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Ecosystem Monitoring RepogtCrackatuxet Pond

Executive Summary

Crackatuxet
Pond

CrackatuxePondis a33-acrepond located in Edgartown, MassachuseHisstorically, Crackatuxet Cove was part
of Edgartown Great Porn(@&GP)howeverthis connectiorhas beomelimited due tothe installation of a sluiceway
Ay { K SWhilegthere Ssamegroundwater exchage betweerEdgartown Great Pond ai@rackatuxet, thee
two bodies of watethave evolved as independent ecosystems since the installation of the sluic&iragn that
thesetwo waterways are managed as separate ecosystems, Crackatuxet Cove is refesedrazleatuxet Pond
(CRX) in this reporfThe sluiceway is vital for water lever controlGRXand EGRnd due to nutrient loading in
the watershed, wateshould only flow from EGP to Crackatugeest to eastacross the sluiceway.

Overall, CRX is suffering from a myriad of water quality issues, and monitoring results indicate that eutrophication

is occurring. These factors ultimately decreased habitat quality, limiting biodiversity and reducing ecosystem

health. The primary source of impairment in CRX is due to excess nitrogen, likely introduced via septic systems
and fertilizer use on properties within the watershed.

Most notably, CRXshowed signs of impairmermtue to low dissolved oxygeiihere was a clesseasonal trend,
where dissolved oxygewas reducedicrossall depths atall sampling statios during the summer monthsI'wo
stations, CRX1 and CR&@yerienced hypoxia at bottom depths, where dissolved oxygen dropped below 2 mg/L,
which cancau® harm to plants and animal#idissolved oxygen data logger detected long periods of hypoxia and
even anoxia (oxygen of 0 mg/L) at station CRX1, indicatiaghbibttom waters were inhospitable for most
organismsAdditionally, mitrient concentrations, particulaylnitrogen, were elevated in CRIXtal nitrogen values
were above the 0.5 mg/L management threshold for the majority of the monitoring pemaathing their highest
levelsin AugustSimilarly, chlorophydh was above the 10 ug/L threshold at least oatall CRX sampling stations.
Moreover, all CRX sampling statiomxhibited nutrient and chlorophyll concentrationabovethe nearest EGP
staton.CRX¥ I & |t 42 Ay Of dzZRSR Ay (GKS FTANBRG &SINI2F GKS al N
CYANO). All CRX sampling stations had at least one sample classified in the orange cat&idd¥)dr WATGH

risk leve] with cyanobacteria abundangeeakirg on August 27CRX is at an increased risk of cyanobacteria blooms
compared to EGBnd othersouth shorepond8 ¥ al NI KI.Qa Ay Seél NR

Crax Ecosystem Health
Dissolved X
pH 6.5¢ 8.5.¢
Temperatureg
Transparency than ideal

Total nitrogen .6¢ 1.6 mg/L

ChlorophyHa pigments B8R 9¢ 90 pg/L
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2021 Ecosystem Monitoring Data

Overview of Ecosystem Monitoring Program

Great Pond FoundatioGPFbegan monitoringhe water quality and ecosystem health GfackatuxeCovein
November202Q, as part ofa oneyear monitoring planThe sampling regime consisted of regular monitoring
during the spring, summer and fall seasddamerous sampling methods weutilized, ircluding handheld probe
measurements, lalanalyzed nutrient analyses, acdntinuously operatedleployed data loggers.

Crackatuxet Cove is a-88re pond located in Edgartown, Massachuseittstorically,CrackatuxetCove was
consideredpart of Edgartown Great Pon@&GP)A direct connection to Katama Baisoexisted, allowing water
to flow between EGP, Crackatuxet Coaad Katama Bay vidhe MattakesettHerring CreekHowever, tlese
connectiors havebeenrestricted by sand buildupndgrowth of invasive speciedespite numerous attempts to
restart water flow in recentistory. Most recently, the 2002 Herring Creek Reatmn Projectreturned the
cementsluiceway 2 NRA Ay f f & todfulAuriclibnaktyThdiekdBstrauctomontiieElTicewayallowed
for control of pond height by manipulation offooden boards which restrictwater flow between EGP and
Crackatuxet Cov@ahis allowshe water levelof EGP tdve controlled between openings ensuresuccessful pond
cuts, while allowing EGP to be drained if needed due to weather eamgxtreme flooding. An operational
sluiceway camlsobe used as a nutrient management toagwater levels can badjustedto time EGP openings
to maximize nutrient level reductigrsince highnutrient pond waters ardlushed away with ocean watexfter a
successful cufMER 2007%. In addition to water level control in Crackatuxet and EGP and stormwater
management, the sluiceway is important fioraintaining salinityand due to nutrient loading in the watershed,
water should only flow fronEGPto Crackatuxet (west to egstacross thesluiceway, not the reverséGaines
1993.

Since te 2002 sluicewayestoration, sand has shoaled around the sluicewdlyich restricts waterflow.

Additionally, the board of the sluiceway areisuallykeptin place further blocking waterflow between #htwo

waterways.Control of pond water levels due to placement of the boards in the sluiceway, as wied &sing

and schedulingf EGP pond cuts ke responsibility ofthe Town of Edgartown Shellfish Departmete to tre

repeated shoaling and the management of thl@icewayto restrict water flow, the two pondfiave become
separate ecosystem8ecause of thiseparation while Crackatuxet Cove is thamehistoricallyused,it will be

referred to as Crackatuxet Poi@RX)n this report.

Data collectionwas centered on 5 sampling stations throughout tiend (Figure 1) These water sampling
stations cover all aspects of the ecosystem: fradjacent to the barrier beach, in front of the sluiceway and
Herring Creekand the northern parts of the pondAt each station parameters such as temperature, salinity,
dissolved oxygen, pH, water clarity and turbidity are measured throughout the entire water column (see Glossary
in AppendiXor explanations of parameters). Adiibally, concentrations of nutrients such as nitrate, phosphate,
and ammonium are analyzed at these stationssefectsampling dag. These parameters amegularlyused to
assess impairment and ecosystem health.

The 202 field season began on M&0 andthe last water sampling collection occurred @ttober25. During

this 23-week monitoring period,the Scientific Program Manager, Watershed Outreach Manager, and interns
collected water samples approximately every two we@kgere werel3sampling days aossé months(see table,

below), providing arelatively high-resolution dataset from the end of spring to tlemd of fallwith over 1200

unique data pointsSummer is when the Pond is most biologically active, and frequent sampling allows for rapid
detection of biological phenomena, such as algal blooms. Winter prohibitshassd water sampling, yet the

cold weather also limits biological activity makingutg sampling unnecessarin addition to sampling during

site visits, GPF installed dissolved oxygen, salinity, and water level sensors that continuously monitor these
LI NI} YSGSNBRX FdzNIKSNI SyKFyOAy3d Dt CQa bkedsbrs Weilledocaied at Y 2 y A
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station QRXL.. Thesedata loggers were deployeon June 8 and collected data every half hour until they were
removed from the wateion October 25. A water level logger was installedJane 4and remains installedas
pond elevatioris important to monitor yearound. These data cahelpanswer questions about the health of the
Pond and add to the growingater qualitydatabasein Crackatuxet Pond.

Figurel. Map of thefive
Crackatuxet Pon{iCRX)
sampling stationsThe
location of thesluiceway
and the Mattakesett
Herring Creels noted

Great Pond Foundation Sampling Stations
Crackatuxet Pond, MA

Water Quality & Nutrients

2021 Dates of Site Visits ta&katuxet Pond
May June July August September October
5/20 6/8 7/8 8/5 9/1 10/7
6/23 7/14 8/10 9/17 10/25
7121 8/27

Pond Elevation

i

CRXs hydrologically connected to EGP via groundwater, as the water level of CRX lowered after EGP was
cut to the ocean on 8/7/21despite being physically separate.

The boards tthe sluiceway were unexpectedly removed around 6/22/22, allowing water from EGP to flow
into the Pond for at least 2 weeks, impacting the water level of the two ponds.

CRX pond elevation responded rapidly to large rain events.

The elevation of CrackatukBond was continuously monitored viavater levelloggerdeployed in the PondThis
datalogger measurepond height relative to sea levahd collects data every 30 minutéSigure 2) The water
level logger was installed in the beginning of June amdaias deployed continuously collecting pond elevation
data Thisdatalogger is arucial tool in understanding how water level is impacted by rainfall rowthe Pond
responds to changes in the water level of EGP.

CRXis connected to EGP via the sluiceway, however this connection is intentionally closed via the placement of
woodenboardsinside the sluicewayo prevent CRX water from flowing into E@®ditionally, sand has shoaled
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around the sluiceway in EGP, whicinther blockswater exchange when thelevation of EG# low.However,
CRXemainshydrologicallyconnected to EGP, meaning water can flow underground between thg@onds This
becomesevident when EGP @t and drains into the oceamsCR>€levationsubsequentlydecreasesCRXs also
connected to Katama Bay via Herring Creek, although the degree of exchangegly unmonitored

However the hydrologicconnection to EGP wamt limited to groundwater in 2021GH- obsered an anomalyn
water level measurements in EGP &@@Xn late Junewhich suggested thawater was flowing between the two
pondsthrough the sluicewayA GPF site visit to the sluicewayduly 9confirmedthat boards were missing in the
sluiceway. This wasmediately brought to the attention of the Edgartown Shellfish Departmehf reinstalled
the boards onJuly 10 Data from the water level loggers indicate that these boards were remawed
approximatey June22, resulting inat least2 weeks ofsurfacewater exchange with EGred box in Figure 2)
Since theelevation ofEGP was high, arourd8 feetabove sea levelhis resulted in EGP draining infBRXThe
drainage of EGP intoRXcaused EGP to losmproximately 0.75 feet of elevation, whidelayed thesummer
opening of EGP.

Once the boards were reinstalled by the Shellfish Departmeater exchange between the two ponds was cut
off. This resulted i precipitous dropn Craxwater leve| from approximately2.75 feet to less than 2 fe¢Figure

2). EGP is a much larger pond witlsignificantlylargerwatershed compared t&€RXWithout this steady supply
of water,the CRXvater level droppedlikelyby draininginto Katama Bayia Herring Creellowever, this cannot
be confirmed becauswater flow in Herring Creek is not monitored.

Crackatuxet Height

Pond Elevation (feet above sea level)
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Figure2. Pond elevation of Crackatuxet Pond in 2021. Data were generated by a water level logger orhtivestdibreof

the Pond. The solid yellow lines are when EGP was cut to the ocean. The dashed blue lines are when precipitation exceed 1

inch. The red box indicates when the boards to the sluiceway were rdmove

Water level inCRXdropped again when EGP was opened to the oceaAwgust 7(yellow line in Figure 2Yhis
causedwater elevation todrop nearly 0.5 feebver the course of two week#és a pondvith a smakr volume of
water, CRXs highly influenced bghanges in watelevel in EGP. Additionallsainfall eventshada large impact
on water elevation infCRXEach time precipitation exceeded 1 infilue dashed lines in Figure, HRXwvater
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height subsequently increasedften significantlyRain eventsotalingf Sda G KI'y wmM£& Ay LINBOA L
0§KS t 2y R QRowesdr thadd ailen@nyrEed on Figure 2. Each spike in pond height is followed by a drop,
suggesting tk surge of water is flowing out ofie pond To further understand where this wates flowing, a

detailed hydrologic study of the area is heed@821 was the first year that GPFonitored Craxwater height,

therefore comparisons to previous years cannot be made.

Salinity

U Salinity was consistent across the 5 CRX sampling statidthsdeeper stations exhibiting movertical
variation within the water columthan shallow stations.

U Salinity ranged from 8.739.6 ppt throughout the sampling seasoifhere were significant changes in
salinity when EGP was cut, when the boards tostheceway were removed, and whiamge rain events
occurred.

Salinity is a measure of how much salt is dissolved in water, measured in parts per thousand (tap water = 0 parts
per thousand (ppt), ocean water = 34 ppBalinity is important to monitor becausedan be an indicator of the
hydrology of Crackatuxdtord, or howwater flows in and out of thé?ond both above and below groundVhile

the Pond is never intentionally opened to the ocean, some salt water can entewag&over eventsfrom the

ocean salt spray from wave®r through seepage under the dunes. Additionally, the extent of exchange with
Katama Bawia the Herring Creek is unknown. Similarly, while the sluiceway bidickst exchange with
Edgartown Great Pondt,is likely thatsomeconnection occurs via groungter.

Salinityranged from8.73 ppt to 19.6ppt (Figure 3)The lowest salinity was observed in Mahere surface salinity
was belowl0 ppt at all stations. On this sampling day, stratification of the watas particularly pronounced.
Stratification, or theexistence of horizontal layers in the water, occdte to differences in density caused by
differences in salinitand temperature Saltwater igdlenserthan freshwaterwhich causes it to sink belothe
more buoyant fresher water. This is evident at stationRX- 4 on May20.

Arapid increasén salinity occurrecbetween May 20 and Jul. During this time, lhe boards to the sluiceway
were unexpectedlyremoved and water from EGP flowed intRX In Junethe salinity of EGP wa&d ppt high
enough to alter the salinity dERXNo cuts to EGP occurred during this time, anddbenectionto Katama Bay
via the Herring Creeftid not change, suggesting that thiacreasein salinity inCRXvas due to influx of higher
salinity EGP water-urthermore, once thesluicewayboards were reinstalled oduly 10salinityin CRXegan to
drop againThis indicates that the source of saltier watee (EGP) was cut off.

A second spike in salinitgourredon Aug 24 Figure 3) Thiscoincided with the EGP opening to the ocean, which
was onAugust?7. Salinity jumped fronaround 14 ppt orthe Augusts sample collectiorto upwards of 18 ppt on
August 27 As the sluicewayboards were fullyinstalled, this rise in salinity indicates thaRXand EGP are
hydrologically connectednd water flow occured underground This exchange of water undergroundlilely
slow, as the salinity in CRXmped 4 ppt over 20 days, whereas the salinity in ngastations of EGP jumpédb

ppt in 6 daysafter the cut.

Overall, all 5 stations had similar salinity tren8tations &4 and CRXBad slightlyjower salinity measurements,
however this was minimaBtationCR3 is located closest to the oceamdits similarityto other stationssuggests
that the oceanhad a minimalimpacton the salinity The proximity to EGP, which often has higher salinity than
CRX, likelinfluences salinity more than proximity to the oce&alinity was also impacted by rain, which lowered
the salinity after large rain events (Figute The continuously operated salinity senstatected tvanges caused
by rainfal| where salinity decreased by as much as 3 ppt
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Crackatuxet Salinity
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Figure3. Salinity in parts per thousand (ppt) in Crackatuxet Pond in 2021. Data were measured with a handheld probe at the
surface, miedepth and bottom water, represented by different colors, at 5 sampling stations (different colthes)ashed
yellow line is when EGP was cut to the ocean. The red box indicates when the boards of the sluiceway were removed.
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Figured. Salinity in parts per thousand (ppt) at station in 2021. Data were measured wdthdactivity/salinity data logger
deployed at station RXL. Dashed blue lines are when precipitation exceeded 1 Biak dots are salinity measured wih
handheld probeluring site visits
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Temperature

i Water temperature at all 5 sampling stations remat below the 85°F threshofdr ecosystem health
throughout the summer season.
0 Maximum water temperaturevas 82.6°F on 8/12/21.

Temperature is an important factor within aquatic ecosystems, as it drives biological growth rates and chemical
reaction speedsMuch like the temperature of our own bodies, elevated water temperature is often associated
with problems affecting ecosystenehlth. TheCRXnanagement goal is to maintain water temperatures of less
than 85° F during the summer. However, unlike other parameters that can be influenced by management
decisions, there is no way to control temperature.

Temperaturewas measured throughout the water column at all stations across the Radunihg site visits
Additionally, bottom water temperaturgvas continuously monitored with a temperature sensor attached to the
dissolved oxygen data loggéiaximum water temperature ocered on August 2, where temperatures reached
82.6°F(Figure 5)The site visits oAugust 27 and July 21 weaéso noteworthy, with temperatures for both days
reaching 80°FAll the stations were very similar in temperatuaed exhibited the same seasdrteend (Figure
5A).

A Mid-depth Temperature FigureS. Water
g s o o - temperature in
Crackatuxet Pond in
2021. (A) Temperature
measured by a
handheld probe at
mid-depth at all
stations. The dashed
yellow line is the 8%
management
threshold.
(B) Temperature
measured via a data
logger deployed on the
bottom at station
CRX1. Blue dots are
temperature measured
B F PR R P F T TP P FE T TR T Y P PR T Fe P PR S by a handheld probe
during site visits.

Temperature (°F)
~

B Temperature from deployed logger (CRX1)

Temperature (°F)
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It is noteworthy that water temperature never exceeded tB&°Fthreshold Even in the dataset fromhé
deployed data loggethe maximum temperature wa2.6°HFigure 5B)3mnall, shallow pondsuch as Crackatuxet
Pondoften suffer fromelevated temperatures in the summerhe health of CRX likely benefited fromater
temperaturesthat remainedbelow 85°F.

Dissolved Oxygen

U There was a clear seasonal trend, whaissolved oxygeat all depthsvas reduced during the hot summer
monthsat all sampling stations

U0 Stations CRX1 & CRe¢periencedhyposic conditionsat bottom depths where dissolved oxygen dropped
below 2 mg/l.potentially causingharmto plants and animals.

U Thedissolved oxygen data logger detected long periods of hypoxia and even amhcsta@ion CRX1
indicating the bottom waters were inhospitable for most organisms.

Dissolved oxyge(DO)is the amount of oxygen dissolved in the water, measured in milligrams per liter (mg/L). A
battery-operated DO sensor was deployed at statiORX1which continuosly logged the amount of oxygen in

the water in 3@minute intervals Oxygen enters the water through diffusion from the air but is primarily produced
by aquatic plants via photosynthesis. Adequate oxygen levels are important becmsteorganismgequire
oxygen as part of their metabolism.

The Massachusetts Estuaries Project (ME&)agementargetfor heathy ponds is 6 mg/M/hen concentrations
drop below4 mg/L, aquatic life begins struggling to breathe. Critically low levels of oxydgemgd) are
consideredhypoxic andcan bedeadly to most organisms. Normally, the bottom of the water column has lower
DOcompared tosurface waters. This is because oxygsoves from the air into the water at the surface, and
most plants, which produce oxygen, are found at the surface where there is direct sunlight. Additiaxaen

is corsumed viadecomposition of organic mattewhich primarilyoccurs on the bottom andithin the sediment

Due to these processes, deeper water often has lo@concentrationghan at the surface This can be clearly
seen when DO from surface, milgpth, and bottom waters are plotted together on the same graplyradient

of decreasing ¥ygen concentration with increasing depth was observed at most monitoring stations, with the
exception of the shalloweaCRX2Z CRXSites(Figure6). This gradienivasmore severe during the summer season,
as the pond experiencedhé hottest temperatures of the year.

There was a clear seasonal trend, where DO at all depths was reduced during the hot summer Beiatben

July andSeptember, all stations experienced B@ncentrationswhich dropped below the 6 mg/L threshold at
least once (Figuré). Most often this was limited to measurements taken at the bottom anty occasionally did
mid-depth or surfaceDOmeasurementgrop below the 6 mg/L threshold. DO fell below the 4 mg/L threshold
into the zone of concern, wherexygen deprivation begto occur, at stations CRX1, CRX3, and CRX4 at least
twice during the summerAt CRX1 and CRXttom water occasionally became hypoxic, where DO dropped
below 2 mg/L. Tlese oxygen depletions are indicators iaipairment andsugget this is an environment
inhospitable to most aquatic life.

The DO data logger was deployed at station CRXJuna 8 and collectetheasurementsevery half hour until
October 25This logger was at a fixed depth, approximateipches above the pond sedimeiitis deployment
configurationis designed to captur®Oconcentrations at theiminimumin order to better describéhe severity
of oxygen depletionData from this loggeindicate that therewere large daily fluctuationi; DO during the spring
and fall, andong periods ohear total oxygen depletion during the summ(@&igure 7)During these low oxygen
events,the data logger was reading Ofbse to 0 mg/LThe handheld probeften had DO measurements that
were higherthan the logger, however this was likely due to differences in measurement d@ptkhe difficulties
of precisely coficting data from a kayalkcor most ofthe site visits, thdDO measurements from the handheld
probe and the data logger were similar.
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Crackatuxet Dissolved Oxygen
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Figure6. Dissolvedxygen(DO)measured in milligrams per liter (mg/in) Crackatuxet Pond in 2021. Data were measur
with a handheld probe at the sade, middepth and bottom water at 5 sampling stations. The dashed yellovislitie 6

mg/L management targetand the red dashed limepresents when D®@ascritically low below 4 mg/L. The red box
indicates when hypoxiaasoccurring, with DO < 2 mg/L
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Figure?. Dissolved oxygen (DO) at statioRXC in 2021. Data were measured with a data logger deployed approximately 3
inches from thepond bottom The dashed yellow line is the 6 mg/L management target, and the red dashed line represents

when DO was critically low, below 4 mg/L. The red box indicates when hypoxia was occurring, with DO < 2 mg/L. Blue dots
are DO measured by a handheladlpeduring site visits
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