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Overview:

The Coastal Systems Progrd@SP) within the University of Massachuseditartmouth (UMD)

School for Marine Science and Technology (SMA$as developed and implemented water
qguality monitoring programs throughout all of southeastern Massachusetts and the Islands
including estuarine specific programs in the majority of the estuaries as well as monitoring in the
lakes/ponds of Cape Cod, Marth&/ineyard and Nantucket Islands. The long term water
guality monitoring undertaken across the region was designed to collect necessary baseline
nutrient related water quality data in freshwater systems and for determining estuarine specific
nitrogen thesholds as well as tracking restoration and management "success" in each estuary
relative to the established MassDEP/USEPA TMDIn addition, CSP scientists developed and
implemented the Pond and Lake Stewardship (PALS) Program across Cape Cod wh&@by PA
Snapshots of water quality take place in 150 to 180 Cape Cod ponds each year. Over the past 15
years (20042016), these data have been collected through a network oftiased volunteers

with laboratory services provided by the SMAST Coastal Systeogrdn Analytical Facility.

More than 500 pond samples per year are analyzed following a consistent pond sampling
protocol developed by CSP scientists. These data have been used to support larger more detailed
assessments and modeling efforts to deternsitespecific management plans for numerous

1TMDL or Total Maximum Daily Load is the regulatory requirement foraestion of an aquatic system under the
Clean Water Act as proscribed by MassDEP and USEPA.



lakes and ponds, as well as to establish a-teng baseline of Cape Cod Ponds. This effort has
recently expanded to include more than 30 lakes and pond3apé(e.g. Plymouth, Carver,
Wareham)that have etrophication concerns related to phosphorus enrichment.

The samplingvasundertaken by the CSP scientific staffd trained volunteers, where
appropriate. All sampling and analysiasconsistent witlthe protocols established for the
Cape CodPond and.akesStewardshigProgram (PALSaNd results from effodredirectly
cross comparable to previous PAW&ter quality snapshe®ttompleted in previous years

Pond Samplingand Analysis
This work included a total of 28ondslisted below.

Mill Pond West Barnstable, 13.83 ac.
Lamson Pond Barnstable, 13.27 ac.
Fawcett's Pond Hyannis, 12.77 ac.
Coleman Pond Osterville, 9.74 ac.
Flowing Pond Centerville, 8.61 ac.
Israel Pond Barnstable, 8.45 ac.
Patty's Pond Marstons Mills 8.39 ac.
Simmon's Pond Hyannis, 8.04 ac.
Flintrock Pond Barnstable, 6.72 ac.
Upper Gate Pond Hyannis, 6.22 ac.
Mill Pond Centerville, 5.55 ac.
Sam's Pond Osterville, 5.46 ac.
108 Pond, BA372 West Barnstable, 5.27 ac.
Weathervane Pond Marstons Mills, 4.98 ac.
Ben's Pond Hyannis, 4.97 ac.
North Pond Osterville, 4.85 ac.
Lewis Pond Hyannis, 4.09 ac.
Fresh Hole Pond Hyannis, 4.67 ac.
286 Pond, BA799 Hyannis, 3.78 ac.
Campground Pond Barnstable, 3.69 ac.
106 Pond, BA382 West Barnstable, 3.31 ac.
Three Pond Centerville, 3.17 ac.
Flax Pond Barnstable, 3.16ac.

Each pond receivkone sampling event during whicield dissolved oxygen and temperature
profiles andSecchi clarity readingsavecollected at the deepest point in each selected pond or
lake in either August or Septembekll sampling was completed betwefngust157

SeptembeB0. Samplesverecollected betweeft AM and 3 PM to maximize phytoplankton
activity. The sampling periogas selected in order to sample what is likely to be the worst
nutrient relatedvater quality conditions the ponds Individual sampling dates within the
sampling periodverebased pmarily on weather conditions (avoiding major storm events).



Additionally water color, weather and plant presence (emerged macrophyte coverage on
percentage of pond surface area bagegrecorded in the field data sheetor ponds for which
therewasno bathymetric map, the CSP science teanduceda moderately detailed
bathymetric survey ttocatethe deepest point in the poadd use the field data to produce a
bathymetric map

Water quality sampleserecollected at a minimum of two depths in lkegond (a 0.5 /surface
sample and a sample 1 m off the bott@mdl each pondadan additional QA sampldf the
pondwasless than 1.5 meters deep, two samples at the 0.5 meters @eptohected. In ponds
deeper than 10 meters, a third sample atret@r deptlwasadded, and in ponds deeper than 11
meters, a fourth sampleasadded at a 9 meter depth. GPS coordinatgerecorded for each
pond sampling locationA maximum of5 sampleg4 depths+1 QA dup)erebe collected at

any pond.

The samping protocol require locating the deepest location on the pond, cotbecdf dissolved
oxygen and temperature profiles (at 1 m depth intervals) at that location, measuring Secchi
transparency, and collecting water quality samples at standardized degbslved oxygen and
temperature profile readinggererecorded using a Y&35 meter(or similar) calibrated prior to

each sampling event. Membrar@scartridgeson the meter probeere changed according to
recommendations in theneter operations manualSampling location GPS coordinategere
determined for those ponds without prior sampling and past coordinatefollowed for those
stations where coordinatesvedeen determined previously.

All water column samples for water quglanalysisverecollected with Niskin samplers and
subsamplesveretransferred to dark HDPE aewlashed 1 liter bottles and transported in

coolers with ice packs (4°@) the Coastal Systems Analytical Facility at the School for Marine
Science and Techrmyy (SMAST), University of Massachusetts Dartmouth in New Bedford

which has a statepproved Quality Assurance Plan, and completes all water quality laboratory
analyss for the Massachusetts Estuaries Project and the Cape Cod Pond and Lake Snapshots
(apprximately 150 ponds sampled per yedthain of Custody,ample handling and transport
followedpr ocedur es devel op diyeatsnf Caper@pd FOMAASITAKE SP 6 s
Snapshots Samplesvereanalyzed for pH (stnd wunits), )JTotalal Phos
Nitrogen (&M or mg/3L)), AChklhdbroaphyl (K mg CagOL) ,
Salinity (ppt).

Field Pondwater Sampling andBathymetry:

A field team comprised of a water quality technical associate and an instrument specialist
(bathymetry) deplogdto each pond using guidance on access provided by the Town. For ponds
that have a bathymetric map, the deepest part of the pond (the targeted samplingssite) w
located using the map and an acoustic depth finder. However, most pdrtds @l not have
available bathymetric information. Given the statéhe-art bathymetric survey tools available

within CSRSMAST, CSP conduet low-moderate level bathymetric surveys of these ponds.
Bathymetrylocated the deepest part of the pond well as providhg informationneeded for
management, including key aspects such as the volume of the pond and how contaminants and
water move within and through the pond. In addition, recent regulatory agency deliberations



have identified plant and frewater mussel surveys as important considerations in review of
pond management plans.

For each pond-3 cross pond transectgere conducted, so as to cover as much of the pond
bottom as possibleSurveyswere referenced to a common datu$tate Plane inland (m);
NAVD88). The bathymetry surveywere performed using a shallow draft boat, capable of
traversing the shallogst regions ofeach pond Both parallel and crossing transeet®re
assayed using Beld portable bathymetric data acquisition syste A fathometer with depth
resolution to 0.10 ftwasused in conjunction with a differential geographic positioning system
(DGPS)or Real Time Kinetic system (RTK)This system records depth as a function of survey
location. An integrated survey softweapackage was used to record depth armbsition data
simultaneously to a laptop computer.

Positionswererecorded in Massachusetts State Plane 1983 coordinate systénadn
approximate rate of one value every two seconds. Depending upon baktigspeg the survey
(estimated at-% knots), position measurememisremade approximately every 115 feet
along each survey line. Depth valwesrerecorded continuously (approximately every 0.5
seconds, or every 3 feet along the survey livghile this datavasused to locate the deepest
portion of each pond for sampling, GSRIAST aso usel this data to construct bathymetric
maps for each pond where bathymetig/mbt currently exist.

Determination of Pond Health or Trophic Status:

Previous work orCape Cod ponds (Eichner, 2003) has usedrtiphic classification developed

by Carlson(1977).The Carlson trophic state index (TSI) is used here for the sake of consistency
and comparabilityUsing easily measured proxies of total biomass, Total Phosphorus,
Chlorophyll a and Secchi depth, ecosystems are placed on a scaleXfih{Carlson and

Simpson, 1996). The equations used and the associated pond characteristics can be found in
Table 1.Individual TSI values are provided for each pond as well as means and standard
deviations. Further explanation and limitations to using trophic indices can be found in the Cape
Cod Pond Atlas (Eichner, 2003).



Table 3.i Carlson TrophicState Index (TSI)

TSI Calculations

TSI(SD) = 60- 14.41 In(SD) SD = Secchi disk depth (meters)

TSI(CHL) = 9.81 In(CHL) + 30.6 CHL = Chl orophyl |l a concg¢
TSI(TP) =14.42 In(TP) + 4.15 TP = Tot al phosphorus c(
TSI values and likely pond attributes

TSI Chl a SD TP Attributes Fisheries & Recreation
Values (€ g/ | (m) (egll

<30 <0.95 >8 <6 Oligotrophy: Clear water, Salmonid fisheries

oxygen throughout the year in dominate
the hypolimnion

3040 0.952.6 84 6-12 Hypolimnia of shallower lakes Salmonid fisheries in
may become anoxic deep lakes only

4050 2.67.3 42 12-24 Mesotrophy: Water moderatel Hypolimneticanoxia
clear; increasing probability of results in loss of
hypolimnetic anoxia during salmonids.
summer

50-60 7.320 2-1 24-48 Eutrophy: Anoxic hypolimnia, Warmwater fisheries
macrophyte problems possibl¢ only. Bass may
dominate.

60-70 2056 0.51 4896 Blue-green algae dominate,  Nuisance macrophytes,
algal scums and macrophyte algal scums, and low

problems transparency may
discourage swimming
and boating.
7080 56-155 0.25 96192  Hypereutrophy: (light limited
0.5 productivity). Dense algae anc
macrophytes

>80 >155 <0.25 192384 Algal scumsfew macrophytes Rough fish dominate;
summer fish kills
possible

after Carlson and Simpson (1996); Carlson TSI developed in algal dominated, northern temp
lakes

Caveats to the 2016 Sampling

The Summeof 2016 represented a severe drought for most of eastern Massachusetts. Water
levels in lakes, ponds and reservoirs throughout the state were far below normal. On Cape Cod
high water level marks were typically more than a meter above observed waterllave water

levels made some ponds inaccessible, impossible to navigate, or in some cases the ponds had
entirely dried up. Every attempt was made to collect data when possible. In the case of Lewis
Pond, Uppergate Pond and 108 Pond there simply wasnagh water to sample. In the cases

of 286 Pond, Lamsons Pond, and Flowing Pond there was sufficient water for sample collection,



but insufficient water to support water craft required for a proper bathymetric survey. Upon
discussion with the prograndministrators and steering committee members, we hope to form a
plan tosample and survey the remaining ponds when conditions are favorable to produce good
data that most benefits the aims and objectives of the project as a whole.

Carlson, R.E. 1977. Adphic state index for lakesimnology and Oceanograph®2: 361369.

Carlson, R.E. and J. Simpson. 1986. Coor di nat or 6s Gui de to Vol unt
Methods North American Lake Management Society. 96 pp. (summarized at
http://dipin.kent.edu/tsitm#A).

Eichner,E.M. et al. 2003.Cape Cod Pond and Lake Atlasoject 200602. Cape Cod
Commission. Barnstable, MA. 50pp.

Mill Pond PALS Sampling 9/22/2016

Parameter Pond Sta_nd_ard/ Standard

Barnstable GIS ID: 105 Limit Source

CCC GIS ID: BA391 Secchi 0.9m

Total Depth 0.9m

Area (acres):13.83 Surface pH 6.88 6.57 8.3 | MassDEP

Bathymetry: CSP, 2016 Deepest DO 10.76 mg/L| 5.0 mg/L | MassDEP

Maximum Depth (m)0.9 Shallow temp 24.9C 28.3C | MassDEP

Lake Association: Surface Chlorophyla | 1.68 ug/L | 1.7 ug/L | CCC

Surface TP 27.96 ug/L| 10 ug/L | CCC
Surface TN 0.46 mg/L | 0.31 mg/L| CCC
TP ratio

(deep/shallow) i

OVERVIEW

Mill Pond is located in West Barnstable, south of rail lines and east of Maple SHteateline

development is fairly sparse with five houses around its shoreline with most of these located

along the western shoreThere is no formal public access, tigh a winding trail at the end of
GeminiDrive is used by neighbors as a landing for small fishing craft.

WATER QUALITY



Mill Pond is shallow with sunlight reaching the bottom at the time of the 2016 sampling.
Temperatures and dissolved oxygen readings showed a stratified water column with increasing
DO near the sediments; surface saturation level was 89%, while 0.Stimle\sgd was 130%. A

thick layer, >50cm in places, of macrophytes on the bottom provided an explanation of the
inverted DO profile. Calm, cloudless conditions during sampling and the previous 48 hours
likely contributed to the observed stratification. talgphosphorus concentration was well above

the ecoregion threshold, while the chloroptg/lconcentration was just below its threshold.
Shallow total nitrogen concentration was above its threshold.

Based on the available information, Mill Pondniesdrophic according to the average TSI of
46+8.9 (P=52; Chl=40; Secchi=NA), however, the extensive coverage of macrophytes within
this pond suggests eutrophic may be a better classifica#atditional monitoring would be
required to determine the extentimipairment.
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LamsonPond

PALS Sampling 9/8/2016

Parameter Pond Stqndard/ Standard
Barnstable GIS ID: 084 Limit Source
CCC GIS ID: BA-596 Secchi 0.65m

Total Depth 0.65m
Area (acres):13.27 Surface pH 4.78 6.57 8.3 | MassDEP
Bathymetry: Deepest DO 7.86 5.0 mg/L | MassDEP
Maximum Depth (m)0.65 Shallow temp 22.4 28.3C | MassDEP
Lake Association: Surface Chlorophyla | 41.24 pg/L| 1.7 pg/L | CCC

Surface TP 25.42 yg/L| 10 yg/L | CCC

Surface TN 1.89 mg/L | 0.31 mg/L| CCC

TP ratio

(deep/shallow) i

OVERVIEW

Lamson Pond is located in Barnstable, west of Campground Pond There is no shoreline
development within the Fish and Game Wildlife conservation area. There is public access from
Mary Dunn Road near Israel Pond..

WATER QUALITY

Lamson Pond was very shallows¢ethan 20cm. throughout most of the pond at the time of
sampling in 2016. Reliable temperature and dissolved oxygen readings were impossible due to
the shallow water and will need to be performed at a later date when water levels are higher. All
nutriert neasures of water quality were well in excess of the ecoregion threshold. Though every
care was taken, it is possible that the results reflect some resuspension of sediments which
occurred while reaching open water. Sampling in the Spring or duringgh®ALS sampling in

late summer will be required.

Based on the available information, Lamson Pendutrophic according to the average TSI of
60+£13.3 (P=51; Chl=70; Secchi=NA)



Lamson Pond, Barnstable
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Fawc &ant 0 $pALs sampiing 8/30/2016

Parameter Pond Stat_ndard/ Standard
Barnstable GIS ID: 057 Limit Source
CCC GIS ID: BA748 Secchi 1.20m

Total Depth 1.20m
Area (acres)12.77 Surface pH 7.38 6.51 8.3 | MassDEP
Bathymetry: CSP, 2016 Deepest DO 8.06 mg/L | 5.0 mg/L | MassDEP|
Maximum Depth (m)1.2 Shallow temp 27.1°C 28.3C | MassDEP
Lake Association: Surface Chlorophyla | 3.35 pg/L | 1.7 ug/L | CCC

Surface TP 30.51 yg/L| 10 ug/L | CCC

Surface TN 0.96 mg/L | 0.31 mg/L| CCC

TP ratio

(deep/shallow) i

OVERVIEW

Fawcettds Pond is | ocated in Hyannis just not
Pond. Shoreline development is extensive with commercial properties to the south along the
road frontage and homes along the eastern and western shoreline. At the time of sampling the
northern part of the pond was inaccessible as a result of emergss¢gend woody plants.

Best access is through private property. Access from West Main Street is not recommended due

to traffic hazards and the presence of a homeless encampment along the shoreline.

WATER QUALITY

Fawcett os Pond i s etsahioa Irdaahing the ibottbm. Tempehnatures paadn
dissolved oxygen readings showed a witked water column near saturation throughout. Total
phosphorus d total nitrogen concentrations were two to three times the ecoregion threshold.
Periodic inputs of nuients from road runoff and other impermeable surfaces are likely to have a
large impact on the pond.

Based on the avail abl e mesotrbphic aneidingamthe avermaged®it t 6 s
of 49+6.6 (P=53; Chl=44; Secchi=NA).ddt of the measusdandicate that additional monitoring

is warranted. Additional monitoring would be required to determine extent of impaiament

well as the impact of extensive macrophyteBathymetry @ta collected during 2016 were
suspechs gparent position was seémchange abruptly.
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Coleman Pond

Barnstable GIS ID: 008
CCC GIS ID: BA819

Area (acres)9.74
Bathymetry: CSP, 2016
Maximum Depth (m)3.85
Lake Association:

OVERVIEW

Coleman Pond is located i@sterville, north of Centerville River and east of Bumpus River.
Shoreline development is fairly sparse wigim houses around its shoreline with most of these

PALS Sampling 9/13/2016

Standard/| Standard
Parameter Pond .

Limit Source

Secchi 2.50m
Total Depth 3.85m
Surface pH 6.20 6.51 8.3 | MassDEP
Deepest DO 7.23 mg/L | 5.0 mg/L | MassDEP
Shallow temp 25.0C 28.3C | MassDEP
Surface Chlorophya | 2.08 pug/L | 1.7 pg/L | CCC
Surface TP 16.95 pg/L| 10 pg/L | CCC
Surface TN 0.48 mg/L | 0.31 mg/L| CCC
TP ratio 11

(deep/shallow)

located along thevesternshore. There is no formal public access.

WATER QUALITY

Coleman Pond is relatively shallow with only a little loss in clarity attime of the 2016

sampling. Temperatures and dissolved oxygen readings showed a mixed water column with

slight increase iDO near the sedimenthie to rooted macrophyteBO saturation leved were
close to 85% throughout the water columishallow totd phosphorus total nitrogen and
chlorophyllconcentratioawerejust above the ecoregion threshold

Based on the available information, Coleman Pondédsotrophic according to the average TSI

of 45+2.9 (P=45; Chl=41; Secchi=47).
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Sampling Locatin (WGS84): N 41.633, W 70.365
(NADS83): E 294543, N 820972
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