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SUMMARY

National Park Service environmental monitoringlred East Harbor back-barrier estuary
began with observations of an oxygen depletionfesfdkill in 2001 and has continued to
the present.

The clapper valves in the 4-ft diameter by 70ftg culvert connecting the system to
Cape Cod Bay have been held open almost continpeumsie November 2002 to try to
improve tidal flushing and aeration.

Ten-foot tides in Cape Cod Bay are reduced by gastaough the culvert to 1.5 ft in
Moon Pond; tides are barely detectable, at mosit0iri East Harbor lagoon.

With the clapper valves open, salinity has risemflabout 4 to about 20-25 parts per
thousand (ppt) in the East Harbor lagoon (“Pilgtiake”); however, most of the
surrounding wetlands receive little seawater.

Increased salinity has eliminated most nuisanceorbmid midge breeding in lagoon
sediments.

Enterococcusan indicator organism for bathing water quahtgs initially (2001) high
in culvert discharge, but low throughout succeedimgmers.

Many species of estuarine finfish, shellfish anteotoenthic animals have rapidly
reestablished throughout the East Harbor lagoorowh Pond.

In East Harbor lagoon and Moon Meadow former frieukish finfish have been
replaced by an assemblage of species typical di@ape salt marshes. These animals
are using the system for spawning, as a nursernyabtand for feeding.

Benthic animal abundance increased rapidly unt2®ut declined in 2006, probably
due to observed oxygen depletions during hot sumveather.

Since culvert opening, widgeon grass has proligeréiroughout the lagoon, increasing
habitat value for finfish, crustaceans and watelfow

Healthy eelgrass is spreading in Moon Pond creéigiweceives regularly tidal
flushing.

Exotic common reedPhragmite$ has declined in Moon Pond due to increased $alini
and probably sulfide accompanying partial tidatoestion.

A slight increase in the salinity of wetlands oe #outhwest margins of the lagoon have
resulted in a shift to more salt-tolerant vegetatio

Experimental seeding has successfully establishieararsh grasses in salt-killed cattail
stands near High Head Road.



Dense beds of macroalgae and filamentous cyanal@mateumulated in the late
summers of 2005 and 2006, produced an odor nuisentteey decomposed, and signaled
continued poor tidal flushing and nutrient loadipgrhaps from adjacent development.
This problem will be studied more intensively in0Z0

Two state-listed rare animals, the water-willownsteorer (a noctuid moth) and the
northern harrier, occur within the diked East Hartb@wod plain and would likely be
adversely affected by full tidal restoration.

Hydrodynamic modeling shows that the replacemeti®#-ft diameter culvert with a
opening at least 16 ft wide would increase flustabgut ten fold and likely greatly
improve water quality.

The US Army Corps of Engineers continues their Cahensive Feasibility Study of
more complete tidal restoration in East Harbor.

1. INTRODUCTION

The 720-acre East Harbor, comprising Moon Pondyriril Lake and Salt Meadow, has
been artificially isolated from the Cape Cod Bayimaenvironment since the 1868
filling of the original 1000-ft wide inlet at theonthwest end of the system (Figure 1-1).
[See Appendix A for a chronology.] A drainage systwas installed at the south end of
the embayment in 1894 to allow freshwater to escdjee exclusion of tides caused
salinity to decline from a likely native conditiaf 25-30 parts per thousand (ppt) to
nearly freshwater conditions, at least by the tohthe first documented fish survey in
1911. By this time the native estuarine fauna viengely extirpated; the State Survey of
Inland Waters (1911) recorded “German carp and fesyeels and shiners”. The
blockage of tides apparently caused water qualigecline rapidly along with salinity:
the 1911 state survey reported “turbidity of eigithes” (presumably the extent of
visibility) with cloudiness caused by a “yellow sténce” (likely cyanobacteria) that
clogged their plankton net. Generally low salir{dyl0 ppt), cyanobacterial blooms,
nuisance chironomid midge hatches (Mozgala 197d)cainonic summertime dissolved
oxygen stress continued until the*aentury (Emery & Redfield 1969, Cape Cod
National Seashore 2002).

An oxygen depletion and fish kill in September 20@Yolving about 40,000 alewives
(Alosa pseudoharengysoriginally introduced in the late 1960s, andesaV hundred
white perch florone Americang prompted consultation between Truro, Cape Cod
National Seashore and state officials on possildasures to improve water quality. As
an interim measure, the clapper valves in thediatineter drainage pipe connecting the
south end of the system (Moon Pond) with Cape Cay (Big. 1-1) were opened in
December 2001 to try to increase aeration by prtiestoring some tidal exchange. As
an immediate consequence, increasing salinitylgriRi Lake killed several hundred
carp Cyprinus carpi9, forcing several hundred individuals into Saltadew which
remained freshwater; most of the latter fish werttad and removed by NPS staff in
early 2002.



The clapper valves were closed in February 20@Reatequest of the Division of Marine
Fisheries (DMF) to allow lagoon salinity to decreamough for river herring spawning,
but reopened in November. The DMF has since d&tedrthat the restoration of
estuarine finfish is preferable to maintenancemindroduced herring run; therefore, the
clapper valves have remained open to date. SeerfjppA for a chronology of these
events.

The following is a summary of monitoring results fae heights, water quality, both
submerged and emergent vegetation, nekton (fisldacapod crustaceans), and benthic
invertebrates, including chironomid midges, fron@2@nd 2006. See our earlier report
(Portnoy et al. 2005) for monitoring results bagk002.

Figure 1-1. East Harbor, comprising “Pilgrim Lak#ie original back-barrier lagoon,
and Moon Pond and Salt Meadow, both back-barrienszrshes. Also shown are the
position of the original inlet, filled in 1868, arlde current four-foot diameter culvert
connecting the system to Cape Cod Bay.
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2. HYDRODYNAMIC MODEL

Hydrodynamic and salinity models for existing cdimis and for several tidal-
restoration alternatives were completed in Oct@®€5 by Drs. Malcolm Spaulding and
Annette Grilli of the University of Rhode Islandider contract to the National Park
Service. Copies of their repoHydrodynamic Assessment of Estuarine Restorafion o
Pilgrim Lake, Moon Pond, and Salt Meadow, Truro,d8kachusettsare available from
the authors of this progress report.

Here is the Executive Summary:

The National Park Service (NPS) is interested stamtion of the natural tidal exchange
between Cape Cod Bay and East Harbor to eliminateophication, chronic oxygen
depletions and fish kills in Pilgrim Lake and theapdrainage and acid sulfate soil
formation in upstream wetlands. Within the contexhis overall effort the goals of the
present study, focusing on the physical processt®isystem, are to:

1. Characterize the topography, bathymetry, and ge@malogy of the system

2. Determine the existing hydrology and tidal hydroatyiics and hydrography
(salinity and temperature) of the system.

3. Apply, calibrate, and verify hydrodynamic and séirmodels for the system

4. Apply the hydrodynamic and salinity models to as$ies impact of potential tidal
restoration scenarios (control of tidal gates, ailkition of additional culverts,
construction of tidal inlet) proposed by NPS.

As part of this study a variety of field collectieffiorts were performed to characterize
the existing system. Intensive tidal cycle sudatg were collected on May 19-20, 2004;
July 15, 2004; and August 5, 2004, to charactettimecurrents/flows, sea surface
elevations, salinity, and temperature field in Bilgrim Lake system and adjacent Cape
Cod Bay over a lunar, semi-diurnal gMidal cycle (period-12.42 hrs). Measurements
were made at the Rte 6 and High Head Road culweitls,an accompanying
hydrographic survey of Pilgrim Lake. In additiame series data on the water levels at
Provincetown, Moon Pond, and Pilgrim Lake were extiéd simultaneously for period of
about 7 months.

Analysis of the data resulted in the following gidiinto the lake dynamics.

For the dominant Mtides, the amplitude decreases from 1.34 m atiRcetown
to 0.153 m in Moon Pond (11% of the Provincetowplgode). The M phase in
Moon Pond (126.7 degrees GMT) lags that at Provmwa (115.95 degrees
GMT) by 10.75 degrees or 0.370 hrs (22.2 min). dther major tidal
constituents (N S, Ki, and Q) are seen to show amplitude reductions, on the
order of a factor of 10, between Provincetown armbNlPond. For comparison
the intensive tidal cycle surveys showed a redaodhdidal range from the ocean
(2.8 m) to Moon Pond (0.2 m) of about a factor 4fThe tidal range at
Provincetown is approximately 96% of the Bostormwigh tide lagged by about
16 minutes.



Water level fluctuations in Pilgrim Lake are dontied by low frequency non-
tidal forcing. No water level variations at tidahte scales were observed in the
lake. This is a direct result of the very limitédhtly induced flux of water into the
lake and the very large volume of the lake.

Tidal current speeds are 40 % to 70 % strongetadd than at ebb tide at the
Rte 6 culvert. The flood tide however is of shroduration (5.1 hrs) than the ebb
(7.3 hrs). The flood tide currents display a dike shape, whereas ebb tides are
almost constant throughout the ebb tide. Tidal ents at High Head Road
culvert show a similar shape to those at Rte Gapeitabout 2 to 3 times weaker.
The shape of the tidal current curve is a direculeof strong ocean forcing on
flood tide followed by draining of the system om ¢fob.

Hydrographic surveys show that lake waters areioalty and horizontally well
mixed throughout the system. The exception isihtae northwestern end of the
lake the water is stratified due to a local souodground water entering the
system. Since there were no observed tidal currarite lake the lack of vertical
or horizontal stratification seems likely due tavaimixing.

An inlet basin hydrodynamic model was applied ®oRigrim Lake system. Two basins,
Moon Pond and Pilgrim Lake, connected to each ollyeHigh Head Road culvert, and
to the ocean via Moon Pond by the Rte 6 culventewsed to represent the system. Input
data on the culvert system geometry and elevati@ne based on a survey of the
infrastructure and the as built drawings. The stggacapacity of the basin was
determined by NPS personnel based on an analysisisting data, supplemented by a
topographic survey of selected sections of theesysand in particular Salt Meadow,
performed by Slade Associates Inc. as part ofgfudy. The model was forced by the
ocean water level. The model was calibrated by @iepn of model predictions to data
collected during the intensive tidal cycle survagd the time series measurement
program. A Manning coefficient was used to chanaméelosses in the culvert under
High Head Road and a relative roughness coeffioread used for the same purpose for
the culvert system from the ocean to Moon Pond.

The simulations show a dramatic reduction of tidaliations between Provincetown and
Moon Pond and essentially no tidal signal in PitgrLake; both consistent with the
observations. Predicted water levels in Moon Pasede within several centimeters of
the observed values. The model predicts a sligiathiier rise in water level in Moon
Pond than observed but accurately reproduces tlceedse in water level with time. The
large differentials in water levels between Moom®and the ocean are a direct result
of the frictional losses in the Rte 6 culvert systend the large differential in storage
capacities of the two basins. At elevations typafadhose currently observed in the field
measurement program, Moon Pond comprises 2 % dgdriLake and Salt Meadow
the remaining 98% of the surface area of the coedbsystem. The amount of water
entering/exiting Moon Pond on the flood/ebb tidsufficient to raise/lower the water
level in Moon Pond because of its relatively limistorage capacity. The amount of
water that enters/exits Pilgrim Lake over a tidgtle however is extremely small



compared to the storage capacity of the basin arth doesn’t measurably affect the
water level in the lake.

A tidal prism based model was applied to Pilgrinké&ystem to predict the mean
salinity in the system. The model used output tlerhydrodynamic model to specify the
volume exchanges between the lake and the oceareaA freshwater input rate of
0.073 ni/sec was assumed based on a groundwater and mnmafél developed by
Masterson (2004). The ocean salinity was set gi@1Model predictions were
compared with data collected by NPS at four mompstations that they occupied in
the lake following the opening of the tidal gatésapproximate steady state conditions
the model predicted a salinity of 24.5 ppt, comgamea mean of the observations of
about 23.5 ppt.

A sensitivity study was performed varying the fnestler input to the lake by +/- 10 and
20 %. As expected the predicted salinity decréasxsases as the freshwater input rate
increases/decreases. Variations are on the ord@&®ppt. If the freshwater input is
increased by 100 % then the salinity decreasesijyt.5

Next a series of simulations were performed wheedreshwater input rate was held
fixed at the mean value and the return parametevabied between 0 and 1. The return
parameter specifies the amount of water exitinghenebb tide that re-enters on the next
flood. The model shows that the higher the amoetotrmed the lower the salinity in the
lake. For b= 0.8 the salinity is about 17 ppt a¢tbnd of the simulation compared to a
value of 25 ppt for b = 0. Model predictions witk19.4 result in a salinity of 23.5 ppt in
good agreement with the average of all the statiata.

Based on input from NPS, the State of Massachusetisthe US Army Corp of
Engineers a total of 26 restoration options weneestigated. The options were divided
into two major classes. Option 1 (12 cases) assuimgdhe current culvert system at the
southwestern end of the lake continues to exishecting the ocean to Moon Pond, and
that a new inlet is constructed at the locatiornha historic inlet on the northwestern end
of the lake. Option 2 (14 cases) assumes that aimletweplaces the current culvert
system, with Sub-option 1 (2-1) assuming that gieMeadow Dikes are removed and
Sub-option 2 (2-2) that they continue to existhilieach option the impact of inlet width
and bottom depth were investigated. For the neat imh the northwestern end of the lake
widths of 50, 100, 200, and 300 m were investigdtedthe replacement inlet on the
southwestern end of the system widths of 5, 1@rb50 m were studied. The maximum
width of the southwestern inlet was constrainethieyexisting Town of Truro Park. Inlet
depths of 0.0, -0.5 and —1.0 m (NAVD88) were ergldror reference the mean depth of
Pilgrim Lake is about -1 m. Simulations were perfed for each case using the
hydrodynamic model and results summarized in terfntise high and low water levels
and tidal range in Pilgrim Lake compared to equesatlvalues in the ocean. In broad
overview, model predictions show that

Low tide levels decrease (lower levels) with insieg inlet width and depth and

reach their lowest values for a width of 200 m m¥ager and depths of —1.0 m.



High tide levels increase (higher levels) with easing inlet width and reach
their highest value for a width of 200 m or greatBine depth of the inlet has little
impact on high tide levels. For inlet widths greatean 200 m high tides in the
lake are the same as in the ocean.

Tidal range increases with inlet width and reachemaximum for a width of 200
m or greater. The lower the depth of the inletldrger the tidal range. The depth
of the inlet restricts the tidal range for the casggh the largest width (300 m) and
depth (-1.0 m).

Removal of the Salt Meadow dike and culvert sysgetreases the tidal range
slightly (about 15 %) compared to existing condisoThis difference is a direct
result of the differential storage capacity for fla&e with and without Salt
Meadow dike restrictions.

To achieve the maximum tidal exchange with theroeea hence the largest tidal range
(approximately 80 % of the ocean range) in the laauires an inlet with a width of 200
m or larger and an inlet depth of —1 m. The ticahge in this case is restricted by low
tide levels and in turn the depth of the lake. 1 #de much of the lake bottom would be
exposed.

For the maximum width of the southern inlet of 58md an inlet depth of —1.0 m the
tidal range in the lake is approximately 46% ofttirathe ocean. Restrictions in this case
are imposed both by the high and low tide levels.

For three of the most probable remedial option sa$&21-1C (5 m width), R21-4C (50
m width), and R22-4C (50 m width), all with inlefpdhs of —1 m, predictions were made
for the salinity and water level in the lake fro@0lyr storm forcing. These simulations
show that as the inlet width increases the lakengglis predicted to increase and
asymptotically approach the oceanic value. The marn water level in the lake also
increases as the width of the inlet increases.ther50 m case maximum storm levels are
about 75 % of those in the ocean. For referencanibptimal inlet is constructed with a
width of 300 m and a depth of —1.0 m, the salimityh water and the maximum 100 yr
water level will be the same as in the ocean. ida tange in the lake will be about 82.5
% of the oceanic value and restricted by the deptihe lake. Plan view plots of the high
and low tide water surface area were prepared fasteng conditions and the most
probable and optimum remedial options. High tiddate areas are shown to increase
as the inlet widths increase (for widths of 50 &)@ m). The differential high tide
surface area between the 50 m and 300 m width ¢aggste modest and is a direct
result of the change in slope of the storage cdpaw elevation curve, reflecting a more
vertical sided basin. The low tide surface areas @redicted to decrease as the inlet
width increases (for widths of 50 and 300 m). Toellshaped geometry of the lake
limits the change between the two cases.

The simulations show that the tide range, surfaea at high tide, and mean salinity can
all be substantially increased, compared to exgstionditions, by construction of a 50 m
wide, -1.0 m deep inlet, within the existing rightvay, at southwestern end of the
Pilgrim Lake system. With Salt Meadow dikes remaisdcase results in flooding of the
majority of the Salt Meadow system. The optimuet,ias defined by the largest tidal



range, largest high and smallest low tide surfacesas, and highest salinity is achieved
for inlet widths greater than 200 m with a depth-&f0 m.

3. TIDES, WATER QUALITY AND MACROALGAE BLOOMS

Tide heights and salinity

The clapper valves in the culvert connecting Eaatbldr with Cape Cod Bay have
remained open continuously (except for a briefquefor culvert repairs in March 2005)
since November 2002; therefore, there has beenbsiantial change to the system’s
tidal regime since that time. Figure 3-1 shows tha 2.5-3.5 m (~10 ft) tidal range in
unrestricted Provincetown Harbor is reduced to feas 0.5 m (~1.5 ft) in Moon Pond.

Figure 3-1. Tides in Provincetown Harbor and Moamd?, 1-17 March 2004.
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Figure 3-2. Salinity and tide-height records fasEHarbor lagoon in 2005 and 2006.
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Tide height, salinity, temperature and dissolveggex are recorded by an automatic data
logger at 30-min intervals about 30 cm above th#oboin the southeast corner of the
lagoon. Data are presented for 11 August to 20l6act2005 and from 21 June to 13
september 2006 (Fig. 3-2). [Note that data cotbecwill continue through October

2006.]

The flood-tide volume that passes under High HeaaldRs too small to create
significant tides in the 350-acre East Harbor Lagat most, 2-3 cm (~0.1 ft) of tidal
fluctuations are discernible during calm weathethi; 2005 and 2006 records (Fig. 3-2).
Water level varies 20-30 cm (up to one foot) betwsgring and neap tides, with a
seasonal variation of about 20 cm due to high evapspiration and lower water levels
in summer (Fig. 3-2).

Salinity ranged 22-27 ppt in the lagoon, exceptliierearly summer of 2006 when
salinity was lower due to high precipitation duriage winter and spring. Salinity is
highest during spring, and lowest during neap tides

Temperature and dissolved oxygen

During both 2005 and 2006 summers, the water coluniiast Harbor lagoon still
showed strong diel (day-night) oscillations in tergiure and even stronger oscillations
in dissolved oxygen (Fig. 3-3). Insolation durihg day both heats the shallow lagoon
water and provides energy for photosynthetic oxyg@aduction in the highly productive
(algae-rich) water column; at night, heat radiatgsand all of the aquatic biota respire,
consuming and depleting the dissolved oxygen. eXdtieeme day-night range in oxygen
indicates a highly organically enriched systemhwetipersaturation of this dissolved gas
during the mid-day, and near oxygen depletion gltni As expected, with decreasing
light, temperature and, thus algal biomass inZ@05 (Fig. 3, bottom), oxygen
concentrations stabilize over the day-night cytlateut 100% saturation.

The system’s temperature and oxygen environmerarapfly became critical during

very hot weather in late July and early August 20Gé water temperatures about 30°

C. during the day and the near depletion of oxydemg the night. It was apparently
during this period that the soft-shell clams thed lsolonized the lagoon died en masse
(see Benthic Invertebrates, below); however, fidls kave not been observed since
September 2001, before the culvert opening, suggeistat the many finfish of many
species (see Nekton, below) that have reestablishtbe lagoon have been able to detect
and avoid hypoxic water masses.

In summary, the prevalence of high water-columrdpation, both before and after the
2002 culvert opening, has caused water-column hgp@issolved oxygen stress and
occasional depletions) during hot summer weatReior to 2002 and before salt water
was allowed back into the system, these events signaled by fish kills. After culvert
opening in 2002, salinity increased, allowing b to set abundantly throughout the
lagoon bottom. Thus, when oxygen depletions oeclim 2006, they were marked by
massive soft-shell clanMya arenarig mortality. Importantly, fish kills were not
evident in 2006, and dense schools of mummichods#wersides persisted throughout
the summer, indicating that hypoxia was limitedhe bottom of the water column,
affecting only the benthic animals.
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Figure 3-3. Temperature and dissolved oxygen dscfar East Harbor lagoon in 2005

and 2006.
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900¢/S¢/L
900¢/ve/L
900¢/ee/L
9002/02/L
900¢/8T/L
900¢/LT/L
9002/ST/L
9002/ET/L
900¢/eT/L
9002/0T/L
900¢/8/L
9002/9/L
900¢/s/L
900¢/€/L
9002/T/L
9002/0€/9
900¢/8¢/9
9002/9¢/9
9002/52/9
900¢/€2/9
900¢/T¢/9
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Algae blooms

For at least the past few decades, and evidenfgrdmck as the early 20th century
(Massachusetts Survey of Inland Waters 1911), pysirpeoduction in the water column

of impounded and freshened East Harbor has beemdtad by high concentrations of
planktonic cyanobacteria (Mozgala 1974); consedudsjoon water was always cloudy
with Secchi depths less than 20 cm. With increasdidity since 2002, primary
production within the water column has shifted frammommunity dominated by

plankton (mostly cyanobacteria) to macrophyteduiog widgeon grass, some eelgrass
and, since 2005, dense mats of green alg&aO0phoraandEnteromorphaspp.) and
filamentous cyanobacteria. The water column itgelfvever, has become very clear,
with visibility commonly extending to the lagoonthmm (1-2 meters depth).

Blooms of both planktonic algae and macroalgaewseds) in coastal lagoons are
caused by high nutrient supply and/or poor tidagHiing. Despite the open culvert and
impressive increase in salinity since 2002, flughaith relatively oxygen-rich and
nutrient-poor Cape Cod bay water remains very pdtre infusion of this aerated
seawater on flood tides is a very small fractiotheflagoon’s total volume and,
therefore, has no noticeable effect on the systemxygen budget. Based on lagoon
bathymetric, tide-height and salinity data collelcter development of the bathymetric
model, we calculate that lagoon flushing time uralerent conditions is about 130 days
(Fig. 3-4). Under these conditions, nutrients freunrounding wetlands, precipitation,
Route 6 runoff and perhaps Beach Point wastewateymulate. In this regard,
proposed (and modeled, see above) increases Irexidaange should improve flushing
and water quality significantly (Fig. 3-4).

The continued wide diel fluctuations in dissolveg/gen in this lagoon is sustained not
only by a highly eutrophic water column, but alsovery limited tidal exchange with
relatively clean (i.e. low nutrients and organictieg Cape Cod Bay water (see below).
These conditions will very probably persist untlia flushing can be increased. Besides
a poor rate of flushing, nutrient loading to theteyn from Route 6 runoff and possible
wastewater discharge from adjacent development mesd study.
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Figure 3-4. Flushing times for East Harbor withiwas modeled inlet widths, compared
to existing 4-ft diameter culvert.

Chronic summer oxygen depletions and attendankiliEhin East Harbor have been
documented historically (Mozgala 1974) and obsemmaécent summers (Fig. 3-4).
Although fish kills have not been observed sincerapg the clapper valves in the
culvert, the system is still oxygen-stressed abinénd during periods of cloudy weather.
This is not surprising given that the infusion efated seawater on flood tides is a very
small fraction of the lagoon’s total volume anceréfore, has no noticeable effect on the
system’s oxygen budget. In contrast, the openectihas dramatically increased salinity
because salt behaves conservatively, i.e. mospefsists unchanged and is simply
mixed throughout the 350-acre lagoon by effici@nhd-driven circulation.
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4. MICROBIOLOGY

Public health microbiology has been an issue at Hasbor because the culvert that
drains freshwater from the system discharges iajeeCCod Bay near Beach Point
bathing beaches (Fig 1-1). When the culvert wapeged in June 2002 (see chronology,
Appendix A), after several months of closure angtrgam stagnation, high
concentrations dEnterococcudpacteria, the current standard indicator orgariam
marine bathing water quality, were observed initudischarge water during ebb tides.
Immediately thereafter, the Seashore began to wrdaitterococcust the discharge pipe
and at adjacent Noon’s Landing bathing beach, grpm that has continued on a weekly
basis throughout the swimming season (1 Jun — 3f) fauthe present. Samples are
collected during low ebb tide, to represent a woeste condition for encountering
bacteria in pipe discharge, immediately returnethéoSeashore laboratory and analyzed
using standard methods (mEI agar, EPA Method 18@dnbrane Filter Test Method for
Enterococcin Water, EPA-821-R-97-004a). Results are exgess colonies (colony-
forming units) per 100 ml of sample.

Despite the high bacteria counts immediately atepening the culvert in 2002, with the
culvert open continuously since November 2002, drgctoncentrations in pipe
discharge have been low during the 2003 througlé 20@mers (Fig. 4-1).

A slight increase in mean bacteria densities &t blmton’s Landing beach and the culvert
in 2006 is because two samplings, on 21 and 28 stufpllowed heavy rain events.
Heavy rainfall and freshwater discharge cause bagints in culvert discharge from East
Harbor. Importantly, some of this higinterococcuslischarge probably comes from
Route 6 runoff, all of which is channeled to Easarlbbr wetlands by the current highway
design. During dry weather, Noon’s Landing bathwajer often have higher bacteria
counts than the water discharging from East Hafbigr. 4-2).

14



450

O Culvert
400 A .
H Noon's Landing
350
Tigles blocked Tidal exchange _

— 300 1 - -
1S
o
o
— 250 4
@
o
B o200 =t
‘g
o
8 150

100 -

50 1

0
2002 2003 2004 2005 2006

Figure 4-1. Enterococcudacteria in East Harbor culvert discharge andigtcant
Noons Landing bathing beach, 2002-2006. Data aasof weekly samples
collected at low-ebb tide June through August.
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Figure 4-2 Enterococcu$acteria in East Harbor culvert discharge andigtcant
Noons Landing bathing beach during weekly samplatdew tide in summer 2006.
High counts in culvert discharge follow heavy ralhtind freshwater discharge from
East Harbor
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5. BENTHIC INVERTEBRATES

Chironomid midges

The non-biting chironomid midges had been a sponadiblem at Pilgrim Lake and
Beach Point for many years where the restrictiotidafl flow has created an environment
of low salinity and high organic loading conducteemidge production during spring

and summer. Adults and larvae have been identifieéke past a€hironomus decorus
(Mozgala 1974), a freshwater to brackish water iggecin laboratory cultures Colburn
(2003) observed a consistently high adult emergaht@v salinities (< 7 ppt), a rapid
drop in emergence with no successful metamorplassexperimental salinities reached
10.5 ppt, and recovery with limited emergence aaid even 17.5 ppt.

Several major midge hatches occurred in the latevser of 2002, after state Division of
Marine Fisheries concern for anadromous fish spagyrand Truro Board of Health
concern for bacteria contamination of nearby bestde to the blockage of tidal
exchange and decrease in salinity beginning inlgelgr By May 2002 salinity was only
5-10 ppt and high densities of midge larvae wemdespread throughout the sediment of
the main body of the lake. Massive hatches oftaduére a nuisance to Beach Point
residents in August and September.

As mentioned, with the clapper valves cabled opmtiicuously beginning in November
2002, salinity of East Harbor increased to aboup@5n summer and 20 ppt in winter by
mid-2003, ending most midge breeding. One exceptias the northwest cove where
high freshwater discharge and consequent low sakltiows some midges to reach
maturity; no complaints were received by Seashtaie is either 2005 or 2006.

Although not a specific target of the study, benthvertebrate sampling in 2006 found a
few chironomid larvae in the northwest cove, butvhere else in the system, probably
because of sustained high salinity.

Other benthic animals

Benthic invertebrates are fundamental to shallowagse food webs. These animals
feed on organic matter and associated microbeshenelby transfer the products of
primary production, fixed by algae and plants heit predators, including decapod
crustaceans, finfish and water birds.

During the summers of 2003, 2004 and 2006, surgépenthic fauna were undertaken
by University of Rhode Island interns under thediion of CCNS staff and Sheldon
Pratt, a marine benthic ecologist at the URI Gréel&zhool of Oceanography (Carlson
2003, Lassiter 2004). Cores were collected usi@g enf PVC tube at random locations
within the northwest cove and East Harbor lagoba (hain body of Pilgrim Lake).
Sediment was sieved through 0.5-mm mesh and anmetaisied on the sieve were
identified and counted.

Increased tidal exchange and salinity since 2082bkean followed by significant

increases in marine invertebrate diversity and dhaooe, primarily polychaetes,
crustacean amphipods and bivalve mollusks. Thatgseobserved increase occurred
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between 2003 and 2004 (Fig. 5-1, Fig. 5-2), altloiigs very unlikely that many of
these estuarine species were present prior to mgpehithe culvert in 2002 that both
restored salinity and allowed marine invertebratede to pass with the tide into East
Harbor. Most marine worms and mollusks probablgethe system as larvae, and have
to settle and grow before they are detectable Ibyampling methods.

In terms of species richness, the invertebrate coniiyin the lagoon has been
consistently more diverse than the northwest cavae2004, which is farthest from the
source of seawater and invertebrate larvae, antbhast salinity. Diversity decreased
in both lagoon and cove between 2004 and 2006 apiglilue to summertime oxygen
depletions described above.

Concerning invertebrate abundance, the large iserbatween 2003 and 2004 was
followed by an approximately commensurate declieivben 2004 and 2006 (Fig. 5-2).
Those populations that rapidly recolonized theeystver the first few years of the
partial tidal restoration are presently severetyitied by summertime hypoxia, and anoxic
events. Otherwise, animal abundance has beerasiduifing 2003, 2004 and 2006 in
both lagoon and cove, although chironomid midgedarstill account for a large fraction
of benthic animal density in the cove.

Although the sampling gear and plot size (only 82)avere not intended to adequately
sample sediment for moderate to large molluskspewertheless began to encounter
soft-shell clamsNlya arenarig in Moon Pond Creek and the eastern half of Riigrake
in summer 2004. These clams were abundant andywddgributed throughout the
lagoon in 2005 (Brett Thelen, personal communicgticSmall individuals of this species
were again extremely abundant until August 2006w period of hot weather,
extremely high water temperature (30° C.) and orydgepletion was followed by mass
mortality throughout the lagoon proper, but noMaon Pond creek.

17



9.00

6,00 | b OLagoon
NW Cove
7.00
C
c
o 6.00
0
(0]
£
G 5.0 a
= a
k]
Q. 4.00
S
(2]
9
]
o 3.00 4
)
2.00 1
1.00
0.00

2003 2004 2006

Figure 5-1. Species richness, i.e. average nunflisrhic invertebrate
species per plot, in East Harbor lagoon and itthmagst cove in 2003, 2004
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Figure 5-2. Benthic invertebrate abundance, i.eraye number of animals
per plot, in East Harbor lagoon and its northwestcdn 2003, 2004 and
2006. Columns with dissimilar letters are sigrafidy different, ANOVA,
P<0.05).
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6. RARE ANIMALS POTENTIALLY AFFECTED BY TIDAL REST@®RATION

Two State-listed rare animals are found withinHast Harbor system, the water-willow
stem borerRapaipema sulphurajaendemic to southeastern Massachusetts and Cape
Cod and the northern harrie€ifcus cyaneus Inventories for both species were
conducted over the past two years (Mello 2006 anve® (in review 2006),
respectively).

Water-willow Stem Borer

Stem borer larvae feed almost exclusively on watkow (Decodon verticillatug a
widely distributed freshwater wetland plant on C&uel that has established in Salt
Meadow, where diking since at least 1868 has maiediafreshwater conditions.
Decodonhas little salinity tolerance; therefore, tidetoeation alternatives that flood Salt
Meadow with seawater would likely eliminate a@bgcodonwhich presently occupies
main creeks and ditches. Complete loss of watbowirom Salt Meadow, if it were to
occur, would likely extirpate this local populatiohstem borers; however, many other
stem borer populations occur throughout the outgyeGn more natural freshwater
wetlands (M. Mello, personal communication).

With a grant from the Massachusetts Environmentasfl the National Seashore
contracted with Mark Mello, Research Director of tHoyd Center for the Environment
and an expert on the Lepidoptera of the statepmalect an inventory of Papaipema
throughout the East Harbor coastal flood plainfin&l report, available by request from
the Seashore, documents eiflgicodonpatches harboring stem borer larvae within Salt
Meadow, all but one of these is behind dikes ebgtenoff-road vehicle route from High
Head to the ocean. The one exception is betweetwih dikes at the west end of the
Meadow; ndPapaipemavere found in Moon Pond or the wetlands surrougdiast
Harbor lagoon proper (Fig. 6-1).

The conclusions from Mello’s report follow:

Both the Herring River and Salt Meadow watershaadslpced multiple records for
Papaipema sulphuratBecause these systems were historically salthmarsiuch
(Herring River) or most (Salt Meadow) of their ndveshwater wetland$}. sulphurata
has actually expanded its range on the outer Capehabitat not previously available to
it. Although water willow is a native plant, itteh “invades” wetlands that have been
disturbed, particularly nutrient-rich wetlands. Gimosquito ditches, former cranberry
bogs, and/or diked former salt marshes are reachipnized by water-willow; and
subsequentli?. sulphuratavill move into these patches. Indeed, this has liee case in
both Salt Meadow and Herring River. Until watetaiv is either out-competed by
Phragmitesr shaded out by succession of wetland shrubdraed,P. sulphuratavould
be expected to continue to use these patches. i@lyrtbe Herring River watershed
supports the majority d?. sulphuratsites in Wellfleet, and Salt Meadow is one of the
larger colonies in truro. Thuis both these systamessignificant, albeit relatively recent,
habitats forP. sulphurata

In order to assess the impacts of increasing tildal in these systems upon P.
sulphurata, the following factors need to be addesks
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How far will salt water (which will kill water-wibw) rerach upstreasm under
normal conditions (an occasional storm-driven tidakrwash will probably not
kill the plant) as tidal flow is restored?

What will be the overall change in water levelshiiitthe impacted part of the
system?

What is the long-term prognosis for the persistesfogater-willow if no action is
taken?

Are there portions of the Herring River system @gample, from Old county
road eastward) that can be precluded from tidatoestion without adverse
impacts?

Figure 6-1. General locations of water-willow stborers Papaipema sulphuraja
feeding on water-willow@ecodon verticillatusin Salt Meadow, East Harbor estuary,
Truro, MA.
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Northern Harrier

As mentioned, a draft report of a recently compuldtarrier survey is still in review;
therefore, only excerpts of findings relevant teHdarbor tidal restoration are noted
below:

Northern harrier nesting is almost entirely restad to Martha’s Vineyard, Nantucket
and Cape Cod.

Study objectives were to survey suitable harridyited, count harrier territories,
measure reproductive success; and identify hapitaterence for nesting and foraging
during the breeding season.

Ten breeding pairs nested within the Seashore @4 2Md five pairs nested in 2005.

Five of ten total nests found in 2004, and onevefriests found in 2005, were within
East Harbor.

Nesting success was limited to 38% and 33% in 20@42005, respectively, with failure
due to nest predation, although the identity ofdaters was undetermined.

Outer Cape harriers selected wetlands, rather thplands, for nesting sites, in contrast
with island populations in Massachusetts, perh@psinimize predation.

If tidal restoration at East Harbor were to cause replacement of existing cattail
marshes witlSpartinasalt marsh, resident harriers may not shift toasttocations in the
park.

Low harrier breeding density on the outer Cape iip@yue to the lack of open,
unforested habitat.

Recommendations for managemanet include:
1. Maintaining suitable harrier habitat, i.e. cattatharshes and oak barrens;
2. Avoiding human disturbance to harrier nests; and
3. Controlling nest predators.
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7. WETLAND VEGETATION

Emergent Wetland Vegetation

A detailed overview of the East Harbor tidal reatmm project, including all aspects of
vegetation monitoring, is provided in Smith (20@606) and Portnoy (2005). The
following provides an update to these reports basedata collected during 2006.

Review of methods

Species coverage in the permanent vegetation @lasre 7-1) was assessed by visual
estimation of cover class according to a modifieduB-Blanquet scale (0=0, >0-5%=1,
6-25%=2, 26-50%=3, 51-75%=4, 76-100%=5). The plese assessed in both June and
August so that comparisons could be made to ottarsywhere cover data are limited to
June only or August onlyPhragmitesstem heights, stem densities, and % flowering
stems were recorded at the end of the 2006 groseagon (October 2006). From these
data, biomass was estimated as per Thursby &0f2].

Figure 7-1. Overview of East Harbor with vegetatpot locations along transects EH1 through
EHA4.
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Data analysis Principle components Analysis (PCA) was useplddray temporal shifts
in community composition, while Analysis of Simikéeés (ANOSIM) tested the
statistical significance of community-level respesis Non-parametric Wilcoxon signed-
ranks tests (repeated measures non parametricgtéstcompare two groups) were used
to compare cover class data between specific yédmrsagmitesstem height and biomass
data were subjected to T-tests and ANOVA signifeeatesting.

Results

Relatively small changes in the emergent vegetdtaore occurred over the last year
(Table 7-1). One exception is the increased alnoelafThelypteris palustrigmarsh
fern). This species presumably rebounded dueweried porewater salinities in 2006
that resulted from large amounts of precipitatioiiay and June. The largest decrease
in cover occurred iPhragmites although the difference value is a small peragatat

the total cover of this species.

Table 7-1. Summed cover class values of East hathot taxa in vegetation plots
(August 2005 vs. August 2006).

Aug-05 Aug-06 Diff
Aster novi-belgii 2 0 -2
Boehmeria cylindrica 4 4 0
Decodon verticillatus 2 2 0
Lysimachia terrestris 1 0 -1
Lythrum salicaria 3 5 2
Onoclea sensibilis 8 8 0
Phragmites australis 73 68 -5
Rosa palustris 3 2 -1
Rumex orbiculatus 0 1 1
Sphagnum sp. 1 2 1
Thelypteris palustris 28 48 20
Toxicodendron radicans 26 30 4
Typha angustifolia 55 60 5
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With respect to longer-term change, there have sge and statistically significant
(ANOSIM p=0.001) shifts in species composition othex last 4 years with many taxa
exhibiting significant reductions in cover or dipaaring altogether from the plots.
Table 7-2 summarizes plant cover in June 2002ure 2006 and August 2004 vs.
August 2006. It should be noted that cover geheraaches a maximum sometime in
August. In addition, some of the rarer species beayelatively inconspicuous in June
compared to August, and may therefore go undetedtedortunately, the earliest
available cover data for the month of August wakected in 2004, which precludes any
comparisons to baseline (2002) conditions. Notstéhding, both sets of data show
virtually the same trends and the August 2006 dedaides confirmation that many of
the true freshwater taxa have disappeared. Thasedmain are largely confined to

transects EH1 and EH2 in the western portion ofystem.

Table 7-2. Summed cover class values of East hathot taxa in the western (EH1/2) and
eastern (EH3/4) portions of the system (June 2802une 2006 and August 2004 vs. 2006).

Taxa that have disappeared from the plots areibigfield.

Aster novi-belgii
Bohmeria cylindrica
Calystegia sepium
Chenopodium album
Decodon verticillatus
Erechtites hieracifolia
Eupatorium dubium
Impatiens capensis
Lemna minor
Lysimachia terrestris
Lythrum salicaria
Onoclea sensibilis
Parthenocissus quinquefolia
Phragmites australis
Polygonum sagittatum
Ribes hirtellum

Rosa palustris

Rosa virginiana
Rumex orbiculatus
Smilax rotundifolia
Solidago sp.
Thelypteris palustris
Toxicodendron radicans
Triadenum virginicum
Typha angustifolia
Viola lanceolata

Total cover of true freshwater
taxa (excludes
Phragmites/Typha)

Total no. species

Jun-02 Jun-06 Aug-04 Aug-06
EH1/2 EH3/4 | EH1/2 EH3/4 EH1/2 EH3/4 | EH1/2 EH3/4

1 5 0 0 6 0 0 0
0 0 1 0 2 0 4 0
1 9 0 0 1 1 0 0
0 0 0 0 0 4 0 0
3 0 1 0 3 0 2 0
0 0 0 0 2 1 0 0
3 1 0 0 0 0 0 0
0 14 0 0 3 0 0 0
0 0 2 0 1 0 0 0
3 0 1 0 1 0 0 0
0 0 0 0 1 0 5 0
9 1 10 0 9 0 8 0
0 2 0 0 0 0 0 0
0 57 0 41 0 76 0 68
1 0 0 0 2 1 0 0
1 1 0 0 0 0 0 0
0 0 2 0 3 0 2 0
4 1 0 0 0 0 0 0
0 1 0 1 0 1 0 1
1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0

38 21 25 1 47 1 46 2

31 29 22 0 32 0 30 0
1 0 0 0 2 0 0 0

43 8 42 2 57 2 58 2
0 0 0 0 0 1 0 0

98 85 64 2 172 12 155 5

15 13 9 4 16 9 8 4
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Principle Components Analysis of the cover dataxshthat species composition has
shifted slightly over the past year (2005-2006) darisiderably over the past 4 years
(2002-2006) (Figure 7-2). Eigenvector values ré&acéhat the separation between 2005
and 2006 was mainly due to changePImagmites Typha andThelypteriscover. In
contrast to changes since 2002, ANOSIM resultcatdithat overall plant community
change over the past year was not statisticallyifsignt.
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Figure 7-2. PCA of cover data comparing August22@8 August 2006 and June 2002 vs. June
2006 plant communities.

For the dominant species of emergent vegetaligphaandPhragmitesthere have been
small but detectable cover changes over the past(yable 7-3). Over the last 4 years,
with the exception of one plot (EH3-240)yphahas been eliminated along transects
EH3 and EH4. In contrastyphahas remained relatively stable in the westernigoif
the system, along EH1 and EH2. Overall, theraistatistical difference between 2002
and 2006 foilyphacover across the entire network of plots. Whe3BHd EH4 are
analyzed separately, however, a significant deereasvident.
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With the exception of just a few ploBhragmiteshas decreased slightly since 2005 and
notably since 2002. The latter change is noissilly significant for EH3 and EH4
pooled together. When only transect EH4 is analyhewever, there is a statistically
significant decline in cover from 2002 to 2006. altdition, it is noteworthy that the only
increases in cover occurred in plots along EH3tamdrd the upland border —i.e., plots
that are furthest removed from the point of seaneaéry.

Table 7-3.TyphaandPhragmitescover class changes by plot since the onset tregon (2002-
2006) and during the last year (2005-2006).

Typha Jun-02  Jun-05 Jun-06 Change Change Phragmites Aug-02  Aug-05 Aug-06 Change Change
(05-06)  (02-06) (05-06) (02-06)
EH1-005 2 2 2 0 0 EH3-060 5 5 5 0 0
EH1-025 2 2 1 -1 -1 EH3-080 5 2 2 0 3
EH1-045 2 3 2 -1 0 EH3-100 5 5 3 -2 2
EH1-065 2 2 2 0 0 EH3-120 5 5 5 0 0
EH1-085 2 3 2 -1 0 EH3-140 5 5 5 0 0
EH1A-005 3 3 1 -2 -2 EH3-160 5 5 5 0 0
EH1A-025 2 3 3 0 1 EH3-180 3 5 5 0 2
EH1A-045 2 2 3 1 1 EH3-200 4 5 5 0 1
EH1A-065 2 3 3 0 1 EH3-220 5 4 4 0 1
EH1A-085 4 3 3 0 -1 EH3-240 2 4 3 -1 1
EH2-005 2 3 2 -1 0
EH2-025 2 3 3 0 1 EH4-000 5 5 5 0 0
EH2-045 2 3 3 0 1 EH4-020 5 3 4 1 -1
EH2-065 2 3 2 -1 0 EH4-040 4 1 0 1 -4
EH2-085 2 3 2 -1 0 EH4-060 5 2 1 1 -4
EH2-105 3 4 3 -1 0 EH4-080 2 0 1 1 -1
EH2-125 3 3 2 -1 -1 EH4-100 5 4 3 1 -2
EH2-145 4 2 3 1 -1 EH4-120 3 5 5 0 2
EH4-140 5 3 2 1 -3
EH3-120 1 0 0 0 1 EH4-160 4 5 5 0 1
EH3-180 2 0 0 0 2
EH3-200 1 0 0 0 1
EH3-220 1 0 0 0 1
EH3-240 2 2 2 0 0
EH4-160 1 0 0 0 1
SUM-EH1/2 43 50 42 -8 1 SUM-EH3 44 45 42 -3 -2
SUM-EH3/4 8 2 2 0 -6 SUM-EH4 38 28 26 -2 -12
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Aerial photography qualitatively illustrates mom®adly the changing patterns of
vegetation in Moon Pond. In the right-hand phdt&igure 7-3, arrows point to areas of
salt-killed Typha— an area that was thickly vegetated in 2001)(ldft Figure 7-4,

arrows point to low density and deBtdragmitesn 2005 (right) in areas that had
vigorous growth in 2001. Figure 7-5, an obliquglaraerial photo taken in September
2006, provides a lower altitude view of these cleasng

ol S © e AT e N N
Figure 7-4. Changes Phragmitescoverage in Moon Pond (2001 vs. 2006).
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Figure 7-5. Aerial photo (September 2006) shoveialirkilled cattail (solid circles) and
Phragmiteqdotted circle) areas.

Phragmitesbiomass, a more accurate measure than area doslearying plant

structure, was calculated from stem heights and sensity counts (Thursby et al.

2002). These data are collected in late Septeor@ctober — well after the shoots have
stopped growing and have had a chance to producglarescence. Stems have shown
significant decreases in height in the majorityloits since 2002 (Figure 7-6). Mean

stem height decrease from 2005 to 2006 was 41 ttrauglh this change was not
statistically significant. Stem densities havealsecreased (data not shown). Reductions
in both have resulted in a precipitous drohragmitesbiomass over the long term and
even since last year (Figure 7-7).
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Figure 7-6. Phragmitesmean stems heights by individual plots in 20022085 (left) and for all plots
pooled by year (right).
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Figure 7-7. Phragmitesbiomass by year in individual plots (left) and stawide (right).
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The percentage of flowering shoots, which can lmeesghat variable depending upon
annual variations in precipitation and other fagtéras shown a significant decrease over
the past year (Figure 7-8). From 2003 to 2005 @arent increasing trend was
observed; however, there are no statistically §cant differences among these groups.
Only the 2006 data exhibit a statistical differefroen any of the other data sets. The
initial increase in flowering could have been do¢hte absence of interspecific
competition from salt-intolerant species that befgavanish shortly after the onset of
restoration. Regardless, the current year’s dad@ iencouraging sign thRlhragmites
population vigor continues to decline, a trend thdtecoming more and more
conspicuous in low level aerial photographs (FigiH®.
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Figure 7-8. Mean percentage of flowering shootgdmr (end of the growing season).
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stunted
plants >

dead
plants »

Figure 7-9. A closeup image of Moon PdPldragmitesshows gradients of physiological stress,
ranging between total mortality (dark signatures) height growth suppression (brown/beige
signatures). The distinct signature of stuntedtglés caused by the tops of last year’'s stems
(many with remnant inflorescences), which are dwatibrown/beige, being taller than the

current year's growth, the tops of which are puigpieen.
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Water chemistry Late-season porewater salinities (10-cm dep#rewdramatically

lower in 2006 than in 2003 or 2005 (Table 7-4) assallt of heavy precipitation received
during May and June of 2006. Because there istantéble tidal fluctuation, lowered
salinities in the main lagoon would only affect fimewater salinities of plots in close
proximity to open water. However, high ground waédbles in the surrounding upland
would result in prolonged freshwater discharges the system through the surrounding
marshlands during the growing season. High Hewegarticular, looks to be a significant
source of freshwater seepage as evidenced byrtiedalinity reductions in plots closest
to this geologic feature. For example, plot EH®-22creased from a salinity of 21 ppt
in 2003 to 2 ppt in 2006.

Table 7-4. Late-season porewater salinities ((B1)3-2006).

08/19/03 09/22/05 8/25/2006 Diff 03-06
EH1-005 4 5 0 -4
EH1-045 5 4 2 -3
EH1-085 5 5 0 -5
EH1A-005 4 4 0 -4
EH1A-045 10 8 8 -2
EH1A-085 10 9 10 0
EH2-025 2 4 0 -2
EH2-065 2 4 0 -2
EH2-105 2 4 7 5
EH2-145 3 7 7 4
EH3-060 24 - -
EH3-100 25 23 20 -5
EH3-140 24 22 14 -10
EH3-180 23 20 12 -11
EH3-220 21 14 2 -19
EH4-000 25 - -
EH4-040 33 37 34 1
EH4-080 32 34 26 -6
EH4-120 30 30 15 -15
EH4-160 29 24 12 -17
mean-EH1/2 4.7 5.4 3.4 -1.3
mean-EH3/4 26.6 25.5 16.9 -10.3

Summary -Despite low porewater salinities in the vegetaptsts in 2006 Phragmites
has exhibited overall decreases in cover and bismasng the past year. This is
presumably due to the synergistic and long-termudative effect of elevated salinity
and sulfides on plant vigor. Biomass reductionegpp to be accompanied by a similar
trend in flowering. These trends are noteworthgalose they indicate that desirable
changes in the emergent vegetation are still hapgedespite a very limited amount of
seawater exchange. It also suggests quite stroimgli?hragmitesn Moon Pond would
decline rapidly in response to increased seawatdramge, coupled with an increased
tidal range. As it stands, the emergent marstmsdrEast Harbor are overtopped only
by the highest Spring tides. The frequency ofetmscurrences depends upon the
antecedent water level in the open lagoon, whichilisregulated by precipitation as
opposed to unrestricted systems that are domirgtéides.
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East Harbor Seeding Program

On October 21, 2005, several salt-killed cattabaradjacent to High Head Road were
seeded with wrack material collected from Hatchagbdr (this activity is described fully
in Smith 2006). A total of 85 bags (55 gallon) eéled with wrack, which contains the
seeds of a variety of native salt marsh taxa, hed distributed by hand in areas on either
side of High Head Road where seawater exchangkilletsthe cattail that once
dominated there.

Germination of seeds was evident in June 2006 (€igtl0). In addition to this new
germination, plants that had already establishesh fpast seedings have exhibited
considerable vegetative expansion (Figure 7-11¢redver, these plants have now
become a significant source of seed themselvesi@nvdtlusters o8& alterniflora have
recently been found in places far removed fromtioca that were deliberately seeded
(Figure 7-12). This indicates that new populatiofisalt marsh plants are becoming
established from internal sources and seeds apdgutes.

Spartina
alterniflora

Salicornia
maritima

Figure 7-10. New seedlings established from Ocat@665 seeding effort (June 2006).
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Figure 7-11. Zones @& alterniflora expanding out from plants established from Oct@€x4
seeding effort.

Figure 7-12. Newly established clusterSoalterniflora in a location that is > 250 m away from
areas that were hand-seeded.

Submerged Aguatic Vegetation

Due to large amounts of algae in East Harbor ir6286agrass cover could not be
monitored along the permanent transects. Sepgnaiatroalgae and periphyton
(attached microalgae) froRuppiamaritima (widgeongrass) and/@ostera marina
(eelgrass) proved to be too difficult to colledtable data. However, some anecdotal
observations can be included he#asterais thriving in the main tidal channel that runs
through Moon Pond and connects East Harbor to CapleBay via the underground
culvert (Figure 7-13). Higher water velocitiesdahgh this channel are presumably the
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reason why algal growth is much reduced on theds.bRegardless, the presence of
healthy eelgrass in the main channel is, and wiltitue to be, a good source of seeds
and propagules to the open lagoon. This aregpatsodes a good example of what more
of East Harbor might look like if tidal exchanger@éncreased to the fullest extent
possible.

Figure 7-13. Eelgrass bed in main channel of M@ond (July 2006).

Algae have inherent value as components of a fonaliy healthy coastal lagoon.
However, at nuisance levels of biomass there canrbage of deleterious effects. Why
algae were so productive in the system this yearciemplex question and at this point
we can only speculate about probable underlyingesuOne contributing factor may
have been the large amount of early season pragitin 2006. In addition to lowering
the salinity of the system, the rainfall would halrezen increased nitrogen loading, both
directly from direct atmospheric deposition andiiactly from increased groundwater
flushing. Although most of the system is withie thndeveloped National Seashore, the
southern border lies next to a heavily developeddrebeach. Thus, septic leachate
and/or Route 6 runoff are likely sources of addiéioN to East Harbor, although the
magnitude and relative importance of these inpiisinvthe overall N budget is
unknown. Notwithstanding, green macroalgae, paldity species o€ladophoraand
Enteromorphacan proliferate rapidly in response to increasedputs to coastal waters
(Valiela et al. 1992).

Filamentous cyanobacteria, or “blue-green algaegqgnt as floating and attached
periphyton mats), were also abundant in the syate2006. This group of algae has
been problematic in East Harbor in the past - dnefare partial tidal restoration was
undertaken. Cyanobacteria blooms are typicalliefiby 1) an abundance of both
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nitrogen (N) and phosphorus (P) and 2) low ratios:®. Therefore, a combination of
increased N inputs, followed by enhanced ratesrel¢ase from benthic sediments
during periods of water column anoxia and high wegmperatures, may have stimulated
cyanobacterial productivity during the summer 0®@0 Such conditions are believed to
be responsible for cyanobacteria blooms in the asstell, when the system was even
more prone to oxygen depletions. Now, howevetesxs of freshwater algae serving as
the main carbon source for microbial respiratiopr@cess that uses oxygen), submerged
aguatic vegetation (seagrasses) has become antamppart of this process. Regardless,
it still stands to reason that increased seawatdramge, which would bring higher
volumes of nutrient-poor, oxygen-rich, cooler watdo the system, would dilute
nutrients and reduce the flux of sediment P ineowater column, thereby limiting extent
to which cyanobacteria and other nuisance alga@uaifierate.

Fortunately, drifting and detached periphyton aratroalgae are flushed from the
system on ebb tides, particularly during the fdllew strong winds churn up the open
water body. The detachment of macroalgae frons¢lagrasses and other substrates
increases the potential for this material to beogtgqal from the system via tidal exchange
(Figure 7-14).

Figure 7-14. Clumps of macroalgae (circled) drgtumder High Head road towards the culvert
and out of the system (October 2006).
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In 2007, steps will be taken to better understaedunderlying factors regulating
macroalgae abundance and species composition.e Begss include sampling of
nutrient concentrations in the water column, lingtinutrient bioassays, and analysis of
algae taxonomy, succession, and tissue chemistry.

8. NEKTON (FISH AND DECAPOD CRUSTACEANS)

Introduction

Nekton monitoring is an effective and powerful tém monitoring and assessing the
results of estuarine restoration in the East Haslgestem. Changes in nekton abundance,
density and species composition reflect perturbatia multiple ecosystem processes,
and comprise an efficient proxy for monitoring chas in these complex processes that
would be too difficult or costly to monitor indivighlly. Nekton responds rapidly to
ecological changes, especially to changes in hgdyoand water quality, i.e., increasing
tidal range in Moon Pond and salinity in East Harbagoon. They also respond to
disturbances in food chain dynamics, from the bottgp; e.g. removal/change in primary
producer populations by anthropogenic impact taagte water quality, or from the top
down, e.g. removal of predators, an important feahot present in other sample
populations (Raposa and Roman 2001a; Raposa andriR2001b).

Nekton data were first collected in 2003 and hagtinaed to the present. Annual
monitoring in the East Harbor system is expectecbtdinue.

This report summarizes results of nekton monitonmtipe three major sub-basins of the
East Harbor system (Moon Pond, East Harbor LagodrSalt Meadow) in relation to
trends in water quality and vegetation.

Methods

The East Harbor system is a challenging systenuamtitatively sample. The
combination of various habitats (e.qg., tidal crdeéshwater marsh) and rapid changes in
vegetation and algal communities made the usesofghe sampling method impossible.
A variety of active and passive methods have bested over the last four years,
following and modifying methods suggested in Rapaizéh Roman 2001a; James-Pirri
and Roman 2004:

Throw traps—nekton was sampled from creeks andyaiom edge of East Harbor
Lagoon using a 1-Ax 0.5-m-high throw trap, with a 3-mm mesh and an
aluminum angle-iron frame. Workers carefully agmteed the sample site and
tossed the trap, then removed any animals withmax10.5-m dip net (1.5-mm
mesh). Each animal was identified (most to spgcesnted and the length of a
representative sample measured (the first 15 iddais, if possible). Sampling
stations were randomly established within the Mbt@adow tidal creek, and
along the shallow perimeter of the Lagoon. Thets svere sampled once in
2003 and 2004 in late summer, and twice in 20052806 in early summer and
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late summer; each sampling event continued ovearakdays. Each sample event
was conducted during the ebb tide (in the case@friMMeadow), commencing
after the marsh surface had dewatered.

Beach seine—A 10-m seine with 3-mm nylon mesh veasl in the East Harbor
system. In the Lagoon, three seine samples wdlectax in the late summer
during 2003 and 2004, three seine samples wereatetl in the early summer,
and three more during the late summer of 2005 &06.2 One seine site was
sampled in Moon Meadow during the same time peri@tmple sites were
randomly located along the edge of the Lagoonn dné creek in Moon Meadow.
The number of each species and length of a repegsensample (the first 15
individuals, if possible) were recorded.

Fyke Net—A 1-m opening fyke net (2.54 cm mesh sa3 usedbriefly (in

2003) in Moon Pond sample site at the weir strigctarsample nekton entering
the lagoon. It was determined that the mesh satao large. Future use of this
gear was discontinued. Data collected utilizing thethod is not presented in
this report.

Minnow and crab traps—Minnow traps are 40 cm lonity & diameter of 20 cm;
mesh size is 5 mm with an opening of 2.5 cm. @rabs are 75 m x 40 cm x 40
cm with a mesh size of 2 cm and a opening of 18 grh. Mesh flaps were
removed before deployment to allow ease of egrgsgekton. Bait was not used.
When these traps were deployed in the East Harbgodn, they were tied to
buoys, with the minnow trap suspended mid-watenrool and the crab trap on
the bottom

Cast net— This method was tested in 2006. A twtenmdiameter cast net, with
one-centimeter mesh size was used to sample ettt of the East Harbor
Lagoon with depth > 0.5 cm. The area sampled wahated for each throw for
density estimates. Randomly located samplingmstatwere navigated to with
GPS using a small skiff on the East Harbor Lagoon.

Otter Trawl—In 2003, a 1-m opening Otter Trawl @-@n mesh size) was
deployed. Eleven ten minute trawls were conductéde East Harbor Lagoon
where depth was >1 m deep. At the end of each lgagripterval, species were
collected from the net and identified and measurBts method was also
attempted in 2004; however, the increase in aqpéditts and algae fouled the
gear, rendering the method ineffective. Data ftbhim method are represented in
the nekton species list for 2003.

Sample Design—Sample stations were randomly sel@écteolygons created with the
ArcView 3.2, 8.2 and 9.2 GIS software package,as@nting suitable sampling habitat
(e.g, throw traps: shoreline and tidal creeks w#pth < 1 m) using a color
orthophotograph. Random points were generatedasenNPS Alaska Pack extension
to the ArcView 3.2, 8.2 and 9.2 GIS software paekagoints were assigned UTM
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coordinates using the NAD 1983 projection. UTM ichioates were loaded onto a 12
channel WAAS enabled Garmin IV or GPSmap76S GPE @ample stations were
navigated to in the field; accuracy was typicall2.5 m. In 2005 and 2006, nekton was
collected from each sample station twice, onceantyesummer and once in late summer.

Environmental data—at each sample station, a yaoietnvironmental data was
collected. This included water temperature, siglifnercent dissolved oxygen, and in the
case of the throw traps, estimates of cover of tgpéants and algae and sediment
guality (percent sand/fine size particles). Hdlatdacent to the sample station was
categorized, if applicable. A hand-held YSI 650trparameter meter, thermometers
and hand refractometers were used to collect vaataiity data.

Analysis—For each year, the number of animals sadhplumber of species, the relative
abundance, mean and standard deviation of nekimsitdend length were calculated. In
2005 and 2006 when there were two samples colléaedeach sample station, the
mean of density and length of the two annual sasnplesed for analysis. Trend
analysis, using the Pearson's correlation coeffid@pha=0.10) was conducted on
species diversity, annual density values for to&lton, crustaceans, fish and selected
individual species using the XLSTAT software packé&§okal and Rohlf 1981).

Results and Discussion

In most of the East Harbor system, there has bea@mceease in the number of nekton
species, especially the common estuarine specgsKendulus heteroclitys Before

the reintroduction of tidal flow, there were fewkt@n species present: carp, white perch,
alewife and the American eel (Hartel et al. 2003itiMr 2003; personal observations).
By 2006, the number of species has nearly douflelli¢ 8-1). There has been an
increase in the relative dominance of fish througtibe sample period (2003 — 2006,
Figure 8-1 and 8-2), probably in response to emvitental and habitat change, and is
generally consistent with nekton re-colonizatiomBsa 2002; Roman et al. 2002). The
increase in the number of nekton species and velgtstable densities indicates that the
system is suitable habitat for typical estuarinecggs assemblages, a situation that is
expected to improve with further restoration eqigure 8-3 and 8-4). Results and
discussion for each part of the East Harbor systedfor specific species are offered
below:

East Harbor Lagoon—there has been a significaméase in the number of species
sampled in the Lagoon (Table 8-1). Typical esh&dpecies have populated this
system, especially the mummich@g heteroclituy the most common salt marsh fish,
while the species present before the increasdimtgdnave been reduced or extirpated
(salt-intolerant carp). The rapid changes in waqtelity and habitat over the four sample
years have led to changes in nekton relative amasjalensity and species composition;
however, some species that were present beforiea@irction of salt water persist in
stable densities, American eé\nguilla rostratg and white perch\Morone americang

as do typical estuarine species like Atlantic s#ide (Menidia menidiq Additionally,
important commercial species have been sampldteihagoon, like the American eel
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and winter flounderKseudopleuronectes americahusadicating that the East Harbor
system may provide a place for these species tormat

Most of the sampling in the Lagoon has been focasethe shoreline in water less than
0.5 m using the throw trap method. This has exdudest of the lagoon from sampling,
although an otter trawl was used in 2003. In 2@0&ast net was used at 30 sample
stations in the Lagoon, in water > 0.5 m deep.uResvere disappointing; only a few
mummichog and four-spine sticklebacks were samplédtk large areas of widgeongrass
(Ruppia maritimg and algae present in 2006 frequently confoundedessful
deployment of the cast net. Weather conditionstane of day may be important in
nekton use of this habitat. This method will biened and tested again in 2007.

Moon Pond—This area is the closest to the bay, rexpees about 0.5 m tidal range (Salt
Meadow and the Lagoon do not), and high salinitiie nekton community responded
with surprising rapidity to the increase in salyraind tidal range, with the colonization of
the system by many common estuarine nekton, somdramely high densities, (e.g.,
shore shrimp), as nekton exploited the new hapitble 8-2). There have been
interesting shifts in species at Moon Meadow; thars shrimp RPalaemonetes sppwas
initially sampled in high densities; as the hahitathe tidal creeks changes from fine
bottom to a more course sandy bottom (Figure 88&)sand shrimpJrangon
septemspinosunmas become more common (Table 8-5).

Salt Meadow—This area of the East Harbor systemexpansive salt marsh habitat
before the system of impoundments were built dutfiregl9’ and 28" century. The area

is currently a fresh water marsh—the amount ofiinester discharge from this system
prevents any salt water from entering. Accordingiyshwater species are found here
(Table 8-1). [Note however that the salinity ighter at the Head of the Meadow end of
the marsh presumably from intrusion of salt watenfthe ocean—salinities greater than
10 ppt were recorded in 2003.] If the amountidsdl exchange increases, along with the
removal of impoundments to this system, restoraiothe nekton community could be
achieved.

Alewife—Salt Meadow has been considered possilkbgdtafor alewife Alosa
pseudoharengyspawning. Alewife, stocked by the state in tBéds, used the East
Harbor system as breeding habitat previous todoirton of tidal flow. The decrease or
loss of the alewife run at East Harbor was expectecreased salinity in the lagoon has
made it impossible for alewife to spawn thereis Epeculated that the Salt Meadow
portion of the East Harbor system, with severajddreshwater pools, may present some
breeding habitat for alewife; however, no alewiga/éd been sampled from 2003 to 2006
in any part of the system. Sampling for alewifeéhia East Harbor system will continue

in 2007.

Conclusions

The finfish of East Harbor lagoon comprised whigegh, American eels, an introduced
run of alewives, some killifislHundulus heteroclitysand exotic carp (Mather et al.
2001) prior to the recent partial restoration datiexchange and salinity. Reintroduction
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of tidal flow and salinity into the East Harbor laam and Moon Pond has resulted in the
rapid colonization by estuarine nekton speciesmieo fresh to brackish species have
been replaced by an assemblage of nekton spegpiealtpf lower Cape salt marshes.
The reintroduction of tidal flow and salinity is\nag a positive effect on the nekton
community by providing habitat for spawning, asuasery area, and for feeding.

» Continue to monitor nekton annually in the Eastbddaisystem.

» Test new methods to increase effectiveness of imami in the East Harbor
system. These may include cast nets, lift netseatehsive use of minnow traps
and other passive methods in Salt Meadow and teeHEabor Lagoon.

» Work with ecologist to understand the nutrient dyiies of the system and impact
on the nekton community.

» Continue to monitor for the presence of alewif¢hi@ East Harbor system during
migration and for the presence of juveniles inftkeh water pools in Salt
Meadow.
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East Harbor Lagoon
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Figure 8-1. Relative abundance of fish and crestas in the East Harbor Lagoon
from 2003 to 2006.

Moon Pond
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Figure 8-2. Relative abundance of fish and crestas in the Moon Pond from 2003
to 2006.
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EAST HARBOR LAGOON NEKTON DENSITY 2003-2006
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Figure 8-3. Mean density of total nekton, crustaseand fish in the East Harbor
Lagoon from 2003 to 2006.
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Figure 8-4. Mean density of total nekton, crustaseand fish in the Moon Pond from
2003 to 2006.
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Percent fine sediment at Moon Pond sample stafio@3 to 2006
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Figure 8-5. Mean percent of fine sediment collé@eMoon Pond sample
stations from 2003 to 2006.
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East Harbor Lagoon Moon Pond Salt Meadow
COMMON NAME 2003| 2004 2005 200p2003| 2004 2005 200p2003| 2004 2005 200pb
American eel X X X X X X
Atlantic silverside X X X X X X X X
Brown bullhead X X X
Crab species X
Four-spine stickleback X X X X X
Golden Shiner X X
Green crab X X X X X X X
Longnose spider crab X |<£
Mummichog X X X X X X X X <D( X
Nine-spine stickleback X X X X o) X X
Pipe fish X X X X X z
Sand shrimp X X X X X X
Shore shrimp X X X X X X X X
Spider crab species X
Striped Kkillifish X
Three-spine sticklebac X
White perch X X X X X X X
Winter flounder X X X X
Total number of
species 6 9 11 11 6 7 10 7 4 5 5

Table 8-1. Nekton species of the East Harbor sy&@03 to 2006. There was a significant increagbe number of species in East
Harbor Lagoon (Pearson’s correlation coefficien®29; p=0.071; alpha=0.10), there was no significacriease in Moon Pond or
Salt Meadow. No data were collected in Salt Meado2004.
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2003 2004 2005 2006
EAST MOON EAST MOON EAST MOON EAST MOON
HARBOR POND HARBOR POND HARBOR POND HARBOR POND
SITE LAGOON LAGOON LAGOON LAGOON
n 19 20 30 30 42 28 29 12
MEAN _ STDEV | MEAN  STDEV| MEAN  STDE MEAN  STDEV _ MEAN DEST | MEAN  STDEV | MEAN  STDEV| MEAN _ STDE
TOTAL NEKTON 7.63 1356| 7852 1071 2741 48.5%8 27.10 4543 318.84.35| 38.75 46.6 3503 34.14 36.58 23|85
CRUSTACEANS 2.47 7.16 | 70.25 1025 552 19.14 1887 33{99 2.17.907 20.11 31.77] 1.03 2.13 25.08 19.94
FISH 5.16 10.15] 1356 1241 2190 3819 8.23 16|53 16.2.69| 18.64 26,51 34.00 3351 1150 11)49
American eel 000 000 | 0.29 056 | 003 0.18 | 0.00 0.00 | 0.12 0.40 | 0.00O 0.00 | 0.03 0.19 | 0.00 0.00
Four-spine stickleback 0.00 0.00 1.05 2.22 521 1554 1.47 2.81 421 10.13.36 5.61 1.59 3.51 0.42 0.79
Green crab 000 000 | 024 036 | 0.03 0.18 | 0.30 0.70 | 0.02 0.15 | 0.86 156 | 0.00 0.00 | 242 3.48
Sand shrimp 0.05 0.23 0.00 0.00 0.21 0.83 2.13 4.76 0.45 1/50.32 6 9.58 0.48 1.21| 17.83 19.60
Mummichog 000 000 | 7.81 1122|1359 3561 | 3.90 11.42 | 10.19 2852 | 12.14 22.11 | 26.52 31.81 | 6.08 7.98
Striped killifish 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0/00.00 0 0.00 0.03 0.19 0.00 0.0(¢
Three-spine stickleback 000 0.00 | 0.0O0 000 | 0.OO 0.00 | 00O 0.00 | 00O 0.00 | 00O 0.00 | 0.0 0.19 | 0.00 0.00
Longnose spider crab 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0/00.04 0 0.19 0.00 0.00 0.00 0.0
Spider crab species 000 0.00 | 0.O0O 000 | 0.OO 0.00 | 0.03 0.18 | 0.00O 0.00 | 0.O0O 0.00 | 0.00O 0.00 | 0.00 0.00
Atlantic silverside 3.42 8.73 1.81 4.40 2.72 4.6 2.83 6.97 0.60 1/86.43 2 3.52 559 1343 4.00 7.27
White perch 147 350 | 0.00 0.00 | 0.0 031 | 0.00 000 | O.88 209 | 029 118 | 0.14 044 | 0.00 0.00
Shore shrimp 2.42 7.17 | 66.76 101.1 528 18.86 16.40 33{10 1.69.44 4 12.75 29.22| 0.55 1.45 4.83 7.42
Winter flounder 000 000 | 0.O0 000 | 00O 0.00 | 00O 0.00 | 007 034 | 011 031 | 000 0.00 | 050 0.90
Nine-spine stickleback 0.00 0.00 0.67 1.49 0.00 0.0 0.00 0.00 0.07 0{26.320 0.86 0.03 0.19 0.00 0.0(¢
Pipe fish 026 1.15 | 0.00 000 | 0.24 094 | 003 0.18 | 0.12 0.33 | 0.00O 0.00 | 0.08 0.19 | 0.50 0.90
Unknown crab species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0/00.140 0.45 0.00 0.00 0.00 0.0¢

Table 8-2. Mean nekton density (animaf§/m East Harbor system 2003 to 2006.
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2003 2004 2006
EAST MOON EAST MOON EAST MOON EAST MOON
HARBOR POND HARBOR POND HARBOR POND HARBOR POND
SITE LAGOON LAGOON LAGOON LAGOON
n 19 20 30 30 42 28 29 12
TOTAL 145 1649 799 813 2518 1085 1016 439
CRUSTACEANS 47 4105 162 566 104 563 30 301
FISH 98 244 637 247 2414 522 986 138

Table 8-3. Total numbers of animals sampled irBast Harbor system 2003 to 2006.
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East Harbor Lagoon

2003 2004 2005 2006
CRUSTACEANS 32.41% 20.28% 4.13% 2.959
FISH 67.59% 79.72% 95.87%  97.05¢
American eel 0.00% 0.13% 0.32% 0.10%
Four-spine stickleback 0.00% 18.90% 10.96% 4.53
Green crab 0.00% 0.13% 0.04% 0.00%
Sand shrimp 0.69% 1.00% 0.83% 1.38¢
Mummichog 0.00% 49.56% 53.89% 75.69%

Striped killifish
Three-spine stickleback
Longnose spider crab
Spider crab species
Atlantic silverside
White perch

Shore shrimp

Winter flounder
Nine-spine stickleback
Pipe fish

Unknown crab species

0.00% 0.00% 0.00%
0.00%  0.00% 0.00%
0.00% 0.00% 0.00%
0.00%  0.00% 0.00%
44.83%  9.89% 25.62%
19.31% 0.38% 4.49%
31.72% 19.15% 3.26%
0.00% 0.00% 0.12%
0.00% 0.00% 0.24%
3.45% 0.88% 0.24%
0.00% 0.00% 0.00%

0.109
0.10%

0.0d

0.00%

(=)

%

%

15.94%

0.39%
1.57
0.00%

0.10po

0.10%
0.00

Table 8-4. Relative abundance (number/total nujrfoer
Fish, crustaceans and each species in East Haalgoob.

%

Moon Pond

2003 2004 2005 2006
CRUSTACEANS 85.20% 69.62% 51.89%  68.56P%
FISH 14.80% 30.38% 48.11%  31.44%
American eel 0.36%  0.00% 0.00% 0.00%
Four-spine stickleback 1.33% 5.41% 8.66% 1.14%
Green crab 0.18% 1.11% 2.21% 6.61%
Sand shrimp 0.00% 7.87% 16.31%  48.79%
Mummichog 9.95% 14.39% 31.34% 16.63%
Striped killifish 0.00% 0.00% 0.00% 0.009
Three-spine stickleback 0.00% 0.00% 0.00% 0.00%
Longnose spider crab 0.00% 0.00% 0.09% 0.00%
Spider crab species 0.00% 0.12% 0.00% 0.00%
Atlantic silverside 2.30%  10.46% 6.27% 10.93P0
White perch 0.00% 0.00% 0.74% 0.00%
Shore shrimp 85.02% 60.52%  32.90% 13.21%
Winter flounder 0.00%  0.00% 0.28% 1.37%
Nine-spine stickleback 0.85% 0.00% 0.83% 0.00po
Pipe fish 0.00% 0.12% 0.00% 1.37%
Unknown crab species 0.00% 0.00% 0.37% 0.00%

Table 8-5. Relative abundance (number/total nujrfoer
fish, crustaceans and each species in Moon Pond.
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PLANS FOR 2007 FIELD SEASON

Monitoring of tide heights, salinity, dissolved @an, nekton (finfish, shrimp and
crabs), benthic invertebrates, and both wetlandsaibtherged vegetation will
continue as in 2005 and 2006.

Microbiological monitoring, specifically weekly cats ofEnterococcust the
Noons Landing outfall pipe, will continue.

The US Army Corp of Engineers will continue its qaehensive feasibility study
for estuarine restoration at East Harbor. [Nog #t this writing funding for
work in Fiscal Year 2007 is uncertain.]

Continue to monitor for the presence of alewif¢ha East Harbor system, during
migration and for presence of juveniles in thetiremter pools in Salt Meadow.

New methods will be tested to increase the effeatss of nekton monitoring in
the East Harbor system. These may include cast lifehets and extensive use
of minnow traps and other passive methods.

Additional new studies will be directed toward thacroalgae blooms of 2005
and 2006. These studies are still under discuggibmay include:

1. Hydrology of Beach Point, to estimate what portdnvastewater-nutrients
from the developed barrier beach discharge inté Hagbor lagoon;

2. Bioassays of nutrient limitation, to understand thiee the growth of
macroalgae is in fact limited by the availabilifiyrotrogen, as from septic
discharge.

3. Monitoring of algae species composition, to unagerdtspecies-specific
physiological limitations (e.g. effects of low aigh salinity).

4. Monitoring of algae abundance, to track trends tjtadively.
5. Assessment of the effects of macroalgae bloomadsH.
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APPENDIX A. CHRONOLOGY OF EVENTS AT EAST HARBOR

1845
1868

1873
1894

1910
1911

1920s
1935
1952-3
1956-8

9/1968

5/1969

6/1969
8/1969
5/1970

1976
5/1982
9/2001

Bridge built across East Harbor inlet to connectrdrand Provincetown.

East Harbor inlet filled, purportedly to block sainam filling Provincetown
Harbor.

Railway built across dike to service Provincetown.

Drainage system constructed at southeast end t&mnsy#1oon Pond)
connecting back-barrier lagoon to Cape Cod Bay flitme at High Head
Road.

East Harbor lagoon renamed “Pilgrim Lake” diyal developer.

Carp found in lagoon, origin unknown , perhapsadtrced as bait (Mass.
Survey of Inland Waters).

Route 6A built on western side of railroad.
WPA reconstructs existing (1894) pipe between Hasbor and Bay.
Highway 6 built on fill along southern side of lago

Mass. Division of Waterways builds culvert and tgite system to lower
lagoon level for mosquito control with weir in péaof 1894 flume at High
Head Road.

Fish kill (carp & white perch) following rewal of weir boards, lowered
lagoon level and likely oxygen depletion in remamivater. Salinity 10-18
0/00.

Chironomid midge problem.

9000 alewives (spawners) stocked in lago@ohsume midge larvae by Mass.
Division of Fish and Game and Division of Marineliéries

NPS applies Abate as midge larvicide bycbeler.
NPS applies Abate as midge larvicide bycbelier.
6000 more alewives stocked by DMF.
NPS applies Abate as midge larvicide by helicopter
Mass. DPW repairs tide gates and pipe to bay.
Adult alewives observed swimming over weioilagoon.

Fish kill includes > 30,000 juvenile alews\eind hundreds of white perch,
likely due to oxygen depletion.

12/6/01 NPS and Town of Truro experimentally opelvert valves.
1/25/02 NPS & Truro Health Board plan for bactenanitoring at culvert & Beach

Point.
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2/27/02

5/02

6/24/02

7/4/02

7/11/02

8/2002
11/4/02

6/2003

9/2003
5/2004
6/2004

7/2004
9/2005

Valves closed to allow salinity to decline anadromous fish spawning per
agreement with DMF.

NPS sets up vegetation and water quality maang plots in Moon Pond and
East Harbor wetlands

Valves opened by Truro DPW and NPS.

Valves closed by Truro DPW and NPS due tarBof Health concerns for
high Enterococcust Beach Point. East Harbor Lagoon salinity dedito
10 ppt.

Boards put in weir by Truro to dampen déggle and see if it helps with
bacteria problem.
Large midge (chironomid) hatch from Eastiigal.agoon.

Valves opened and weir boards removed byoTIDPW and NPS per
Conservation Commission and Selectmen decision.

Salinity reaches 20-25 throughout Harbor;

Widgeon grass proliferates in East Harbor Lagoon.

Ten species of estuarine fish and crustacemstablish in East Harbor;
Sand eels using East Harbor.

Hard clams and steamers observed in sediméfarmer “Pilgrim Lagoon”;
Blue mussel bed develops in Moon Pond creek.

Eelgrass discovered in East Harbor Lagoon.

Macroalgae blooms.

8-10/2006 Macroalgae blooms and odors. Oxygeretieplin August causes bivalve

dieoff.
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