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l VTR ! DUCT I ! IV

e"el Prrient has provokecl concern about v ater quality in the s,il  ponds, beautiful
" " «stuaries along Rhode island's ocean shore, This concern led to intensive

study by University researchers and to the creation of a Special Area Management Plan
o '"e Sa t Pontl Region  Olsen and Lee! I985! which was adopted bv the state Coastal

Resources Management Council ICRMC! in I9g~, ln I9g5, the Salt Pond Watchers, a
citizens' water quality monitonng program, was initiated to monitor the impact of the
P 'al Area Management Plan on protecting water quality in the lagoons. Since 1985,

Salt »nd Watchers have measured water quality parameters that assess the two principal
Problems associated with residential and commercial development: eutrophication and
bacterial contamination.

Seasonal Patterns

Water quality in the salt ponds varies on a seasonal basis, both because of the influence of
changing light and temperature on the microbes, plants, and animals in the ponds, and
because tnuch of the population in the coastal plain is seasonal. Only a stnall portion of
the salt pond region is sewered, the east side of Point Judith Pond and Wakefield. Most
of the houses and commercial structures in the Salt Pond watersheds dispose of sewage
on site by tneans of i~dividual sewage disposal systems  ISDS's!. Sewage inputs to the
ponds from malfunctioning ISDS's can be expected to be greatest in summer when
occupancy of houses in the pond watersheds is greatest.

Bacteria. Fecal coliform bacteria are sampled by Salt Pond Watchers only during the
"sutnmer" season and show different patterns frotn pond to pond  Figures I and 2!,
Although migratory birds can be a possible source of fecal colifotms during fall and
spring, bird sightings near Salt Pond Watchers' stations are rare and do not correlate with
high coliform concentrations. Contamination by coliform bacteria is a problem in at least
one station in each pond. Fecal coliform concentrations are elevated within 48 hours after
rains of more tha» 0.5 inches, indicating the importance of surface runotf in transporting
bacteria into the ponds  Figure 2!.

Nutrients. Seasonal cycles of nutrients are controlled by the seasonal cycles of plant
growth in the ponds which in turn is governed by light availability and temperature.
These cycles were fairly similar in timing between stations arid ponds but var ed in
amplitude according to the influence of sewage inputs and runoff, Nitrate concentrations
reach a rnaximuin in winter when phytoplankton and seaweeds and seagrasses have low
rates of growth and do not remove the nutrients from the water. Then nitrate drops to low
levels in sutrtmer when plant growth and uptake of nitrogen is most rapid. Phosphate
concentrations at tnost pond stations show a nearly opposite cycle, with a minimum in
late winter or early spring, and a peak in midsummer when biological activity in the
sediment releases phosphates to the water column. These seasonal cycles suggest that
nitrate rather than phosphate controls algal growth at tnost salt pond stations at present
levels of nutrient loading  Figure 3!.

Aquatic Plant Growth. PhytoPlankton  measured as chlorophyll al tends to grow in
short pulses rather than smooth seasonal cycles and varies greatly from week to week, bui
overall, highest biomasses were seen in between June and September  Figure 3I This is
also the time of ma"'mum growth of seaweed and eelgrass. Warmer temperatures, lon�
sunny days, high nutrient inputs, and high abundance of predators such as young fish,
jellyfish, and ctenoPhores  comb-jellies! which eat phytoplankton grazine animals, ' ll
favor phytoplarikton growth. At stations with greater nutrient inputs, such as ~ d
rnid-point Judith Pond, Fort Neck Cove in Ninigret Pond, the coves of Potter Po d   d



I

J

J

3

4-l
rp

/,

C3

O

V

LA
�
o

CV
o

O

O

P

O

o V!
o p



1'iaaf!r< l. Ilr!nthls n!cali;ln fecal COliform cOneentrati<!ns at seleCted sall p~!nd stations, 19!t	 - 1990
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f'inure 2. 1''ffeCtS Of SeaSOn and rainfall On fcCal COtifOrn! ct!ncclttt-tttir!nh
at setected salt pond stations, 1985-N'!
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l'igure 3. '.>Ia. 12, Fort Neck  '.ove, Ni>>igret I'~>nd, 19' - 199 !
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in i< >i»e veari  >r< en 1 lill l'<>nd, the abundance of phyt<iplankton redu< ei the transparency
i>t tlic water during thc summer so that objects on the lx>ttom cannot be seen at a depth of
<ii'le <>I two tnetcri  tllrcc to six feet!. This reduced triiniparency presents;i posiible threat
i<i tlic iiirvival <>f celgraii. particul;irly iri upper Point Jiidtth Pond.

l!iss<>lved  !xygen l!issolved oxygen in iiirface w;itcri varies seasonally, decreasing as
tc»ilieratiire incrc;iiei, but nearly alwayi exceedi i;iturati<>n levels  the «mount of oxygen
w;>ter <>f a given teiiiperatiire and salinity can retain without releasing it as hubbles! even
i>i r»<>re polluted waters such a» upper Point Judith l'<>nd  Figure 4!. Supersaturation is
n<irtiial in s<trf;tcc waters due to waves and oxygen pr<>duction from phytosynthesis. Low
i>ii gen levels did <>ccur when ponds were covered with ice in winter, which reduces
<iii gcn exchange between the water and air. The l<iw levels in winter are often not a
icri<i«i danger t<>;t<luatic life because organisms h;ive l<>w oxygen demand at
tclill>cr,'ttures Ii<:;ii lrcc'Ilng.

l.onk>-Term  .'hanges in Water Quality in the Natl Ponds

lt ii cite«iir;igiirig  li;it there ii n<> evidence <i  1»ng-teton deterioration in the water quality
lx<t;»ncters wc'vc r»e;iiure<l, witli the except><>n ot h,'ictcria. Among the salt ponds,
",s'<nrgret and Circe» 1lill l'<>nd» are  he tw<i with the 1<ingest record ot published research;
incliiding an;t»nii'il iiirvey in 1<!.'it»-.'X by  'onover   I <!M!!, and an environmental impact
it<idy tor the pr<>p<>sed  .'harlestown nuclear p<>wer plant  Marine Research, [nc. 1976!, as
well;» the preiciit!ialt Pond Watcher data. l emperature, salinity, nutrient and
chliiri>phyll data fror» tw<> Via!t Pond W;i cher stations were compared with nearby
itiiti<iiii froni these earlier studiei.

,'v<'utrients. Ali'ilviii  il s<t>lltneI <lat'l <>il tctnperat<tre, ialini y, nutrients, and chlorophyll,
tri>i» 1 <JXC thriiiigh 1991, tor iiv .itati<iiii iii l'<»nt J<i<hth, l'otter, Quonochontaug, and
Wliiii;ipai!g p< llidi d<>ei il<>  rev92."ll «le<it treiidi lii tcilil>ef'i lil e, sal lilt v, ol fillfogeil. l3ul
deere;iiei iii iuiiii»cr,<ver;<ge riitr;tte rn;iy have <xc<irrcd a  P<iint Judith  l!, in the upper
li;iilii, Iii<1 ltt Wliiliiipiill}   19A ! at <tie iicit c»ilol the p<iiid  Figure 6!. The decrease in
W>nr>;<p «>g 1'i>iid <ti;<y h;tve been relatcil  i> the rep:iir ot;i f;<ultv septic iyi em that was
dii< liiirg»ig t<i ih» wcit crid <if the p<iii<k l'h<iiph;itc «<>ncentration» appear to change in a
i<i> lit iiiriglv c<iiiiiiteiit way at;ill the i;ilt poiid itationi, they reached peak levels in l9NX,
;i<i<1 Ii,ive <lccliricd iincc. lt ii t<><»<x>n to kn<>w if thii » a significant long-term trend.
Wiiitcr r»trine < oncentritrions at Ntntgrct Stati<in 12 d<i not appear to have changed inuch
iiiicc 1'!.'>X  F >gore .'>!. Wiri er nirr;i e c<>ncentrati<ins a  Green Hill �0! appear to be
iricr<.iiirig. hiit th«rc ii high year-t«-y<';tr varttthi!ity a<id the periodic interruption of
w i»ter iiiriiplirig hy ice c<iver. l'h<iiph;i <. liowever, had increased dram ttically by the late
19X !i the<i dr<ipli<'d iri the early 199 !i. S<iminer phytopl;inkton biomass, as measured by
< llli!r< Il'ill vll, wiii iiiucli higher in 19Xs X7 ii  Niiiigret   1 ! and 1986 87 at Green Hill  ' 1 >!
tliii»»i tli<' earlier itudici <>r later l'ori<J W;itchcr <lata.   h!orophyll concentrations at both
it;iti<ii» li.ive faliert to hiw level» in 1959-9l, except for an isolated winter bloom at
i!> I gi <'t   1 2! in l 99 1. ln gener;il, yciir to yeiir vanability seems to obscure long-term

ch;«igcs iit theie itations. The inoit iiginiticant poisible change is the apparent increase in
winier iiitr;ite in Green Hill Pond in recent ve;iri, hut this increase has notstimulated
»icre;tied phs ti>planki<in hiom;isi,

Phy toplankton.  !ne event which did occur in all rhe ponds simultaneously, was an
«c<>rrence i>tvery high phytoplankton concentrations at most stations, including
liindl<x:ked !v'Iaschaug pond, from June through September of 19S6  Figures 5 and 6!.
1'l>ti iippe.iri t<i hiive been an algal b!<x>rn on a large scale, and may have been related to
tlie "l>r<>v n tide," ivhich occurred in >'narragansett 13ay in I988, and continued from 1985
t<> ! <!X7 in Pec<>i»c 8;iv;it the tip <if l ong island. Since no phytoplankton samples v.ere

w.i<, > <,>i..i>i<i;» t<»i i!i tel,»>it sat< P<»><ti/ts'iii'i »:ti'r 1 i>i>2
Page 2



Vigure 4.:%aerage monthly dissolved oxygen concentrations
at six salt pond stations, 1989 -1990
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I'igure 5. Vinigret Pond, Sta. 12, and Green Hill Pond, Sta. lo, summer
and winter average water chemistry measurements
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examined in l986, we do not know what organisms were responsible l<>r the bloom in the
ponds, but the 'brown tide" organism was present in Point Judith and Quonochontaug
Ponds in 1985, If the 1986 bloom was a "brown tide," it was part of a large-scale
phenomenon. Although the causes are poorly understood, the brown  ide occurs at low
nutrient concentrations and is not a simple result of nutrient enrichment or sewage
pollution.

Fecal Coliform Bacteria. Median fecal coliform bacteria concentrations «t stations
corresponding to the selected water chemistry stations are shown in Figure 7. In some
areas, coliform bacteria concentrations have reached high levels and this is reflected in
the closure of areas to shellfishing by DEM in Tocwotten Cove, Ninigret Pond, Green
Hill Pond, Upper Point Judith Pond and the fishing port and marinas, Where clear
improvements over time could be seen, they could sometimes be attributed to the repair
of nearby failing septic systems as at Station 10A in Fort Neck Cove, Ninigret Pond. and
Station 19A in the west end of Winnapaug Pond. Although coliform concentrations are
strongly influenced by rainfall and the number of people living around the ponds,
colifoims do not exhibit a uniform pattern at all stations, Rather, local sources such as
failure or replacement of individual septic systems and short-lived events such as rain
runoff seem to be very important.

Areas of Concern in the Salt Ponds

For detailed discussion of local problems in the salt ponds, see the full technical report.
In general, each pond has several areas with high levels of coliforms, nutrients or
chlorophyll  Table I!. In most cases, high levels of fecal coliforms, bacteria, nitrate, and
chlorophyll occur sitnultaneously, but this is not always the case, For instance, the
highest coliform levels in Potter Pond are in the vicinity of the point Judith-Potter
breachway, although nutrient levels and chlorophyll are much higher in the North Basin
and coves. Elevated coliform levels also occur on the north shore of Quonochontaug
Pond, although nitrate and chlorophyll are very low. In Winnapaug Pond, nutrients and
fecal coliforms are highest at the east end of the pond near the breachway,  Weekapaug!
but phytoplankton biomasses are higher in Larkins Cove and the west end of the pond,
perhaps because restricted flushing there permits algae to accumulate. 'I he largest
inflows of fresh water into the ponds, the Saugatucket River  Point Judith Pond! and
Factory Brook  Green Hill Pond! are associated with high coliform and nutrient levels.

DFM's primary source of bacteria data is their own sampling program which consists of
about four to six samples per year taken year-round. They make decisions for
shellfishing closures based on sets of the fifteen most recent samples. Pond Watcher dat;i
is used as supplementary information by DEM in making closure decisions. Our samples
are taken in May-October, when risk of exposure for recreational shellfishing is highesi.
It is interesting to note that several of the areas which we noted as problem areas in I989
and 1990 were closed in 1991.

Housing Density, Nutrient Inputs and Eutrophication

We know that freshwater, both as stream flow and as groundwater, carries nutrienis into
the ponds so that fresher areas of the ponds are expected to be richer in nutrients. Fi gute
8 shows the relationship between salinity and nutrient concentrations. Nitrate behaves «s
we would expect. Both in winter and summer, nitrate concentration is highest in the
freshest pond, Green Hill, and lowers in the saltier ponds, Point Judith and
Quonochontaug. Notice that Winnapaug Pond, both in winter and summer, has higher
nitrate than we would expect for its salinity, suggesting that it inay be getnng nitrate n
less diluted form than the other ponds, as a result of more direct sewage discharges.

Page iWater Qttaltty in Rhode island Salt Ponds/November l992
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I'igure 7. Annttal median fecal coliform concentrations at selected salt pond locations,
Most Probable number per 100 ml.

Note: ifLssintr, values indkate stations not sampled.
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Vip>ure 7. Annual median fecal coliform concentrations at selected salt pond locations, continued.
Most Probable number per l00 ml.

Vote: Missing values tndlcate stations not sampled,
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Figure tt.

Nutrient concentrations in the salt ponds in relation to salinity and housing density
1988 - 1990
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Phosphate, on the other hand, is highest in the saltier ponds and least in Green Hill and
tVinigret, suggesting thatsalt water is the chief source of this nutrient,  Phosphate has
varied two to fourfold in the ponds from 1988 through 1990; the correlation was strongest
in 1988, weaker in 1990, and nonexistent in 1989!. The ratio of nitrate to phosphate,
which determines which nutrient is limiting for algal growth, is also strongly correlated
with salinity. The ratio varied greatly from year to year but was usually less than the
Redfield ratio for phytoplankton composition, 16': IP, indicating that nitrate was the
ltmiting nutrient in inost ponds.

We can see that nutrients are related to freshwater influx and tidal flushing. Freshwater is
a transporter of nitrate, but septic systems are the primary source, in the salt pond
watersheds. Therefore, nitrate should also be related to the number of houses in a
watershed. One way to look at the possible effects of development in the ponds is to
compare the ponds with each other, and in order to see whether the ponds with greater or
lesser development in their watersheds differ in nutrient levels or phytoplankton biotnass.
The number of houses in each pond's watershed south of Route I was determined using
aerial photographs taken in 1988 and 1980, and compared with average summer  June-
September! and winter  December-February! water chemistry data for 1988-90.'

Figure 8 shows that both summer and winter nitrate concentrations are strongly correlated
with housing density for five of the ponds.  Potter has far lower nitrate than we would
expect. Possible explanations for the lower-than-expected nitrate in Potter Pond include
very limited winter sampling, and high phytoplankton biomass and removal of nitrate.!

For most ponds, housing density around the ponds is correlated with nitrate
concentrations in the ponds, Can we make the next step and relate nutrient levels to
phytoplankton? Figure 9 shows that there is not a linear relationship between nitrate,
either in winter and summer, and summer chlorophyll. It is possible that as nitrate is
added at low levels, the growth of the algae increase~, but since the high nitrate
environinents have less phosphate, the algae may become phosphate-limited in
environments such as Green Hill Pond,

I here are many reasons why nutrients may not be well correlated with chlorophyll
concentrations. I'hytoplankton does not always accumulate; much of the titne it is eaten
as fast as it grows by zooplankton and shellfish, so increased nutrients may be converted
into larger biornasses of grazing animals. Phytoplankton are not the only consumers of
nutrients in the ponds; much of the plant production in the ponds is in the form of
seagrasses, inacroalgae  seaweeds!, and microscopic benthic  bottom! algae which pond
watchers have not been sampling. Very high nutrient loadings in shallow lagoons tend to
promote massive growth of large bottom algae and noxious phytoplankton, both of which
may be inedible to grazers. It is possible that nutrient loadings to the ponds as a whole
have not reached a threshold where they produce a clear response in terms of
phytoplankton growth, although sotne stations do show elevated chlorophyll
concentrations.

We can conclude from our comparison that there is a probable relationship between
housing density and nitrate levels in the salt pond». Continued increases in housing
density in the watersheds of the salt ponds can be expected to result in an increase of this
nutrient, although year-to-year variability in weather and phytoplankton cycles may make
these changes difficult to detect over periods of only a few years. As inputs of nitrogen
and phosphorus to the groundwater increase, so does the potential for annoying or

These years were chosen hecause winter satnpttng was not done in earlier years.
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Greatly increased development will probably result in increased algal growth, decreased
water transparency, and a decline in the biological and recreational quality of the ponds.
These conditions have already occurred in similar coastal lagoons that have been
surrounded by dense concentrations of housing, such as Great South Bay, Long Island,
Buttermilk Bay, Massachusetts, and Rehoboth Bay, Delaware. It is important to
remember that in addition to increased nutrient loadings, many other factors associated
with development affect the fish, shellfish, and the aesthetic quality of the ponds
including hydrocarbons from roads and outboard motors, organic chemicals and metals
from antifouling paints, herbicides, overfishing, disturbance and shading of the bottom by
docks, and the transport of sand into the ponds through the breachways. Careful planning
is required now to preserve or improve the present levels of water quality in the ponds
and prevent the deterioration that has been seen in similar coastal bays elsewhere.
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dangerous algal bloom. The risk of bacterial contamination also increases as the number
of houses in the salt pond watershed grows. While we cannot conclude that drastic large-
scale changes have occurred as a result of housing development, regions of each pond
appear to show signs of eutrophication or persistent bacterial contamination.


