C. The Waters Around Us - Water Resources

"Water, water everywhere" - that old line is so true of Cape &d of Mashpee. Not only is the
Cape surrounded by the sea, effectively made an island by the CapeaGald and liberally
sprinkled with lakes, ponds, marshes and streams, but we're also surrbyiedireds of feet
of groundwater below and thousands of feet of moist atmosphere above. Y&oownathat our
bodies are largely composed of water, that our primeval ancestoesrcamthe sea and that you
could survive for weeks without food but would soon die without water. But dew&ustop to
think about how important clean water is to all of us? During the 198®subject of water
supply and water quality became the prime topic of conversation andriconddashpee. In
response, the Mashpee Water District was created in 1987 and shpddaSewer Commission
in 1988. During the 1990s the emphasis shifted to major nitrogen overloadig estuarine
waters, caused by the septic systems that accompanied our ngaesittein the 1970s and 80s.
The Water District now services the majority of propertiegha town, using six wells, with
additional wells projected. The Sewer Commission is just comgletiplan for wastewater
facilities and nitrogen management in our watersheds. We have mdecssirce of drinking
water like Boston has the Quabbin Reservoir. We must drink thetlsati§ beneath our feet in
our groundwater aquifer and we're still learning how to keep ourcfeah and our drinking
water pure. Trying to clean up the nitrogen mess that’s altegulyened in our bays is an even
more daunting task.

1. Groundwater

As noted previously, Mashpee is underlain at a depth of up to 500 feetidpadtock which
has been buried by the Ice Age glaciers under sand, gravel, silt, clay and Stoogs sediments
are not solid. Their particles rest against each other tircgroints, but there are billions of
spaces of various sizes between the particles. Where largdgsastich as gravel and stones are
present, those spaces are correspondingly large. On the other hardthelparticles are small,
or where there is a thorough mix of large and small particles, the spaces lare sma

Those spaces under Mashpee are largely filled by water. gihated as rainfall and snowmelt
which trickled down, or "percolated”, through the spaces between thelgmdbove, until it
reached the bedrock, or a layer of very tightly packed sediment, or wamillions of gallons
of fresh water which have thus settled into our sediments are knolgnoasdwater”. The top
of that sea of groundwater is known as the "groundwater table". etiaents between which
those water molecules sit are said to be "saturated". The Wbdyeof groundwater under Cape
Cod is known as an "aquifer".

One might expect that because of the force of gravity, the groueidtaale might be perfectly
flat under Cape Cod. However, a number of factors combine to ensuseithat not the case.
When the level of the sea rose after the last Ice Agealitsvater percolated into the sediments
of the Cape from the sides (that is, along the shoreline). Silagatar is heavier than the fresh
water which also percolates into the ground from rain and snow abavepitunder the fresh
groundwater. At the same time, the lighter fresh water @gttlahts above the salt water
(imagine a drop of oil floating on water).
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When rainwater and snowmelt enter the ground, they do not immediatelp the groundwater
table. It takes time for water molecules to penetrate ttiensats, or "percolate”. The rate of
percolation depends on the number and size of the spaces between sgalitiobed. Water will
move more quickly through the large spaces in stone or gravel &ydrsore slowly through
the smaller spaces in sand and silt layers. Sometime it camovat through a wet clay layer at
all. On the average, however, groundwater under Mashpee moves downwaateadf 6 to 20
inches per hour, or 12 to 40 feet per day. Since the land surface of the Cape is not [sedéctl
it takes water longer to move from the surface to sea level at high points anteatgherat low
elevations near the sea. As a result, the groundwater level ugter points is almost always
higher than that under lower points, unless the grain sizes of timesgsgiunder a high point are
much larger than those under a nearby low point.

The combined effect of the differences in land elevation, the faiodyw movement of water
through the sediments and the tendency of fresh water to float dvewatar is that the
groundwater under Cape Cod is formed into six roughly rounded or lense-shapeds called
"lenses” or "groundwater flow cells". Mashpee, along with Babhst&almouth, Sandwich and
parts of Bourne and Yarmouth, lies on top of the highest and largéwtsef ¢ells, known as the
"Sagamore Lens". The Sagamore Lens stretches 24 miles festrtaveast and 16 miles from
north to south and has an elevation of more than 60 feet above sea iesvielgitest point under
the Camp Edwards Military Reservation. The shape of this lemmsniat in Mashpee the
highest points in the groundwater table are in the north, with the taséle gradually lowering
to zero at the south coast. The bottom of the lens is also curvedy armduch greater degree
than its top.

Because of the relative densities of salt and fresh wateifrable water table extends down
below sea level about 40 times deeper than it extends above sea THve$, where the
groundwater elevation is 40 feet above sea level, it would theohgicaénd 1600 feet below
sea level. Where groundwater elevation is 1 foot above sea levbbttben of the lens should
be 40 feet deep. Since Mashpee is underlain by bedrock 200 to 500 feet déwys, dwvater
table elevation greater than 10 feet above sea level, there isckedather than salt water,
beneath our fresh water aquifer in most of the Town. However, neaethén areas like
Monomoscoy and Seconsett Islands where the water table is 2 fessosalt water is present
less than 80 feet down. This means that wells drilled on thoselsstaust be shallow or they
will draw salt water rather than fresh.

Where the land meets the sea, and the edge of the fresh watendets the salt water, the
lighter fresh groundwater tends to bubble up in fresh water springgribays and along the
coast, mixing with the salt water and leaving our water tables effect acts as a giant drain on
the aquifer and, assisted by the slope of the groundwater table, ragshewater to move from
the highest points of the aquifer towards the sea. This laterement is much slower than the
vertical percolation to the groundwater table mentioned earlieragingrabout one foot per day
in Mashpee's outwash plain sediments. As a result, not only is @undyvater table higher in
north Mashpee than in the south, but the groundwater is actually movinglyeseuth to the
sea. Map 4-15 illustrates elevation of the top of Mashpee’s groundwater table.

A number of other factors affect the elevation and movement of grousrdingbortions of the
aquifer. Where a kettle hole has resulted in a pond, the surface of the groundwater table is
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exposed and is drawn by gravity to become a level spot in the otbesloEng aquifer. As a
result, at the northern end of our ponds, the elevation of the pond is lowewthdd be

expected in the surrounding aquifer. Conversely, at the southern ehdgties. This difference
in elevation means that along those edges of the pond the groundwatewilblslope at a
steeper angle than in the surrounding area and that it will flowe ouackly either into the pond
at the north end or away from the pond at the south end.

A second factor which can affect groundwater elevation is théeakis of impermeable (hard or
impossible to penetrate) layers in the sediment lying above ttez tadle. Water from rain or
snowmelt cannot percolate through these materials, which may Welagiers or organic
sediments accumulated in kettle holes, and remains on top of thetmgesulvhat is known as
a "perched" water table. Another factor which may cause a pighos "mound” in the water
table is the percolation of an artifically high amount of watéo the ground at a concentrated
point such as a leaching pit or pond for road runoff or sewage dispasally,Fartificially low
spots are created wherever a well pumps groundwater out of theradaifery well creates a
roughly circular or oval "cone of depression” in the water table skail household wells this
depression may be barely noticeable. For large public water swef$y/it can be many feet
deep and affect the water level in nearby ponds, wetlands and stesamsll as other wells in
the area.

The long-term overall elevation of the groundwater in the Saganee depends for the most
part on the rate at which it is recharged by rainfall and snowiel on the weather. In dry
years it goes down and in wet years it is higher. Since rebandsbeen kept, it has varied as
much as nine feet between the wettest month (July, 1973) and the driest (February, 1967).

Water supply wells withdraw a great deal of water from tpafar and cause local depressions
in the water table and a slight drop in its overall average helgltilic water supply wells on the
Cape withdraw about 50 million gallons of water per day during the surand 25 million in
the off season, or over 10 billion gallons per year. Private waljspump an additional 1.5 to 2
billion gallons per year.

The vast majority of this water is returned to the groundwatersgfic systems, sewage
treatment plants, cesspools and irrigation, though some is lost to &ap@nd transpiration by
irrigated plants. However, the water that is returned is ofggmyhpolluted. Even though septic
systems appear to work well in Mashpee's porous outwash soils, teay“wbrk” too well,
allowing polluted water to move rapidly to the groundwater, and the neighbor'sisvelell as to
our ponds and estuaries, without the filtering and chemical react@isténd to purify
wastewater in tighter soils with a higher organic content.

Some pollutants are not treated by septic systems at alfoghiit, for example, leaves most
septic systems at a concentration of 35 milligrams perditevastewater (35 mg/l), with about
26 mg/l of that reaching the water table, whereas the statardyiwater standard is 10 mg/l and
the drinking water target recommended by the Cape Cod Commissiomggl. Target water
column levels in our estuaries are much lower than that, with a raoaten of 0.38, for
example, required to maintain the ecological health of PopponessefBaguch pollutants, the
only means of reducing them to safe levels is dilution with cleaternirom somewhere else in
the aquifer, “natural attenuation” by algae in ponds and streams oncadvd tertiary")
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wastewater treatment. This has led Mashpee, along with otper@ad towns, to adopt zoning
regulations which require lot sizes (one to two acres) which will allow for encoghdwater to
sufficiently dilute the nitrogen from septic systems to maet3 or 10 mg/l drinking water
standard, although they are inadequate to meet the levels needed to protect the bays.

Some contaminants, however, are so toxic that no amount of dilution i® abéke the affected
groundwater absolutely safe. A large portion of Falmouth and sigmticaas in the Briarwood,
Tri-Town Circle and Summerwood areas of Mashpee were polluted Ibytexic chemicals
originating as haphazardly used fuels or cleaning compounds at thedWasstts Military
Reservation or other municipal or private locations, resulting in ba@donment of a public
water supply well and millions of dollars in public expense to pipelean water from other
areas. (How long will there be such clean "other areas" biaitam the Cape?) Most gasoline
stations are water pollution time bombs ticking away over the agaitbough new standards
for double walled tanks and monitoring systems have reduced the threat somewhatldbrad g
gasoline can make a million gallons of fresh groundwater undrinkabléher Gndustrial
operations, even seemingly safe operations such as electricalmpdter manufacturing plants,
use hazardous materials in their day-to-day operations.

Most insidious and frightening of all, each of us uses a variety mjelaus chemicals, from
paint thinner, to antifreeze, to pesticides and insecticides in outhomes and casually spills
them in our yard or down the drain to our septic systems. As thousaadditbbnal homes are
built and additional thousands of people move into Mashpee, the effects cdrelass use of
such materials will become more and more apparent and dangerous.

The Town'’s landfill, now closed and capped, caused a massive amountrofoligzand cancer-
causing chemicals to enter our groundwater. It may have been pesflgnsible for the
pollution of wells in the Ashers Path and Summerwood areas, resutagiost two million
dollars of costs to Mashpee taxpayers for providing clean drinkingrwatthose areas. The
pollution from the landfill is flowing to the Mashpee River, addinght® problems in that river
and in Popponesset Bay. Although the landfill issue has now been ddmltwei must still
reduce use of hazardous materials when possible and have to be mucltanefué as
individuals and as a Town, in disposing of such things properly if we insist on using them.

2. Groundwater Resources

The contamination of private wells by the sewage treatment ghahfuel and de-icer spills at
Otis Air National Guard Base, by hazardous materials possilginating at the Town Landfill,

by neighboring septic systems on small lots and by over-pumping irac@asds where salt
water intrusion occurs, led the Town to initiate the development of & paler supply system,
which was taken over by the independent Mashpee Water District established in 1987.

A great deal of money was spent in the late 1980s to design anducbms&iter mains to service
the contaminated Tri-Town Circle, Briarwood, Ashers Path and Summerwasladrhe Town.
After acquiring the private High Wood Water Company, which served Seabury and
Mashpee Commons, in 1990, the District expanded to serve 60 percentaiheand further
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system expansion has brought that to about 90 percent. Additional milawesbeen spent to
identify, acquire and protect possible public well sites.

Unlike many other areas of the state, such as the Boston areaCQ&Apees not rely on surface
water ponds or reservoirs for its drinking water. Although the Capever 350 ponds, only
one, Long Pond in Falmouth, is used and protected as a drinking water stipplyest are too
easily polluted and/or already surrounded by excessive development ahdisaret practical
alternatives for a safe water supply. Instead, all public watpplies, including a portion of
Falmouth's, come from more than 140 wells drilled into our groundwatefleaquin Mashpee,
the Water District currently operates six wells with altpumping capacity of 5,080,000 gallons
per day.

The Town's well development efforts began in 1983 with a test wididdn South Mashpee by
a consultant working for the Board of Health. Although the well produmepk Ilvolumes of
water, it was unusable without expensive treatment due to high t#vweddurally occurring iron
and manganese. That problem illustrates one of the major constoasoiscessful development
of public water supplies for the Town. Many areas, particularly oldecedar swamps and bogs,
produce water which is unsuitable without treatment. Areas neao#st where sodium occurs
in groundwater are also unsuitable for public wells. Those areesallg south of identified
pollutant sources such as Otis Air National Guard Base, the camdnfiormer Town landfills,
gasoline stations, large septic systems at condominium projattsoanmercial developments,
and some industrial sites must all be eliminated from consideras well sites. Areas south
(downhill in the groundwater table) from large areas of smallsididivision are also not
promising as public well sites. Finally, state regulations reghiat there be at least a 400 foot
radius of land around any public community water supply well which igated by the water
supplier and protected from development with buildings, septic systeatsdrains, etc. Land
within 400 feet of existing residences, therefore, had to be eliednatthe Town's search for
water supplies.

As a result of these factors, a number of sites were chosen irb§386 Town's Water Quality
Review Committee for test wells to determine the quantity andityud water available.

Fifteen 2 1/2 inch wells were drilled on nine parcels of land, fowla€h are owned by the
Town. Three did not produce a large enough volume of water for a publiy.sufpke others
showed excessive levels of iron and manganese. One other well prodigedjlantities of
good water except for excessive silt. Of the remaining eugitis which produced excellent
results, three are on Town land, one has already been surrounded byasmiglditomes and

septic systems and another is threatened with the same fate.

Since its creation, the Water District explored and developed sbthese and other well sites
and has purchased 155.5 acres for well development and protection. Thos#ewedle our

community's most precious and valuable resource. They must be prdtectedevelopment

and contamination at all costs or there will be no clean drinkingrvitMashpee's future. In
addition, because our zoning allows for increasing our current populatiorothea50 percent,

more clean well sites must be found.
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A number of approaches can be, and have been, taken by the Town to M#etratsvater
supply needs. One method is large lot zoning, which reduces both the potential demand and the
likelihood that private wells will become contaminated. Most ohibrehern half of the town is
zoned for 80,000 square foot lots.

A second approach has been the adoption of zoning regulations which c@atdwgter
protection districts, based on estimated recharge zones (“Zoneollgkisting and proposed
wells, in which certain uses of land and of hazardous materiatestrected. Map 4-16 shows
Mashpee water resources, including the currently-approved Zone llsasifipde’s wells and
those of wells in Cotuit and Falmouth which extend into Mashpee. Map depitts
Groundwater Protection Districts designated and protected under timg Zgpteaw. On a case-
by-case basis, large condominium projects have constructed and masofaiisticated
wastewater treatment plants to minimize groundwater pollution éet rthe Town’s zoning
requirements and conditions imposed by the Planning Board and by the Cafe@ussion
on Developments of Regional Impact, including the Commission’s form@rnét nitrogen”
standard (recently changed to allow new nitrogen loads based on@e#éam share” of target
nitrogen loads for each receiving water body). The Massachusgitstent of Environmental
Protection has also recently begun requiring “no net nitrogen” foraneaxpanded wastewater
treatment plants under their jurisdiction in watersheds with ek@esitrogen loading. The
Town’s Open Space Incentive Development zoning by-law also provides fansfer of
development rights from sensitive areas, including proposed well, at@aareas where
development will have fewer negative impacts.

Finally, and most effectively, the Town and the Water Distriastehpurchased or otherwise
obtained title to large tracts of land to protect well sited @neir groundwater recharge areas.
Additional acquisitions of open space lands continue to be an important toganasect water
resources and must be a key element of the Town's open space plan.

3. Freshwater Wetlands

"Wetlands" - the term has been a rallying point for environmematerns. The value of
wetlands for water quality protection, groundwater recharge, flood atpfisheries, wildlife
habitat, recreation, education, aesthetics and the pure enjoyment of"dlieness" in
increasingly developed areas has now been recognized. But whdteseeplaces we call
"wetlands"?

Simply put, they are areas in which water is the dominant fatteofor plants and animals.
They are areas where water covers the land either permamenthtermittently or where
groundwater levels are so high that plant roots must live in fatenost of their lives. Techni-
cally speaking, there are three key attributes, of which amauetihave at least one, that define
a wetland:

1) The presence of wetland plants, known as "hydrophytes" (defined as abymaing in

water or on a substrate that is at least periodically defialeoxygen as a result of excessive
water),
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2) the presence of wet soils, known as "hydric" soils (in Mashpee theadertble soils referred
to by the county soil survey maps as Berryland mucky loamy coansk Breetown mucky
peat, Freetown and Swansea mucks, Freetown coarse sand, Ipswichiuélavesad
Matunuck peats and some areas of Pipestone loamy coarse sand where the wetdrigable
as well as beaches - see Map 4-5) or

3) soil saturation or flooding at some time during the growing season of each year.

There are a number of types of salt and freshwater wetlands, anchlzer of systems for
identifying them. In Massachusetts, the state's Wetlands Boote&ct and regulations
promulgated by the Department of Environmental Protection descritendgtprimarily on the
basis of plant species. However, the most scientifically orgdrapproach to naming wetland
types is the "Classification of Wetlands and Deepwater Halofahe United States" which was
published by the U.S. Fish and Wildlife Service in 1979. Based on thassficktions, the
Service developed a series of National Wetlands Inventory Maps, w@®ngl photo
interpretation techniques, which include coverage of Mashpee. Map 4-18iédeMashpee
wetlands, including state-certified vernal pools.

The FWS Classification and Inventory Maps are based on five batliang systems, which are
further broken down in a hierarchy of subsystems, classes, subeadsdsminance types. The
five basic systems are the palustrine (freshwater vegetatdahas), lacustrine (larger ponds and
lakes), riverine (rivers, streams and their channels), estuashga(ies, salt marshes, salt ponds
and beaches) and marine (the sea). We will be reviewing eaelotywetland system in that
order in the next few sections of this chapter, and we begin h#rehei freshwater vegetated
wetlands.

Palustrine wetlands include those vegetated wetlands we havéotraltiit called freshwater
marshes, bogs, wet meadows, shrub swamps or wooded swamps, as well as small ponds under 20
acres. Although many are well hidden and not often visited, the Towrashpée is liberally
sprinkled with such places. As with the rest of our landscape, tj@itmaf these inland
wetlands owe their existence to the Ice Age glaciers. Altindhg largest and deepest of the
hundreds of kettle holes they left behind became our lakes and ponds, enarsf deep enough

so that their bottoms touch the groundwater table. Some were fgpisn&ll ponds which have

filled with leaf litter, dead plants and other organic and mirgzdiments so that open water is

no longer present. In others, small areas of open water exiall fur part of the year. Many

have become overgrown with shrubs and even large trees.

Some samples of the small pond type of palustrine wetland in Masigbede Martha's Pond,
Amos Pond and Deborah Bottles (Flashy) Pond. These have either an unctatsblattom of
silt, sand or gravel or an aquatic bed of plants that grow principally on or bedasurtface of the
water for most of the growing season in most years. Along ¢dges they will either have an
unvegetated beach or bank, known in the FWS Classification as an "uncdesdofiiare”, or
will merge into another more highly vegetated wetland type suca fieshwater marsh or
"emergent wetland". These attractive meeting places of lathdvater can be found adjacent to
ponds such as Martha's or Amos, in old flooded cranberry bogs such aaltmagé&oombs
Road in the Noisy Hole Conservation Area or in the John's Pond Park CuimserArea,
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adjacent to rivers like the Mashpee south of Route 28, or on their owolated kettle holes.
They are prime waterfowl and muskrat habitat.

In many cases, a marsh will be joined on its landward edge bylasicrub wetland dominated
by shrubs, young trees, or trees and shrubs which have been stunted by emalotonéitions
such as lack of nutrients in the soil. Under the FWS Classificatioron® timan 30% of the trees
in such areas will exceed 20 feet in height, and at least 30%eddrea must be covered by
shrubs rather than smaller non-woody vegetation. A beautiful littldosswamp, locally known
as “Noisy Hole”, lies between Meetinghouse and Noisy Hole Roatsqush of Hollow Road.
Others exist along the upper reaches of Quaker Run north of Route B8 Moisy Hole
Conservation Area and throughout the Town independently or along the edges ofapdnds
marshes.

One prime example of a swamp made up of stunted older treesnallaAtlantic White Cedar
swamp tucked away on land owned by the state's Division of FislariedVildlife south of

Holland Mill Road. In an area known as the South Mashpee Pine Baitrenigart of an

amazing landscape of contrasts where dry tangled expanses obakraind occasional pitch
pine are offset by cool kettle holes full of cedars, orchids, mosses and sundews.

Home to endangered species of plants and moths, the Pine Barrenattraogve features also
include examples of the two other classes in the FWS palusystesrs the moss-lichen wetland
and the forested wetland. Whereas mosses and lichens usually fmoural cover under a
dominant layer of trees or shrubs in many of our wetlands, in arf@ll spots on the edges of
cedar swamps in the Pine Barrens they have maintained a place in thersung $onall areas of

moss-lichen wetland. (Another such wetland exists among scrub oaleratidia the Water

District’s proposed “P-1" well on state DCR land west of the Quashnet River.)

These spots, which are intermittently flooded by high groundwatersleaed home to the

curious insect-eating sundew and are often bordered by colorful stastiseeyf laurel. Their

adjacent companions, the cedar swamps, offer a stark contrast @ndatwering vegetation,

the mystery of tangled roots, more mosses, tricky footing, whtéden from the sun...and the
allure of orchids. Large white cedar swamps once existed throulgftashippee. Most have been
cut and replaced by something less stately. Those that reméie, ine Barrens and in South
Mashpee between Great Hay and Great Oak Roads, within the Jehu &wsedv@tion Area

(although the largest is still privately owned), are treasures that mustrdedyaad preserved.

"Vernal" or "spring" pools are wetlands or other depressions whechamally filled with open
water only for a few months of the year, usually in the late spring and summer. &meyraally
filled either directly by snowmelt or runoff from spring rainsbgrthe higher water table levels
that they cause. The classic vernal pool will fill in laterélaor early April and be dried out by
September. It is also isolated from other permanent wetlandater bodies, a critical factor for
certain rare species such as wood frogs, spotted salamandersrasthrfenp, whose eggs or
young would be quickly devoured by fish or other creatures which populate paor&nent
water bodies.
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Until recently the importance of vernal pools was not widely reezeghand there was little
information available on vernal pool locations in Mashpee. However, itagte20 years,

regulatory protection has been extended to such pools under federanstdtewn laws and a
program of mapping and certification has been established by the MassadkasettHeritage

and Endangered Species Program. In response, the Mashpee Conservatioss{©onand

volunteers have had most of our vernal pools located and certified.

One type of wetland, which is simply described as a farmed pakistetland in the FWS
Classification, makes up a large portion of Mashpee’s wetlandgerdt is what we've come to
refer to as bogs, or more specifically, cranberry bogs. Theseaarreally bogs in the classic
sense of the quaking bogs of northern New England. They are, insteadllyadiered former
wetlands of other sorts such as cedar swamps, shrub swamps @anripatiands. These
wetlands were cleared of their natural vegetation, drained by slitdoenetimes re-graded,
diked, dammed and covered with sand taken from nearby banks. They weesl prara
monoculture of cranberries, dosed with fertilizers and pesticidedl@yded artificially using
dams on our ponds or pumps from rivers or man-made ponds.

Where at one time the Quashnet River boasted one of the finasinskarok trout fisheries in

existence, the combination of a mill dam and then extensive cleandgreshaping of its
wetlands destroyed its trout fishery and turned it into what is edptiot have been the world’s
longest cranberry bog. Quaker Run suffered a similar fate, thougimagsh smaller stream its
trout fishery was not as prominent. To a lesser degree, all aftber streams, including the
Mashpee, Santuit and Childs Rivers, Red and Abigail’'s Brooks and DutchrGaeék were

similarly altered in what seems to have been a 19th century foérzginberry bog development.
Many of our other isolated inland wetlands of any size, except addar swamps which were
too small or to difficult to flood, were also converted to cranberry production.

Hurricanes in the 1930's and 1950's, a cancer scare in the late S@gvanttes for cranberries

put most of the smaller bogs out of business. The Quashnet Valley ¥ Gluttrturned part of a
cranberry bog (that had originally been our largest cedar swawapd igolf course (much of the
undeveloped portion of the bog is now re-growing as a shrub/cedar swampy alradat all of
Mashpee’s cranberry bogs have been abandoned or are out of production. The curreomgxcept
are the Chop Chaque and Baker bogs adjacent to Santuit Pond and the Gonservat
Commission’s Garner Bog on the Childs River. The Conservation Comnissbogs in Johns
Pond Park are still maintained, but are out of production until contaonnasiused by a fuel
spill at Otis Air National Guard Base has been cleaned up.

Over 300 acres of old bogs lie abandoned and are reverting to variass cftdhaturalness"
depending on their location and the height of the local water tablee,Soieh as portions of the
Town bog in John's Pond Park, are becoming freshwater marshes. "WaslHnnd", an old
bog on the Mashpee River owned by the Division of Fisheries and Wildlifermally flooded
and can be called, most aptly, a pond (and home to large bass andsbihesSéme old bogs in
drier areas that were formerly irrigated by pumping, such a® thbshe head of Canaway’s
(Muddy) Cove, now part of the Mashpee River Woodlands Conservation Areakeadan the
appearance of an open meadow but are nhow becoming forested. Where teogewetoped
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adjacent to salt water, as on Red and Abigail’'s Brooks and Dutchma®k,@ne sea has moved
in and created a salt or brackish tidal marsh.

The remainder of our old cranberry bogs have become scrub-shrub swanwgasded swamps.

Along the Quashnet River, pitch pines, birches and poplars have grown to heights of 30 to 40 feet
on old bogs abandoned in the 1950’s and purchased by the Division of Fisherieddiiie. W
Tucked away and almost invisible in the northern section of the MasgtipeeWoodlands is a
good-sized bog now grown up in red maples. Nature has begun to restatesthection
wrought by man.

That destruction of wetlands was not limited to cranberry bog develdprie nineteenth
century or to Cape Cod. Throughout our history wetlands have been misundastecaly
places, wastelands, breeders of disease or impediments to theofmamatyress. They have been
drained, filled, plowed over and paved under in the name of mosquito control, {etdpteent,
agriculture and highway construction. Massachusetts has the unfortlistatetion of having
undertaken America’s first filling for real estate developm#rdt of Town Cove in Boston in
1641. The filling and destruction of wetlands continues to this day, noiroiMgassachusetts
but throughout the country, mostly for agricultural purposes. In the midth®'6.S. Fish and
Wildlife Service estimated that 46% of the nation's originalameis had been lost, and that the
destruction continued at a rate of 550,000 acres per year. At teathinme were approximately
99 million acres of wetlands left in the country, or approximatelyob%tal land area, with 93.7
million acres in inland areas and 5.2 million acres in coastal areas.

Fortunately, there has been a gradual turnaround in our thinking about wetB@gisaning in
the 1950’s when the Fish and Wildlife Service demonstrated theatntatue of Midwestern
wetlands to waterfowl populations and publicized their first esamatf wetland losses, and
accelerating during the environmental movement of the 1960’s and 70’s, bgpubkhe and
government have begun to recognize the value, and in some casesi¢akigntortance, of
wetlands. In Massachusetts, major floods in the 1950’s and increasewusnsss of the value
of coastal wetlands to marine fisheries and shellfisheriegolétie adoption in 1963 of the
nation’s first wetland protection law, requiring a state permalter a tidal wetland. This was
followed in 1965 by a similar law which protected inland wetlands. In 1865 1967
respectively, laws were passed which allowed for permanenictiestrof alteration of coastal
and freshwater wetlands.

These laws recognize a number of the benefits derived from wetlsuncts as flood damage
prevention and nurturing of marine fish species. At both the state dechiféevels studies and
reports have documented the value of wetlands. “A Guide to Importanaddrastics and
Values of Freshwater Wetlands in the Northeast,” by the Water Res®esearch Center of the
University of Massachusetts at Amherst, indicates that wetlareda valuable potential source
of groundwater, that they have a high aesthetic value due to theil digeesity and contrast,
that they are valuable for recreation and education, that they fetadwaters and reduce the
impacts of flooding on developed areas, that they are critical tsuivéval of waterfowl and
many furbearing mammals and that they are important to marsh &aagbirds, deer, rabbits,
pheasants and grouse.
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The Congressional Office of Technology Assessment (OTA), inl#84 report entitled
“Wetlands, Their Use and Regulation,” went into even greater detaiplaining the value of
wetlands. Although they saw less value in wetlands for groundwapglys flood peak
reduction and shoreline stabilization along coasts and rivers were foulpel of significant
value. Wildlife food and habitat was again emphasized. For exatn@leeport pointed out that
coastal marshes and certain types of inland freshwater wetah@dve some of the highest rates
of plant productivity of any natural ecosystem and that in saltwaseshes up to 70 percent of
that plant material is eventually broken down into small partiales flushed into adjacent
waters, where it becomes a potential food source for fish and shellfish.

The OTA report pointed out additional scientific and cultural valuegetinds. It noted that by
temporarily or permanently retaining pollutants, such as suspended sglidss nutrients, toxic
chemicals and disease-causing micro-organisms, wetlands can intipeogreality of water that
flows through them. Wetlands have even been used successfully for sgcandaertiary

treatment of sewage effluents. One of the primary mechamsmater quality improvement in
wetlands is the fact that their dense plant life and broad, shaltuve reduce the velocity of
water flow and cause organic and inorganic suspended materialdtleo caet, along with

associated pollutants such as nutrients, pathogens, heavy metals amétella@and petroleum
hydrocarbons. Some of the pollutants may be converted by biochemical spdesless
harmful forms, some may remain buried, and others may be taken uptlapdvplants and

either recycled or transported from it.

Nutrients such as nitrogen and phosphorous readily adsorb to sediment ahy teed to
become trapped in the anaerobic sediments of wetlands where thepialg assimilated by
rooted wetland plants. At the end of the growing season, however, mukbh afgimilated
nutrients may be leached from the plants, exported by water floetasis, or rapidly colonized
by bacterial decomposers which convert nitrogen, for example, to ammaodviraises and
bacteria from sewage effluent or road runoff are also adsorbedusmpensled particulates which
may be trapped in wetlands. They can remain for many months enaestbils, where they may
be exposed to ultraviolet radiation or attacked by chemicals and mtharisms, or they may
otherwise die off naturally.

The OTA report also noted that wetlands play a role in climatit atmospheric functions.
Since water warms and cools slowly in comparison with land avesttands tend to have a
moderating influence on nearby atmospheric temperatures, warmiragr tirethe winter and
cooling it in the summer. They are also a source of water tatthaesphere through evaporation
and the release of water vapor from plants (evapotranspiration). In addition, througkgsades
microbial decomposition, wetlands may either store or emit gadggqueducts important to
global atmospheric stability.

Finally, OTA noted that for many personal reasons, whether eth@ajous, esthetic or
recreational in nature, people value wetlands for their intrinsengable values as natural areas
essentially untouched by man's presence. In many areas wetlands are the lastelopediand
thus the last link to our origins in nature. Their aesthetic valiegh due to the interface and
interplay of land and water. They can be bright and open or haunting atekiowys, and they
can be quietly, peacefully, enjoyed. People need a break once in a avidlevetlands can
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soothe the soul. Protecting our diverse wetlands is therefore &ld&eyent of Mashpee’s
OSCAR plan.

4. Lakes and Ponds

Mashpee is blessed with an abundance of freshwater lakes and pondsangeefrom the 729
acre Mashpee-Wakeby Pond (a “lake” by anyone’s definition) to 0.1Faesh Pond (largely
filled by development of the New Seabury golf course and barelygratie term “pond”).

Depending on what definitions you use, there are approximately 23 fiash ponds in the
Town covering 1455 acres. Under the U.S. Fish and Wildlife Servigsi@itations, the larger
lakes are “lacustrine” wetlands, while the smaller ponds fafl the “palustrine” category.
Mashpee-Wakeby Pond, John's Pond (317 acres), Santuit Pond (172 acres), Rema{203

acres, of which 152 acres are in Mashpee), Great Flat Pond (37 &dat slightly brackish

water) and Moody Pond (18 acres) are the only water bodies listadussrine. The first four
are our major recreational freshwater ponds. Because Flat Parfdrimer salt pond which is
still influenced by tidal flow, it will be covered later in our discussion of Estu&ystems.

All of our large inland ponds, as well as the smaller ponds classified as palugrninghé kettle
hole depressions that were left to us by the glaciers of thAdee Giant blocks of ice were
buried in outwash sediments and later melted, leaving large keléls. In the case of Mashpee-
Wakeby and John’s Ponds, there were apparently at least two suntbcks, which left kettles
now connected by shallower areas. The kettle hole nature of the powasesedearer upon
review of bathymetric maps (depth charts) of the ponds. Mashpee-Wdkéinys and Ashumet
Ponds show rather deep bottoms, with maximum depths of 87, 62 and 65 feetivelype
Santuit Pond, on the other hand, is extremely shallow, with a maximpitm ofeonly 9 feet and

a mean depth of 4.2 feet. Moody Pond has a maximum depth of 14 feet amdeaver
approximately 8 feet in depth.

During the last 50 years, the shorelines of the four major freshwahds have become heavily
developed, first with summer camps, and more recently with year-rbontes. This
development has been drawn by the lake's recreational opportunities,ngdistling, boating
and swimming, and their natural beauty. However, the development ttacseattto their shores
has begun to destroy our lakes. Shorelines and their unique plant comsnbaite been
severely disrupted by man-made beaches and docks and the footsteps ofisit@arsy The
noise of motorboats has drowned out the sounds of waterfowl. Fishermewiemdess are
disturbed by high-powered boats, water skiers and “jet skis.” Thieetiesbeauty of the lake
experience has been reduced by hundreds of residences located clbeestmre. Most
insidious of all, however, and most critical to the health and atteaetss of our ponds, has been
a rapid decline in the quality of their waters.

Scientists classify the relative health and water qualityacteristics of ponds by their “trophic
state,” referring to the metabolism of a pond and the available sgpylithe nutrients nitrogen
and phosphorous. Those nutrient supplies are critical to the pond’s food thawever, in
excessive amounts they accelerate the process of “eutrophication,” erutrication of a pond
and lead to excessive plant growth, lack of oxygen as plants demaffake it up, loss of fish
stocks due to insufficient oxygen, algal blooms and associated foul odors, loss of avdger cl
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and suitability for recreational purposes and eventual filling ofpthred with organic matter,
creating a palustrine wetland.

Due to relatively small surface watersheds, low erosion rptes]y developed soils and low
concentrations of nitrogen and phosphorous in the outwash plain soils, mos€Ca@hpends

were originally poorly fed with nutrients, or “oligotrophic”. As suthere was little algae or
other phytoplankton growth and very little suspended matter, resultingremely clear waters.
Such ponds support a high diversity of fish species (but in small humbessgxcellent for

swimming and boating and are highly scenic. Many of the Cape’s petala that status.
However, none in Mashpee have survived in that state.

Mashpee-Wakeby, John’s and Ashumet Ponds have received increased leveisgen and

phosphorous due to heavy development along their shorelines. Septic systehdrains and
fertilized lawns and gardens all leach nitrogen and phosphorous intmthelgater feeding our
ponds, or into the ponds directly as runoff during storms. This additionamidtad has led to
a fairly rapid change in their water quality. Phytoplankton hasa&sed, although it is highly
variable, with occasional phytoplankton blooms, including blue-green algaspei®&led matter
is increased, though also variable. Food supplies and habitat are ablesldimgrin relatively

high and diverse populations of both bottom fauna and fish.

For our purposes, both boating and swimming are appropriate, while i@takdishing is
highly productive. All three ponds contain deep bottoms which remain coldgthout the year
below 40 feet, making a fine trout fishery possible. Each developsdhstratification during
the spring and summer, with a warmer upper stratum or “epilimniornfndpainiform warmer
temperature and wind-mixed circulation, a middle stratum or “im@t&@n” showing a large
temperature gradient, rapidly going from warm to cold with ine@aepth, and the cold bottom
stratum or “hypolimnion”, which remains undisturbed throughout the summer, héttlag
circulation. These strata are highly resistant to mixing.

Although trout and similar salmonids prefer cold waters, they agaire adequate oxygen.
Since the waters of the hypolimnion contain little dissolved oxygentaluBeir source in
groundwater (which contains little oxygen at lower depths) thek laf mixing with the
oxygenated waters of the epilimnion, and as a result of respifayi@ediment microbes and
benthic fauna, along with the metabolism of organisms attached tandesperganic material,
there is a delicate balance during the summer months for salmomlgsy must find waters
which are deep enough to have the proper cool temperature, but not so deep/dkatis
inadequate.

In our ponds, those qualifications are met only in a thin 4-6 foot layesatdr just below the
metalimnion. Anything which would tend to decrease available oxygen inatez eould narrow
or eliminate this critical layer. When a lake becomes oveifiegtrand algal blooms result, as
has happened with increasing frequency in Ashumet Pond, oxygen productionfiist a
increased. But when the algal blooms die off, their decomposition atidl paineralization
cause rapidly reduced oxygen levels, leading to fish Kills.
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During the fall, reductions in air temperature result in a cpoeding decrease in the
temperature of waters in the epilimnion. As the epilimnetic apaliilgmnetic waters approach
the same temperature, the thermal resistance to mixing desrgeeatly. The pond begins to
circulate to the bottom and continues to mix throughout the winter. h€lps to restore oxygen
to the pond through aeration at the upper level by wind and wave action. vétpwden ice
covers our ponds, which usually occurs in January and February, wind-drivémg ngx
eliminated and oxygen depletion occurs in the bottom waters.

Santuit and Moody Ponds present a quite different environment than tha diree larger
ponds. Both are very shallow. As a result, their waters ama awad thoroughly mixed by wind
and wave action in the summer. Salmonids cannot be supported, and warm wagsrssjpbcas
bass, pickerel and perch predominate. However, Moody Pond is a small pawg9Bwith a
totally undeveloped shoreline. Although it has suffered from algal blobnssa fairly healthy
pond. It can probably be classed as mesotrophic.

Santuit Pond, on the other hand, is clearly eutrophic. It is surrounded weghand northeast

by dense residential development on small lots averaging 1/4 a@epuldic or community
wastewater collection or treatment is in place, and all resefeuse septic systems or cesspools.
Because of the shallow nature of the pond and low flushing rate caussd yafairly
impervious organic bottom sediments, it has become over-nutrified, witsedaquatic
vegetation, frequent algal blooms, foul odors and poor quality for swimamddpoating. There

is a high frequency of flatleaf pondwed@bo(amogeton robbingii which is an indicator of high
phosphorous content in bottom sediments. Floating plankton species are dbnhbpate
Microcystis sp a colonial blue green algae capable of creating obnoxious blooms if it windrows.

Indeed, of 35 Cape Cod ponds surveyed by the state Department of Environ@elitt
Engineering in 1980, Santuit Pond had the highest trophic state scorefimgditee worst
eutrophication, and total phosphorous of 0.53 mg/l compared to 0.20 in Mashpee-Wakeby, 0.01
in Ashumet and 0.07 in John's Ponds. Water quality has only become warsennyears, with

pea soup green waters being the norm in summer and fall. Majs, steluding land
acquisition, elimination of road runoff and sewering of adjacent developnraanst be taken if
Santuit Pond is to be restored as a natural asset.

One of the first steps toward protection of water quality in owgelgponds was taken in 1985
when the Mashpee Planning Department engaged K-V Associatebnafufta to determine and
map the groundwater recharge areas, or “zones of contribution”, of (Samtishpee-Wakeby,
John's, Moody and Ashumet Ponds as well as the saltwater Jehu andnaRdrids and
Ockway Bay. Zones of contribution are the surface land areas wiohgh precipitation and
recharge of the groundwater aquifer “uphill” from a pond, provide moss efater. Additional
water is provided by direct surface runoff from the surrounding suviatershed (or all land
which slopes toward the pond) and precipitation onto the surface of the pond itself.

Using “flow meters” along the edge of the pond, groundwater monitoring welladipgt in the
acquifer, knowledge of local precipitation, groundwater recharge and atiaparates and of the
hydraulic conductivity of the underlying sediments (how fast water mave through the
ground), K-V Associates determined the size, shape and location lof peadl's zone of
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contribution and mapped the results on 1"=400" scale maps. These meps wseful tool in
determining appropriate zoning and land use regulations, in reviewing pdodasd

developments and in prioritizing conservation land acquisitions aimedtatfng the quality of
water in our ponds.

More recently, the U. S. Geological Survey (USGS) has developed “tipper Cape”
groundwater model. The model has been used for numerous projects telatedaminant
plumes at the Massachusetts Military Reservation and, moratlsgcas a key part of the
Massachusetts Estuaries Program (MEP). Under the MEP, whishdexeloped to model
nitrogen impacts on coastal water bodies and set “Total Maximaihg Doad” targets for each
bay, groundwater watersheds and sub-watersheds were mapped by USGE8 nethwatershed
delineations have now been incorporated into Mashpee zoning requiremewsastdorquality
protection and are being used in development of wastewater facpitsas by the Mashpee
Sewer Commission.

Further study needs to be done to accurately determine the souroesrients and other
pollutants into each of our ponds (particularly Santuit Pond), the fateosé materials in the
pond environment, and the possible solutions, in addition to sewering, for anynpsoiblat
become apparent. Our lakes are one of our most visible and valuaiteaass they need to be
treated with care.

5. Rivers and Streams

The traditional heart and soul of Mashpee are its rivers. ThépdasRiver - bearer of our
Town’s name and central to it in both location and history. The Quasfambus trout stream,
the “world’s longest cranberry bog”, focus of a nationally-honored reginreffort. The Santuit

- quiet and unnoticed on our border with Barnstable, site of towering Ispeatdiaty ladies
slippers and archaeological treasures. The Childs - herring magerced by man, hidden away.
Quaker Run - larger than it looks, an ancient valley, an undergrounchateasily tamed. The
smaller streams - Red Brook, Abigail’s Brook, Dutchman’s Creek - pdcdwing to the sea.
All of our streams have a character of their own and a unique value in the scheme of things.

TheMashpee River(“Mashpee” meaning “A great river coming from a pond bearing many fish”
in Massachuset Algonkian dialect) has long been the focus of humagsiritethe area. As did
its’ smaller sisters, the Mashpee bore many fish for both thiveNAmerican and his white
visitors. Among the first acts of the fledgling government of‘District of Marshpee”, before
we were a town, were the establishment of “catchers” and a “catolaiog)’ to take advantage of
the annual bounty of herring produced by the stream and to distribute theattyeto all
families. The herring came to the Wampanoag for thousands of gaptared in weirs and gill
nets, and still come in the spring to delight their beholders dlih&ond fish ladder on Main
Street adjacent to the Mashpee Indian Museum.

When the District needed funds, it also turned to the Mashpee, leasing nghtheo the river's
prized sea-run trout to rich fishermen from Boston. When Mashpee became a Tovsramdkit
could be sold to outsiders, the same fishermen and their friends boudtd lamds along the
river to protect their prized sport. The Mashpee River Trout Club, and eventually one man
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named John W. Farley, controlled almost all of the river and guardesimtthe development
which destroyed so many of our other natural treasures. Through teigogiFhe Trustees of
Reservations and wise purchases from his successors by the towngpddashpee and by the
state’s Division of Fisheries and Wildlife, our main arteryl iorever be preserved for our
enjoyment, and that of the trout and herring.

In another way, the trout has saved @heashnet River, lesser sister to the Mashpee but no less
important to mother nature. In its original form, it ran through a dedley filled with huge
oaks, cedars, hemlocks, beeches and white pines up to twelve feet @tediama cool spring-
fed stream. As such, it was an ideal home for the sea-run brookdrdigalter”. The salter
spawned in the fresh waters of the stream, but went to sea amchthaters of Waquoit Bay to
feed, growing to twice the size of its freshwater cousins. $uzh fish drew some of the most
famous sportsmen of the day, including Daniel Webster, to the banks of the Quashnet.

Herring, too, trafficked the river, though not in numbers as gre&ioase bn the Mashpee. In an
effort to improve the river's herring fishery, the District ohfghpee voted in the 1850s to
connect the river’s headwaters in large cedar swamps eashirgs Pond (now replaced by the
Town's cranberry bogs and the Quashnet Valley Country Club) to the poradm&an-made
channel. All went for nothing, as a gristmill and dam had been builhstogam in Falmouth,
cutting off both trout and herring from their spawning grounds.

In 1895, the cranberry industry moved in, building dikes and dams, channelingethdilling
and leveling the valley with sand. The advent of chemical pestisitddsas rotenone and DDT
brought the final insult. Mother nature and time, however, seem to haay af making
amends. In the 1950s, flooding caused by hurricanes, and low cranberrywgricesnade it
uneconomical to repair the resulting damage, led to the abandonmentbaighen the lower
half of the river. With the mill dam gone and the cold water sprstdgl flowing, trout were
again a possibility. The state’s Division of Fisheries and Gstoeked the stream with brook
trout and brown trout. The results were impressive, with the browns addpgisglters’ sea-run
habits and weighing in on fishermen’s lines at up to twelve pounds. In trgeotect this
fishery, the Division bought a narrow strip of land along the lowerhessaof the river in 1965,
including 22 acres in Mashpee.

Soon, however, shrubs which had taken over the bogs began to choke the rieferasiging it
to overflow and undercut its banks. Waters became shallower and too faarime trout.
Something had to be done. Acting on a strong belief that the Quashretdsthe makings of
the prize trout stream it once was, a fisheries biologist ffmrenamed Division of Fisheries
and Wildlife, Joe Bergin, sought help. He found it in the members ofStheheastern
Massachusetts Chapter of Trout Unlimited, an organization dedicateprotecting and
improving the nation's sport fisheries.

Under the tireless leadership of Francis Smith, a Falmouth pluargkravid fisherman, the
group began in 1976 an impressive and continuing project of clearing, buildihglanting
which has restored more than a mile of the stream as a prime troutspanea. However, as it
seems to have been for the last 150 years, the trout was agaiteriece by man’s activities.
Real estate development in both Falmouth and Mashpee threateneckding $lvis time with
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pollution from wastewater effluents and degradation of its banks bymiwy neighbors’
footsteps.

As part of an effort to ensure that the trout do not again becoma fusmory, a working group

of six local organizations was established in 1986. Called the QuaSbaktion and made up

of the Citizens for the Protection of Waquoit Bay, Trout Unlimit€hde Cod chapter and
Massachusetts/Rhode Island Council), the Association for the Prigsered Cape Cod, the
Falmouth 300 Committee, the Falmouth Rod and Gun Club and the Mashpee Wampanoag Indian
Tribal Council, Inc., the group proposed and lobbied extensively for staséateon funding the
purchase of 340 acres along the river in Mashpee south of Route 151 on which 400 condominium
units had been approved. The effort was successful and the purchasenpésted in 1988 by

the state’s Department of Environmental Management (now the Depdrdf Conservation &
Recreation) and Division of Fisheries and Wildlife. Additionalesfairchases were made along

the river in Falmouth.

In 1995, the town of Mashpee purchased 135 acres south of Route 151 on thelevebtise
river as the site of its’ new high school. 54 acres along the ane adjacent to the state’s land
were set aside as open space under a conservation easementigriduetédlS. Fish and Wildlife
Service. In 2001, with the assistance of the Orenda Wildlife Lamst, Tthe Town purchased the
14.1 acre Dawson property surrounding the river on the south side of Route 1B&{ Bulg
Conservation Restriction held by the Division of Fisheries and Waldl®renda purchased and
held another 4.6 acres on the north side of Route 151. Directly north Of¢hea land is a
landlocked tax-taking property held by the Town, and open space and golf porirses of the
Quashnet Valley Country Club. The only other land along the river irhp&gswas recently
approved for a Chapter 40B housing project by the owners of Mashpee Comntlrikeviand
directly adjacent to the river set aside as open space, compéontg to protect the banks of
the entire river. With careful management of the open space diengver and reduction of
nutrients reaching the river from wastewater and stormwateiQti@shnet will be well on its
way to full recovery as a permanent natural asset for the enjoyment of futuratipeiser

There are a few trout still, and native “brookies” at that, in $la@tuit River, along with
“salters” and an active herring run. Being a smaller stitbam either the Mashpee or Quashnet,
and divided by the Mashpee/Barnstable town line, it was largelyadnamtil recently. It, too,
had its mill (Sampson’s Mill, where Old Mill Road crosses fikerj and its upper reaches were
diked and channeled and dammed to grow cranberries. In spite of thmetg®naent”, however,
parts of its course seem to have retained a unique natural ideBéityw Route 28, the Santuit
flows quiet and cool through a deep valley dominated by massive, tovbe@opes. Above its
banks, lovely ladies’ slippers carpet the forest floor.

During the 1980s, a golf course and condominiums were built above its baxéavaton for
those projects had a sad effect on one of the Santuit’'s other égassipast. Workers tearing
up the forest to build the golf course also tore up a pricelesseatoga site. For though the
Santuit is a forgotten place today, our Native American predeseksew its’ banks well,
hunting and fishing and establishing camps dated to at least 500@&gear$hey left a valuable
record of their times along the Santuit in a number of sites wiagle been identified by the
State Archaeologist. Nothing can replace the site which hasdesétoyed, but the developers
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of the golf course agreed to protect the rest through legal desdctrens and careful
development practices.

Just before it ends its short course at Shoestring Bay, an aPoppbnesset Bay, the Santuit
meanders through a broad marsh, slowed and backed up by the tides. i$igengformed by
tides and salty water into what the U.S. Fish and Wildlife Sewicassification system would
call an estuarine, rather than a riverine environment. The matklorgged by waterfowl and
wading birds. Grasses and sedges proliferate. Unfortunately, smdonciniums. In this case,
the Cotuit Bay Condominiums were not only built much too close to thehmlauat their septic
system wastes appear to have polluted both the River and ShoestyingviBeh has been
seasonally closed to shellfishing due to high levels of coliformebact In 2002, however, the
developers of the Willowbend Country Club, as a condition of Cape Cod Comagxproval
of a 9 hole expansion, agreed to connect the Cotuit Bay Condos to tieHofsthe-art
wastewater treatment plant, a first step, it is hoped, in cleaning up the River astiSi)&ay.

In addition, between 1999 and 2005, the Town, through purchases funded by its Land Bank and
directly by the Conservation Commission, as well as a land trabdehe Willowbend Country

Club, acquired 46 lots in a “paper” subdivision just north of the Cotuit ®aydominiums

which, along with a single landlocked parcel just south of Route 28, nowupake 37.15 acre
Santuit River Conservation Area. The Town owns an additional 47 tax-faksngncompassing

6.48 acres in the same paper subdivision which could be added to the Comsekxedi There

are a final 17 privately-owned lots intermixed with these Town lamttsch will need to be
acquired to ensure its protection.

In 2002, the Towns of Mashpee and Barnstable jointly purchased the 293aatwé Bond
Preserve, which includes 173.36 acres in Mashpee on Santuit Pond and the ureoftre
Santuit River, subject to a Conservation Restriction purchased byas® Mivision of Fisheries
& Wildlife. The land was purchased in reaction to proposals for angilércourse which
would have clear cut much of the land while maintaining operations axtieasive cranberry
bogs on the property. The state’s Conservation Restriction callsganic management of the
cranberry bogs and abandonment of the bogs within 300 feet of the Rivedemt® result in
their restoration to a natural state to protect fisheries atdlifeviresources. Because of
difficulties finding a contractor to operate the bogs organicaigy thave not been harvested
since the Towns’ purchase and may never be restored to operation, bavpagential for their
restoration as natural wetlands.

The Santuit River's waters, from the eutrophic Santuit Pond surroundedablgerry bogs,
undersized single-family lots and septic systems, to its mrédiehes impacted by uncontrolled
road runoff, to its estuary suffering from both over-nutrification andh higcterial counts, are
currently in sad shape. But the banks of the Santuit have retainedoimihelr charm, and the
recent land purchases and ongoing planning efforts for stormwater managedéete@opment
of a municipal sewer system offer hope that it may somedagstered to something more like
its condition when those native camps were set up thousands of years ago.

The same Willowbend Country Club which borders the Santuit River also dominatbsfithe
course of its neighbor, the elusi@uaker Run. Unlike our other streams, the waters of Quaker
(or Quaker’s) Run flow mostly underground through porous unconsolidated sandsaeeld gr
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left in a glacial outwash channel. Its valley actually begirReters Pond in Sandwich, crossing
over to Wakeby Pond in the area of John Ewer Road, and then parallelihgSaodivich Road,
Noisy Hole Road and Simons Road before surface flow becomes a stessdy in the Country
Club’s cranberry bogs south of Old Mill Road.

Being unconsolidated and of generally larger materials than theuading layers of sandy and
silty outwash sediments, the valley of Quaker Run relates ditfgr® groundwater levels than
surrounding lands. When it rains, or the snow melts, water which pesatdo the ground in
the valley flows more quickly to the sea. When combined with runoifii fadjacent land, and
especially from the increasing number of streets in the valhey,result is relatively rapid
fluctuation in groundwater levels. Draining more slowly than surfaegs, but more quickly
than groundwater in the rest of the town, flood or spring snow melt waters in QuakacRike
a slow-moving “wave” of groundwater which has inundated subdivision s&edttouse lots
foolishly located atop what is, in effect, a river bed.

More development in the valley would increase roadway and other impersunizse area,
resulting in more runoff into the giant drain which is Quaker Run, patintesulting in higher
annual flood levels. Such increasing groundwater elevation could a¢et thié wetlands which
dominate the valley’s natural environment. From overgrown cranberryneagsVNakeby Pond
in Sandwich’s Ryder Conservation Area, to abandoned bogs in the BessanBogls
Conservation Areas north and south of Main Street (Route 130) connectedysyem of
drainage ditches, to shrub swamps along Noisy Hole Road and theadairgeand abandoned
bogs south of Route 28, the valley of Quaker Run is a series of retdrainnatural wetlands.
With increased levels of flooding, these wetlands could be under deafszrfar longer periods
of the year. The plant species which were established asltatesatural sequences of flooded
and dry conditions could someday be replaced by species more tolenaatnanently wet
conditions. Partly in order to avoid such impacts and to protect wedfggxes directly, the
Town has made a number of land purchases and transferred tax takisgoldhe Conservation
Commission to create the Noisy Hole Conservation Area. Additidasiec subdivision lands
have been set aside and added to the Conservation Area as weltagiggifeducing privately
held vacant lands along the valley, and the threats of increased flooding.

The Childs River in Mashpee may be misnamed. Although it is certainly a childngnour
rivers, it can be said to barely rate riverine status, beibhgsita stream or brook and, in much of
its course, a mere hand-dug ditch. Indeed, it was once better known hmademnte “Waquoit
Herring Company’s Ditch”. As the latter name implies, the @hiRiver conveyed, and still
does, thousands of herring between the sea and its source in John’s PorderHibsvsize and
flow have been much reduced by man’s machinations. When our predecesstisiddich
between John’s Pond and the Quashnet River to improve the latterisghfeshery, they did
their work so well that today much more water flows from the portdegdQuashnet than to its
natural outlet in the Childs River.

Though there is still enough water for the herring, other damage ddahe name of cranberry
bog operations has seriously impeded their access to the pond. In additierusual dams and
dikes and ditches associated with the river's cranberry bogs (whidlashpee are now owned
by the Conservation Commission) the A. D. Makepeace Co. in the 1960’sezhthespond’s

outlet within a large culvert for its first few hundred feet,ngsthe structure to control water
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flow to its bogs downstream. When the level of water in the pondyirs the force its waters
exert within the culvert is so great that few herring camggle through the pipe and into the
pond. Despite the efforts of Town employees and others to net theghetrthe culvert’s outlet
and carry them in buckets to the pond, most do not make it. Man sebmsetgoofed again in
his efforts to manipulate nature.

Fortunately, this may be one error that can be corrected. When it bought thekeldddce bogs
in the early 1980s, the Town Conservation Commission also acquiredtiteetaghe river and
the unfortunate culvert. With most of its course in Mashpee now surrolnydedrmanently
protected Town conservation land, it may be that removal of the cllydlte Town, and its
replacement by a fish ladder, may some day restore the Childs to a hagipigostboth fish and
people.

Down by the sea flow a few quiet streams. Meandering mostiughrquiet woods, wetlands
and abandoned cranberry boBgd Brook, Abigail's Brook and Dutchman’s Creek all send
their waters eventually to Waquoit Bay--Red Brook and Dutchmansk@ye way of Hamblin’s
Pond and Little River, Abigail’s Brook by way of Great River. Bedok, which for most of its
course forms the town line with Falmouth, arises as a man-madag#alitch in shrub swamps
among the South Mashpee Pine Barrens. Much of its lower end wastedriwea dike from a
tidal estuary to a cranberry bog operation near the turn of the yentine dike kept out salt
water. The same was done to most of Dutchman’s Creek (whichfiiomsa shrub swamp just
north of Red Brook Road) and Abigail’'s Brook (flowing from both tiny WiRdnd and a larger
pond known successively as Wells, then Jim’s, and now Fells Pond in New Seabury).

With tidal salt water excluded and replaced by fresh ground \aatkrstream flow, the usual
ditching, diking and sanding was done to convert tidal marshes into cyabbgg as along our
other rivers and ponds. As with the Quashnet, however, nature had itserevidngicanes
came, the works of man were destroyed and abandoned, and an estuarine envi®i@ng
restored. Red Brook’s bogs are now flooded ponds. One, known locally as Shaaidwnow
graces the north side of Red Brook Road at the town line. The land on its west baskendly
donated to the U.S Fish and Wildlife Service as part of the Mas¥genal Wildlife Refuge.
Dutchman’s Creek now runs through a wet meadow. The long series o&lbogsAbigail's
Brook, known formerly as Abigail's Swamp, are returning to natuneesdows, shrub swamp,
fresh water and salt water marshes (although invd3ivagmitesreeds are becoming a major
problem). Nature takes her course.

Like the other water features noted so far, our rivers and stnedl®st the glacial geology of
Cape Cod and the groundwater aquifer which underlies it. Many l@nmef outwash channels
left by the main glacier or by the melting ice blocks which fanour larger kettle hole ponds.
Although most appear to have their source in those ponds and, indeed, largesvofunater
flow to our four larger rivers from the ponds, much of their wateresomhirectly from the
groundwater aquifer. In addition to defining the water level in the panaigpears in hundreds
of springs and seeps along our river banks and in the beds of the tha#ed, Red Brook and
Dutchman’s Creek have no apparent source, rising solely from groundpeteys and resulting
wetlands. As we noted for the Quashnet River, these cold groundyateyssprovide ideal
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water temperatures for trout, keeping the rivers cool in the suranterelatively warmer and
clear of ice in the winter-- as long as man doesn’t interfere.

Our rivers and streams fall into the Fish and Wildlife Sersiceverine” wetlands category.
They usually have a central channel with a sand or gravel bottonh whiclear of aquatic
vegetation. Where the sea’s tides or other factors slow theoflavater, finer sediments, leaf
litter and other detritus settle out and cover the bottom with amiorgauck. In shallow areas
aquatic plants such as the floating “duckweed” occupy much of thenstnedace, providing a
source of food relished by waterfowl. Along the streams edge, iabpes the flow of water
slows and valleys broaden near the sea, persistent emergentioegeteh as cattails and rushes
indicate a palustrine wetland edge, or marsh.

Despite appearances, however, one of the key elements in the food ctrerrigér is not the
duckweed, or cattail or live vegetation, or even the algae which play a key role in ponds and bays
but rather the fallen leaves and other remains of the trees and shrubs which overhangstoé

the upper reaches of each of our rivers. Over ninety percent ofahiedgrived energy in a
stream may come from fallen leaves and other dead plant rhatkith is rapidly decomposed

in the water, becoming the detritus which is the basic source of food forcddfaatThis natural
detritus is a key element in the nutrient balance which is critical to the hed#tid stfeam and its
inhabitants.

Man’s activities, however, have in many cases disturbed the origalahce of nutrients,
oxygen, water temperature and streambed characteristics wifilcaddeur riverine ecosystems.
As we have seen, cranberry bog and mill development drasticallyedhdnagh streambed and
water flow. Waters slowed by dams and dikes become warmermétavater contains less
oxygen than colder, fast-flowing water. Trout need high levels ajexyo survive. Nutrients
added to the river both as cranberry bog fertilizer and as ddtomsapidly growing and dying
bog vegetation, as well as from septic systems in its viegeérand road drains along the stream,
cause excessive aquatic vegetation growth, further slowing andingathe stream, depleting
oxygen, attracting unnatural numbers of waterfowl which themsebtldsn@re nutrients to the
stream in a continuing cycle of stream habitat degradation.

We are finding that even long-abandoned cranberry bogs along our riversoméineled to have
a negative impact, not only leaching fertilizers bound up in theis,sbiit also adding a
tremendous volume of leaf litter through their systems of man-rdesleage ditches. Even
more ominous items such as heavy metals and volatile organic compounds are being added to our
river waters from road runoff, leaking fuel storage tanks, hazardoughwdswvastes dumped
carelessly into septic systems, and similar hazardous weste$oth domestic and commercial
sources leaching from existing and former landfills (dumps) intogtbendwater which feeds
our streams. In the streams’ estuarine reaches, nitrogen lsamieg our rivers and ruining
their habitat quality. Primarily from wastewater efflueaddhed into the ground by septic
systems and wastewater treatment plants, nitrogen is also dunmpetthe river via surface
runoff or groundwater from lawn, garden and golf course fertilizeosn facid rain generated
both locally and at Midwestern power plants, from animal wastesbgndry deposition in
automobile exhausts, all exacerbated by the stripping of our faegttheir filtering soils and
replacement with impervious surfaces and more wastewater-generatingpdeet.
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Clearly, one of our primary conservation goals has to be the improvement and protestxber of
quality in our rivers and streams. Once this is guaranteed, dtogatton of our trout and other
fisheries to their former glory can be possible. In addition, tieali nature, wildlife value and
attractiveness of our streams defines the basis for a sgdtepen space corridors throughout
the Town. Such corridors can be a prime recreational asset fa@rawging hiking trails,
canoeing and fishing and can be vital for the migration and survival otharished animal
friends. With foresight and a willingness to take, and pay for, tbessary steps, our rivers can
once again become our main arteries - the heart and soul of Mashpee.

6. Estuarine Systems

They are our pride and joy. Mashpee's bays, tidal creeks, maaheensls, dunes and beaches
have long been our playground, our source of income and our special places.

Under the Fish and Wildlife classification, all are grouped into ¢htegory of estuarine
wetlands, although the term otherwise applies to those river mouthmgsdvhere fresh water
meets the salty water of the sea. The rain and snow thgeé ago in Sandwich, at Otis Air
National Guard Base and throughout Mashpee has percolated into the greurtdisat and
made its slow but steady way down to the coast, or has appeareohgs spriMashpee Pond or
along the Quashnet River where, joined with the rains that félliMask on the ponds or this
morning on the impermeable surface of Route 28, it flows into Popporisgebr Hamblin
Pond, or Waquoit Bay.

We noted earlier in describing Cape Cod's freshwater "lensaisfréesh water is less dense than
sea water and thus "floats" above it where they meet. This eHact is a key to understanding
the estuary as well, for it both defines its environment and makes iof the most significant in
amount and variety of biological production. Where a rapidly flowingr nmeets the sea, it
pushes the lighter fresh water over the heavier salt watee&teca distinct "wedge" where the
boundary between the two is fairly clear. As the tides changewédge will move up or
downstream, and with it will go the fish and biota that require ortbeoother type of water.
Since Mashpee's rivers are rather flat and slow-moving, thastef only indistinctly seen. Our
estuaries are dominated instead by the force of the tides, whisk tabulence at the salt/fresh
interface and produce a partial mixing of the waters and a nmadeig change from fresh to
salty water.

In the Mashpee River estuary, for example, salinity at Gooselstaryd is approximately 17
parts-per-thousand (ppt). Upstream at Whitcomb's Landing salinitpgeseonly 9 ppt. Just
north of Canaway's Cove, 1.5 miles upstream, salinity has falldmtstazero. The difference
in density between salt and fresh water, combined with the rotatitimeoéarth, has another
interesting effect on the distribution and mixing of the two in breddagies such as our bays.
Called the "coriolis effect", the rotation of the earth causesuater-clockwise circular motion
of water in the bays, which means that salty water on an incamdmgvill tend to concentrate
on the east side of the bay, leaving the west side less $hlgyebb and flow of the tides causes
this pattern to shift constantly throughout the day. In a longer,cydather also affects the
salinity levels in an estuary. In dry weather, when river flewoiv, sea water, finding less
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resistance to its tidal force, will intrude farther up the egtuadonversely, in wet weather or
during snowmelt and the spring thaw, fresh water will push farther into the bays.

All of these variations in salinity and tidal action result imrague environment for fish and
shellfish and a wide variety of indigenous species. One group oftlisHanadramous" fish
(including herring, shad, striped bass and our famous "salters" anrsé@ut), are able to thrive
in both salt and fresh water and are thus commonly found in estu@rieers move in and out
with the flow of salt water.

The action of tides and of river flows also have an effect on thezlsgfevater movement and its
ability to carry both mineral and organic sediments and detrituser&\the tides meet the river,
the flow and movement of water is slowed and sediments are droppéuat tbottom or
concentrated in the water. Materials which settle out fornb#ses of future salt marshes and
tidal flats and the high concentration of detritus and mineral nwriesults in rich feeding
grounds for molluscs, crustaceans, worms and small fish which atenjreaten by larger fish.
The flats and marshes are, of course, home to our quahogs, softahslicld crabs. Once they
produced vast numbers of oysters as well, the shucking of which provideolyamept for many
of Mashpee's youth. Naturally occurring oysters are largatyemory for now, but oysters
recently seeded in trays by the Shellfish Constable have beerswagssful and offer great
promise for the future.

Another species of shellfish which has suffered a steep declihe isweet bay scallop. The
causes of its disappearance are not certain, and its numbersoseame always been cyclical,
but one of the most solid theories relates to the dependence of its youisgat” on the eel
grass to which they attach themselves at a critical poirttaim tives. The eel grass beds of
Wagquoit and Popponesset Bays have been virtually eliminated in thinitagtyears, due to
over-nutrification of our bay waters with nitrogen contributed by septistems, other
wastewater sources, fertilizers, and stormwater runoff ofragid(nitrogen dioxide is one of the
acids). The nitrogen causes the growth of excessive amountsaef algich both reduce light
penetration through the water column while alive (eelgrass needghéunl survive), then die
off and cover the bottom of the bay. The scallops, which prefer a saly bottom, are not

happy.

The eel grass beds, along with marshes and floating plankton, weyentaey food source for
"forage" fish species such as Atlantic silversides, stickkehapipefish, mummichogs and
killifish. These, in turn, are eaten by larger species sucheabltefish, cod, mackerel and sea
bass which enter bays and estuaries to feed. Their loss hadadetitase food sources and may
have contributed to the decline of sport and commercial fisheries.

Aside from the transition between fresh and salt water conditib@sneeting of the rivers and
the sea also results in a range of acidity in estuarine sva@ur rivers are rather acidic, with a
pH of 5.0 to 6.0, whereas normal seawater has a pH of approximatetgtB€r @lkaline) due to
buffering with carbonate and bicarbonates. As with salt content, ipldffect the species of fish
to be found at any point in the estuarine system. Mixing and gradmaition from acidic to
alkaline conditions is similar to that for salinity. In additionit® effect on aquatic life, the
change in acidity also has an effect on water chemistry and the composition of baitoense
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Particularly noticeable on the Mashpee River is the effect @olded iron. Iron dissolves at
higher concentrations in acidic fresh water and is carried a®kR@@H) with the river's flow.
However, less acidic sea water cannot hold as much iron in solut®a. résult, as pH becomes
higher in the estuarine interface zone, iron is "precipitated” ®e®; (rust) and falls to the
bottom, giving bottom sediments in certain areas a distinct radtycolor. On the Mashpee
River, this occurs in the areas just upstream from Amos Landimgila6Echemical changes,
along with the slow water flows at the river/tidal interfacan result in the deposition of other
elements, including heavy metals and other hazardous materials, in estuarimatsedim

If you were to take a canoe trip down the Mashpee River from RoutePX@ponesset Bay, you
would probably not notice the change in salinity or even the red bottomesgdicaused by iron
precipitation. However, you would certainly notice the changing watesls caused by the
tides, which have a range of approximately 2.5 feet in our bays amariest You will also

notice a change in the riverside marshes and wetlands that isdeumatic in that two mile

stretch. Near Route 28 and upstream, most of the wetlands asbomittiethe river are

palustrine wooded and shrub swamps, some of which were once ditched aed @teeranberry
bogs. Just south of the highway, however, the river becomes gradwdgly thie effect of tides
begins to be felt, and the streamside takes on the charactdreshwater marsh, with plant
species such as the cattail, bulrushes, wild rice, buttonbush, arrow-pickarelweed and

similar marsh species predominant.

Whereas most riverine wetlands appear in narrow bands along the lerer¢he effect of the
tides broadens the wetlands as we go further downstream and prodwigseatidal freshwater
marsh environment. These marshes, unlike inland freshwater marshesubgect to the
constantly changing water levels brought by twice-daily tidesdthtion, this is fresh water, not
the tidal brackish or salty water found in salt marshes. Whesathevater tides of the bay meet
the river's flow, they have an effect much farther upstream tiendctual penetration. They
push against the waters upstream, temporarily backing them up ffeencalled "tidal bore".
Thus, although we've noted that salt is present in the river's water up to Car{dualdy) Cove
1.5 miles upstream from Popponesset Bay, tidal bore causes waldtuetuations a half mile
farther upstream at Route 28. It is within that half mile thatunique tidal freshwater marsh
dominates the shoreline with a much greater variety of plantespétan are found in either
inland or coastal marshes. Because of this variety and theim@gdl areas of the Town where
the proper conditions are present, our tidal freshwater marshesvedegmcial care and
protection.

As we continue our journey downriver to Canaway's (Muddy) Cove, the gratiaabe to
brackish and saltwater marsh types becomes apparent. The rivernsroatiend the marshes
become extensive. The source of the name “Canaway” is unknown tottioe, dut the local
residents’ name “Muddy Cove” is quite apt, for it is indeed veryl®habnd quite muddy,
having filled in over the years with the mucky organic remainseokrations of marsh plants.
From here on down the river and along the shores of all our bays argl thdesalt marsh
becomes predominant, covering approximately 250 acres of waterfront.
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The extent of our salt marshes was once greater along thesmesbf Popponesset Bay, in
Ockway Bay and Popponesset Creek. However, large areas wereddegufilled during the
development of Popponesset and New Seabury. Such filling is not new, dmekhasne of the
major tragedies of our relationship with nature. For although we imatlee past seen salt
marshes merely as breeding places for mosquitoes, impassabheutldy places and prime
candidates for filling as expensive waterfront real estate; #ne instead one of the most
productive environments on earth. Except for cultivated sugar cane, noextepds the
production of organic nutrients by their dense grasses. These grpssegrily cordgrass
(spartina alterniflorg whose stiff 4-6 foot stalks dominate the wet edge of the marshei
upper half of the intertidal zone, and salt hgpyaftina patenswhose shorter, finer grasses form
extensive flat meadows inland to where cyclical spring tideasoaeally inundate their roots,
form the basis for a food chain that stretches far out to sea,uallgrroviding us with our
favorite seafood dinners.

Salt marsh grasses grow extremely rapidly. Where sandgtmmesent in salt waters protected
from the ocean’s waves, they are often quickly populated by the tedéteant cordgrass. As
they continue through annual cycles of growth and death (their visibiernzodie back in the
fall, but their root systems and “rhyzomes” survive to produce a new crop in the Speirfigl)en
stalks of each years’ grasses build up layer upon layer on theabmgineral soils of the sand
bar. In addition, their roots and stalks slow the flow of water, tngppdditional sediments
which help raise the marsh to higher and higher levels. Althougheveé d¢f the sea is also
gradually rising, the growth of marsh grasses outpaces iy eimsgome cases adding up to one
foot of “land” elevation per year. In a mature salt marsh, dfterdreds of years of such
deposition, the resulting layers of peat can easily reach 20-30 feet in thickness.

As the elevation of the resulting marsh above daily water I&eslsmes greater and greater, the
cordgrass remains exposed for most of each tidal cycle. Suchuexp®d$ess than ideal for the
cordgrass, and it is eventually replaced by salt hay, which contiheesinual cycle of growth
and death, further building up the marsh surface. Also present in sashigistichlis spicata
known as spike grass.

The annual die-back of our salt marsh grasses does more than addrtarshes’ elevation.
Bacteria in the mud of the marsh and out in the bay break down tmeemégyof dead grasses
that reach them, releasing chemical compounds needed by marineaptynpsrticularly, by the
rich blanket of plankton that floats on our inshore waters. The partdalfomposed plant
materials known as detritus are washed by the tides out intoltlwesks and bays where they
become food for quahogs, clams, scallops and small fish. In addition, liporgthe uppermost
layer of marsh mud, where oxygen is available, are photosynthgtie abnsisting of single
cells, flaments and thin mats of tiny shelled diatoms. Thegseadre active year round and
serve as food for such creatures as the rough periwibki®rina saxatilig, the mud snalil
(Nassa obsole}aand three species of fiddler crahkcé pugilator, Uca minax and Uca pugrax

Many species feed directly on the marsh grasses themsehasada geese feed on spartina
rootstocks and stems. Black ducks eat rootstocks and grass seeidsl ingct species such as
grasshoppers, crickets, ants, stink bugs and caterpillars join irdke fThese insects are, in
turn, eaten by beetles, flies, dragonflies, wasps and spiders. ik afsects are food for the
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thousands of birds which congregate at the marsh in late summerinvgleeh populations are
high. The swallows, in particular, are common at South Cape Beach thleg swoop down in
swarms to catch greenhead flies in mid flight. They are gtigred by kingbirds, robins,
redwings and yellow throats.

Aside from feeding directly on the saltmarsh grass roots arab,sdee black duck and other
waterfowl, as well as other birds like the sparrows and cla@gler feed on creatures that also

eat the grasses. A favorite dish is the salt marsh dviala(npus bidentatyswhich makes for

easy pickings as it climbs the grass stems when the tidghisFiddler crabs are eaten by ducks,
herons and other wading and shore birds. At the top of this food chain, sparrows may be eaten by
hawks or owls, and the ducks may end up on our plates.

A good deal of the nutrients produced by the salt marsh may be renmoeadh the air by the
birds we've mentioned. More is taken by the blue crabs and diamond-bacisints that eat
the fiddler crabs. Many of the smaller fish, such as the mummighoglulus heteroclitysand
pipefish Syngnathus fuscushat feed on detritus are in turn eaten by the larger stripeddval
bluefish. However, despite all these herbivores and carnivores, theajasity of the detritus
and nutrients produced by the marsh is transported by the tides outbmythand the open sea
where bacteria continues its decomposition and fish and crustaceahssiseprime source of
food. This export of nutrients makes the ocean waters along oute&odishes as productive as
the waters of the open ocean. It has been shown that more than weoadhihe fish and
shellfish harvested along our coast are directly or indirectlyrdigre on the salt marsh food
chain.

So why do we continue to destroy our marshes? Most of us like seafood, so why are g foolis
eliminating its source? Shortsighted land speculation, a beliefrtiyalittle dock won't do any
harm”, and a sad lack of knowledge of our natural world and its procassesm to be at fault.
Our ancestors on the Cape realized the value and abundance of tharshlt Although they
may not have known that the fish and shellfish they caught were dependgnts rich crops of

salt hay were coveted. In Mashpee, numbered lots of salt marstawetioned off each year for
harvesting by the highest bidder. Over the years, however, as thedaye less important we
lost sight of the marshes’ value. Just since World War Il rti@ae 20,000 acres of salt marsh
have been filled in Massachusetts alone, quite a few of them méviashpee. It's time we
changed our ways.

7. Dunes and Beaches

Protecting our bays and marshes from the waves and the fury of ogenstaens are two vital
barrier beaches; Popponesset Spit, protecting Popponesset Bay amulitigsids, and Dead
Neck, which, along with nearby Washburn Island in Falmouth, shields Wacuodrl its envi-
rons. Here is the world of sand dunes. Not large or numerous in Mashpee, they are apeetty pl
for a stroll or to watch the terns and swallows as they swoop and dive.

Here, another type of grass is critical to the very existehd¢ke barrier beach system. Where
the salt marsh grasses thrived in an extremely wet environthesg grasses and other dune
plants must survive in extremely dry soil conditions and in the dhoenstant abuse by wind,
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salt spray and blowing sand. Chief among them is American beash@mmophila
brevigulatg. Spreading rapidly via horizontal runners, or "rhizomes", each blattesofrass
traps wind-borne sand around it. As more sand is trapped, it forms higher and highe&hluh
become dunes.

Amazingly, where most plants would be killed if buried in sand, theesanditions stimulate
beachgrass to grow more rapidly so that a cycle of growth anddsgoedition and more growth
results in the rapid creation of large dunes. Such dunes have growigtits leé 400 feet or
more in areas such as the coastal barrier islands of NorthirGaawid the tip of Cape Cod at
Provincetown. Those areas are directly exposed to the fierce winosean storms, and so
dune-building processes are extreme. Our dunes are much smakenpgrison and have been
significantly disturbed by man's activities.

Both Popponesset Spit and Dead Neck are basically sand spits whichdesveuilt up from
sandy materials washed from Succonesset Point and nearby erodirgiftsabg storm waves,
and carried to the spits by the action of waves in a process knotticaal drift”, which we
will discuss later. Once the sand reaches the spits, ithisrdlown inland by coastal breezes,
which in the summer generally come from the southwest in Mashpéeisawashed over and
onto the spit and dunes by storm waves, a process called, logicalljhefiwaghover”. While
washover can move large volumes of sand very quickly, it is fairly infrequent.

The action of the wind, however, is constant. Grains of sand are colytiplogn up from the
beach to the dunes and around the dune system. Where beachgrass andnishareppresent
the sand is trapped and helps to build dunes. Where no grass is phessahd moves on until
it is stopped by vegetation or blows into the waters of our coastaldma salt ponds. The lack
of grasses can quickly lead to severe wind erosion of the barréah bdunes, creating
“blowouts” and destroying the barrier beach’s ability to protect inland areas toom waves.

A blowout can lead to a washover and, occasionally, in large stormes,exasion of the barrier
beach so extensive that the sea cuts right through, eliminatinigatner beach’s protective
shield against flooding and erosion in the bays and estuaries. Thewsasnd cut of North
Beach in Chatham in the late 1980s is one demonstration of the consequleicbegccompany
the loss of a barrier beach. Washovers which occur on Popponesset &giy dipposite
Popponesset Island are a warning of similar possibilities in Mashpee.

Knowing the value of our barrier beach dunes, then, we must take st@odetct them. In the

past our spits have been leveled and seriously altered to accomredeltgoers and parking
for their cars. The vital beachgrass has been trampled in too pteo®s and occasionally run
over by four wheel drive vehicles, not only killing the grass but desggape vital network of

roots and rhizomes that holds our dunes in place. Management eff@taitin Cape Beach
State Park have helped to protect and restore the dunes, but thesBaskirals the crowds of
people that could destroy them. Popponesset Spit is in private handslarfddso protected by
limited access, but the imminent threat to millions of dollarseal estate illustrated by
washovers during coastal storms is an incentive to those respoosstadct what little is left

of its grasses and dunes and thus avoid the costs of carelessness.
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Now that we have reviewed the values of our estuarine wetlands and wenasme to the fun
part. The journey of the drop of water that fell in Sandwich, peemblatto the groundwater
table, found its way to a spring in Mashpee Pond and then down the rivealj@asloned
cranberry bogs, wooded swamps, the cattails of the tidal freshwvatsh, the spartina grasses of
the salt marsh and into Popponesset Bay, has ended in the open bresgyoivatantucket
Sound. Here is where the land meets the sea on our bright and sptasial beaches. From
Popponesset Spit, to Popponesset Beach, Rock Landing, Succonesset Point ar@a®uth
Beach to Dead Neck they form a golden ribbon of sand five miles hangsta joy to sunbathers
and fishermen, swimmers and shore birds, admirers of the long viklartba’s Vineyard and
the tiny treasures of sea shells. The beach is a prime mobwatloiour economy and of our
souls. Itis a place to contemplate, to relax and have fun.

It is not a permanent place, but constantly changing, ever new. dBseatnd waves, storms and
calm, fog and baking sun are daily variables that cannot escapeemtioat However, on both
larger and smaller scales, other changes are taking plaa¢hadt so easily noticed. The beach
itself is moving, sand grain by sand grain. When the wind blows, weem it move. It gets
into our picnic baskets and covers our beach blankets. As we noted Hafotdpwing sand
often moves inland to become part of sand dunes. But how did it get bedbk in the first
place?

As with so much of the basic structure of Mashpee, its origins toade with the great glaciers
of the Ice Age. The outwash sediments that they produced makeofiptashpee. At the same
time, the melting of the glaciers resulted in higher and higteeteyels. When the glaciers were
at their peak, what is now Mashpee was miles from the oceargfartarea of plains and low
hills which stretched 200 miles east on what has come to be t@hkedge’s Cape”. As the sea
level rose, part of George’s Cape became cut off to become “Georged’IsFinally the rise of
the sea and the action of sea waves eroded and drowned the island nowdknswas tGeorge's
Bank”, the great fishing ground of New England, while the remaindé&eofge’s Cape became
today’s Cape Cod.

At the same time, the rising sea was moving ever closer shpéa’s current shoreline. As it
did, and as wave action eroded the land, the outwash sediments becanmelexlispethe
turbulent sea waters and moved with ocean currents. Over the cenhdaipattern of those
currents has certainly changed, and sand at the sea bottom and aldejahes could have
come from anywhere nearby, even from old George’s Island, stirrempbbttom sediments
and washed ashore by storm waves.

However, much of our beach sand comes from a more local source. Conthiimgpcess of
coastal erosion that began as the sea started its post-gkgiatorm waves eat away at the sea
cliffs of Succonesset Point and Rock Landing. With each winterethhaslewly pushes closer to
the heart of Mashpee. The erosion at Succonesset is not asdpectsithat along the bluffs of
the outer Cape at the National Seashore where the sea’s anmlahrd progress can be
measured in feet. Succonesset is exposed to the less violerg efaiantucket and Vineyard
Sounds (it is actually on the dividing line between the two) whereageeannual erosion is
measurable in inches. But as the level of the sea continue® t&Gusconesset Point and the
bluffs along our coast will continue to disappear.
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When storm waves come, they undercut the bluffs and cause landslidéspbsit glacial silts,
sands and stones on the beach in front of them. Movement does not end watbritine
however. As each wave hits the beach, it stirs up the sand gndinasawith rivers and streams
that carry sediment, is able, based on its speed and force, tawasnparticles of various sizes.
The wavelength, or distance between wave crests, also playsia fml& much sediment the
waves move by determining how deep into the water their influerek.isGenerally, waves are
able to stir up bottom sediments to a depth that is one half the@lemgth. Thus, large waves
with longer wavelengths move not only the sands that lie on the beaalstediments yards
away under the water. Storm waves can move boulders, but even thevavedéts of a calm
day can move a bit of silt and sand.

If our coastline was perfectly straight and each wave approatladiright angle, the sand
grains that were stirred up by waves would simply move back anddorthe same stretch of
beach and the shape of our coastline would remain the same. Butshésauat straight and

waves approach from a variety of angles based on wind and weatkeengp#&dt out to sea. As a
result, a grain of sand that is picked up by a wave as it sttikelseach will not be returned to
the same spot as the wave breaks and retreats back to thebsekvaash. Instead, it will be
moved down the beach a ways in the direction that the wave hit thie. bAacone wave after
another picks up the sand grain, it is moved up, then down the beach and aloegcthas well

in a zig zag pattern. This process of movement is known as “littoral drift”.

In slightly deeper water out a ways from the beach, a second samagnprocess is at work as
well. Sediments stirred up as the waves approach the beach armd almng the coast by ocean
currents. Along Mashpee’s coast, those currents strike Succonesddidaai on at a right angle
and then split in half, heading east along the shore towards PoppongsseidSvest towards
Dead Neck. Those east and west currents become “longshore cuarehtbey carry suspended
bottom sediments, as well as the sands washed from SucconessetlBomtwvith them. As
wave lengths and wave activity are increased or reduced underltienaef of the weather, the
shape of the coastline or depth of the bottom, sediment is picked up or dadppézhg the
coast. Where it is dropped off, it piles up, resulting in shallowdrshallower water depths and
a “sand bar.”

Further deposits of sand, particularly during storms, can resukandbar whose top lies above
the normal surface of the water. Once