgrass and shellfish
larger, deeper and better flushed embayments to the Bay. In mbags within the Harbor. Eelgrass occurs primarily at the periph-
ways the structure of the watershed and Harbor is a larger verséoy of the embayment, because the center of the Bay is deep (>12
of the adjacent Aucoot Cove System. As in most Buzzards Bfty and has insufficient light penetration to support growth at
embayments, the majority of nutrients enter at the head of tthepth. As a result, eelgrass covers only a small portion of the
Harbor due to localized development, and the discharge eftire bay area. Pockets of saltmarsh are scattered throughout the
nutrients from the inland watershed primarily through surfacambayment with the largest concentrations occurring at Pine
water inflows. Island Pond and south of Swift Brook on Mattapoisett Neck and
smaller areas at the mouth of the Mattapoisett River and surround-
The Mattapoisett Harbor watershed comprises 20,690 acres amglEel Pond.
includes portions of the Towns of Mattapoisett, Rochester,
Acushnet, and Fairhaven. Small streams, such as Swift Brook@wpsters Crassostrepare most dense outside the mouth of the
the Harbor’'s western shore and Pine Island Stream on the elftitapoisett River and near Pine Island Pond, while quahogs
discharge surface water to the Harbor. However, the primaiiercenarig are harvested in numerous areas and varying quan-
source of freshwater inflow is from the Mattapoisett River. Theities along the shoreline. Soft Shell ClariMy§) are found in
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small quantities on the tidal flats outside the river mouth and EEthe Mattapoisett River mouth receives a large fraction of the total
Pond, near Goat Island and along Strawberry Cove. The majoidtywatershed loading via the River. In many ways, the River acts
of Mattapoisett Harbor is classified as Approved for the harvess$ point source discharge from the watershed. In addition, the
of shellfish by the MA Division of Marine Fisheries. Eel PondRiver mouth region serves as the estuarine mixing zone of marine
areas surrounding the Town Dock, Pine Island Pond, and ted fresh waters and also supports fringing wetlands. The river
River Mouth are all subject to Conditional, Restricted, or Prohilmmouth sampling site had annual average salinities ranging from

ited status due to bacterial contamination. 16 ppt to 28 ppt, compared to the 30-32 ppt within the Harbor. The
River mouth is showing intermediate water quality compared to
Water Quality Bay and Central Harbor waters. Nitrogen and chlorophyll a

pigment levels at the River mouth are consistently elevated over

Overall, Mattapoisett Harbor currently maintains a high level dhe Harbor, with average concentrations of total nitrogen, 0.541
nutrient related water quality which is consistent with the olmg/L versus 0.366 mg/L (Inner) and 0.308 mg/L (Outer), and
served eelgrass and shellfish beds. The high quality of the Harbblorophyll pigments, 5.3 ug/L versus 4.7 (Inner) and 3.5 ug/L
environment is a combination of low watershed loadings, a de@uter).
open basin to the Bay and a high degree of flushing with Bay
waters. Nutrient and chlorophyll a pigments within the Inner ardxygen levels within the main basin of the Harbor and at the tip
Outer Harbor basin showed a concentration gradient of less tledrviattapoisett Neck were consistently at or near air equilibra-
20% in nitrogen and 33% in chlorophyll a pigments and the Outiéon. In contrast, in the regions of the inner Harbor near Eel Pond
Harbor stations were similar to Buzzards Bay source wateesd the mouth of the Mattapoisett River, periodic oxygen deple-
However, as is the case of many of the larger embaymentditms were observed. The mouth of the River (Station MH3)
Buzzards Bay, there is some habitat degradation within enclostbwed the largest and most frequent excursions to ecologically
inner sub-basins where watershed nitrogen loading is focused atréssful levels. The station adjacent to the River mouth in the
flushing is poorest. Unfortunately, these inner semi-enclosétarbor (MH4), showed similar excursions, though less pro-
sub-basins are often the most ecologically productive and dieunced. Itis likely that MH4 was influenced by water from the
verse, supporting a variety of Bay wildlife, shellfish beds, andiver during ebbing tides as suggested by the slightly fresher
other human uses. Within the Mattapoisett Harbor ecosystem thater than found in the central basin (MH5). To some extent
areas currently showing water quality declines are the Mattapoiggttiodic oxygen depletion might be expected in the region near
River Mouth and Eel Pond (see also, Eel Pond Section). the River, due to the input of nutrients. Diminished vertical
mixing, due to estuarine circulation (freshwater flowing on top of
salt water) further enhances the likelihood of oxygen depletion in
thisregion. Itislikely that the station atthe Town Pier is similarly

Good to Excellent (65 - 100) influenced by Eel Pond and even partially by the River discharge.
BAY HEALTH INDEX Fair (35 - 65)
The Health Index for the regions of Mattapoisett Harbor reflects
low loading and good flushing within the main Basin. Although
there were interannual changes in water quality parameters, there
were no clear long-term trends of declining water quality within
the system. The finding of nitrogen, chlorophyll and oxygen
values similar to the source waters of the Bay supported high
index values. The inner versus outer Index values are similar,
reflecting the relatively small spatial gradient within this system.
In contrast, the mouth of the Mattapoisett River and the adjacent
waters do show intermediate water quality, due in part to point
source loading from the River. This part of the system, with
salinities ranging from 16 ppt to 28 ppt, represents the initial
mixing zone of the fresh river waters and the salt waters of the
Bay. To some extent the observed conditions at the River mouth
may be related to the physiography of the system (the presence of
the river discharge, wetlands and estuarine circulation), and may
only partially result from changes in watershed land-use.

Poor/Eutrophic Conditions (< 35)

0
92 93 94 95 96 97 98

o
92 93 94 95 96 97 98

Management Needs

Water Quality in Mattapoisett Harbor continues to rank among
the best on the Bay’s western shore. The deep water and open

0
92 93 94 95 96 97 98
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structure of this embayment support good tidal exchange (flush-
ing) with the adjacent offshore waters of Buzzards Bay and
enhance its ability to assimilate nitrogen loading from its water-
shed without showing declines in nutrient related health. The
central basin has one of the highest capacities for assimilating
nitrogen of all embayments studied. The Harbor is not expected
to exceed its recommended nitrogen loading limits in the foresee-
able future. Therefore, nitrogen management for the central
Harbor waters does not appear to be a priority for the Town of
Mattapoisett. However, sub-embayments to the Harbor are
showing localized nutrient related declines. Most of the nitrogen
inputs to Mattapoisett Harbor are focused in two areas: the cove
at the mouth of the Mattapoisett River and Eel Pond. Both these
areas are closed to shellfishing because of fecal coliform inputs
and both these sub-systems show signs of degradation due to
nitrogen inputs. As noted on the following pages, those portions
of the watershed draining into Eel Pond and the mouth of the
Mattapoisett River do require management action to restore water
quality.
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Mattapoisett
eelgrass within the Pond in recent times, it is possible that at one
time that Eel Pond supported eelgrass, as does a similar system on
Cape Cod (Hamblin Pond in Waquoit Bay). However, Eel Pond’s
shallow basin and associated wetlands do currently maintain
important shellfish resources, including what was historically, a
sizeable Oyster population. Unfortunately, the Pond remains
closed to shellfishing, due to high fecal coliform levels. The main
inlet to the Pond is restricted in 2 locations, but primarily by the
construction of a railway bed. These restrictions have lowered
the flushing of the Pond, thus lowering its ability to tolerate land-
based nitrogen inputs and clear-out bacterial contamination,
likely entering from surface water inflows and the surrounding
tidal marsh. A second inlet has begun forming at the western end
ofthe barrier beach. Ifthis newinletincreasesin size it may result
in a closure of the historic inlet and possibly a major change in the
flushing of the Pond.

Unlike the greater watershed to Mattapoisett Harbor, the sub-
watershed to Eel Pond is significantly developed and includes
portions of Mattapoisett Village, Route 6 Commercial Area, and
the Park Street neighborhood. Eel Pond receives nitrogen inputs
from some of the most heavily developed portions of the
Mattapoisett River drainage basin. At present, however, most of
the residences are sewered so that nitrogen input from these areas
is associated with non-wastewater sources. These non-wastewa-
Eel Pond is a small coastal salt pond, 24 acres, at the headeofsources generally account for about 30%-50% of the total
Mattapoisett Harbor. The pond is located between the Mattapoidetiding from residential development. The major nitrogen sources
village center and the mouth of the Mattapoisett River, the two Eel Pond include a golf course, lawn fertilizers, runoff and
most focused nitrogen sources to the Harbor. Eel Pond receisegmwater discharges. At their present level, these loadings,
freshwater and nutrient inputs primarily by surface water inflowoupled with the restricted tidal exchange, are sufficient to
from Tub Mill Brook and through groundwater discharges (priproduce eutrophic conditions within the Pond

marily recharged from land south of Route 6). As for many

coastal salt ponds, the land area contributing to the Pond, €™~ EL1 - Eel Pond Raitroad Bricge

acres, is relatively large (28X) compared to the pond area.

Embayment and Watershed Characteristics

The Pond supports fringing wetlands which at one time had bet ™™ >~ + - = . B
access to Bay waters. Before road and railway construction wr == - - . -
E AL f b ] - - - t -
:. = - - -
grated wetland system than today, produced primarily by tI 7 . "_ e "'_' ] - I,
confluence of the Mattapoisett River and Tub Mill Brook. Con & - = ms - = =
sistent with its salt pond-wetland structure, Eel Pond is shallo = _ - - ot
generally about 3 feet (1 meter) deep. Although there has beer " = > .

. Good to Excellent (65 - 100)
BAY HEALTH INDEX D Fair (35 - 65)

. Poor/Eutrophic Conditions (< 35) .
Water Quality

Eel Pond ranks among the most eutrophic embayments within the
Buzzards Bay Monitoring Program. In each of the 7 years for
which data is available, Eel Pond has shown evidence that it is
receiving nutrient inputs sufficient to create conditions of poor
water and habitat quality. While some level of nutrient enrich-
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ment of Eel Pond waters over Buzzards Bay and Mattapoisete as low as 1-5 ppt and are commonly several ppt below the
Harbor source waters can be beneficial, for instance increaslagels of the Harbor waters. These low salinities also suggest that
shellfish harvests, the level of enrichment in the Pond has causiddl exchange with the adjacent marine waters of the Harbor
degradation of its aquatic resources. periodically becomes greatly reduced, increasing the potential for
eutrophic conditions within the Pond. In addition, the shallow
Levels of nitrogen and phytoplankton pigments within Eel Ponghture of the Pond also increases the recycling of nitrogen from
are consistently significantly enriched over adjacent Mattapoiséte bottom sediments which can be an important source for algae
Harbor waters. The Pond versus inner Harbor is on average miorsummertime . In addition, it is likely that the Pond has always
than 2 fold higher for total nitrogen, 0.752 mg N/L versus 0.3@8een enriched in organic matter, due to its surrounding tidal
mg N/L, and 4 fold higher for chlorophyll a pigments, 19.8 ug/lmarshes. However, the current level of enrichment appears to be
versus 4.7 ug/L. In addition, throughout the study period ttedearly related to watershed nutrient inputs.
chlorophyll a pigments were consistently elevated, only about
15% of the measurements were less than 10 ug/L and about 36en the high levels of nitrogen and chlorophyll and observed
were higher than 20 ug/L. These chlorophyll values suggest tha/gen depletions, it is not surprising that the Health Index for
Eel Pond serves as a phytoplankton culture system where nuf@l Pond showed poor water quality conditions. In each of the 4
ents enter from the watershed and are taken up in the Pond by afgals for which an Index can be computed, including 1998, the
growth and then the algae either decay within the pond, impactingex was among the lowest observed in Buzzards Bay. Based
dissolved oxygen levels, or are exported to the adjacent Harba@pon its consistently poor water quality, restoration of Eel Pond
These phytoplankton may help support some of the productiskeould be a priority within the Buzzards Bay System.
shellfish beds in the Harbor near the inlet to the Pond.
_ . . . Management Needs
While the nutrient stimulated phytoplankton production within
Eel Pond may support some associated shellfish beds, the let&dsPond probably receives less of a nitrogen load than the area
are sufficient to impact fish, shellfish and potential eelgrasg the mouth of the Mattapoisett River, but it shows significant
resources within the Pond basin. The high nutrient inputs degradation because of its reduced flushing and small volume. In
relation to flushing have resulted in eutrophic conditions. Athe Baywatchers Report | (1996), it was strongly recommended
clearly demonstrated by the monitoring data, during the sumntbat the first step for the restoration of nutrient related water
months, Eel Pond is typically turbid, with secchi depths generaliality in Eel Pond was to delineate its watershed and assess
about 80 cm, and has frequent depletions of dissolved oxygeresentand build-out nitrogen loadings. Subsequently, during the
Oxygen levels in Eel Pond frequently dropped to or below 50%ummer 1997, the Buzzards Bay Project National Estuary Pro-
of saturation in each year of sampling and below 30% in 4 of tgeam supported a flushing study of Eel Pond as part of a grant to
7 years. These are depletions which are stressful to animal &mel Town of Mattapoisett. Following the flushing study, a report
plant populations. entitled, Eel Pond Water Quality Analysis and Nitrogen Loading
Evaluation, was completed in April 1998. The results of these
Several additional factors serve to increase the level of oxygeaitiatives provided additional water quality monitoring data, an
depletion within Eel Pond waters. The oxygen depletions amederstanding of the flushing restrictions of the pond, and an
enhanced by the shallow nature of the Pond which tends to hagsessment of nitrogen sources and management options for this
elevated water temperatures, thus increasing oxygen uptakeshall estuary.
biological processes. The Pond receives surface freshwater
inflows which can result in a lessening of mixing of théduring the summer of 1997, sampling indicated that watershed
watercolumn, hence the input of atmospheric oxygen to tiérogen entering through Tub Mill Brook was likely a major
oxygen depleted bottom waters. The Pond salinities occasionaltyurce to the pond. In addition, measurements of nitrogen con-
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centrations in Brook waters showed lower nitrogen in the watdristoric inlet or maintenance of the newly formed inlet.
upstream of Route 6 versus downstream, likely due to inflow of
high nitrate groundwaters downstream and possibly due Itas important to note that, with the exception of nitrogen entering
stormwater and other runoff from Route 6. Direct groundwaté&el Pond through atmospheric deposition, all sources of nitrogen
discharges to the Pond are also an important pathway for inputrothe watershed can be managed by the Town of Mattapoisett.
watershed nitrogen. Thisis seen in the 1997 Study which reported
higher inorganic nitrogen levels in nearshore pond waters adja-addition to pursuing potential alterations to the circulation of
cent to the golf course, suggesting that nitrogen from fertilizetise Pond which requires some additional engineering evalua-
used on the Reservation Country Club are leaching into the Potidins, current nitrogen source reduction efforts need to be ex-
Individual septic systems are a less dominant source than in muestded. Additional sewering of the watershed can reduce the
other watersheds around the Bay, due to sewering. Howewextent of nitrogen loading impacts to the pond. If feasible,
additional hook-ups to the sewerage system still representseavering the entire watershed would significantly reduce the total
mechanism for Pond nitrogen management. Fertilizer appliagitrogen load at buildout. Acquisition of open space, either in fee
tions and road runoff comprise secondary nitrogen sources. Belrestriction, provides significant protection to the pond as
Pond is the only Buzzards Bay salt pond directly abutting amdeveloped land contributes virtually no nitrogen to receiving
actively managed golf course, making turf management practicgaters. In fact, forests and wetlands work to attenuate nitrogen
an important part of Eel Pond’s restoration. There are no majoom surface waters and atmospheric deposition, thereby serving
point sources of nitrogen discharging to Eel Pond. as nitrogen sinks within the watershed. A targeted acquisition
program could be extremely successful in reducing overall nitro-
Eel Pond is beyond its ability to adequately assimilate nitrogegen loading. Although the Reservation Golf Club on the western
as evidenced by the clear eutrophication already occurring in tteore of Eel Pond is privately owned, the Town should work with
Pond. Given its present status of nutrient overenrichment, atmg club owner to develop programs to reduce fertilizer use and
further loading to the Pond will cause further declines in wateninimize direct runoff of nitrogen into the Pond. This can be
quality. While it has been estimated that 17 new homes on septicomplished through reduction in fertilizer applications (either
systems can be built in the watershed before serious impactsypplication rate or area), using high nitrogen discharges within
Pond health and biota are experienced (H&W 1998), the pointtbe watershed for fertilization (water recycling), and maintaining
serious health impacts appears to have already been passed priwatural buffer between managed turf areas and the pond. Eel
to the 1993 monitoring season. At full buildout, the analysBond is an important aesthetic and potential shellfish resource to
completed by Horsely & Witten, Inc. further found the Eel Ponthe Town, which can support improved water quality with the
watershed to be “overprogrammed,” such that approximately 3&@plication of present technologies.
more homes on septic systems could be built under current
zoning. Any reduction therefore in future development would
require major rezoning
to greatly increase mini-
mum lot size. The re-
port is careful to note
that while increasing
minimum lot size would
be a major benefit to
nitrogen management,
it is questionable
whether such a major
re-zoning is practical.
Other land-use options
might be more work-
able, such as additional
sewer extensions, ope
space acquisitions, and
improved turf manage- [
ment practices. Perhap
the most immediate
option is to evaluate the [
degree of restoration to ¢
be achieved by the res-f
toration of tidal flush-

T.Williams 1998

39



Nasketucket Bay, lsittle Bay

fairhaven

pPRDS PAF o,

"= Mo
ket

T"rIH—"I et

£
_p;;:l-"ﬂl '

it

with a short channel of only ca. 2 meters
depth. In contrast Nasketucket Bay has a
central basin reaching 5 meters depth,
although it contains extensive shallows,
particularly between West Island and
Sconticut Neck.

Almost all of the System'’s surface fresh-
water inflow enters through the
Nasketucket River and two small streams
to the headwaters of Little Bay. Since
entry of bacterial contamination from
coastal watersheds is almost entirely
through surface water inflows, particu-
larly from developed areas, Little Bay is
a susceptible environment for this type of
contamination. Most of the direct fresh-
water inflow to Nasketucket Bay is
through groundwater discharge.

The margins of Little Bay are nearly com-
pletely colonized by saltmarshes which
have been extensively ditched for mos-
quito control. These marshes account for
most of the 294 acres of saltmarsh within
the Nasketucket Bay System, the third
’ largest saltmarsh acreage of the
embayments to Buzzards Bay. In addi-
tion, the shallow margins of Nasketucket
Bay currently support extensive eelgrass
beds with related animal communities.
The largestbeds are found in the nearshore
to Sconticut Neck and in the protected
shallows of West Island and Long Island,
although the northern shore to Brant Is-
land also supports beds. In contrast to the

Embayment and Watershed Characteristics

considered the outer margin of this Bay, however, with

90

construction of the roadway joining the Neck to West Island,
functional margin has moved to Rocky Point (at the islandigally fished. At present, Little Bay is “Conditionally Approved”
southern end). Little Bay or Upper Nasketucket Bay is boundést the Massachusetts Division of Marine Fisheries for the harvest
at its outer margin by a large marsh island which narrows tbéshellfish, due to elevated fecal coliform bacteria levels related
Bay’s entrance. Little Bay is quite shallow, generally <1 metetg surface water inflows. Conditional approval allows harvest

utilization of available habitat by eelgrass

in Nasketucket Bay, Little Bay has lost
most of its eelgrass and the habitat appears now to be utilized by
macroalgae. The word “Nasketucket” in Wampanoag loosely
translates to “our grass river place” most likely referring to the

The Nasketucket Bay System is among the largest of Buzzahistoric abundance of saltmarsh and eelgrass within the
Bay embayments within the Coalition for Buzzards Bay’'s MoniNasketucket Bay System.

toring Program with 1,067 acres of water surface. The Nasketucket

Bay System consists of a large outer open bay, Nasketucket Bityle Bay and Nasketucket Bay have historically supported good
(859 acres), and an inner semi-enclosed bay, Little Bay (28Bellfish resources, primarily quahddércenaria mercenariga
acres). The mouth of Nasketucket Bay is bounded to the westdnd soft-shell clamMya arenarig. The American Oyster
Sconticut Neck and West Island and to the east by Brant Islaf@rassostrea virginicahas been found in moderate abundance
Historically Wilbur Point at the tip of Sconticut Neck could bewithin the tidal reaches of the Nasketucket River. Bay scallop

tH@rgopecten irradiang lobster Homarus americanysnd conch
ti{Busyconcanaliculatu3 are both recreationally and commer-
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during dry weather, but closure during wet weather. One-quartdred west to east. Forestlands dominate the upper reaches of the
inch of rainfall in 24 hours closes the area to shellfish harvest foatershed in the Towns of Acushnet and Fairhaven. The
five days, subsequent rain events extend the closure per@dbayment supports recreational boating with 180 boat slips,
(DMF, Re-evaluation of Little Bay, Fairhaven, 1992). Removairimarily at West Island, which are used primarily during summer.
of “Conditional Closures” will require remediation of sources of
bacterial contamination and a re-evaluation of the system bgnd acquisition for wildlife and conservation has been actively
DMF. pursued within the Little Bay watershed. Today, nearly 50% of
the lands along the Little Bay shoreline are protected by the
The watershed of Nasketucket Bay/Little Bay is primarily withifrairhaven Conservation Commission, Massachusetts Division of
the Town of Fairhaven with lesser areas in Mattapoisett afkisheries and Wildlife, or the private Fairhaven-Acushnet Land
Acushnet. Although the Nasketucket Bay System is one of tReeservation Trust (FALPT) as permanent open space. In addi-
larger embayments to Buzzards Bay, its watershed is proportitdion, 136 acres of the 344 acres of the watershed in the Town of
ately small, 3,511 acres, with less than 3 acres of land for each acashnet are municipally owned and managed as forest-lands,
of estuary (bay+marsh area). However, most of the watershmd are not presently under permanent protection. Additional land
(3006 acres) discharges through surface and groundwater inflawshe outer Bay is protected and managed by the Massachusetts
initially to the semi-enclosed waters of Little Bay. NitrogerAudubon Society and FALPT. Maintenance of these open-
inputs to the watershed are primarily from residential land-ussgaces will help to support the water quality and marine resources
and agriculture. More than a quarter of the Nasketucket watershégthin the Bay into the future.
supports some type of agriculture, the third highest in Buzzards
Bay. Because of the distribution of watershed land-uses a\{fater Quality
inputs and its generally good flushing, Nasketucket Bay is able to
maintain relatively high water quality and extensive shellfish aridine water quality stations have been monitored in the Nasketucket
eelgrass resources. However, given its semi-enclosed nature Bag System at various times by The Coalition for Buzzards Bay
watershed area, Little Bay should be the primary focus f@itizens Water Quality Monitoring Program between 1992 and
environmental management within this System. 1998. Agradientinwater quality was found within the Nasketucket
Bay System. Nutrient related water quality was lowest at the
Single family residential and retail commercial properties, farmsjouth of the Nasketucket River, moderate in Little Bay and
and open forestlands comprise the bulk of land uses in the saoipderate to high in Nasketucket Bay. Since a large fraction of
watershed to Little Bay. At present the Little Bay watershenitrogen loading to Nasketucket Bay enters through Little Bay,
contains little residential development. Most of the Nasketuckahd most of the nitrogen to Little Bay arrives via the Nasketucket
System'’s housing is located adjacent to Nasketucket Bay, esRé+er, most of the sampling effort has focused on the inner Bay.
cially along Sconticut Neck and West Island. Within Little Bayn addition, given the poorer flushing of Little Bay, management
most of the immediate shoreline is undeveloped, except forshould first be focused there.
stretch along Sconticut Neck and an area at the head of the Bay
known as Knollmere Beach. There are no point source discharfjesketucket River stations, NR1 at mouth, NR2 at Rt. 6, and NR3
of pollution in the Little Bay (or Nasketucket Bay) watershedat railroad bed, were monitored for nitrogen levels on 4 dates in
Two large dairy farms are located approximately 1.5 miles norttf993. These river stations were clearly within the estuary with
of the embayment along Interstate-195 which bisects the watsalinities of 21-29 ppt. at station NR1 closest to the bay, 2-12 ppt
at station NR3, and below 2 ppt at the most upstream station,
NR2. What is most interesting about the results of this survey was
that there was an increase in inorganic nitrogen concentration at
the mid-station, NR3, suggesting a large nitrogen source down
gradient of Route 6. Concentrations of dissolved inorganic nitro-
gen were quite high averaging 1.3 mg N/L. In addition, the upper
station had high concentrations of particulate organic matter
flowing downstream, 2.28 mg C/L. These data support the
contention that Nasketucket River is an important “point source”
input of watershed loading to Little Bay.

. Good to Excellent (65 - 100)
BAY HEALTH INDEX D Fair (35 - 65)

. Poor/Eutrophic Conditions (< 35)

0 —F ﬂ The water quality gradient within the Nasketucket Bay System is
92 93 94 95 96 97 98 . . CLs . . .

primarily within Little Bay and reflects the relatively high level
of nutrient inputs compared to the Bay’s flushing characteristics.
Average total chlorophyll a pigments were two fold and 1.5 fold
higher at the mouth of the Nasketucket River (10.4 ug/L) and
inner Little Bay (7.8 ug/L) than at the mouth of Little Bay (5.2 ug/
L). Particulate organic carbon (POC) and total nitrogen (TN)

"'92 93 94 95 96 97 98
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concentrations show a similar gradient across Little Bay from tl
river mouth (POC: 1.19 mg C/L, TN: 0.72 mg N/L), to inner Little
Bay (POC: 1.16 mg C/L, TN: 0.49 mg N/L), to the exit tc
Nasketucket Bay (POC: 0.87 mg C/L, TN: 0.44 mg N/L). Nt
consistent gradient was found between the mouth of Little Bi

and the West Island station; both showed higher levels of ee :

constituent than found in central Buzzards Bay. The cause of-
elevated levels at West Island may be due to localized nutrie

inputs and possibly mixed inflow of Buzzards Bay waters with tr

nutrient enriched outflowing waters from adjacent outer Ne'
Bedford Harbor. Waters midway between Brant and We
Islands would be expected to be similar to the low nutrient wate
of Buzzards Bay.

At present, Little Bay appears to have sufficient nitrogen loading

to result in significant enrichment of its waters. The results a
moderate levels of phytoplankton and organic matter which e
more than 50% and 30% higher on average than found in the ot
Bay. This causes periodic moderate oxygen declines within Liti
Bay, primarily in the inner region where levels below 60% of a

saturation have been observed. The effect of nutrientloading (e :'

possibly adjacent marsh effects) can be seen at the mouth of
Nasketucket River where oxygen depletions below 50% of sal
ration were frequently observed and depletions below 40% sa
ration were recorded in more than 10% of the samples. This ¢
is susceptible to periodic isolation of bottom waters due to salini
stratification (estuarine circulation) which may contribute to th
observed low oxygen levels. Oxygen conditions at the We
Island station were generally above 80% of saturation, but pe

odic declines below 70% were observed. These values are

consistent with the measured watercolumn parameters at this <

Integrating the nutrient related water quality parameters for ea
sub-system into the Health Index further shows the moderz:
level of habitat quality within Little Bay and the moderate to higl

level at West Island in Nasketucket Bay. These values ¢
consistent with the present eelgrass distribution within this sy -

tem. However, these values for Little Bay suggest a system wh
is currently receiving watershed nutrient loads at (or slightl
beyond) levels sufficient to affect habitat quality. To some exter
Little Bay is a difficult system to evaluate as large wetland are
adjacent to the Bay may also contribute to some of the obsen
parameter levels. However, it appears that detailed nutrient ¢
habitat evaluation of Little Bay is in order.

Management Needs

As one of Buzzards Bay'’s larger, better flushed embaymen
central and outer Nasketucket Bay is showing only moderate
low effects from watershed pollutant loading. Managing nitroge
inputs to Little Bay and other nearshore areas of Nasketuck
however, requires a different, more detailed approach. The ne
tive impacts of excessive nitrogen loading are usually most aci
in the shallow, poorly flushed portions of an embayment. For tr
reason, Little Bay was recommended for more detailed investic
tion in the 1996 Baywatchers | Report. As a result, the Buzzar
Bay Project National Estuary Program, working with the Town ¢
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Fairhaven, completed a preliminary build-out analysis of t"& in excess of the level which the Bay can tolerate without a

watershed to Little Bay in order to estimate future nitrogen l0ag -jine in habitat quality. Zoning techniques such as increasing

to the ba}’ from res'd‘?”t'a' deve]opmgnt. The I_and—use |-nfo.r| NBinimum lot size in the area to reduce build-out densities were not
tion was integrated W't,h determlne_d tidal flushmg rates 'n_L'tthecommended as absolutely necessary for preventing increasesin
Bay to evalugte potential effects of Increasing Watgrshgd Nitrogefure nitrogen loads. Greater benefits are anticipated from non-
loading to Little Bay. The results of these investigations WElBgulatory actions such as selective acquisition or transfer of

publighed in 19,99 in a report entitled, “Asses_sment of Nitro_g%developed lands in the watershed to permanent open space and
Loading and Nitrogen Management Alternatives for the L'ttlﬂwrough sewering additional portions of the watershed.
Bay Watershed".

. . . . In contrast to the watershed nitrogen evaluation, monitoring of
All major watershed sources of hitrogen entering Little Bay &) yrient related habitat quality of these Bays by Baywatchers
be controlled_ by the towns of Fairhaven and Ac_ushnet. T'%ﬁggests that the nitrogen related water quality deciaehave
sources of nitrogen to Nasketucket and upper Little Bay alge,qy hegun within the inner reaches of Little Bay. This is
comprised entirely of non-point sources of pollution. Althougy,geq upon summertime high nitrogen and organic matter levels,

the Fairhaven Wastewater Treatment Facility lies close to the By o 4te chlorophyll a concentrations and periodic depletion of

on Nasketucket Creek, it dischargesto Inner New Bedford Har%&tercolumn oxygen. In addition, macroalgal and eelgrass

and does fno_t contribute n]itroggn tobLittIe .I(?;ay._Tlhg\ tva? Iargeg&tributions are typical of an enriched estuary. As it is difficult
EOWC?S 0 r_ntrcr)]gen Wereh odun to be residential dwellings a precisely determine the nitrogen loading tolerance of a bay, the
airy farms in the watershed. site specific monitoring data brings forward a new urgency for

he ni loadi for Litl indi q hdetailed evaluation of nutrient management alternatives and their
The nitrogen loading assessment for Little Bay indicated t @)t(pected effectiveness for enhancing the quality of Little Bay

under existing conditions, the critical load to the Bay has notbeghiitais  However. as it appears that there is presently over-
exceeded. However, the build-out analysis of the Little BaYhrichment of Little Bay waters, a reduction in nitrogen loading

watershed indicated that under current zoning of available Iarf‘gther than a reduced rate of increase is required for maintaining

2,349 additional dwellings could be built. The associated ad‘f'ﬁ'oderate to high water quality conditions.

tional nitrogen load, with the current loading, was determined to
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Nitrogen reductions typically take the form of advanced wastaddressed. This can be accomplished in a number of ways
water treatment or sewering of densely developed watershiadluding increasing minimum lot sizes on unsubdivided land,
areas. The densest concentration of homes on the Little Bawering portions of the drainage basin as they are developed,
shoreline is located at the bay’s northern edge in an area kndiamiting lawn sizes, purchasing either land or conservation re-
as Knollmere Beach. Currently 31 homes in the Knollmere arefictions to prevent development of open space, or by requiring
are unsewered and many of these are served by substandard seqgtiose of nitrogen reducing septic systems. Part of the solution
systems. The area also has the potential to support additionddjinates with the understanding that, under present zoning
dwellings on grandfathered lots. The upper eastern side of Scontiaues, the Bay will undergo habitat quality declines under addi-
Neck, north of Edgewater Street, should also be provided wiibbnal nitrogen loading.

municipal sewer as these homes, constructed on small lots,

provide the second most direct avenue for nitrogen loads frghequisition and preservation of existing open-space is the best
residential wastewater reaching Little Bay. Not only do theseechanism (has the greatest reduction in load when compared to
areas contribute nitrogen unattenuated to the waters of Little Bagvelopment on an areal basis) for reducing future nitrogen loads
but failing systems may be contributing to the bacterial contanteé the Bay. While additional acquisitions should be undertaken
nation and Conditional Shellfish Closures of Little Bay. Basegarticularly within the Little Bay watershed, it is also important
upon the water quality data and likely future septic systeta minimize nitrogen loading from existing publicly owned open-
problems, the Coalition for Buzzards Bay supports sewering gfface. In this regard, the Town of Acushnet should consider
these areas (as feasible) by the Town of Fairhaven. As therglacing its 136 acres of the Little Bay watershed under conserva-
significant agricultural land-use within the watershed, the Towtdon or similar open-space protection. This would not only serve
should encourage the implementation of Best Management Prixcprotect the water quality of the Bay, but maintain the land as
tices for reducing nitrogen from this source. open-space for future generations of the Town'’s citizens.

In addition to reducing existing nitrogen loading, future nitrogen
loading due to build-out of undeveloped areas needs to be

T.Williams 1998
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New Bedford flarbor

Fairhaven, New Bedford
Embayment and Watershed Characteristics

New Bedford Inner Harbor, also known as the Acushnet River
estuary, is the largest urbanized and industrialized Harbor on
Buzzards Bay. New Bedford Harbor/Acushnet River is part of
the Greater New Bedford System which also includes adjacent
Clarks Cove, Apponagansett Bay and New Bedford Outer Har-
bor. The Harbor is one of the deepest embayments to Buzzards
Bay with an average depth of 3.19 meters. Itis home to a growing
number of recreational boats in addition to 250 fishing vessels.
New Bedford supports an active fish processing industry and

R
|"'.‘|.:'i

i g
.,

WP |- _j‘. 3 remains one of the top ports for landings within the U.S. New
=== Bedford maintains an active marine port which has traditionally
[ T supported large cargo vessels. Sedimentation within the Harbor
has reduced the port’s utility, and remedial dredging is planned
) : for the near future.
| é-i _,|.|J|-I‘-" 1 E; i . . .

=5 TR g Ut N The watershed includes the eastern §|de. of the City of New
f-'-g:";".‘.-‘-':-:"'j oA T o Bedford, which has the largest population in the Buzzards Bay
?':I:“:f‘"b ST Tl he 7l region making up 35% of the entire Buzzards Bay watershed
E’-’_;_i%'ﬁ : a2 | e population. The western half of Fairhaven as well as most of
E-:,I_L'# S T WA Acushnetand portions of East Freetown comprise the remainder
== = B o S| () SR e of the Harbor's large, 17,180 acre, watershed. For comparison,
EF: e N af == - f Tj— e the watershed is nearly 10 times that for adjacent Clarks Cove.

i A ek T T U | R Not surprisingly, the watershed supports a relatively large flow
-l ey S - through the Acushnet River, one of the top ten surface water

dev alk &Y discharges to Buzzards Bay. The Acushnet River supports

ey = active cranberry agriculture in the upper portion of the watershed

L __5&-"- and a large wetland complex along the river, most notably the
Y a4, 1100 acre floodplain swamp (south of the Reservoir) and the 350

Py, 0 acre Hathaway Swamp.

B\l % Principle nitrogen sources to New Bedford Harbor are the
- Fairhaven Wastewater Treatment Facility ( WWTF) and the City

| _,)-:’ﬁ of New Bedford’s Combined Sewer Overflow (CSO) system.
J:: These point sources of pollution should be the primary focus of

'.-_, FTI A i nitrogen management for this estuary. All densely developed

e b ] areas in the New Bedford Harbor watershed are served by

8’ .—ﬂ@l— el iy el municipal sewer. On the New Bedford and Acushnet side, this

R E . e residential nitrogen load is transferred out of the estuary to the
® MEB Outer Harbor through the New Bedford WWTF. The upper

’ WU o Bt e Acushnet River watershed is more rural (over half of the area is

forested) and is served by individual onsite septic systems.

As might be expected for a historic industrial port, the marine
resources of the Harbor have been heavily impacted or altered.
The New Bedford and Fairhaven City shorelines were com-
pletely wharved by the mid-1800’s. Within this century over 200
acres of salt marsh were filled within the Harbor to support port
activities. Eelgrass, which has declined throughout Buzzards
Bay in recent decades, disappeared from the Harbor early in the
century.
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Historical use and disposal of industrial wastes have resultedlie cleaner, open waters of Buzzards Bay. Although there have
significant pollution to New Bedford Inner Harbor (inland of thébeen negative consequences to the Harbor, it is the reduced
Hurricane Barrier). The Harbor is classified as a federal Superfuthgshing that has “protected” the Outer Harbor and Buzzards Bay
site due to contamination of marine sediments with PCBs (poliyom greater PCB contamination and has allowed for a focused
chlorinated biphenyls) and metals. PCB contamination is cwtean-up. It should be noted that 1600 acres of shellfish area has
rently under remediation by the US Environmental Protectidmeen opened within the Outer Harbor since 1996. Shellfishing is
Agency. PCB’s are long-lived and are retained within the tissupsohibited the Acushnet River Estuary to the Hurricane Barrier.
of animals, affecting both shellfish and finfish. As of this writingThe Inner Harbor still supports fin fish, notably striped bass and
PCB remediation of the upper Harbor is continuing with sedimeherring.
removal and land containment. The goal is to lower PCB
concentrations in Harbor sediments to less than 50 ppm (mg PTige Outer Harbor, outside the hurricane barrier, is expansive and
per kg sediment). Phase | of the clean-up was completed in 198# flushed, has 3 public beaches and is heavily developed along
and consisted of removing the “Hot Spots”, areas greater thigswwestern shore. The new Fort Taber Park has improved water
4,000 ppm. The remaining sediment removals will be completadcess and provides connection between the beaches on the
by 2008, with disposal within Confined Disposal Facilities (CDF's¢astern (Outer Harbor) and western (Clarks Cove) shores of
bordering the Harbor which will be capped and used as open sp@tarks Point. Prevailing summertime southwesterly winds direct
until new technologies arise for permanent PCB disposal. Hoseme of the New Bedford’s Clarks Point Wastewater Facility’s
ever, nutrients and pathogens from sewage have been a meffiuent to the eastern portion of the Outer Harbor slightly
problem within this estuary throughout this century and wiihfluencing water quality within this region. However, in general
continue to impact the Harbor ecosystems after PCB remediatitie water quality of the Greater Outer Harbor (outside of Clarks
is complete. Point) appears to be relatively high and has been projected to
improve as the system comes into balance with the improved
New Bedford Harbor is the region of the Acushnet Estuasffluent from the New Bedford Facility.
enclosed by the Hurricane Barrier, which extends to the head of
Clarks Cove. The Hurricane Barrier, constructed in the ean{/ater Quality
1960’s has greatly reduced flushing and sediment export from the
Inner Harbor to the Outer Harbor and Buzzards Bay. This barriene Acushnet River Estuary has a strong gradient in water quality
has a gate entrance connecting New Bedford and Fairhaven eartfjing from strongly eutrophic conditions in the upper waters, to
has led to the decline in water quality and total loss of eelgrassgmor conditions within the Harbor (between Coggeshall St. and
holding pollutants in the Harbor and reducing tidal exchange withe Hurricane Barrier) and moderate water quality within the
Outer Harbor. The upper Acushnet River consistently had total
nitrogen levels in excess of 0.6 mg/L and generally greater than
0.8 mg/L and concomitantly high chlorophyll a concentrations.
B Goodto Excelent (65 - 100) Some of the highest chlorophyll a levels observed by the Moni-
BAY HEALTH INDEX [ fair (35-65) toring Program were found in the River. Other embayments with
B oo Eutroptic Condiions (< 35) similar chlorophyll levels include the wastewater affected region
of the Agawam River Estuary and the nearby Inner portion of
Apponagansett Bay.

There is a consistent gradient in nitrogen and chlorophyll from
the upper river to the Outer Harbor. The high nitrogen loading
from the watershed and the reduced flushing resulting from the
052 93 94 95 96 97 98 Hurricane Barrier allows the build-up of nutrients within the
Harbor supporting high rates of phytoplankton production (and
poor water clarity). Oxygen conditions within the Harbor showed
periodic declines to “stressful” levels (40%-60% of air equilib-
rium), but generally showed only moderate declines. However,
consistent with its very high nitrogen and chlorophyll a levels the
. upper Acushnet river (Station AR1), routinely experienced low
92 93 94 95 96 97 98 oxygen conditions.

100 While studies during the 1980’s indicated a plume of low oxygen
80 bottom water leaving the Harbor on ebb tides, the oxygen
"f monitoring samples tended to indicate only moderate levels of
;;_ 1 oxygen depletion. Within the mid-estuary this may result from
the shallow waters and mixing causing sufficient aeration, but
within the deeper waters of the lower estuary oxygen levels

typically were above 60% saturation. However, itis possible that

" 92 93 94 95 96 97 98
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our sampling is not capturing conditions close to the bottom alﬁj]e effect of the Faithaven WWTF discharge appears to be
there is some indication from the new sampling station at Popg’s

Island that significant oxygen depletions may be occurring fF:,[)mewhat modified by mixing with incoming tidal waters from

mid-Harbor. A more detailed evaluation of oxygen conditions |$ . ;
required, but the existing information clearly indicates a s Stewnaters carry the nutrients up the estuary, compounding the
weqll be ,ond its ca acitg t0 assimilate nut)r/ient inouts Wi}{/hour}utrientimpacts within the upper estuary. Itis also likely that the

ye pacity ) - put: .. _soft organic rich sediments within the Harbor, in part created by
degradation. Furthermore, given the existing conditions it a

" s ; " 8fre enhanced particle settling due to the Hurricane Barrier, serve
pears that additional nutrient inputs will cause a further decline Jn b 9

the level of water quality and nutrient related health of the Harb(‘)arS a "nutrient battery” within the Harbor. In this capacity the

sediments tend to store nutrients during the winter and spring and

. o L release themto the overlying water during summer, increasing the
Integrating the existing information into the Health Index scores parent loading rate. To the extent that the slated Harbor

for the Acushnet River and the Harbor indicate that this estuaryai%

among the most eutrophic embayments within Buzzards B%;.edglng project and proposed culvert through the Hurricane

e Outer Harbor and Buzzards Bay. However, the incoming
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Barrier increases tld_al flushing, the Harbor may receive a ShoManagement Needs
term enhancement in water quality. However, the best mecha-

nism for improving water quality is source reduction. _ ) ]
Unique among Buzzards Bay embayments which are typically

The water quality monitoring suggests that while there is potefieminated by adiverse array ofnonpoint nitrogen sources through-
tial benthic animal and eelgrass habitat within the Inner Harb8f't their watersheds, nitrogen management in New Bedford
region, nutrient conditions will not support these communities 5@rPor must include improvements to the embayment's two
present. In contrast, the Outer Harbor, while showing nutrieffaior point source discharges - the Fairhaven Wastewater

related stress, appears to have utilizable habitat at least for anifggatment Facility (WWTF) and the City of New Bedford's
communities. Combined Sewer Overflow (CSO) system.
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As the largest single nitrogen source to the New Bedford Harbwor. This latter effort provides a variety of water quality benefits
estuary, the Fairhaven Wastewater Treatment Facility (WWTHjcluding nutrient reduction. At present, these CSQO’s represent
should be evaluated for improvements in nitrogen removal effhe only discharge of untreated sewage to Buzzards Bay. The City
ciency. The Fairhaven WWTF discharges an average of 2i2New Bedford has included CSO remediation as a “will be
million gallons per day (mgd) of secondarily treated sewage to tlene” component in its recent Harbor planning. The City needs
Inner Harbor from its location in the lower southeast corner of the make explicit in its Master Plan the need to remediate CSO’s
estuary (off South St.). The Facility services the west side @ity-wide. Since the cost for CSO remediation to a system more
Fairhaven as well as a growing number of homes in other partglwdin a century old is estimated at more than $200 million, it will
town. The Town of Mattapoisett also discharges wastewaterundoubtedly take years to fund and implement. However, the
the Facility, contributing nitrogen load which would naturallyenvironmental and sustainable economic benefits of undertaking
flow to other embayments. The Treatment Facility coupled witthis effort are clear and documented in the outcome of the
Combined Sewer Overflow (CSO’s) represent almost 90% of timmprovements to Clarks Cove on the west side of New Bedford.
total nitrogen entering the Inner Harbor from the watershed.
Clearly, nitrogen management of this system must include tBenaller improvements, particularly to the upper reaches of the
discharge from the Fairhaven Wastewater Facility. Acushnet River estuary north of Coggeshall Street, can be achieved
by controlling growth in the more rural Acushnet River Valley
The nitrogen discharge from the Fairhaven Facility will continuand New Bedford Reservoir area. As new development in these
to increase as additional areas are sewered; the current dischargas will likely be served by individual on-site septic systems,
permit is for up to 5.0 mgd. Nitrogen removal in wastewateritrogen management needs to be considered. Recent actions by
effluent is an established technology employed by treatmehe Town of Acushnet and the private Fairhaven-Acushnet Land
plants throughout the country. In fact, nitrogen removal continu@seservation Trust to preserve undeveloped lands along the river
to emerge as a requirement in WWTF discharge permits fraghould be expanded upon.
EPA under the National Pollution Discharge Elimination System
(NPDES) where the plant discharges to a sensitive coad®astoration of marine resources within the Acushnet River Estu-
embayment. The permit for the Fairhaven Facility is currently wgry will continue as part of the Natural Resource Restoration Plan.
for renewal. It seems prudent to make nitrogen removal at ti@sven the more than 200 acres of salt marsh filled in this century
facility a priority, not only to improve the Acushnet Estuary, bualone, wetland restoration within the Harbor should be a priority.
because this facility is creating source reductions in other neait¥hile some wetland restoration and construction is slated as part
embayments. In addition, proposals to use the Fairhaven Facibfithe clean-up and is in the final restoration phase, efforts should
for reduction of nitrogen and bacterial contaminants in restorirgdso focus on restoring salt marsh within the lower harbor (where
or protecting adjacent embayments continue to be proposed, passible) and changimhragmitegcommon reed) marsh back to
Priests Cove Shellfish Restoration through sewering 450 hontesalthy tidal wetlands throughout the system.
on Sconticut Neck (NBHTC 1997). While a centralized facility
provides these opportunities for improvements in nutrient relat&dithout a comprehensive effort to reduce nutrient related water
environmental health of benefiting embayments, without nitrajuality problems within the Inner Harbor, the poor water quality
gen removal it is merely transferring the problem. (which was in existence before the PCB contamination and still
exists today) will continue to limit uses of the Acushnet Estuary
Recommended nitrogen loading goals for the Harbor will be mosell into the future. Harbor water quality should be viewed as an
efficiently achieved through addition of some nitrogen removaitegral part of Harbor redevelopment and increased touristic and
capacity to the Fairhaven Wastewater Treatment Facility riecreational uses of the Harbor as envisioned inthe Harbor Master
concert with other non-point source reductions within the watdPlan and waterfront revitalization such as proposed by the New
shed. Among these source reductions is the remediation of Bedford Aquarium.
Combined Sewer Overflow system still discharging to the Har-
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Clarks Cove

New Bedford, Partmouth

Jones Beach. Although thisis a rather large embayment, there are
only 75 boat moorings and slips because the cove is open and has
a long southerly fetch, and the hurricane barrier obstructs the
inner portion of the waterfront.

Marine waters entering the Cove are high quality waters of the
Atlantic Ocean entering through Buzzards Bay. The Cove, like
Mattapoisett Harbor and Aucoot Cove, is somewhat of an anomaly
on the western shore of Buzzards Bay in that it is deep and well-
flushed. These characteristics enhance its ability to assimilate
terrestrial nitrogen inputs without suffering serious water quality
or habitat declines. Equally important to its water quality is its
small watershed and lack of significant surface water inflows.

Today Clarks Cove contains one of the most significant quahog
fisheries in Buzzards Bay. The construction of the new New
Bedford Wastewater Treatment Facility (WWTF) stopped the
discharge of primary treated sewage and addressed the periodic
discharges of raw sewage from New Bedford’s sewer system
which had closed all of the City’s shellfish beds in Clarks Cove
with a major resource loss. The new facility, coupled with
extensive work on the Combined Sewer Overflow (CSO) system
which stopped all dry weather CSO flows to the Cove by the early
1990’s, has resulted in the present conditional opening of the
Cove to shellfish harvest after 91 years of closure. The total area
re-opened in April of 1996 was 1600 acres, inland of Ricketson
Pointand Wilbur Point. Within five months of reopening, Clark’s
Cove alone yielded approximately $364,000 in quahogs, employ-
ing more than two dozen full time fishermen. Applying a conser-
vative multiplier to this figure, the ripple effect on the local
economy from this harvest amounts to over $1.5 million. This
figure should only grow with the development of a shellfish
hatchery and grow-out program targeted for the New Bedford

|
|
| Embayment and Watershed Characteristics ~ Harbor System.
|
|

Clarks Cove is located on the western shore of Buzzards BRgductions in nitrogen loading to Clarks Cove from Combined
between the town of Dartmouth and the City of New Bedfor&ewer Overflows has produced a marked environmental re-
I Clarks Cove is part of the Greater New Bedford System whiaponse which is most visible through drastic improvements in
also includes adjacent Apponagansett Bay, the Acushnet Rioserall water clarity and returning eelgrass habitats to the
| Estuary and New Bedford Outer Harbor. The entrance to Clarstsallower portions of the Cove. The eelgrass bed which had been
| Cove is bordered by Apponagansett Bay to the west and testricted to the tip of Clarks Point has been expanding into the
| mouth ofthe Acushnet River Estuary to the east. The Clarks Ca@eve over the past decade. In addition, eelgrass restoration
watershed is comparatively small (1,866 acres) and is the mefbrts suggest that Clarks Cove is currently capable of support-
| densely developed urbanized watershed in Buzzards Bay. Mivgt additional eelgrass beds as seen by the water clarity, with
| of the shoreline has been modified. At the head of the Cosecchi depth = 2.45 m (7 yr. mean).
modifications were first for industrialization around 1900, which
included the filling of about 50 acres of salt marsh, and lat§{/ter Quality
(1960’s) for construction of the Hurricane Barrier. The eastern
| shore which is the high energy shoreline, has consistentyarks Cove, in spite of its urbanized watershed and highly altered
| supported a series of beaches (West Beach) formed by graimargins, supports a high level of water quality within both its
throughout this century. Atthe mouth of the Cove is the locatidnner and Outer portions. Health Index scores were similar
I
of the new UMass Dartmouth Marine Science and Technologjyroughout the basin and although variable showed no trend over
Center, CMAST. This center is a focus of coastal researtiie 1994-98 study interval. The role of tidal flushing in maintain-
| involving restoration of wetlands and other coastal habitats. Timg water quality can be seen in comparing the open basin of
western shore in Dartmouth also has a highly used public beach,
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Clarks Cove with the adjacent closed basin of Apponagansett

. L . CCA. CC2 - Clarks Cove
which exhibits poor water quality. 2%

The absence of a major surface water source and the re-engir '™ - ':l
ing ofthe CSO’s around the Cove yield greatly reduced stormwe
flows and their associated bacterial, hydrocarbon and nutri }i
loads typical of highly developed watersheds. It has be 3
i

T L
g atrgme \
ool

estimated by the Buzzards Bay Project that while CSO inpi
were once a major pathway of nutrient entry to the Cove that tt &
now contribute only about 10% of their 1980 level. As much
the watershed is sewered and discharges (after treatmen
Clarks Point, it appears that Clarks Cove water quality is bei
maintained primarily by its hydrodynamics and by the extensi
source reduction program which has been implemented witl
the watershed.

While watershed loading to the Cove is partially controlled, ti--

total nitrogen levels within the Cove (typically 0.33-0.4 mg/L 127%
are enriched over the waters of Buzzards Bay. Itis also clear

some of this enrichment of Cove waters results from the lo 15
watershed. However, given the placement of the Cove itis lik
that nitrogen also enters from the Clarks Point outfall durit
periodic shifts in Outer Harbor circulation and from the tid:
waters of Apponagansett Bay. Itis likely that these are seconc
sources, this pattern underscores the linkages between
embayments and demonstrates the statement, “communi
connected by water”.

COE - Clarks Cove

= Cupren Sabarsbon

The high transparency and relatively low nitrogen levels &
reflected in the moderate to low chlorophyll a concentration
both sites since 1994. However, there has been the occasiuiia

phytoplankton bloom within the Inner Cove (10-16 ug/L Chlognijar 16 other embayments, oxygen concentrations reflect the
rophyll) but this has only been found in less than 10% of they,qen and chiorophyll a levels within the Cove waters. Oxygen
summer sgmplmgs. The current (_:hlorophyll a levels appe,arlé‘?/els generally reflect good habitat quality within the mid and
be supportive of shellfish production but also allow suff|C|er'6uter Cove throughout the study period. Only within the Inner
light penetration for eelgrass beds to expand within the Cov%ove are oxygen depletions observed, although these occur-

rences were relatively rare, with only 5% of the samples dropping
below 60% of air equilibration. These conditions may resultfrom
the settling of periodic blooms and/or stratification of the
relatively deep Cove waters. There is not sufficient data to

B oo o Exceent (65 100) determi_ne if the Cove is pregently in st_eagly-stafce. However, the
BAY HEALTH INDEX I i 5-65) expansion of eelgrass habitat does indicate improving water
quality conditions.

. Poor/Eutrophic Conditions (< 35)

The overall findings are consistent with the fact that loadings to
Clarks Cove are low with respect to the Cove’s volume and
flushing time. That is to say, because Clarks Cove has one of the
largest volumes of those studied, and among those with the best
flushing time, the existing loading is on the order of what the
0593 94 95 96 57 98 embayment can handle. Whether the Cove has reached a new
equilibrium after the recent upgrading of the New Bedford
WWTF to secondary treatment is currently unclear. Prediction of
the level of improvement to be seen by additional watershed
management practices will require additional years of monitoring.

0
92 93 94 95 96 97 98
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Management Needs

Combined Sewer Overflows (CSO’s) discharges which continlteappears that Clarks Cove has benefited from the contaminant
to discharge raw sewage during significant rain storms afidcludes nitrogen) management strategy. Remediation efforts
nutrient rich runoff from the watershed during all rainstormshould focus on further reducing CSO and any direct stormwater
Within the watershed non-wastewater nitrogen continues discharges, especially to achieve further fecal coliform reduc-
enter the Cove through ground and surface water pathways.tibms. Phytoplankton and oxygen levels within the Cove need to
addition, nitrogen enters through flooding tidal waters whiche monitored to determine the effect of the new wastewater
may “pick-up” nutrients from Apponagansett Bay and the Nevacility and continuing watershed alterations. The quality of

Bedford Wastewater Treatment outfall before entering the Cov@larks Cove waters indicates that important resources can be

nately, this Buzzards Bay Monitoring Program was not in place
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prior to most of the reduction in CSO discharges.
The major sources of nitrogen loading in this Cove are the seven

The discharge of secondarily treated wastewater is about 1066tored, such as shellfish and eelgrass.
meters from the tip of Clarks Point and is the largest point source
of wastewater to Buzzards Bay discharging approximately 24
million gallons per day. While the New Bedford Wastewater

Treatment Plant outfall represents a major “offshore” source of
nitrogen, observed good water quality in the Cove suggest that

the effect of the outfall is not focused in the Cove.

Our nutrient related water quality data, long term fecal coliform

data, and anecdotal information all suggests that the reduction in
CSO discharges has resulted in remarkable improvements in
water quality. Besides the reduced fecal coliforms levels, eelgrass
beds, formerly restricted to the clearer waters at the tip of Clarks
Point on the New Bedford side and south of Ricketsons Point on
the Dartmouth side are now spreading throughout the Cove
apparently because of greatly improved water clarity. Unfortu-
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Apponagansegtt Hay

Partmouth
Road and on the southwestern shores of
the inner Harbor. Salt marshes are still
apparent within the inner Bay region,
although some have been significantly
altered. One such marsh is being re-
stored as part of the New Bedford Harbor
Natural Resource Damage Assessment.
Restoring tidal circulation to this marsh
should increase some of the nitrogen
assimilative capacity within the inner
Bay.

The major fresh surface water inflow is
via Buttonwood Brook, which drains
much of the northern portion of the
watershed including portions of the West
End of the city of New Bedford. This is
a highly urbanized area and although it
is sewered, there are problems of nitro-
gen and bacterial loadings primarily
from poor stormwater management, new
construction, commercial use and the
Buttonwood Park Zoo. Buttonwood

Apponbgunsati Peal 1L
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Brook provides the primary surface wa-
ter transport of fecal contamination to
the upper Bay. Buttonwood Brook is
primarily a controlled stream which has
been engineered to provide needed

stormwater management within the
watershed. However, as runoff from its
watershed has increased due to develop-
ment, filtering wetlands have been re-
moved and the stream increasingly
channelized. In addition to street and
other impermeable surface runoff, the
Brook receives runoff from the zoo and
its ponds with their high number of
waterfowl. The zoo has taken some
initial steps to control the runoff of wastes, but the Brook will

) require significant restoration to reduce its impact on the quality
Apponagansett Bay is surrounded by one of the smaller uplagitine receiving waters.

watersheds, 4658 acres, of the western Buzzards Bay sub-

estuaries. The Bay is functionally defined with its mouth at thgitrogen inputs to Apponagansett Bay are also contributed by the
Padanaram Breakwater and the central bay bridge which dividgsse residential land use on the eastern shore (septic systems
the bay into its upper and lower portions. Apponagansett Bayjgq |awns), followed by other commercial development, then
part of the Greater New Bedford System which also includesymiand and possible impacts from the 1,600 boat slips and
adjacent Clarks Cove, the Acushnet River Estuary and N&Mborings. The bay has a number of marinas, and two pump-out
Bedford Outer Harbor. In spite of its relatively small contributygats. The upper estuary is however degraded from the various
ing area, Apponagansett is one of the most nutrient overloadggrient inputs (the stream at Russell Mills Road and Buttonwood

embayments of Buzzards Bay. This results from its relativefyrook) and is closed to shellfishing by the high fecal coliform
restricted passage to the upper Bay and excessive nitrogen l19agk|s.

ing from its watershed. More than one-third of the watershed is

built-out, mostly with residential development, much of which ishe pay still is a popular embayment with one public beach and
on septic systems. The remaining undeveloped land is clustefg@y private beaches and the upper areas set aside for water
primarily inthe Dike Creek area of the watershed along Bakervngqﬁ(iing_ However, watershed contamination causes closures of

Embayment and Watershed Characteristics
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shellfish bed within the upper bay. Consistent with its hic
nutrient loading, presence of wetlands on the western shore,
restrictions to sediment transport, the upper bay exhibits area
anoxic bottom sediments consisting of fine organic-rich particl
and periodic blooms of macro-algadlfa and Gracillaria).
Eelgrass was once abundant within the upper bay before losse
wasting disease in the 1930’s and showed strong recovery in
1940’s through 1960’s. However, it again went into declin
through the 1970’s, with the last significant beds disappearing
the mid-1980’s (Costa 1988). This contrasts with the lower ba:
and adjacent bay which supports eelgrass even today.

Water Quality
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The monitoring program has shown that Apponagansett Bay has

had consistently poor water quality over the past 7 years. T
poor water quality results from the restriction of water ar
particle flushing of the upper basin combined with the relative
high watershed loadings. The Health Index scores consistel
were below 35 for the upper and generally 40-50 for the low
basin, some of the lowest for any Buzzards Bay embayment. ~
poor water quality within Apponagansett Bay would even t
worse, but for the high quality of its source waters within Out:
New Bedford Harbor. The waters entering Buzzards Bay frc
the Atlantic Ocean enter the southeastern portion of the ot
Harbor supplying a low nutrient and high quality source water
Apponagansett Bay and Clarks Cove. The water quality prc
lems within Apponagansett Bay originate from the Bay’s hydr
dynamics and inputs from its watershed. The effect of the la
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inputs within the bay can be seen in the poor light penetration
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(water clarity), long-term means (July-August) of 1.27 m and.

o : Eltrogen levels about 2 and 1.5 times incoming waters. The
1.89 m within the upper and lower basins compared to Clar s ich Its hl ional el . .
Cove 2.45m. nitrogen enrichment results in roughly proportional elevations in

measured chlorophyll a concentrations. The inner Bay shows

The best indication of the effect of land-based inputs is in ﬂ%oom concentrations, \.N'th pa_rhcularly_large blooms in 3 of _the

: L . past 4 years of monitoring, while the mid and outer Bay stations
primary eutrophication parameters, nitrogen and chIorophyIIS%|0W only modest phytoplankton levels
(indicator of phytoplankton biomass). Total Nitrogen concen- y P P '

trations within the Buzzards Bay source waters to Apponagan%

. ileitis clear from the limited light penetration, high nitrogen
Bay are typically less than 0.25 mg N/L. In contrast Innearn chlorophyll a levels that the system shows a strong gradient

Apponagansett Bay ranged from 0.7to 1.1 mg/L and over the P#hutrient related health from the highly degraded inner Bay to

4 years generally averaged more than 4 times the concentra‘ on

of Buzzards Bay waters. While the enrichment was significantcye modergtely impacted outer Bay, the sampling of oxygen
. . . - ncentrations showed less of a trend. However, periodic
less in the mid and outer portions of the Bay, they still showe8
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stressful oxygen levels were observed at some stations within dwerall watershed nitrogen loading, wastewater nitrogen will
inner bay. Inthe outer Bay, oxygen levels appeared to show ohve to be addressed. While up-grading systems to Title V
modest depletions. The overall gradient in habitat quality ieaintains public health, it does not reduce nitrogen inputs.
supported by the watercolumn measures and the observatioMethods of reducing wastewater nitrogen inputs will likely need
soft sediments and macroalgal accumulations. The historytof include a combination of small denitrifying systems and
eelgrass colonization within the Bay and its recent (mid-1980’sxporting of nitrogen out of the watershed by expanding connec-
loss from the inner Bay is consistent with the poor water qualitipns to the town’s sewage treatment facility. Specific watershed
observed throughout the monitoring program. However, tlageas for consideration for wastewater improvements include:
recent loss of eelgrass may serve as a benchmark, guidingy & Fort street areas — northeastern corner (30 houses) and
restoration of the bay should nitrogen management planning $tr of the Sea.
implemented.

Stormwater and surface water flows are major sources of coliform
Overall, there does not appear to be a clear Bay-wide trendaimd nutrients to the Bay. The major surface water source,
water quality over the 7 years of monitoring. However, there Buttonwood Brook, has been increasingly channelized and re-
an indication that the past 4 years in the inner Bay may have beagineered and its filtering wetlands removed to aid in stormwater
slightly worse than the initial 3 years, as the 3 highest nitrogélow. The Brook needs to be evaluated for restoration of some of
and the 2 highest chlorophyll a concentrations occurred in thetsefiltering wetlands to improve water quality within the Bay. In
years. This is consistent with continuing nitrogen loading to tteeldition to street and other impermeable surface runoff, the
watershed and its focused entry to the inner Bay region. Brook receives runoff from the zoo and its ponds with their high
number of waterfowl. The zoo has taken some initial steps to
control the runoff of wastes, but the Brook will require significant
restoration to reduce its impact on the quality of the receiving
Apponagansett Bay is currently exhibiting nutrient related habitataters.
degradation, particularly within the inner Bay region. The
contributing watershed is more than 75% developed, and theGrowth Management and Open Space Protection need to be
fore nitrogen management options will tend to focus on restoriaaplemented to target those areas of the watershed having the
tion of natural systems such as Buttonwood Brook, improveiost impact on Bay water quality. Because most of the
ments to existing wastewater and stormwater management syisbayment basin is already developed, it has less build-out
tems discharging to the bay, and management of tidal exchang@ential compared to other embayments its size. Setting aside

open space and establishing per acre nitrogen loading limits on
Wastewater treatment within the watershed relies significantly oew development are important options for managing inputs from
on-site septic systems. In order to make significant reductionsiew development.

Management Needs

e

T.Williams 1998

06



Slocums River & Little River

Partmouth
i | % Both the Slocums and Little River Estuaries are shal-
i A low (0.7 meter average depth), enclosed water bodies
L . T 1- with moderate to low flushing rates. The Slocums
SR5 ; : River systemis a classic drowned river estuary, formed
f;'_ iy Fug by the flooding of an eroded river valley by rising
-
I -
i

S F e X . relative sea-level. Both estuaries receive surface water
: : i ' inflow at their headwaters, although direct discharge
. : W s . of groundwater occurs all along their shorelines. The
A gy y -~ Thiag 1 Slocums River Estuary receives most of the surface
il L |k 3 freshwater inflow in this estuarine complex. The
" i, o3 n Slocums River Estuary is the lower end of the
T S i - el hoVERY y - . = Paskamansett River (below the Russell Mills Dam).

4 i, € d =% 1 }\ A . The Paskamansett River originates at Turners Pond in
; ) i " the Acushnet Cedar Swamp State Reservation and is
L L the third largest river within the Buzzards Bay water-

: L -t G N shed, contributing 6.1% of the Bay’s total freshwater
# | SR1® s Ea i 1 . inflow. Smaller streams, such as Destruction Brook,
ot S . by A é also contribute flows to the estuary. However, the

e | ' S e Town of Dartmouth draws municipal drinking water
’ e A P, from the Paskamansett River Valley Aquifer thereby
| { A SR4 Ik e exporting freshwater to other watersheds. In contrast,
= | A, o P, - the Little River receives only small volumes of surface
| wo , L . o o e s | waterinflow from small streams. The total freshwater
T TR SR E 3 ATV el and nutrient load entering these two estuaries is driven
o JMMW(\— pienst qaarsy | A i by their respective watershed areas and land-use.

id

o e I . 71 128  The watersheds of the Slocums and Little River Estu-
a3 B R W] aries are primarily within the Town of Dartmouth,

\ A y ; ' with upper parts of the Slocums watershed within New

| Bedford and Freetown. This upper Slocums water-

| shed region includes the New Bedford Industrial Park,

| Embayment and Watershed Characteristics  whichlike much of New Bedford, discharges its wastewater to the
| City sewer system and therefore out of the watershed (to the

| Slocums River and Little River are two moderately sized estugdtfall at Clarks Point). The Slocums River watershed is the
| ies (487 acres and 124 acres, respectively) which discharge fauth largest of the embayment watersheds to Buzzards B?y
common bay formed between Mishaum and Barneys Joy Poirff@c0mpassing 23,161 upland acres. In contrast, Little River's
Although they have adjacent but separate watersheds they"}’_élerShed IS relatively small, only 1,125 qplanq acres. The
ceive tidal inflows from this common Bay. Water qua”tydlfferencesmwatershed areas helpsto explain their very different

| monitoring has focused upon the upper portions of both estuariffdumes of surface water inflow. The differences in watershed
: area are also paralleled by total freshwater inputs, which can be
: systems, above Potomska Point. ' lleled by total freshwat ts, which b

seen in the typically lower salinities in the Slocums River (SR5-

| During the initial monitoring by Baywatchers, water quality irf1€2d: 2.8-17 ppt, SR1-Mid: 25 ppt, SR4-Lower: 29 ppt) versus
| the Slocums and Little River Estuaries showed signs of eutrophittle River (Upper: 29 ppt, Lower: 29 ppt) tidal regions.

| cationand habitat loss. This estuarine complex was among those . )
| showing the greatest level of nutrient related water quality® overall Slocums River watershed is presently forest-land

impairment in all of Buzzards Bay. The present water quality §60%) with much of the upper watershed discharging wastewa-

the Slocums River Estuary is consistent with land-use analydg§Via municipal wastewater treatment facilities to outside of the
| by the Buzzards Bay Project which suggest that this systentjgtershed. The mid-watershed is dominated by heavy commer-
| receiving nitrogen loads several fold higher than the threshold®&! development, residential development and three golf courses
| which habitat decline is expected to begin. However, a simii@#sociated with the New Bedford, Allendale, and Hawthorne
| analysis for the Little River Estuary suggests that water qualitgPUntry Clubs. The southern end of the watershed, primarily

| should be better than indicated by direct measurements (§88nected to the Slocums Estuary by groundwater flows, is
| below). largely undeveloped with agricultural land, light residential de-

| velopment, forest and wetlands comprising the primary land uses.
| This lower watershed region has relatively low build-out poten-
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tial compared to the amount of undeveloped land, due to signiiltocums River and more than 1.5 acres per acre of Little River
cant open-space preservation initiatives currently underway. Waters (189 saltmarsh acres). The predominance of saltmarsh
date, 4,109 acres or 17.4% of the watershed has been permanevithin these systems is important, as saltmarshes affect the
protected, much of it along the lower estuarine portions of tlggiality of adjacent waters and tend not to be degraded by high
Slocums River. nutrient inputs. In addition, these wetlands serve as important
wildlife habitat and nursery areas for coastal fisheries.
In contrast to the Slocums River watershed, the watershed to the
Little River Estuary is relatively undeveloped, only about 7% dtelgrass beds are sparse to absent from the Slocums Estuary,
upland area, making it one of the least developed coastal sakeeptin small areas near the mouth at Potomska Point and in the
watersheds to Buzzards Bay. While this suggests that nitroddttle River Estuary inland from the Little River Bridge. In
loading can increase substantially with build-out of developabt®ntrast, the physical characteristics of these river basins are
land, preservation efforts are underway. At present these effdytgical of areas which are supporting eelgrass in other embay-
have placed more than 478 acres under conservation restrictiments to Buzzards Bay. The absence of eelgrass within the
preserving 42% of the upland area. Slocums and Little River Estuaries is most likely due to poor
habitat quality due to nitrogen enrichment. It appears that
The Slocums and Little Rivers do not presently contain majeelgrass beds have been replaced by soft organic-rich sediments
beaches or boat mooring areas. This likely results from tfthe consistency of mayonnaise), a phenomenon common in
extensive marginal saltmarshes and shallow waters. Howeweutrophic coastal waters. However, the lower nutrient, better
a major public beach does exist on the barrier beach wittflnshed regions of the outer embayment (south of the river
Demarest Lloyd Memorial State Park on the western side of thuth), do support well-established eelgrass beds, particularly
inlet to the Slocums Estuary. off of Barneys Joy Point. Eelgrass distribution may be limited
more to the margins of the outer bay due to the depth of the central
As drowned river estuaries, the Slocums and Little Rivers suppbesin.
significant saltmarsh habitat. There is more than 0.5 acre of salt
marsh (252 acres) for each acre of embayment surface in e present bottom sediments are generally unsuitable habitat for
most marine animals, including shellfish. While within Slocums
River mussels and oysters can be found in the shallows near the
banks and quahogs can be observed in Little River, both estuaries,

B coootocetent (65 100 ) inland of Deepwater Point and the Little River Bridge, currently
BAY HEALTH INDEX [ fir(ss-65) support marginal shellfish populations. Even if productive
B Poorurophic Condtions (< 35 shellfish beds were present, shellfishing is prohibited in the upper

Slocums River (above Gaffney Rd) and Little River (above the
bridge) due to bacterial contamination. This contamination
likely results in part from surface water inflows, but is also likely
I associated with the extensive tidal wetlands and highly organic
sediments. In contrast, the outer bay, seaward of Deepwater Point
M supports productive shellfish beds with oysters, quahogs and
soft-shell clams being harvested. This areais open to shellfishing
except after a large rainfall (greater than 2") which tends to flush
! bacterial contamination into the bay from the adjacent estuaries.
It is clear from the monitoring results that both the Slocums and
Little Rivers inland of Deepwater and Potomska Points consis-
tently support poor nutrient related water quality. The measured

: water quality data, absence of eelgrass bed and low shellfish
populations (even without harvest) all underscore the level of
poor habitat quality within Slocums and Little River Estuaries.

037 93 94 95 96 97 98 Both the Slocums and Little Rivers showed high levels of total
nitrogen in both the upper and lower regions, with levels being
generally 2-3 fold higher in Slocums River and more than 2 fold
higher within Little River than the levels in the adjacent Buzzards
Bay waters. These values clearly indicate a strong enrichment of
—F | these estuarine waters by watershed derived nitrogen. In addi-
N I tion, there is a strong horizontal gradient of increasing concentra-
© 92 93 94 95 96 97 98 tions from headwaters to inlet. Within the Slocums River total

0
92 93 94 95 96 97 98

0
92 93 94 95 96 97 98




nitrogen levels on average increase by 2 fold from the low
region (SR4, 0.54 (SE=0.04) mg N/L) to the uppermost static
(SR5, 1.10 (SE=0.10) mg N/L) and within Little River there wa
a 40% increase from the inlet (SR3, 0.49 (SE=0.05) mg N/L)
the nearby mid-station (SR2, 0.68 (SE=0.05) mg N/L). Note: £

= standard error, a measure of the variability of the data usec - )

produce the average value.

The elevated nitrogen levels within both estuaries supports hi
levels of phytoplankton production and organic matter accum
lations. Within both estuaries chlorophyll a pigments value
over 60 ug/L were recorded and levels in excess of 15 ug/L wk
common. In the Slocums River the effects of the nutriel
gradient were clear with the percent of samples showing chloi

phyll a pigments of >15 ug/L being 64% at the head, 46% at the

mid-station and 18% at the inlet. Similar values for the mid ar
inlet station in Little River were 30% and 16%, respectively
These high chlorophyll levels were matched by high particula
organic matter concentrations. Particulate organic carbon av
aged from 2 to 2.4 mg C/L in the mid and upper reaches of bc
estuaries and 1.2-1.3 mg C/L at the inlets. In addition there w

a relatively constant ratio of carbon to chlorophyll (0.09-0.1¢ -

throughout the entire system, suggesting that most of the orga
matter is derived from phytoplankton during the mid-summe
sampling periods. These high concentrations of organic mat
are consistent with the soft-organic rich sediments which nc
cover large areas of bottoms of these estuaries. In addition, th
conditions result in poor water transparency throughout much
these systems, a further mechanism for eelgrass loss from tr
estuaries.

Typical of nutrient and organically enriched embayments, bo
the Slocums and Little Rivers show frequent depletion of di:
solved oxygen. The Slocums River frequently had oxygen leve
below 80% of air saturation. Watercolumn oxygen concentratio
of less than 80% saturation were observed in the mid and lov

estuary in 46% and 33% of samples, respectively, and perior °

depletions to less than 60% of saturation in 11% of mid-static
samples. The upper estuary is almost certainly experiencing e
lower oxygen levels. The Little River Estuary showed even low
dissolved oxygen conditions with values less than 80% of satu
tion being the norm at both the mid and inlet stations, 79% a
54% of samples, respectively, and low oxygen leve&)%

saturation) at these stations in 22% and 8% of samples. 1.._

nutrient, chlorophyll, particulate organic carbon and dissolved
oxygen levels are typical of eutrophic (overfertilized) embay
ments.

Not surprisingly, integrating the water quality parameters into t
Health Index shows both the Slocums and Little River Estuari
to be experiencing eutrophication and showing poor nutrie

related water quality. Asinthe preliminary analysis (Baywatche

1), these embayments are showing some of the lowest nutrir
related habitat quality of the Buzzards Bay embayments me
sured. Station SR5, with salinities often below 5 ppt, was consi
ered a brackish water station and not used for calculating 1
Health Index scores.

oM

lqlll"‘

z ! .‘. ¥

The Coalition for Buzzards Bay

SR - Slocums B iGaftney B, Landing

O 8 B LY

" . r L] -2 = "l

S R T o

- '-'. - = < '_.
- £ - -

SR2 - Litle River (lnmer

- - o |- -'-'I.
- - ‘lu L = -
¥ . 3T EN
= :EI- : = - i

BRI - Little RUMemorial Bridge

=r - =
s r
-~ = s = -
e T r A
X ([ |= - & =
- » : -
-
5R4 - Slocums River/Osprey P
- - =
o P . 2
= .- = % % o=
L T, ¥ e iy
— - = -
= - ; -

109



Slacuma Rivar - lmnsr Lrtthe Freer = Imnes

Tota | Warler Cobimn Mimges Tota | WWAaier Sk v P s
1 1
i i i
L. Ill N L I I -
L E
g:: g’:

Shecuma River - Qules Little River - Quder

Tornal Warisr Cobimn Mimges Tornal Warisr Cobimn Mimges

Hilrngean mgil, jpai 0 pe wallon |

Hilirogea mgil, jparis pas malion j

B e B e B e B B N s T s
19E3 19E1 PEE4 MBS TEG 36T 1508 19E3 191 PEE4 HERS TG 38T 1508

In addition to watershed inputs, there are two major factors whill}£ Juxtaposition of the Slocums and Little River inlets, it appears

affect the measured nutrient related water quality within tHEE!Y that during inflowing tides Little River receives tidal

Slocums and Little River Estuaries. First, both systems suppJfters which are a mixture of low nutrient offshore waters and
gh nutrient waters which previously ebbed from the Slocums

significant amounts of saltmarsh area. Saltmarshes are typicgﬂ_ . X X .
not negatively effected by nutrient enrichment. HoweveB'Ver' For Little River, it appears that some of the water quality

saltmarshes do export organic matter from their emergent s_[ﬁ§u'ts from rp])oor OﬁShOLe water_s rathe_r trr:an onlyf v_veﬁers_hed
faces into adjacent creeks and embayments, particularly durlRgUts- ) To the (_axtent t_at hutrient enrichment o Inflowing
fall. This organic matter can add to the organic enrichmeW/ters is controlling nutrient related health of the Little River
observed in basin sediments adjacent to marginal saltmarsh arES&ary, reduction of nitrogen loading to the Slocums River
such as in the Slocums and Little Rivers. Second, while Siould also cause improvements to the adjacent Little River
appears clear from the analysis of nitrogen loading and Iand-&é’étem' Further evaluation of th_e interaction between these two
that the high nitrogen levels within the Slocums Estuary afgtiaries should be conducted in order to support management

associated with watershed inputs, similar analysis for the Lit@éternatwes.

River would suggest much lower watercolumn nitrogen levels

than observed throughout the monitoring program. Some of tManagement Needs
apparent discrepancy between poor embayment water quality

and low nitrogen loading from the watershed may be relatedlfds clear from the long-term monitoring results and the lack of

the fringing saltmarshes and tidal flushing, but not all. It igelgrass and shellfish beds that both the Slocums and Little River

almost certain that the lower than projected nutrient reIatc,E(ftlf_a”eS are currehntlyhshowmg poor ':]Ut”em frelhatedl water
water quality within Little River results from nutrient enrich-duality. It appears that the nutrient enrichment of the Slocums
ment of itsinflowing tidal waters. The water quality of an River results from nitrogen inputs from the watershed in excess
embayment depends significantly upon the level of loading froft} the System’s capability to process them without declines in
the watershed and the quality of its incoming tidal waters. Tﬁgbltat quality. In contrast, nutrient loads to Little River from its
more nutrient enriched the inflowing waters, the lower the tole;yrr_oumljlng watershed as projected by the Buhzzalrddst,) Bay PrIOJeCt
ance for additional inputs from the watershed. Based on thational Estuary Program in a 1994 report should be very low

general circulation along the western shore of Buzzards Bay dfpt\Ve © this system’s tolerance level. The cause for this
discrepancy is most likely partially due to contributions of

¢
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outflowing waters from Slocums River entering Little River orf "ust (ONRT) and the Trustees of Reservations should continue
the subsequent flood tide. The close proximity of the inlets of tHthis watershed as it not only serves to prevent future loadings
2 estuaries within a common bay has functionally linked thefut can reduce existing loadings as well. Open space protection
watershed loads. As a result, the needed management ofélse serves to protect present and future drinking water wells,

Slocums River Estuary will also aid in management of thearticularly within the Paskamansett River Valley.

nutrient related health of the Little River Estuary. ) ] ) ) .
Reduction of nitrogen inputs from wastewater is essential to the

The land-use nitrogen loading analysis indicates that currdggtoration of Slocums River. With the exception of the Route 6/
loading to Slocums River is 3 fold higher than the projectdg@unce Corner Road area as well as portions of Tucker and Chase
tolerance level. As development of the watershed continues, fR@ads, most of the Dartmouth homes in the Slocums River
estuary has the potential to exceed its tolerance level by up ty@ershed are served by on-site septic systems. As noted earlier
fold. In other words, the Slocums is in serious decline today alfti this report, all of these systems, whether modern Title 5
future growth projections suggest that it will only get worse. IRySteéms or older cesspools, contribute the bulk of the nitrogen
addition, the Little River watershed is estimated to have consifoduced in every dwelling to the Slocums River unattenuated.
erable growth potential, especially from conversion of agricuewer extensions to densely developed neighborhoods need to be
tural land to residential land. Little River's nitrogen load is ndtvaluated, but with care not to open large areas of present open-
expected to exceed recommended limits even under build-§f@ce to development. Management of nitrogen in wastewater
conditions. Given the tidal linkage of these 2 systems, nitrogB8eds to be addressed at the planning level for all new develop-
management of the Slocums River should be the priority. NitrBl€nt within the watershed. New Bedford neighborhoods in the
gen management for the Slocums River Estuary will likelp!ocums River watershed are all sewered.

require the use of a whole spectrum of management tools such as ] ] o

sewer extensions, alternative septic systems, preservation of op¥pically, road stormwater runoff is not considered a significant

space and zoning changes to manage both existing nitrodéfogen contributor. More critical concerns include bacteria,
loadings and future growth. sediments, and heavy metals which all comprise an important

source of pollution to shellfish beds and drinking water supplies

Open space preservation on a scale similar to the current Sloctipi£xample. Nevertheless, the scale and density of stormwater

River Conservation Project of the Dartmouth Natural ResourcB410ff pollution within the Slocums River watershed may consti-
tute an important nitrogen source to the river and is almost
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certainly linked to the bacterial contamination problems withishores of Buzzards Bay between Horseneck Beach in Westport
the estuary. The upper portions of the Slocums River waterstet the mouth of the Slocums River at Mishaum Point. Historical
along the Paskamansett River at Route 6, Interstate 195 aada reflect a drastic reduction in beach widths along East Beach
Faunce Corner Road contains one of the most heavily develojreiVestport and to a lesser extent Little Beach in Dartmouth. At
commercial areas in the entire Buzzards Bay watershed. This dlea same time, shoaling and increases in beach sediments has
discharges road runoff from more than 550 acres of impervioascurred along the mouth of the Slocums off Potomska Point near
parking lots, commercial and light industrial buildings, an@emarest Lloyd State Reservation. These changes have histori-
roadways. All of this stormwater runoff presently receives littleally altered and restricted the tidal exchange dynamics and
or no treatment prior to discharge to the Paskamansett. flushing capabilities of both the Slocums and Little River estu-
aries. Reduction of tidal exchanges serves to increase the level
Within the watershed there is a historic point source of nitrogef habitat decline per unit of watershed nitrogen load, mainte-
at the Dartmouth Municipal Landfill on Russells Mills Roadnance of maximal flushing rates serves to decrease the sensitivity
located not much more than 1,000 feet from the banks of tbkthese estuarine systems to increased nitrogen loading.
Paskamansett River. From the early 1970s to 1994, the landfill
received sewage sludge from the Wastewater Treatment Faciltyhydrodynamic study initiated by the MA Department of
(WWTF) in addition to regular household trash and other debri&nvironmental Management was completed in 1999 (Woods
Concentrated sewage sludge is extremely high in nitrogen anddle Group). This study focused on the impacts that the construc-
high nitrogen groundwater plumes have been found associatih of the causeway to Gooseberry Island may have had in sand
with similar practices within the region. The Town has taken stepransport and movement along the coast and found no direct link
to eliminate this practice, since 1994 sewage sludge from thetween the causeway and problem. While this finding was met
Facility is now being composted and sold as fertilizer. Furthewith a lot of skepticism in Westport, no further possible explana-
more the Town closed and capped the landfill in 1996 aridn or solutions have been identified.
installed a leachate collection system to capture wastes discharg-
ing through groundwater from the landfill. Collected leachate Restoration of the Slocums and Little River Estuaries will require
held in “tight-tanks” and pumped as necessary to the WWTF fas a first step a quantitative assessment of the linkage between the
treatment. The leachate collection system is not designedSimcums and Little Rivers and detailed water quality and land use
collect groundwater contamination. These actions were aimedaglysis to better identify specific sources, determine the site-
addressing pollution of the adjacent river by groundwater plumsgecific level of reductions required, predict the level of restora-
from the landfill. It appears that time, capping and leachatn from the various available alternatives, and prioritize
collection have significantly reduced this source. Howeverestoration actions. This assessment needs to include the nutri-
previous contamination of the aquifer may still be discharging emt discharges from the landfill. This effort is the basis of a
the estuary for the next several years. At present, the contributiatershed nitrogen management plan for the Slocums and Little
of the previous discharge that is now within the aquifer to the tofiver Estuaries.
nitrogen loading of the bay is unknown.

The water quality within the estuaries is dependent upon their
rates of nitrogen input from the watershed and the rate of output
by tidal exchange. Increasing flushing of the Slocums River will

reduce the effective watershed loading. However, changes in
flushing of the Slocums River need to include effects on the

adjacent Little River system. Regional changes in beach and
offshore sediments has been occurring for some time along the
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Cast @ West Branchgs Westport River

Westport

Embayment and Watershed Characteristics

The Westport Rivers are comprised of two major drowned
river estuaries which are connected to Buzzards Bay tidal waters
by a single inlet. The waters of both sub-embayments are
relatively shallow, ca. 0.8 meters, as are the channels. The
combined embayment surface area is large by Buzzards Bay
standards, ca. 1906 acres (East: 591 acres; West: 1,315 acres)} i
The combined upland area contributing to the embayments,
48,074 acres (East: 37,467 acres; West: 10,607 acres), forms theg
second largest sub-watershed to Buzzards Bay, accounting for

[
i /| .-It
A

18% of the total watershed area. With rivers entering into the Land-use differs between the 2 branches and is domi-
headwaters of both East and West Branches, the Westport Esturated in the lower regions by agriculture and light residential
has the greatest surface water inflow of the Buzzards Begvelopment and in the upper regions by forest. Agricultural
embayments, carrying about 20% of the total freshwater inputaotivities range from dairy farms, orchards, potato and corn fields,
the Bay. Within the lower estuarine regions, groundwater inflovts a growing viticulture industry. Only 19% of the Town of
also discharge to embayment waters. Westportwas developed by 1985. Of the town’s remaining lands,
21% is in agriculture and 60% is upland forest or wetlands.
The Westport River estuary is one of the CommoriHowever, only 9% of the lower watershed within the Town of
wealth’s greatest coastal treasures, most notably for its sceviestport is currently set aside as “permanent” open-space or for
beauty and the diversity and quality of its habitat. The Westp@griculture, such as under the MA Agricultural Preservation
River Watershed falls within two states — Massachusetts aRestriction Program.
Rhode Island, and four principal municipalities — Westport,
Dartmouth, Fall River, and Tiverton. However, the entire estuaWhile the general watershed activities are similar between the
is held within the Town of Westport. Included in the East Brandiranches of the Westport River (both are two-thirds forestlands),
upper watershed is the Copicut Reservoir, operated by the Citytloére are important differences in the dominant watershed uses
Fall River as part of its municipal water supply. which contribute high levels of nitrogen to the estuarine waters.
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The West Branch of the River is rural, dominated by agriculturahd bacterial contamination in the upper reaches. However, while
land, which accounts for nearly two times the area occupied bis likely that farm animals like dairy cows may play animportant
commercial and residential land-uses. Nitrogen loading fromle in fecal coliform loading, it appears that nitrogen manage-
activities associated with crop and animal agriculture presenttyent related to residential and commercial activities dominates
create more than half of the total watershed nitrogen load to Wastrient related habitat quality.
Branch waters. However, even with the predominance of agricul-
tural land-uses, nitrogen loads associated with residential andhe Town of Westport which forms the shoreline and much of
commercial activities are two-thirds the load from agriculturthe lower watershed to both branches of the river, residential
and account for the remaining watershed nitrogen load to thevelopment is continuing. Despite years of low to moderate
estuary. In addition, while the area under agriculture is decregsewth in residential land-uses in Westport, construction in-
ing, residential development is on the rise, with its much highereased significantly in 1995 (1995 was 40 % higher than 1994)
associated nitrogen load per unit area. In contrast, waterstaedl has continued to increase (through 1998, the last full year
nitrogen inputs to the East Branch of the Westport River comagailable). Population projections by the Southeastern Regional
primarily from activities associated with residential and conPlanning and Economic Development District (SRPEDD) sug-
mercial land-uses (>55%) and to a lesser extent crop and anigedt that under present trends, Westport's population will in-
agriculture (<40%). In addition, the total nitrogen loading to therease from 13,389 in 1997 to 16,500 in ten years. At present,
East Branch is nearly 4 times higher than that to the West BraiWwlestport does not provide centralized water or sewer to its
of the River. residents. The lack of centralized wastewater treatment makes
river water quality fundamentally linked to development in the
Although the Westport River watershed is thought of as primarili/estport River watershed. While properly designed septic sys-
rural and agricultural, supporting most of the dairy industriems adequately remove pathogens from wastewater, they do
around Buzzards Bay, residential development continues little to remove nitrogen which moves unattentuated through
increase and, with commercial activities, dominates the presgnbundwater on its way to the river. Therefore, increases in the
nitrogen loading. The estuary has shown eutrophic conditioresidential land-use can be expected to further impact the upper
embayment waters, unless nitrogen management is undertaken
for this watershed.

B oot o Excellent (65 - 100) The Westport River supports a diversity of productive estuarine

BAY HEALTH INDEX [ air3s-65) habitats, although some regions (particularly within the upper
reaches) have been degraded. The Westport Rivers presently
contain large quantities of saltmarsh, with more than 1,000 acres
(East Branch: 783 acres, West Branch: 258 acres). The two
branches of the estuary also support more eelgrass than any other
enclosed embaymentto Buzzards Bay, over 100 acres. However,
eelgrass distribution is reduced over historic levels throughout
most of the estuary. The estuary sustains the largest breeding
0592 93 94 95 96 97 98 population of OspreyHandion haliaetuswithin Massachusetts.
The Osprey have returned to this embayment and to Buzzards
Bay in the decades since the 1960’s ban on DDT, which brought
them to near extinction. Itis gratifying that this species for which
Buzzards Bay is thought to have been named, is once again seen
fishing the waters of the Bay. The Westport River estuary is also
. one of fifteen heron rookeries in Massachusetts with nesting

92 93 94 95 96 97 98 black-crowned night herons, green-backed herons, and great blue
herons.

. Poor/Eutrophic Conditions (< 35)

Westport River is an important recreational site within the region,
with more than 600 boat moorings and slips (East Branch: >100,
West Branch: >500) and recreational beaches, particularly at
Horseneck Beach State Park at the mouth of the estuary. Both
Branches are popular river canoeing and kayaking areas. A boat
pump-out facility is located near the inlet at Westport Point,
aimed at protecting the embayment’s resources from additional
contamination.

0
92 93 94 95 96 97 98

Within the tidal reaches of the River, there are approximately
2,887 acres of shellfish beds (quahogs, oysters) beds, including
some of the few remaining areas for bay scallops within the
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region. The River yields the highest scallop catch for Buzzar

i TI0HE - Hix Briclages
Bay. However, the system suffers from a variety of watershi

non-point source inputs effecting water quality. Bacterial cor "
tamination has been a problem, causing closures of shellfish b SRl
to harvest within the Westport Rivers, primarily due to dair -
farms with additional inputs from runoff from developed areas. . & " =
few of the dairy farms are run as feedlot operations with a hi¢ = -"
density of animals per acre. As aresultimproved managemen  § -

needed to prevent significant bacterial contamination of tt

estuary from manure. For more than a decade there have b

problems with farm runoff contaminating the upper portions ¢

the river. During portions of the summer of 1991, all beds we

closed to harvest. Large portions of the East Branch of the Ri\

are permanently closed to shellfishing as are the upper reache

the West Branch. Currently 23% or 650 acres of the beds are

Permanently Closed, due to bacterial contamination, includit 101E - Head of Westport
1,522 acres (53% of beds) which are Conditionally or Seasone ™ 1
closed. Intotal, 76% of the shellfish harvest potential in the Rive -
is limited because of bacterial pollution. However, conditonsa ™ -
improving as the amount of rainfall required to trigger a cond
tional closure is now higher than in the early 1990’'s and tt =
duration of a rainfall closure has declined from 8 daysto 5 day
Compounding the bacterial closure problems, the quality of tl
shellfish habitat and overall river waters are suffering from tr
effects of excessive nitrogen loading, or eutrophication. Th
problem of overfertilization of embayment waters is particularl
acute within the upper reaches of the East Branch, althougt
appears to be affecting the entire estuary. While control
bacterial contamination is important to shellfish harvest, manac
ment of the health of the beds and the estuary requires nitrogen
management planning. il

n I|| .ﬂ I*I'
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"
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Water Quality

Habitat and water quality within the Westport River Estuar _ -
showed a consistent pattern of nutrient related degradati =
throughout the monitoring period, 1992-1998. However, th -

system is not uniform. There were significant difference = -~
between branches and gradients from the upper to lower regit -

within each branch. The conditions within the estuary a
consistent with the watershed nitrogen loading and distributic
of inputs within the watershed. That the system is current
experiencing nutrient related habitat decline is supported |
analysis of historical aerial photographs which suggest eelgr:
beds have disappeared in the upper estuary as a result of nutrient

over-fertilization. which supports oxygen respiration within the watercolumn, which

) if too high results in lower oxygen levels. The apparent lower
The East Branch estuary currently receives almost a four fi{gpitat quality of the East Branch is consistent with the near

higher watershed nitrogen loading than the West Branch, cqfymplete loss of eelgrass beds even in the lower regions. In

sistent with its nearly four fold larger upland area. In additiogontrast, the West Branch supports eelgrass in the lower third to
the East Branch receives inflowing tidal waters through a mokgyf of the tidal region.

convoluted channel than the West Branch which has direct

access to the inlet. Comparison of similar regions (mid-estuamje eastern estuary shows a strong gradient in water quality from
of gach Branch indicates that while thgy share S|m|lar.sal|n|p,ge upper regions (near Hix Bridge) to the lower portion adjacent
regimes, the East Branch showed a higher concentrations thg@Rt. 88 Bridge. This gradient is not related to basin depth, but
the West Branch of ngtrlent related parameters, Fotal nltrogen!lg,ythe interplay of watershed nitrogen inputs concentrated near
24%, chlorophyll a pigments by 78% and particulate organjfe headwaters and tidal exchange with the high quality waters of
carbon by 32%. Particulate organic carbon is the compong){zzards Bay which increases near the inlet. Within the East
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Branch there is a clear salinity gradient with averages of 21.6 ppgions of 11.9 (SE=0.8), 7.5 (SE=0.7), 3.8 (SE=0.4) and 2.4
near Hix Bridge and 26.2 ppt and 29.9 ppt in the mid and lowg$E=0.2), respectively. The chlorophyll a average values from
regions, respectively. In this system, higher salinities are indid&e upper East Branch are high by Buzzards Bay standards and
tive of regions of higher tidal flushing. Within the East Branch thiadicate a significant nutrient enrichment. (Note: SE is standard
upper (just south of Hix Bridge) versus lower stations averageeror a measure of variability around the average value) The
almost twice the total nitrogen (1.9 times), 1.8 times the chlorenriched nitrogen levels and high phytoplankton biomass can be
phyll levels, 2.5 times as much particulate organic carbon, resideen in the high particulate organic carbon levels (upper-1.33,
ing in only 62% of the light transparency. The total nitrogemid-0.85, lower-0.54, inlet-0.44 mgC/L) and the correspond-
values for the upper, mid, lower and inlet regions are high aily low transparencies, measured by secchi disk (upper-1.38,
show clear over-enrichment of the upper estuary with concentraid-1.66, lower-2.21 inlet-2.56 meters). Light penetrates only
tions of 0.87 (SE=0.044), 0.64 (SE=0.035), 0.46 (SE=0.034) aatout half as far into the upper waters as at the inlet, greatly

0.39 (SE=0.03) mg N/L, respectively. Chlorophyll a pigmentseducing the habitat for plants on the embayment bottom. The
showed a similar gradient from the upper, mid, lower and inlet
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nutrient enriched conditions and reduced transparency are E&st Branch oxygen levels in the uppermost reaches (Stations
likely mechanism for loss of eelgrass from these areas. 101E & 104E) show relatively frequent oxygen depletion to
moderately stressful levels of <60% air saturation (15% and 14%
Similar to the East Branch, the West Branch showed a gradienbbsamples respectively), but rarely shows declines below 40%
nutrient enrichment between the mid and lower regions and tseturation. Similarly, within the West Branch, oxygen declinesto
inlet. The levels were always higher within the west basi60% saturation occurred in generally less than 10% of the
compared to the inlet, total nitrogen was generally 40% highsamples at all stations, except for the station at Canoe Rock where
(0.54 vs. 0.38 mgN/L), and transparency was 23% lower. 28% of the samples were less than 60% saturation (but only 3%
greater level of apparent enrichment was found in chlorophylbelow 40% saturation). Oxygen depletions below 60% saturation
pigments and particulate organic carbon which were 74% aatk clear indication of systems which are beyond their tolerance
48% higher in the West Branch versus inlet waters, respectivedy loading for nutrients. Periodic occurrence of these conditions
However, there was no clear gradient within the mid and loware typical of most of the River stations (Stations: 111W, 102W,
West Branch stations. Comparison of the average mid (upd€9E, 114W, 101E, 104E, 105E).
nutrient stations were collected near Toms Point) versus lower
station results showed enrichments of less than 7% for totategration of the water quality results into the Health Index
nitrogen and less than 2% for particulate organic carbon, chidlows a composite indicator of the River’s water quality. The
rophyll a pigments and transparency. It appears that the mid dndex scores for the upper East Branch are quite low, indicative
lower West Branch are relatively well mixed. This is supporteaf a high degree of nutrient related water quality decline. This
by the lack of a measurable salinity gradient between thesgion is the most heavily nitrogen loaded and least well flushed
stations (mid-29.6 ppt; lower-30.0 ppt). The overall resultgithin the Westport Estuary. The lower reach of the East Branch
indicate that while both River Branches are showing nutrieahows inter-annual variations between high and moderate water
enrichment, the levels in the East Branch are significantly highgwality similar to levels in the West Branch. These inter-annual
than the West Branch, and the horizontal gradient in water quaimgriations underscore the need for long-term monitoring for
much better defined. guiding nutrient management and restoration programs. The
periodic moderate water quality Index observed atthe inlet results
While the results are showing nutrient enrichment and eelgrdeam sampling outgoing (ebb) tidal waters which have been
loss within the Westport Rivers, enrichment has not yet driven teeriched by watershed loading during their stay within the
system to high frequency stressful oxygen depletions. Within teebayment. Conditions at the inlet are actually better than the
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Index score suggests, since half of the time (not sampled) Bianch, the watershed also has considerable growth potential,
inflowing high quality Buzzards Bay waters are found at this sitespecially from conversion of agricultural land to residential land
The result is that healthy eelgrass beds are still found near &mel in development of the Upper watershed lying in the City of
inlet. However, for the estuarine reaches of both Branches, ifHall River and Town of Dartmouth. Because this upper watershed
clear that nitrogen management is needed to prevent furthegion has considerable wetland and land in forest use, a con-
nutrient related habitat decline which will occur as more nitrogererted effort to preserve open space can have long term benefits
is loaded into the system from changing watershed land-user. protecting water quality and drinking water supplies in the
Since the capacity of the system to absorb nutrients is presemlgstport River.

overloaded and both basins are showing moderate water quality

declines, reductions in the present nitrogen loading would Bairy farming remains an important land-use within the water-
necessary for restoration of the water quality and habitat qualgtiged of the East Branch, and additional management practices for

of the Westport River Estuary. pasture land dairies need to be followed where applicable. In this
regard, implementation of Best Management Practices (BMP’s)
Management Needs should continue to be encouraged for this agricultural practice

with incentives to “clean-up” rather than remove the farm from
East Branch: All indicators suggest water quality in the Easagricultural use (i.e. “sell-out”). In 1999, the U.S. EPA required
Branch is impaired, and the estuary has had some of the wahgtfirst federal discharge permit for a New England farm —afarm
Health Index Scores and total nitrogen levels of the Buzzards Baithin the Westport Rivers. The purpose is to minimize manure
Region. contamination of the estuary as much as possible. As this process

continues, inclusion of nitrogen in addition to bacterial contami-
The Massachusetts Department of Environmental Protection meagion needs to be considered. However, the habitat quality of the
ranked the East Branch as having a lower designated water qudkiyer requires implementation of BMP’s to address bacterial and
standard than other Buzzards Bay embayments. The only othi&rogen inputs for urban and residential areas not just for farm
Buzzards Bay embayment with a similarly low a ranking is Newareas. A nitrogen (and bacterial) management plan for the
Bedford Harbor. Management action is required to remediatatershed should be considered as a mechanism to integrate the
existing sources as well as to control new inputs. Like the Wasdriety of BMP’s being proposed for the watershed. This man-

113



The Coalition for Buzzards Bay

Westporl River Easl - nner Weatport River West - Inner
Fhvtoptaniton Pigment Fhivicplanidon Pigmen

ook Ehicrophed

I . 2 .
!

: . II. .l.....

1w 1 tEd MRS IEEG 1307 508

Westport Rivar East - Outer ‘Wizstport River inlet
Pheprnidon Pgrmeni Priyteqianidon Pigmsdl

= Hhorophed

L . L .
aEEEE = =S ™
1583 1 52 s 118G 1587 1599

agement plan needs to be based upon a quantitative evaluatiodBaxst Branch of the River. Nearly 5,500 acres of forest has been
the watershed-estuarine linkages and the tolerance of the varibakl from development by private owners, primarily the Acushnet
reaches of the River for nutrient inputs. Saw Mills (4,000 acres). The 1,360 acres held in smaller parcels
represent animmediate threat for fragmenting the forestlands and
Protection of farm land is important both to the water quality aficreasing nitrogen loading to the Estuary through development.
the estuary (if BMP’s are in place) and to maintaining the heritaygany of these smaller parcels lie within stream corridors to the
of the region. To this end the Massachusetts Department of Fdapicut Reservoir such as the Miller Brook area. Ensuring the
and Agriculture, through its Agriculture Preservation Restrictiocontinuation of forest on these lands is critical to the water quality
(APR) Program and various conservation efforts, has had waithin the Westport Estuary and for present and future drinking
impact most recently with the Towns of Westport and Dartmoutkater supplies. The City of Fall River's 1998 Open Space Plan
by bringing the Bettencourt Farm (82 acres) into the Program. ilentified preservation of forestlands in the Copicut region as its
present, 1,285 acres of farmland within Westport are undgighest priority. However, protection of these large forestlands is
preservation restriction, with 15 farms currently in the prograimportant to all concerned with the Westport Estuary.
and more slated to join in the future. These efforts should be
encouraged, but need to include provisions to implement BMPWest Branch: The Buzzards Bay Project estimated that
(if not already in place) so thiadth the farmland and the adjacentexisting nitrogen loadings are more than 20% over their recom-
estuary are preserved for future generations. mended limits. This analysis was based on an Outstanding Re-
source Water designation, the highest of four possible classifica-
The health of the Westport River is currently being supported bigns for coastal waters. The Massachusetts Department of Envi-
the large area of forestlands within its watershed. Forestlanmdsmental Protection, however, has ranked the West Branch as
contribute little nitrogen to adjacent estuaries and have positivaving only “SA” waters, the second highest water quality
effects on mediating surface runoff during high rainfalls. On standard. If this lower standard were used, the embayment would
similar surface area basis, forestlands contribute less than 5%0f now exceed recommended limits, but would do so in the
the nitrogen to the Westport River than falls in rain to the estudtyture when the watershed reaches full development buildout.
surface. The largest forest area within the Buzzards Bay wat&he Project recommends the more stringent standard because of
shed surrounds the Copicut Reservoir at the headwaters of tiine value of the resources in this estuary.
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Generally water quality in the West Branch is fair to good, andfisr this estuary will require implementation of agricultural “best
far better than conditions in the East Branch. Some loss mBnagement practices” and controls on the number and perfor-
eelgrass beds in the upper estuary have been documenteghaace of future septic systems. Upgrade of cesspools to septic
finding consistent with the overloading to the estuary. The wataystems with advanced nitrogen removal is another management
shed also has considerable growth potential, especially fraption. Purchase of open space, agricultural protection restric-
conversion of agricultural land to residential land. Consequentlyjons, and conservation easements are important strategies to help
future growth in the watershed should be planned for and mananage future growth and nitrogen inputs. Given that conditions
aged. The West Branch watershed is large and includes timothe West Branch are not severely degraded, strategies to
municipalities in the state of Rhode Island. Nitrogen managemenanage future inputs will prove worthwhile.

R. Arms 1998
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Cuttyhunk Island & Penikese Island

I mooring area for the Town. Cuttyhunk’s smaller neighbor,
e T Penikese Island supports no major embayments and only an open
[ ‘ 1 | : harbor on the Island’s south shore. Between 1992-1998, The
- Water Quality Monitoring Program has maintained an oxygen
sampling station in the major basin for each Island - Cuttyhunk

L

a i r Pond and Penikese Harbor. Given the circulation of Buzzards
< ABANAE __ﬁ_' o -',,_ Bay and access to waters entering from New York Bight to the
g A8 A west and the Atlantic Ocean to the south and the low amount of
e D . ; terrestrial influence, the waters surrounding these Islands are

: H‘l considered to be the highest quality within Buzzards Bay.

L

-

Penikese Island is owned and managed by the Massachusetts
F Division of Fisheries & Wildlife and is currently largely unde-
veloped with the exception of the Penikese Island School. The
school operates year-round residential programs for troubled
youth with 12 staff and attendees and a small pen of farm animals.

In contrast, Cuttyhunk Island supports private land holdings and
residences with a year-round population of about 50 residents
and a summer population of up to 1,000. The focal point of the
Island is the safe harbor provided by Cuttyhunk Pond. Large
concentrations of boats occupy the Pond during most summer
weekends. The Cuttyhunk Shellfish Constable estimates that
L 95% of transient boats are occupied over night. The Pond also
: = supports a town beach, located on Barges Beach between the
44 . i pond and Vineyard Sound, and two marinas, a yacht club and
e several private and town piers. Cuttyhunk is large enough to

y L have local inputs of nutrients to the Pond from a variety of
£ar . Cuttghunll  sources, the small sewage collection system, on site septic

systems, road runoff, and boat waste.

Catiwhumk T
o G, S ng.: Rand SeiLigtt Cuttyhunk Pond also supports productive shellfish populations.
Sl g - am wh Quahogs NMercenaria mercenarjpare the predominant shell-
e fish found in Cuttyhunk Pond with soft shell claiy@ arenaria,
4, v £ American Oysters(rassostrea virginica and blue mussels
- Eirityhuhk £ ol _ (Mytilus eduli3 found in small patches throughout the Pond. The
fdband .~ h e s Pond has been classified as a Seasonally Approved/Prohibited to
& a‘l { shellfish harvest since 1977. At present, the Pond’s shellfish beds
are open to harvest from October 1 through the Friday before
Memorial Day, when the boats are notin the Harbor.. The closure
has been related to the large number of live-aboard boats in the
eFtEnd during the summer season. A study conducted by Massa-

|
: Embayment Characteristics

| Framing the southern extent of Buzzards Bay, the Elizab

| Island chain stretches from Woods Hole in the east to Cuttyhuﬁ 994 & 95 p d the role of b lati he b il
| Island which marks the westernmost edge of the Bay. The Islarfid confirmed the role of boats relative to the bacteria

| sustain small year-round populations and Cuttyhunk is suppor Qtamination of the Pon_d waters. S_amph.ng on weel_<days, whep
| by both ferry and air service. They were formed by glaci oat numbers are low, yielded no discernible bacterial contami-

| moraine deposits and glacial till. Evidence of the moraine can B%tion problem with levels being below 2 FC/100mL compared

seen in the large boulders which form much of the coast, haviifg® shellfishing limit of 14 FC/100mL. .In contrast, durlng_
| been eroded by the advancing sea. These boulders provideaW en.ds,'when up to 300 boats rPoor in the Pond, bacterial
| substrate for colonization by marine organisms which are n%Bntammatlon rose to unacceptable. levels of more than 50 FC/
| capable of living in some regions of the Bay. Cuttyhunk suppo OomL. The. segsonal closu're F:onpnues to be enforced based
| several salt ponds, the largest of which is Cuttyhunk Pond whi Ron the indications that periodic discharges of untreated boat

| is a shallow (generally less than 1 meter), enclosed basin Wity]v%ste.occur Wlt.hln the Pond. It.should bg note_d that while this is
| narrow tidal inlet. Cuttyhunk Pond serves as the major s ublic health issue, the associated nutrients in the waste are not

| Ikely to represent an important nitrogen source to the Pond.
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G- Cuttyhunk Isiand Fish Dock Water quality

= "N e T Y Oxygen concentrations, water clarity, temperature, and salinity
T :'- e = B " have been monitored on Cuttyhunk at the Fish Dock and on
. - - - n B . Penikese at the Stone Pier since the inception of the Baywatchers

Program. More detailed nutrient monitoring has not been con-
ducted. Oxygen concentrations on both islands are among the best
in the Bay with values ranging from 85% - 105%. These values
likely represent the natural variation in oxygen levels under low
nutrient conditions and the level of sampling and analytical
“error” of the methodology used in the monitoring program. The
water clarity and oxygen values would yield full scores on the
Embayment Health Index.

Management Needs

FH1- Penikese island Cuttyhunk Pond—a remote, relatively unimpacted salt pond—and

- Penikese Harbor—an open, extremely well flushed area indicative

- -+ - more of open Buzzards Bay conditions—are both good “control
- F 0= e sites” for the Baywatchers program. For this reason, we will
r 4 continue to collect basic water quality information on both

v - islands. The remoteness of the islands makes collection of time

and temperature sensitive nutrient samples difficult. However,

we will be able to collect periodic nutrient samples from these

Island sites in the coming years. These data will represent
reference sites for any larger scale changes within the Bay which
are not directly linked to specific watershed shifts.

The limited data on water quality and the land-use and mooring
information does not support nitrogen management recommen-
dations at this time for either Island. However, the issue of
bacterial contamination represents an area of potential concern, if
summer shellfish harvest and swimming are important issues to
the citizens of the Town of Gosnold. Remediation of bacterial
contamination within the Pond will likely require enforcement of
no-discharge regulations and pump-out facilities.
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G]og,g,arg vegetated strips, and grass buffers. The concept is to reduce the
transport of contaminants from the watershed into receiving

Acid Rain: Precipitation that has a low pH ( pH 5.6 is normawaters.

for natural precipitation); the precipitation becomes acidic when | .

moisture in the air reacts with sulfur and nitrogen compoundBuild-out Analysis: A method for estimating future land-

many of which are derived from burning of fuels. It is estimatedse, population and nutrient loads within watersheds, based upon

that up to 20% of Buzzards Bay’s total nitrogen load is deliverdde total number of existing and developable lots, under current

through acid rain. (Howes, 1996). zoning and other land use regulations.

Anoxic (Ol' anoxia): The condition that results when all of CCMP: ComprehensivEonservation anblanagemerilan.

the oxygen within a volume of water is consumed, most comyeveloped for Buzzards Bay by the Buzzards Bay Project National
monly found in the water directly above the bottom sediments Efstuary Program under EPA and MA Coastal Zone Management
abay. Anoxic water quality conditions are common causes of figipport, the Plan provides a guide for the management primarily
kills and shellfish mortality. of Buzzards Bay’s embayments. The CBB Monitoring Program

is providing the site specific information for specific management
Algal bloom: An event resulting from excessive nutrienfoptions.

levels or hydrologic conditions that enable algae to reproduce

rapidly, often during warm weather. The level of algae whicChlorination: The most common method of disinfecting
constitute a bloom is somewhat subjective, but levels of chlorgater (either drinking or wastewater) to protect public health.
phyll a above 10 ug/L approach bloom conditions. When used for secondarily treated wastewater effluent, small

amounts of chlorinated organic compounds can result which can
Anadromous ﬁShI Fish that live in the sea but enter freshyffect animals within the receiving aquatic systems.

water rivers and streams to spawn (such as herring and shad).

. Chlorophyll a: The major photosynthetic pigmentin plants
Anthropogenic: Relating to mankind. Anthropogenic im- and most phytoplankton which makes green plants green. The
pacts to water quality are those produced by human activitiggnount of chlorophyll a measured within embayment waters is
such as wastewater from septic systems and treatment pkted to the amount of phytoplankton (biomass). Chlorophyll a
discharges, road and agricultural runoff, and acid rain. rapidly degrades to pheophytin a when phytoplankton die or are

eaten.

Aquifer: An underground geological formation that can hold,
and provide, large quantities of water, often classified as coGombined Sewer Overflows (CSO): That portion
fined or unconfined. Drinking water wells draw aquifer watergf g community’s sewer system which carries both sewage and
A sole source aquifer, like Cape Cod, derives all of its new watgibrmwaters (rain runoff from roads, parking areas etc.). Gen-
from rainfall (single source). erally the sewage receives treatment before discharge. However,

. during high stormwater flows the capacity of the Treatment
Bacteria: Microscopic one-celled organisms that are primagacility can be exceeded, resulting in discharge of untreated
rily responsible for the decay of organic matter and regeneratig@stewater. Separation of sewage and stormwater flows after
of nutrients within estuaries. Bacteria may live with oxyge@sQO'’s have been installed is a very costly and difficult process.

(aerobic) or without oxygen (anaerobic). It is the decomposingew Bedford is the only Buzzards Bay municipality with CSO
of organic matter in water and sediment which creates muchdécharges.

the oxygen consumption within aquatic systems.
Denitrification: The conversion of nitrate, a plant avail-

Bathymetry: Measure of the depth of water throughout aple form of nitrogen, to gaseous nitrogen, the predominant
bay. Important in determining the total volume of water in agtmospheric gas. The process occurs naturally by bacteria
embayment, whichis critical to N modeling and flushing analysigenerally in soils and sediments, and is incorporated into waste-
. water treatment to produce Tertiary Level Effluent.
Benthic: Bottom dwelling and refers to organisms that live in,
crawl upon, or attach themselves to the bottom (substrate). Dissolved Oxygen: The concentration of the life sustain-

. ing respiratory gas, oxygen, in water. The concentration in
Best Management Practices (BMP’s): Structural, embayment waters is controlled by: temperature, salinity of the
nonstructural and managerial methods that represent the mgater, the amount of input from photosynthesis, uptake in respi-
effective and practical means to control sources of pollutanigtion, and decay of organic matter.
BMP’s provide sustainable methods for productive use of the

resource to which they are applied, both in urban and agricultuBirowned River Estuary: An estuary which has been
areas. formed by the flooding of an eroded river valley by rising relative
sea-level. These systems typically have rivers or streams at their

Buffer Strips: Strips of natural vegetation that separate Beadwaters. Many of the estuaries within Buzzards Bay are of
waterway (embayment, stream, pond) from a developed land-isg type.

area (e.g. subdivision, farm, etc.) ; also referred to as filter strips,
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Ecosystem: An group of organisms (animals and plants) thaHypoxic (or hypoxia): A condition in which the level of
existin the same natural Community within an identifiable physaisso|ved oxygen in water is low, genera”y less than 4 mg/L, but
cal and hydrologic region. The system is spatially and functiofot zero (which is anoxic). Excessive nitrogen inputs to
ally identifiable through the interactions between its biota ansihbayments can result in periodic conditions of hypoxia. Hy-
physical environment. Examples are salt marshes, forests, bgykic conditions cause stress to marine plants and animals.

Eelgrass (Zostera marina): A marine flowering plant Leachate: Water containing dissolved substances that move
that grows subtidally in sand and mud. In Buzzards Bay, eelgragsivnward through some specified material, such as landfill
is widespread and grows to depths of up to 20 feet in clear watggachate, or subsurface drainage from a landfill. The term
Eelgrass beds are an important habitat and nursery for figfanerally relates to dissolved substances which would not nor-
shellfish, and waterfowl and are particularly sensitive to increasgglly be found within the water or found at much lower concen-
in nitrogen loading to estuaries. trations, such as nutrients and man-made organic compounds.

Embayment: A small bay which empties into a larger bay oL ight penetration: The depth to which sunlight reaches
any small semi-enclosed coastal water body whose opening i@ighin bay waters. Commonly measured using a Secchi Disk, a
larger body of water is restricted. In Buzzards Bay there are ov@ite and black disk lowered into the watercolumn until there is
30 major embayments in the form of harbors, coves, coasi@ufficient light to see it with the eye.
lagoons or salt ponds, and tidal regions of rivers.
Loading (Nutrient Loading): The quantity or mass

Estuary: A semi-enclosed body of water having a free connegmount (Ibs.) of a substance entering an ecosystem or environ-
tion with the open ocean and within which seawater is measuient in a defined period of time (year, month etc.). For example,
ably diluted with fresh water. The most common type regionalpitrogen loading to a harbor.
is associated with coastal discharges of rivers and streams. All
of the embayments to Buzzards Bay are estuaries. National Estuary Program: A U.S. Environmental

.. Protection Agency program established under Section 320 of the
Eutrophication (coastal): The process of ecosystemclean Water Act to designate estuaries of national significance
change accompanying nutrient enrichment in aquatic systergfd to incorporate scientific research into planning activities
In Buzzards Bay, eutrophication results principally from nitrogeghrough grants to states. Buzzards Bay was designated an Estuary
inputs from human activities such as sewage disposal and fefgi-National Significance in 1985 and the Buzzards Bay Project,
izer use. The addition of nitrogen to coastal waters stimulatggzzards Bay Action Committee and Coalition for Buzzards Bay
algal blooms and subsequent decay by bacteria, and can cayse all formed around this Program.
broad shifts in ecological communities including at higher levels
anoxic events and fish kills. In freshwater systems and in partsNIitrogen; See page 15 under nutrients for explanation of —
estuaries below 5 ppt salinity, phosphorous is likely to be thgtrate, nitrite, DIN (Dissolved Inorganic Nitrogen), DON (Dis-
limiting nutrient and the cause of eutrophic effects. solved Organic Nitrogen), PON (Particulate Organic Nitrogen).

Fecal Coliform (FC): Bacteria that are present in theNitrogen Management Plan: A science based ap-
intestines and feces of warm-blooded animals and that are offgBach for managing the health of coastal waters. The plan is
used as indicators of bacteria and viruses harmful to humgased upon a quantitative determination of the current and future
health associated with untreated wastewater. Unfortunateftrogen loading from the watershed to a bay, and the level of
Fecal Coliform are frequently related to animal sources, rathgifrogen input which the receiving bay can tolerate without
than wastewater discharges. FC levels are expressed assiffificant degradation. The Plan includes actions within both
number of bacteria per 100 milliliters of the Sample, highe,(/atershed and receiving waters.
numbers indicating the potential for greater health risks. This
indicator is used by the Massachusetts Division of Marine FislNutrients: Chemical elements or substances essential for
eriesin determining shellfish bed classification and local Boar%nt and animal growth_ Those required in |arge amounts are
of Health for managing swimming at beaches. termed “macro-nutrients” (e.g. nitrogen and phosphorus) and in
small amounts, “micro-nutrients” (e.g. some metals, vitamins)
Flushing Time: The mean length of time for a pollutant
entering a water body to be carried to the adjacent Bay tides dN@itrient Related Water Quality: That portion of the
currents; related terms are residence time and turnover tigblogical health of a system which is controlled by the level of
(which have important technical distinctions in their defininutrients. The health of almost all of the embayments to
tions). Buzzards Bay is controlled primarily by the level of nitrogen

input. Water quality is merely a gauge of the health of the entire
Ground Water: Water from the water-saturated zoneomplex of animal and plant communities which reside in the

beneath the land surface, i.e. in the ground. The soil or otkghbayments.
geologic material which supports the volume of groundwater is
called an aquifer.
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The Coalition for Buzzards Bay

Organic Matter (or organic materials): Sub-
stances that contain carbon, as well as other elements. Plantggf grgncgs

a primary form of organic material. Secondary forms includg ey Consulting, Inc. 1994. Determination of flushing rates

human and animal excrement. Organic matter is broken downdyy hydrographic features of selected Buzzards Bay embayments.
bacteria which consumes watercolumn oxygen and releases BYs,ards Bay Technical Report. 55 pp.

trients for re-use by plants.

, Bristol County, MA. 1997. Massachusetts Westport River (Rural
Pollutant: Any substance of such character or in such quagqean \Water Program 15). Bristol County, MLRA:R-145

tities that upon reaching the environment (soil, water or aifyc:010900-04. http://h20sparc.wq.mesu.edu/info/rewp/
impairs the environment’'s usefulness or renders it offensive.

Man-made contaminants such as PCB'’s are pollutants, as g(§ards Bay Project, 1994. A Buzzards Bay Embayment
naturally occurring compounds such as nitrate when they 0c&{ihatershed Evaluation: Establishing priorities for nitrogen

at high levels. management, Buzzards Bay Project Technical Report Draft Fi-

nal, 103 pp.
Phytoplankton: Microscopic algae which are suspended PP

iq the water column and transported by currents. The_y cont@iflzards Bay Project, EPA, Buzzards Bay Comprehensive Con-
pigments for photosynthesis known as chlorophylls, which makgy ation and Management Plan: Volume 1l Monitoring Plan,
eutrophic waters look green or brown. Phytoplankton form the, .| g/91 84pp.

basis of most marine and coastal food chains. They are consumed

by zooplankton, shellfish, and various fish (e.g. herring).  g77ards Bay Project, 1997. Buzzards Bay Project National

. . _ Estuary Program 1997 Biennial Review: A summary of the
Polychlorinated Biphenyls (PCB):Aclass of chio- ¢ ccesses of the Buzzards Bay Projectin its efforts to facilitate the

rinated organic compounds (two fused benzene rings and tWq,f e mentation of the Buzzards Bay Comprehensive Conserva-
more chlorine atoms) used in heat exchange, insulating fluigg, ang Management Plan. 80pp.

and other applications. There are 209 different PCBs with

varying levels of toxicity. New Bedford Harbor is undergoing g s mbareri. T.C. and E.M. Eichner. 1995aft Assessment of
major PCB cleanup under the US EPA Superfund Program. PCB§, st Nitrogen Loading and Nitrogen Management Alterna-

and other toxic contaminants tend to be localized within the Bgy . Popponesset Bay. Cape Cod Commission, Barnstable, MA
and therefore are not monitored as part of the Water Quality ' '

Monitoring Program, which is bay-wide. Costa, J.E. 1988. Eelgrass in Buzzards Bay: distribution, produc-

. ) ) tion, and historical changes in abundance. U. S. Environmental
Sediments: The mud or sand deposits which form the bottoms, otection Agency Publication BBP-88-05. 204 pp.

of Buzzards Bay and its embayments. These bottom sediments

form the home for animals (benthic animals) such as shellfifRysia 3 E. B.L. Howes. E. Gunn. 1996. Baywatchers: Report of
Analysis of sediments can sometimes yield insightinto a systemys, guzzards Bay Citizens’ Water Quality Monitoring Program
health. 1992-1995. 67 pp.

Standard Error (SE):AMeasure of the variability of the Costa, J.E., B. L. Howes, D. Janik, D. Martin, D. Aubrey, E.

data used to produce the average value. Gunn, M. Frimpter, A.E. Giblin. 1997. Managing anthropogenic

S fication: i nitrogen inputs to coastal embayments: Technical basis of a
tratirication: The layering effect that results from theyanagement strategy adopted for Buzzards Bay. Buzzards Bay

waters of an embayment not being fully mixed from surface {9iect Technical Report. 56 pp. Draft Final, September 1999.
bottom by wind or tidal action.

Ulva: , . Costa, J.E. and M.P. Rasmussen. 1999. Assessment of Nitrogen
va: A green sheet-like seaweed commonly called “sea 1qtyaging and Nitrogen Management Alternatives: Little Bay,

tuce”, which can grow quite large (1 square foot sheets) and foFRjhaven and Acushnet, MA. Buzzards Bay Project Technical
dense accumulations in nutrient enriched areas. Enteromor ort. 109 pp.

is another green algae that typically grow in long, thin green

tubes. Both are found in pristine and eutrophic areas. Costa, J.E., D.S. Janik, N. MacGaffey, and D. Martin. 1994. Use
of a Geographic Information System to estimate nitrogen loading

Watercolumn: The waters within an embayment, generally, coastal waters. February 1994 draft. 16pp.

indicating bay waters from surface to bottom.
) . Dickerson, David. 1999. Personal communication. Project Man-
Watgrshed: The land s.urroundlng a body of water Wh|cr‘bger, U.S. E.P.A. Region 1.
contributes freshwater, either from streams, groundwater or
surface water runoff, to that body of water. It is through these
freshwater inflows that nutrients and contaminants enter Buz-
zards Bay.
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