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SUMMARY

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

The clapper valves in the 4-ft diameter by 700sftg culvert connecting the system to
Cape Cod Bay have been held open since Novemb@rtaféy to improve water quality
in the East Harbor lagoon.

Ten-foot tides in Cape Cod Bay are reduced by gasaough the culvert to 1.5 ft in
Moon Pond; in East Harbor lagoon (“Pilgrim Lakees are barely detectable, at most
0.1 ft.

Salinity, which was about 4 parts per thousand) (jpgor to clapper-valve opening, is
now quite stable at about 20 ppt in winter and 25t in summer in most of the lagoon;
however, the surrounding wetlands, with the exoeptif Moon Pond, receive little
seawater.

Dissolved oxygen stress was less severe in 2007ith2006, with benefits to bivalves
and other colonizing estuarine animals.

As in 2005 and 2006, dense beds of macroalgielophoraspp. andJlva intestinalig
and filamentous cyanobacteria began to accumulalarie and July, but died back in
August.

A preliminary nutrient bioassay, plus observed watdumn nutrient ratios, indicated
that macroalgal growth in East Harbor lagoon isrgjty nitrogen limited.

Potential nitrogen sources include: 1) “recycledtfagen released from the
decomposition of organic matter from the lagooediments and extensive wetlands; 2)
nitrogen fixation by cyanobacteria; 3) wastewatent adjacent development; 4)
atmospheric deposition; and 5) tidal water from €&od Bay. The relative importance
of these sources is as yet unknown.

Monthly observations of lagoon water quality showedsistently low dissolved
inorganic nitrogen, phytoplankton densities anaabphyll, and high water clarity
except during periods of ice cover.

A one-day flux study at the High Head Road culgbdwed four times the nitrogen
exported during ebb tide, than imported from Capd Bay during flood tide, suggesting
that Cape Cod Bay water is not an important soafcgtrogen to the lagoon.

Observed low nutrient concentrations in inflowingp@ Cod Bay water also indicate that
increased tidal exchange (i.e. flushing) will regldice concentration of nitrogen that is
apparently stimulating macroalgal blooms.

Widgeon grass, which had proliferated throughoatl#igoon since 2004, was much less
abundant in 2007, perhaps explaining the 2007 dsera macroalgae, which are often
light-limited and benefit from attachment to subgest seagrasses.



Phragmitesn Moon Pond wetlands, particularly at low elewas, continues to decline
in vigor.

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

Experimental seeding has successfully establisakararsh grasses in salt-killed cattail
stands near High Head Road; in addition, these ke producing seed which is
colonizing beyond planted areas.

To supplement past seeding of salt marsh planigspf cord grass were experimentally
planted all along the shore of the lagoon in sum20éx7.

Fecal coliform, the water-quality standard for #is#-waters, was consistently high in
the northwest cove and in freshwater dischargingnfBalt Meadow, but very low
throughout the lagoon except after heavy rain, sstjgg runoff pollution from Route 6.

Soft-shell clams were abundant throughout moshefestuary, with hard clams restricted
to the creeks of Moon Pond. Unlike in 2006, clamvival was apparently high during
the 2007 summer, probably due to decreased or@ading from macroalgae and
consequently higher dissolved oxygen.

Many species of estuarine finfish, shellfish angeotbenthic animals continue to
reestablish throughout the East Harbor lagoon aadriiPond.

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

For the first time in at least several decadesdteas of bay and sea ducks began to feed,
probably on submerged plants, fish and benthic alsinin the lagoon in winter 2006-7.

Further analysis of hydrodynamic modeling, compleéte2005, shows that:

- the replacement of the 4-ft diameter culvert withogpening at least 16 ft wide would
increase flushing about ten fold, likely improvitagjoon water quality, but tidal
range would be only about 0.4 ft, yielding littlecrease in intertidal area.

- increasing the opening to the full 150-ft widthusfdeveloped land at Noons Landing
would increase flushing 78 fold, increase tidalgeato nearly four feet, and yield a
restored intertidal area of 325 acres includinthhmvegetated flats and wetlands.

In an effort to assess potential sources of nuwireling macroalgae blooms, NPS and
Cape Cod Commission are studying the groundwattesyof Beach Point to determine
flow direction and the potential for nutrients fromastewater to reach the East Harbor
lagoon.

Otherwise, the above environmental monitoring aftBEéarbor lagoon will continue in
2008, with additional wetland-vegetation transegtacroalgae nutrient bioassays and
intensified surface water-quality monitoring.

The US Army Corps of Engineers plans to continge&Ciomprehensive Feasibility Study
of more complete tidal restoration in East Harbmeonew funding is obtained.



Figure 1-1. Aerial image of East Harbor showingerajuality stations and location of
culvert connecting the estuary to Cape Cod Bay.



TABLE OF CONTENTS

SUMMARY

1. INTRODUCTION

2. TIDE HEIGHTS, SALINITY, TEMPERATURE AND DISSOLVE
OXYGEN

3. MONTHLY OBSERVATIONS OF WATER QUALITY

4. NITROGEN FLUX AND POTENTIAL SOURCES

5. MACROALGAE

6. WETLAND AND SUBMERGED AQUATIC VEGETATION, AND
MACROALGAE NUTRIENT BIOASSAY

7. FECAL COLIFORM BACTERIA

8. SHELLFISH

9. NEKTON (FISH AND DECAPOD CRUSTACEANS)

10. WATERFOWL

11. MODELING ESTIMATES FOR HABITAT RESTORATION
LITERATURE CITED

10
12

20
30
32

34
43

44
47



1. INTRODUCTION

The 720-acre East Harbor, comprising Moon PondyriRil Lake and Salt Meadow, has
been artificially isolated from the Cape Cod Bayrima environment since 1868 filling

of the original 1000-ft wide inlet at the northwesid of the system (Figure 1-1). A
drainage system was installed at the south endeoginbayment in 1894 to allow
freshwater to escape. The exclusion of tides chsalnity to decline from a likely
natural condition of 25-30 parts per thousand (fipt)early freshwater conditions, at
least by the time of the first documented fish syrin 1911. By this time the native
estuarine fauna were largely extirpated; the Satwey of Inland Waters (1911)
recorded “German carp and very few eels and stiinefsie blockage of tides apparently
caused water quality to decline rapidly along veittinity: surveys from 1911 to the
1970s reported low salinity (4-10 ppt), high tuityidprobably due to carp feeding and
cyanobacterial blooms (Mozgala 1974), nuisanceoolimid midge breeding and chronic
summertime dissolved oxygen stress (Emery & Ratifi®69, Cape Cod National
Seashore 2002).

An oxygen depletion and fish kill in September 20@mMmpted Truro and Cape Cod
National Seashore officials to open the clappevesin the 4-ft diameter drainage pipe
connecting the southeast end of the system (Mool)Reith Cape Cod Bay (Fig. A) in
hopes of restoring some tidal exchange and inergasération. These valves have been
cabled open almost continuously from November 20QBe present. Despite limits on
tidal exchange imposed by the pipe’s small diameted the distance that it travels under
ground, we have observed an impressive resportbe iecovery of salinity and

estuarine biota.

The following is a summary of monitoring results fide heights, water quality (salinity,
temperature, dissolved oxygen, nutrients and fealfborm), macroalgae, both
submerged and emergent vegetation, nekton (fisldaocdpod crustaceans), shellfish and
waterfowl from 2007. Further analysis of recenditoglynamic modeling results is also
presented in relation to concerns for water qudiithal flushing and wetland habitat
restoration. See earlier reports (Portnoy et@522006) for monitoring results back to
2002.



2. TIDE HEIGHTS, SALINITY, TEMPERATURE AND DISSOLVE OXYGEN

Tide heights and salinity

Tide height and salinity (Fig. 2-1), and temperatand dissolved oxygen (Fig. 2-2) were
recorded by an automatic data logger (YSI modellmennat 30 minute intervals about
30 cm above the bottom (mean water depth ~ 75 erthjel southeastern corner of the

lagoon. Data are presented for 21 June to 13 Séeie2006 and from 25 May to 23
November 2007.

Because the flood tide volume passing under Highd Road is so small compared to
the large (350-acre) area of East Harbor Lagoda] fluctuations have remained at most
2-3 cm, ~0.1 ft, as in previous years. Figure@early illustrates that there was more
precipitation in 2006 than in 2007. Higher pretpon in 2007, compared to 2006 (Fig.
2-3), was reflected in both consistently lower lagavater levels and higher (and steadily
increasing) lagoon salinity during the dry 2007 swen (Fig. 2-1). Salinity ranged from
21 to 29 ppt with a mean of 26 ppt-(2ppt) as opposed to last year’s 22 to 27 ppt with
mean of only 21 ppt- 3.5ppt) within the same sampling period. As ievious years,
salinity was highest during spring tides, and Isinduring neap tides. The mean lagoon
water level dropped from 0.5 ft-NAVD-88 in 2006Q®9 ft-NAVD-88 in 2007.

Temperature and dissolved oxygen

In late July and early August 2006, extremely higiter temperatures during the day
(~30°C) and near oxygen depletion at night resultedhéndeath of benthic animals (most
conspicuously thousands of juvenile softshell claamsl the death and decomposition of
macroalgae that had covered almost the entire tag@ortnoy, et.al. 2006). Despite
comparable water temperatures in 2007, dissolvgdexconcentrations were
substantially higher than in 2006, particularlyaght (Fig. 2-2) probably because
macroalgae were much less abundant this year. elenwthe water column in East
Harbor lagoon continued to show strong diel flutiures in both temperature and
dissolved oxygen, indicative of a highly eutropsystem.

[Note: A radical change in dissolved oxygen rangas measured in early August of
2006 (Fig. 2-2), but no probe malfunctions weralemt. Nevertheless, a calibration
error is possible in one of the two instruments tirere exchanged at that time.]

A




Figure 2-1. Salinity and tidal stage records fastEHarbor lagoon in 2006 and 2007.
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Figure 2-2. Temperature and dissolved oxygen dscfor East Harbor lagoon in 2006

and 2007.
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Figure 2-3. Total monthly precipitation in incies May through September of 2006
and 2007.



3. MONTHLY OBSERVATIONS OF WATER QUALITY

Krista Lee, Cape Cod National Seashore

Background

Beginning in January 2007, monthly surface wataliumonitoring was initiated in
order to: 1) quantify nutrients and primary prodkitt; 2) assess other physical and
chemical characteristics on a routine basis; arfdl 8jata gaps related to nutrient flux
and primary productivity in this tidally restrictegtstem. In the past, routine monitoring
of surface water quality parameters, e.g. nutriantschlorophyll, in East Harbor has not
occurred; however, limited data are available fiday-August 2002 for total nutrients
and for chemical oxygen demand at the weir at Highd Road.

Figure 3-1. Map of 2007 sampling locations.

East Harbor Water Quality Stations
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Basic Sampling Design & Methods

In total, 11 stations (Fig. 3-1) are currently sédpon a monthly basis just below the
surface (~ 0.2 m) between 10 am and 3 pm on aroimgfgide for the following
parameters; pH, specific conductance (uS/cm),isalippt), dissolved oxygen (%
saturation), dissolved oxygen concentration (mgfhfal dissolved solids (g/L), color
(absorbance @ 440nm), turbidity (NTU), chlorophyllpg/L) (filtered water/acetone
extraction/fluorometric detection), dissolved inanic nitrogen (uUM) (DIN)
(filtered/acidified sample: N as nitrate/nitriteatnmonium), total nitrogen (UM) (TN)
(whole water sample/persulfate digest: N ag)\N@tal dissolved nitrogen (uM) (TDN)
(filtered sample/persulfate digest: N as J\@lissolved organic nitrogen (uM) (DON)
(calculated by difference: TDN-DIN), dissolved iganic phosphorus (LM)
(filtered/acidified: P as P£), total phosphorus (uM) (TP) (whole water sampegplfate
digest: P as P, total dissolved phosphorus (uM) (TDP) (filtersimple/persulfate
digest: P as P£), and particulate organic carbon and nitrogen Kgp(filtered
sample/elemental analysis). From January through, lgtations 1-6 were sampled
monthly. In June, stations 7-11 were added tartbethly sampling.

A calibrated hand-held YSI 556 MPS is utilized ¢ati®n to collect the pH, specific
conductance, salinity, total dissolved solids, disdolved oxygen measurements. A grab
sample is collected at each station in clean,griplsed, amber 2 liter bottles and stored
on ice in a cooler and returned to the lab for imdiaie processing for all other
parameters. Sub-samples are filtered throughSu@ndfilter for all dissolved nutrient
species and stored frozen at -20°C until analgsils:samples for total nutrients are
frozen at -20°C until digestion and subsequentyaigal Sub-samples for color are
filtered through a 0.45um filter and analyzed imiaggly on a Jenway 6305 UV/VIS
spectrophotometer at 440nm. Sub-samples for titykade analyzed on a calibrated
Hach 1200 portable Turbidimeter. Sub-samples idorophyll- are filtered through a
0.45um glass fiber filter (filtrate volume notedjdefilters are immediately placed in
vials containing 90% acetone and placed in the daBeC for extraction of pigment;
subsequent fluorometric measurements are takef iro@rs for chlorophyll-
concentration determination via a Turner Design®dy Fluorometer (USGS SOP
#0ORGX0337.3, 2005). Sub-samples for particulatbaaand nitrogen are filtered
(filtrate volume noted) through a pre-combustedQm glass fiber filter and filters are
dried at 80°C to constant weight (~24 hrs) andestam clean glass sample vials under
desiccant until analyzed by combustion technique BPA/620/R-95/008, 1995).

Inorganic nutrients (PP, NH-N,NO,’and NQ-N) are determined by Lachat FIA+
8000 following Lachat Methods 10-115-01-1-M (rew 27, 2003), 31-107-04-1-C
(rev. Sept. 16, 2003), and 10-107-06-1-C (rev. Np2001), respectively. Total
nutrients (nitrogen and phosphorus) are determisyyesimultaneous digestion with
persulfate oxidizing reagent followed by FIA+ 800fchat Methods 31-115-01-1-C (rev.
Sept. 16, 2003) and 10-115-01-1-M (rev. Aug. 203)0 The USGS WRIR 03-4174
(Method for Persulfate Digestion) is utilized foetdigestion of samples.



Summary & Discussion

During the 2007 field season, water clarity in tha&n lagoon remained relatively high
(average turbidity ~7 £ 4 NTU) (Fig. 3-2). Surfagater temperatures throughout the
system ranged from 3°C in January (under ice cdwe2h°C in July and averaged 23
+3°C from June through August. Salinity at thet $&adow drainage area (Sta. 2)
averaged 2 + 1 ppt; all other stations averagetl 25ppt from January-September.

As average surface water temperatures increasee fibid from February (~5°C) to

April (~15°C) and ice cover completely thawed inrbtg average ammonium levels
decreased dramatically from ~ 30uM (Feb.) to ~2|dr{l), and average chlorophyll-
concentrations doubled from ~9ug/L (Feb.) to ~18u@pril) (Fig. 3-2). Likewise,
phycocyanin pigment fluorescence (a qualitativecaibr of the presence of
cyanobacteria) in the surface water doubled frobrilary to April. Attempts were made
throughout the field season to quantify cyanob&iender microscope by utilizing Kova
slides with grids for very low plankton densitidgdowever, due to the extremely low
densities observed throughout this field seasonyere unable to quantify densities with
any statistical confidence.

Average surface water dissolved oxygen levels neethconsistently high throughout the
main water body (~102%), although Salt Meadow (3}alissolved oxygen dropped to
less than 30% in July while total phosphorus (Tiejeased throughout the lagoon and in
both the Northwest Cove (Sta. 6) and Salt Meaddw. & (i.e. TP~1uM in February-
May to TP~5uM in July).

Ammonium dominated water-column dissolved inorganiitogen in both winter (80%,
January and February) and spring-summer (65%, Marogh September). DIN
values ranged widely from 60uM in January to arragye of approximately 3uM in
summer (May-August). The average molar ratio olesifor DIN: TP for March-
September was 2.7 [<<16 (Redfield Ratio)] indicgitinat primary productivity in East
Harbor was strongly nitrogen limited from Marchatioleast September (data analysis
complete only through September at the time of gnagon of this report). Additionally,
average DIN:TN and DIN:DON from August indicate appmately 5 times more
organic nitrogen present in the surface water thssolved inorganic species. Results
were similar in a one-day nitrogen flux study (tféport), demonstrating high export of
nitrogen in predominately organic forms during ébles. This seems to imply that the
ultimate source is internal, but all we know soifathat, whatever its source, most water-
column N is incorporated into organic compounds.

A one -time quantification in August of total didged iron indicated average
concentrations in the lagoon (Stations 3-10) of Sudd approximately 10 times that
concentration in surface discharge from Salt Mead®ta. 2). Leachate high in
dissolved Fe is expected from this extensive dd@timarsh (Kostka & Luther 1995,
Portnoy & Giblin 1997).



Future analysis and monitoring plans

Additional analysis will be completed this winterquantify the mass and stable isotopic
ratios of particulate organic carbon and nitrogesdamples collected throughout the 2007
sampling period.

Monthly surface water monitoring will continue ditstations on a year round basis
through 2008 and additional nitrogen flux studié me completed in late winter or
early spring 2008.

Figure 3-2. Monthly averages across all Main Lagsiations (Stations 3-5, 7-10)
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4. NITROGEN FLUX AND POTENTIAL SOURCES

John Portnoy & Krista Lee,
Cape Cod National Seashore

Prevailing literature on coastal eutrophication preliminary fertilization experiments
using East Harbor green macroalgae (this repadigate that nitrogen is very likely the
element limiting the growth of macroalgae in Eaatthdr. Potential sources include: 1)
“recycled” nitrogen released from the decompositiborganic matter from the lagoon’s
sediments and extensive wetlands; 2) nitrogenifiraty cyanobacteria; 3) wastewater
from adjacent development; 4) atmospheric depositod 5) tidal water from Cape Cod
Bay.

As a first step in identify major sources of niteogto the system, we assessed the relative
importance of Bay water by estimating the masstobgen entering and leaving the
lagoon through a complete 13-hr tidal cycle (Fig.)4 This was done by measuring
current speed, channel depth and nitrogen condiemtsgtotal, dissolved inorganic and
dissolved organic nitrogen) at 20-minute intenfedsn 4:40 AM to 5:40 PM at the High
Head Road culvert on 10 July 2007. The producuofent speed and wetted-channel
cross-sectional area is water flux per unit timatew flux times nitrogen concentration
yields nitrogen flux. Fluxes in and out of thedag were computed for each 20-minute
time interval and summed to yield a net flux foe fall tidal cycle. Total nitrogen
includes all forms: dissolved, particulate, orgaanid inorganic. Dissolved inorganic
nitrogen includes ammonium and nitrate, both ofoltare readily available to primary
producers like macroalgae. Particulate nitrogehas contained in phytoplankton and
particles of organic detritus. Dissolved orgaritcagen is often a large component and
derives both from incomplete organic decomposifmg. from wetland peat) and from
leakage and excretion from living organisms.

During this study East Harbor exported about fomes more nitrogen than was carried
in by flood tides (Fig. 4-1). Most of the total svarganic nitrogen. It is expected that the
nitrogen-limited biota of a coastal lagoon will arporate most inorganic nitrogen into
organic forms. Also, the extensive wetlands thhmug the flood plain would also leach
abundant dissolved organic matter, including copionganically bound nitrogen, into
receiving water . Even dissolved inorganic nigmagwhich is readily assimilable for
algae growth and therefore very low in concentratahowed export twice that of

import. These results indicates that, at leastimmer, sources within the estuary are
much more important in the system’s nitrogen budgat inflowing Cape Cod Bay
water.

The total mass of nitrogen exported from the lagawas impressive, 40 kilograms during
the ebb tide. The relative importance of wetlagathate, wasterwater and atmospheric
deposition is, however, still unknown. [Recentadan atmospheric deposition of
nitrogen from Waquoit Bay indicates that this isi@mor source, probably accounting for
less than 1% of the mass in ebbing water.] We farpeat this study in late winter

10



2008 to see if results are similar at cold tempeestand prior to spring macroalgae

blooms.

Nitrogen (killigrams)

Figure 4-1. Nitrogen flux at the High Head Roatlert over a 13-hour tidal cycle, East
Harbor, 10 July 2007.
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5. MACROALGAE

Overview - John Portnoy, Cape Cod National Seashore

Macroalgae blooms, like those observed in East étérb2005 and 2006, are common in
coastal bays receiving high loads of plant nutdeamtd/or poor tidal flushing. East
Harbor lagoon was and still is a highly eutrophjistem, most likely because of the lack
of tidal exchange with Cape Cod Bay. Before 200i2art opening, eutrophication was
expressed by chronic blooms of planktonic cyanaact Even with the culvert open,
tidal flushing is minimal with an estimated residertime for the lagoon of over 130 days
(see Chapter 11), so continued high biomass oérefthytoplankton or macroalgae is
expected. [Note that increased salinity could aisrease nitrogen loading to the water
column by causing ammonium-nitrogen to be reledlsgdlesorption) from previously
low-salinity sediments (Fig. 5-1).]

Unlike the nearly lagoon-wide algae bloom of 20@énse macroalgae were restricted
this past summer to the northwest cove (Provincetemd) and the southeast corner of
the lagoon. The algae in the northwest cove, soawation of green seaweeds
(Cladophoraspp. andUlva intestinali3 and filamentous cyanobacteria, persisted into
early October. The bloom in the southeast commnprising mostly green macroalgae
species, died back in late July 2007; thereforentlain body of the lagoon had little
macroalgae throughout the remainder of the summefal. [The seasonal death of the
macroalgae and its decomposition, and in 2006 axygpletion and odors, have
occurred when water temperature approached 3B68C H.).] As a result, summertime
dissolved oxygen has remained higher this year lstpand this year’s set of soft-shell
clams, along with a highly diverse community ofuesine animals, are abundant and
thriving.

We do not yet know why macroalgae became so abtiimd2005 and 2006, and were so
much less abundant this summer, but we have arthggis based on both our own
observations at East Harbor over the past six yaaion the scientific literature.

Factors and processes that may have promoteddhetgof macroalgae are summarized
in Figure 5-1. It is expected that the radicat@ase in salinity after culvert opening in
2002 would produce a complicated set of chemicdltaalogical responses. The culvert
opening not only allowed seawater to return to tiasisk-barrier estuary, but also restored
access for estuarine plants, seaweeds and estaaiinals: prominently including
herbivorous crustaceans, filter-feeding bivalves predatory fish. At the same time,
increased salinity eliminated an exotic fish, cdinat had likely suppressed submerged
aguatic vegetation (e.g. widgeon grass) throughiggaand sediment disturbance. An
unprecedented increase in water clarity by 2004 @y been due to both reduced
sediment disturbance and the removal of previodshse phytoplankton, primarily
cyanobacteria (Mozgala 1974), from the water colloypthe newly established filter-
feeding bivalves and other estuarine invertebra@ear water would also promote
widgeon grass; however, this plant would also gtexgood support for macroalgae
growth. By 2005, green seaweeds, absent fromikieel dnd freshened lagoon, became
established as attached algae on the widgeon ghdschment to widgeon grass is an
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advantage to algal growth because it holds thesgesls high in the water column, i.e.
at the water surface, where light is abundant.

The newly reestablished population of estuarine iy also play a role in macroalgae
growth. These fish prey on crustacean amphipodthrer seaweed grazers, perhaps
significantly suppressing herbivory.

Once macroalgae became well established and abuitdsseasonal dieoff and
decomposition produced an inevitable burden orsylséem’s dissolved oxygen budget,
with oxygen depletions (hypoxia) in mid-summer 20G6ypoxia not only led to a clam
dieoff, sulfide production and nuisance odors,disb likely caused the plant nutrient
phosphorus to be released from the sediment, pedwpributing to the observed
growth of filamentous cyanobacteria in late sum(iéy. 5-1).

By 2006, however, mats of macroalgae became sedanswidespread that they shaded
and suppressed the widgeon grass. The consequgns®i2006 oxygen depletion
probably further stressed submerged aquatic pldntsummer 2007 we saw much less
widgeon grass and speculate that the loss ofriistetal support caused macroalgae to
decrease throughout most of the lagoon. Sustaireenioalgae growth in the southeast
and northwest extremities of the lagoon in 2007 pr@pe the rule: both are somewhat
protected from wind mixing (i.e. relatively stagtieallowing macroalgae to remain at
the well-lit surface without support from submergephatic plants.

We shall continue to test these ideas with ongiteydisciplinary monitoring of the
system. If the above mechanisms are operativeamweaxpect future conditions to more
closely resemble our experience this past yearithdd06, i.e. suppression of widgeon
grass by macroalgae and, therefore, only limitedroagal blooms in protected corners
of the East Harbor lagoon. Additional studies eftnoalgae species composition,
seasonal abundance, distribution and growth rat&807 follow.
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Figure 5-1. Hypothesized linkages between Easbétatulvert opening and macroalgae
blooms.
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Seasonal abundance and distribution of nuisance mexalgae -Patrick Lyons & Carol
Thornber, University of Rhode Island

The distribution of macroalgae was assessed bothdrally and spatially in four
different regions within East Harbor: the northweste (NWC), the strait connecting the
northwest cove and the main body (NWS), the sho#ie center of the main body (MB),
settled on the bottom was measured biweekly usipggarat or corer, respectively. This
was conducted three times in each of three randgeierated sites per region. Algae
were spun in a salad spinner to remove excess aateweighed. Significant differences
were observed for floating algal biomass with respe region but not sampling week
(Repeated Measures, JMP 5.1 SAS Institute 2003gTah). Floating algae was only
observed in the Northwest Cove region, with higladsindance during the week of 29
July 2007.

Independent VariableF Ratio| DF | P-value
Region 6.277 | 3,320.001
Week 2.651 4,2T0.0532

Table 5-1. Spatial and temporal effect on floatihgal abundance.

The abundance of submerged algae was similar asitaggbut with statistically
significant differences among weeks (Repeated MeasdMP 5.1, Table 5-2). Mean
biomass was highest during the weeks of 19 JulyZaAugust 2007 (Fig. 5-2).

Independent VariableF Ratio| DF | P-value

Region 1.950 | 3,320.141

Week 3.660 | 4,290.015

Table 5-2. Spatial and temporal effect on submesgdgal abundance.

15




1800

1600 -| ONWC
o 1400 - ONWS
<
£ 1200 A @vB
=
2 1000 —_—
>
=
‘o 800
c
3 600
S 400 -
L o0 [h i

0
6/21 715 7119 8/2 8/16
Date

Figure 5-2. Mean submerged algal biomass §*Error bars represent standard error.

Species present includddtva intestinalis, Ulva flexuosssp.paradoxa, Cladophora
albida, Cladophora serica, Polysiphonia subtilisasinfNeosiphonia harveyias well as
filamentous cyanobacteriayngbiaspp. and the centric diatokhelosiraspp.

Growth rates

Growth rates were assessed weekly for hbtmtestinalisandC. sericain situ. Algae
were placed in clear polycarbonate tubes 18 cm lbogng cm wide with mosquito netting
on either end to allow water exchange. Marker dge used to ensure that water could
easily pass through the screening. Tubes wereedffit 10 cm (surface) and at 50 cm
depth (bottom), at six randomly located locatiorihviwo in the northwest cove, two in
the main body of the lagoon, and two along the B&ushorelineAlgae were spun dry
(see above), pre-weighed to approximately 10.0hd,then deployed in clear growth
chambers for week-long periods. The growth ratds. afitestinalisandC. sericadid not
differ significantly. Algal growth was faster diet surface than at 50 cm depth.
Differences existed among regions with macroalgabe Rt.6 region showing slower
growth than those in the other two regions. Lagdifferences existed among weeks;
however, pair-wise comparisons yielded no individliierences (Table 5-3, Fig. 5-3).

16



Independent VariableF Ratio| DF | P-value
Species 1.257| 1| 0.263
Depth 5.718 | 1 |0.0181
Region 4.827 | 2 |0.009
Week 2.484 | 7 10.018

Table 5-3. Effect on weekly growth rateslafintestinalisandC. serica.

OCladophora Bottom

O Cladophora Surface
B Ulva Bottom
B Ulva Surface

Net Growth (g)
o

.10 |
6/26 713 7/10 77 7124 7131 817 8/16
Date

Figure 5-3. Weekly growth rates 0f intestinalisandC. serica Error bars represent
standard error.

The measurement of growth may have been confoulngledazing by amphipods
(Gammarusspp), which were able to enter and exit the growth dens through small
holes used to insert fastens to hold chambersagepIThus, growth rates represent net
growth including loss due to herbivory. Weeklydes in biomass, due apparently to
amphipod grazing, exceeded 85% nine times, eighthath were in the Route 6 stratum
and all of which occurred from 19 June through dly.J
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Submerged substrate for macroalgae attachment

To assess the dependency of algae on upright steulctr substrate, artificial eelgrass
(constructed of duct tape; Dassow and Strathmadig)2avas placed in the same six
locations as the growth chambers throughout EadtdidaOne individual “leaf” was
removed from each site biweeklyeaves measured 35 cm long by 1 cm wide (78 cm
surface area). Epiphytes were spun dry (see prewiection) and mass*chieaf surface
area was calculated. No differences were seen amegnons or length of time immersed
(Table 5-4). Lack of observed temporal variaticeyrhave been due to the small amount
of replicates. Even so, by the last week, all sasplere completely covered with as
much as 0.575 g*cifwet mass.

Independent VariableF Ratio| DF | P-value

Region 2156 | 2| 0.135

Week 2001 | 4| 0.125

Table 5-4. Effect of week and region on epiphyteraiance.

Discussion

Although measurements do not exist for the 2006nsemmacroalgal blooms were
noticeably less abundant in 2007 than in 2006. pvépose three hypotheses to explain
this difference. First, herbivory may play a margortant role in controlling algal
abundance than was assumed. Although bottom-upotamthe form of nitrogen
availability is often used to explain abundancenatroalgal blooms (Valiela et al.
1997), herbivory can lower macroalgal biomass, @aflg with lower inputs of nitrogen
(Hauxwell et al. 1998). Several times throughoet2007 summer, herbivory seemingly
reduced net algal growth in East harbor. It is eaclwhy this occurred more often in the
Route 6 region, but this may simply be due to thiation of grazers throughout East
Harbor, which in turn could be affected by watealgy and/or proximity to the source of
seawater entering the system through the 4-ft cuared creek system. Attempts to
correlate grazer abundance in growth chambersaigidl biomass were confounded by
the ability of grazers to both ent@nd leavethe chamber.

The second hypothesis is that algal growth mayodoéralled by water temperature,
exceeding 30°C in July and August (Portnoy et @06} (Fig. 2-2)Cladophora albida
have been shown to yield highest photosynthete aapproximately 28°C (Gordon et
al. 1980); however, other studies have shown optravth rates at lower temperatures,
e.g. 15°C optimal with marked decrease above 20&9l¢r et al. 2001). Optimal growth
rates may be at slightly lower temperaturedftwa spp.; 20°C fotJlva curvata(Duke et
al. 1989; Taylor et al. 2001), 15°C fdiva rigida andUIva linza(Taylor et al. 2001),
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and 10°C folUlva compresséTaylor et al. 2001). Thus, high temperatures nirat |
algal growth in East Harbor; however, similar tenapagres were seen in both 2006 and
2007, suggesting that temperature was not a leadinge of the decreased abundance
during 2007.

The third hypothesis for lower macroalgal biomas2007 is that decreased submerged
aguatic vegetation (SAV), bofRuppia maritimeandZostera marinalimited algal
abundance, as there was less upright substra200B), extensive beds Bf maritima
covered the entire northwest cove and much of thie tmody of East Harbor (Portnoy et
al. 2006). In 2007, however, much I&smaritimaexisted and was limited to a few
sparse beds in the northwest cove and in the sestheorner of the lagoon. Algae need
substrates for settlement of spores and zygotes, a$ the individual thalli grow, they
receive higher light levels if they are raised bp\e the substrate, e.g. through
attachment to SAV. Green algae, like all othertpbynthetic organisms, need enough
sunlight to photosynthesize; levels below 200l m?s*yield marked drops in growth
rates of severdlllva spp. (Taylor et al. 2001). We found lower growdles at 0.5 m
depth than at the surface; thus, growth at deegpthd may be light limited. In 2007,
floating algae were limited to the NWC region whigrneas largely attached or entangled
within Ruppiabeds. Other systems have shown a similar patt&hnflwating

macroalgae accumulating in areas of dense seatpad® entanglement (Kopecky and
Dunton 2006). This observation, paired with theeagtve growth measured on artificial
eelgrass and observed on actual SAV, leads udigybéhat lack of extensive beds of
SAV was most important in limiting amounts of al@pgdmass observed in 2007. It is
likely that in 2006 macroalgal blooms negativelfeafedR. maritimathrough shading
and competition for nutrients (Hauxwell et al. 2RGnd thus plant survival and seed
production may have been low. Recovery from sedsbeback is dependent not only on
adequate seed amounts but also seed germinatiotr@idal1991). Seed germination is
optimal between salinities of 0-10 ppt (Kahn andddo, 2005). Thus, low salinities in
2006 due to a particularly wet spring may havelitabéd R. maritimagermination.

Future studies must be conducted to more firmly tmacroalgal blooms and SAV, and
to determine if salinity or seed abundance are rimoprtant in season&. maritima
abundance.

In conclusion, a large number of factors may affeatroalgal blooms in East Harbor
Lagoon, Cape Cod National Seashore. Further stunlyld be conducted to assess links
among herbivory, temperature, SAV and algal grawtpredict long-term trends of
macroalgal bloom abundance in this region. If SAthe most important factor, as data
would suggest, two different expectations are jik&he first is that SAV will eventually
be removed from the system and algal abundanceemilhin low following local SAV
extinction. A second expectation could involve gateve feedback loop in which SAV
and macroalgae may display cycles. With currerd 8ath expectations are speculative
and thus further monitoring and experimentationtnbesconducted to elucidate the
dynamics of East Harbor autotrophs.
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6. WETLAND AND SUBMERGED AQUATIC VEGETATION, AND
MACROALGAE NUTRIENT BIOASSAY

Stephen Smith, Cape Cod National Seashore

A detailed overview of the East Harbor tidal reatmm project, including all aspects of
vegetation monitoring, is provided in Portnoy et(2D05, 2006). The following
provides an update to these reports based on adlé¢ated during 2007.

Review of methods

Plant species coverage in the permanent vegetalidds (Fig. 6-1) was assessed by
visual estimation of cover class according to aifiexti Braun-Blanquet scale (0=0, >0-
5%-=1, 6-25%=2, 26-50%=3, 51-75%=4, 76-100%=5) igdsi. Phragmitesstem
heights, stem densities, and % flowering stems wemerded at the end of the 2007
growing season (September). From these data, B®wmas estimated as per Thursby et
al. (2002).

Figure 6-1. Overview of East Harbor with vegetatiot locations along transects EH1 through
EHA4.
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Data analysis - Analysis of Similarities (ANOSIMps/used to test for significant
changes in community composition between 2006 &3 ZPrimer ver. 6). Repeated-
measures Analysis of Variance (ANOVA) was usedstea temporal changes in
Phragmitesheight and biomass (all plots pooled).

Results

Statistically, there was no change in overall sggcomposition between 2006 and 2007
as assessed by ANOSIM (Global R =-0.019; p = 0.9%ure 6-2 shows a non-metric
multidimensional scaling plot where minor changas be noted. Some of these small
changes include the appearancéstier novi-belgi{New York aster)Polygonum
arifolium (tearthum), andrechtites hiericifolialfireweed) in 2007. However, these taxa
have previously been observed outside the monggaiots and, as such, are not new to
the system.Theypteris palustriexhibited a substantial decline, but community
composition as a whole did not shifted significamVer the last year.
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Figure 6-2. Non-metric multidimensional scalingsainmed cover class values of East harbor
plant taxa in vegetation plots (August 2006 vs. #at@®007).
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Table 6-1. Summed cover class scores by taxoryeaud

Aug-06 Aug-07 Change
Aster novi-belgii 0 3 3
Boehmeria cylindrica 4 3 -1
Decodon verticillatus 2 2 0
Erechtites hiericifolia 0 1 1
Lemna minor 0 1 1
Lysimachia terrestris 0 0 0
Lythrum salicaria 5 4 -1
Onoclea sensibilis 8 9 1
Parthenocissus cinquefolia 0 2 2
Phragmites australis 68 64 -4
Polygonum arifolium 0 2 2
Rosa palustris 2 2 0
Rumex orbiculatus 1 1 0
Sphagnum sp. 2 4 2
Thelypteris palustris 48 38 -10
Toxicodendron radicans 30 30 0
Typha angustifolia 60 59 1

For the dominant species of emergent vegetaligphaandPhragmitesthere also were
no major changes in cover from 2006 to 2007 (T&k®. However, it is noteworthy that
slight reductions ifPhragmitescover were observed in 6 plots in Moon Meadow ratyri
the past year. Anecdotally, it is obvious thatpitesno change in seawater exchange
through the current culvert systeRhiragmitescontinues to decline. This decline is well
correlated with ground elevation — i.e., stunting @ventually death are occurring in the
lowest spots within Moon Meadow where durationlobéling and, consequently, sulfide
production are highest.

Table 6-2. Phragmitescover scores in August of 2006 and 2007.

Aug-06 Aug-07 Change Aug-06 Aug-07 Change

EH3-060 5 5 0 EH4-000 5 5 0
EH3-080 2 2 0 EH4-020 4 1
Eh3-100 3 2 -1 EH4-040 0 0 0
EH3-120 5 5 0 EH4-060 1 0 -1
EH3-140 5 5 0 EH4-080 1 0 -1
EH3-160 5 5 0 EH4-100 3 3 0
EH3-180 5 5 0 EH4-120 5 4 -1
EH3-200 5 5 0 EH4-140 2 2 0
EH3-220 4 4 0 EH4-160 5 3 -2
EH3-240 3 2 -1
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Phragmiteshiomass (calculated from stem height measurenagntstem density
counts), a more sensitive measure of change tlancawer, declined in numerous plots
during 2007 (Fig. 6-3). Overall (all plots poolethere was no statistically significant
change in biomass during the last year but thergédewnward trend was maintained
and values have been halved since 2002 (Fig. 6-4).
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Figure 6-3. Phragmiteshiomass along transects EH3 and EH4 by indiviglak and year.
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Water chemistry- In 2007, late-season porewater salinities innastern portion of the
system (EH1&2) were very similar to those measime2zD06. In Moon Meadow
(EH3&4), the mean salinity of all plots increasgd-b3 ppt. although this change was
not statistically significant. Lack of rainfall dng August and September probably
accounted for much of the difference between 20@62007. In general, a lot of annual
variability is due to the fact that these data espnt one sampling event. In reality,
salinity fluctuates substantially over the courfa single growing season.
Notwithstanding, the spatial gradients are simildath salinities decreasing toward the
upland border in each area and with EH3&4 trang@dtoon Meadow) having much
higher salinities than EH1&2 (Table 6-4).

Table 6-4. Porewater salinities (ppt) by plot mdr (dash indicates no sample drawn due to
highly drained soil).

08/19/03 09/22/05 8/25/2006 8/14/2006 8/15/2007

EH1-005 4 5 0 0 2
EH1-045 5 4 2 2 2
EH1-085 5 5 0 0 2
EH1A-005 4 4 0 0 3
EH1A-045 10 8 8 8 4
EH1A-085 10 9 10 10 6
EH2-025 2 4 0 0 1
EH2-065 2 4 0 0 2
EH2-105 2 4 7 7 2
EH2-145 3 7 7 - 8
EH3-060 - - - - -
EH3-100 25 23 20 20 20
EH3-140 24 22 14 14

EH3-180 23 20 12 12 10
EH3-220 21 14 2 2 5
EH4-000 25 - - - 25
EH4-040 33 37 34 34 35
EH4-080 32 34 26 26 32
EH4-120 30 30 15 15 20
EH4-160 29 24 12 12 14
mean-EH1/2 4.7 5.4 3.4 3.0 3.2
mean-EH3/4 26.9 25.5 16.9 16.9 20.1

East Harbor seeding

Seeding of native species by collecting wrack niat&om Hatches Harbor
(Provincetown) and distributing it in East Harbaxswrepeated in the fall of 2006 and
was again quite successful. Many plants germinatedeas of salt-killed vegetation that
were otherwise devoid of any salt marsh vegetatloraddition, it is clear that some
plant species are beginning to spread on their bath vegetatively and by new seed
(Figure 6-5). Populations originally establishgddgtive seeding are now substantial
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sources of seed themselves. This kind of posi@edback will continue and unaided
expansion of these species is expected.

Figure 6-5. Newly established standSaflicornia maritimain what was originally dense
Phragmitesalong the main tidal creek running through Moonrailiew.

East Harbor Plantings

While past seeding efforts have been successhglping native salt marsh vegetation to
become established in the system, they have failedrtain places around the perimeter
of the lagoon where high water levels and waveoadtiave pushed seeds upslope off the
banks into dens€yphaor Phragmites In order to encourage the colonization of these
areas by native halophytes, plugsSphartinaalterniflora (cordgrass) were collected from
the Hatches Harbor marsh (Provincetown) and plaatednd the edges of the lagoon
(Figure 6-6). Based on the observation that vigensegetative growth has occurred
wherever plants have become successfully estalllishe seed in Moon Meadow, it is
expected that these plugs will spread rapidly akvegshoreline by rhizomatous growth.
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Figure 6-6. Locations @ alterniflora plantings (July 2007).

East Harbor Submerged Aquatic Vegetation

After being unable to collect data along the sesggteansects in 2006 due to an
enormous macroalgae bloom that occurred duringyéat, we were again able to
monitor these sites in 2007. With the exceptioa eingle point along transectZipstera
martimawas absent from the monitoring transects (Tal#¢. G-hat said, the abundance
of this species was low in previous years as wdtwever, it is strongly suspected that
the previous year's macroalgal bloom substanti@tjuced the abundance of eelgrass in
the system.Ruppia maritimawidgeon grass) exhibited reductions in percentecérom
2005, decreasing by 18 and 10 percent in the shallal deep transects, respectively.
These cover values are, however, much higher thaf04 when the system was only 2
years into restoration. Even thoughppiacan apparently survive being smothered with
thick layers of macroalgae and periphyton, its ghois undoubtedly limited by it.
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Table 6-5. Percent cover of submerged aquatictagge by transect in East Harbor in 2007.

R. maritima Z. marina
Transect Sep 04 Sep 05 Sep 07 Sep 04 Sep 05 Sep 07
shallow 8 10% 16% 16% 2% 2% 0%
6 22% 64% 98% 0% 0% 0%
1 34% 68% 0% 0% 0% 0%
4 6% 42% 58% 0% 0% 0%
7 26% 74% 46% 0% 0% 2%
deep 8 4% 16% 20% 0% 2% 0%
6 2% 64% 90% 0% 0% 0%
1 20% 52% 4% 0% 0% 0%
4 8% 38% 44% 0% 0% 0%
7 6% 50% 48% 0% 2% 0%
mean shallow 22.0% 62.0% 43.6% 0.4% 0.4% 0.4%
mean deep 9.0% 51.0% 41.2% 0.0% 0.8% 0.0%

East harbor macroalgae bioassays

In order to better understand how macroalgae bisnrasy be regulated by nutrients in
East Harbor, we devised a growth assay involvitigggén and/or phosphorus additions
(i.e., nutrient bioassays). In general, we foumatin situ nutrient addition bioassays
were very difficult to perform due to problems witind and wave action as well as the
proliferation of macroalgae on any apparatus deggldg the lagoon. Accordingly,
bioassays were designed so that they could be ctewlat the North Atlantic Coastal
Laboratory (NACL) in an outside experimental arda. do this, water from East Harbor
was collected in July, filtered (0.4 pore size), and poured into 50 ml clear plastic
centrifuge tubes. Nutrients were then added tdubes. The treatments were N+P (1
mM NaHPQ, and 1mM NaN@), N only (ImM NaNQ@), P only (1 mM NgHPQy), and
control (no nutrients added) (9 replicates prettneat, N=36). Each centrifuge tube
was inoculated with 1 ml of macroalgae drawn infopette from a “slurry” of
macroalgae. The latter was made by homogeniziagge amount o€ladophoraspp.,
the dominant macroalgae in the system, (colleatmuh £ast Harbor in August) in a
blender. The tubes were capped and placed in watks to prevent overheating. At the
end of 2 weeks, chlorophydl, a surrogate for algal biomass, was determined
fluorometrically.
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Cladophora nutrient bioassay - August 07
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Figure 6-7. Mean chlorophydl concentrations by treatment in the macroalgaesbma

While this is only a single assay, the data sugipegtnitrogen is the primary limiting
nutrient in this system, at least during the tinteewthe water samples were collected in
July (Figure 6-7). These responses are what woave been predicted from water
guality data that show very low TIN: TP ratios, icating strong nitrogen limitation.
Thus,Cladophora in the presence of adequate light, may prolieenatresponse to pulses
of this nutrient. Such inputs may occur duringigas of heavy precipitation that forces
groundwater flushing. Because the system ist&tdlly restricted, extreme fluctuations
in macroalgal biomass may occur in the future.rdased tidal exchange with low-
nutrient seawater from Cape Cod bay would moshfikesult in enhanced stability of the
system by lowering the concentration of nitrogewtighout the lagoon (through
dilution) and, consequently, limiting the growthroacroalgae.

Future work

In 2008, four new vegetation monitoring transeciltlve established to obtain a
better spatial coverage of the peripheral wetlaridghis way, we will have more
statistical power to detect and track plant comityuctianges throughout the
system.

Porewater will continue to be surveyed once dutimggrowing season as will
Phragmitesstem heights and densities (late growing season).
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The existing seagrass transects will also be m@dtas long as macroalgae is
not so abundant that data can be reliably collected

It is also our intention to use prescribed firedmsume standing dead biomass in
Moon Meadow. This is expected to have severalfitend-irst, the removal of
salt-killed vegetation from the floodplain will féitate wider dispersal of seeds
from native halophytes (Smith 2007). Secondlghbuld greatly decrease
resistance to water flow across the marsh wittreffert that saltier water from

the main tidal channel would be brought farthekkiato the marsh and,
ultimately, accelerate the declineRifiragmitesand various salt-intolerant plant
species that still occupy a large portion of thelavel.
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7. FECAL COLIFORM BACTERIA
John Portnoy, Cape Cod National Seashore

The concentration of fecal coliform bacteria is sf@ndard that public health officials use
to assess the quality of shellfish-growing wateiith) shellfish harvest prohibited at
concentrations above 14 colony-forming units (Cp#i) 100 milliliters. With the
reestablishment of an abundant marine shellfishdan East Harbor over the past few
years, NPS conducted fecal coliform sampling tawergt an ongoing Division of Marine
Fisheries assessment of this potentially new shleliarvest area. The issue of fecal
coliform is also of special interest to NPS manageorking on salt-marsh restoration
because tidal restrictions have been shown to pedanditions that favor fecal bacteria,
and tidal restoration is expected to mitigate pinzblem (Portnoy & Allen 2006).

We sampled fecal coliform weekly from 3 May to 28t@ber at six stations in East
Harbor (Fig. 1-1) and always at low-ebb tide toresent the worst case (Portnoy & Allen
2006). Fecal coliform was determined using the brame filtration method, i.e.

cultured at 44.5° C. on M-FC agar with rosolic a@dPHA 1998) within six hours of
collection (APHA 1998). Because previous sampshgwed low variability within a
station (CV typically < 5 %), single samples weodlected per station and date. Salinity
was measured by refractometer. Turbidity was nreaswith a Hach 2100P
turbidimeter, calibrated with primary formazin stands.

Monitoring has generally shown excellent bactegatal water quality everywhere but
the northwest cove and Salt Meadow, Stations &afTable 7-1, Fig. 1-1). The
Division of Marine Fisheries, who officially monit shellfish water quality and controls
when beds can be open or closed to harvest, reporiiar findings; however, DMF will
require at least one more year of water-quality detfore opening East Harbor to
shellfishing (J. Moles, personal communication).

One exceptional date was 4 June when sampling i@ztuight after heavy rain (1.65 cm)
and counts were high at normally clean Stationsdia This may indicate that Route 6
runoff, which is directly funneled into the lagofiom catch basins, can be an important
source of coliform contamination to the lagoon.tijyétion of road runoff pollution
should be part of a comprehensive plan for theorason of shellfish resources here.
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Table 7-1. Results of low-tide fecal coliform sainglin East Harbor, 2007. See Figure
1-1 for station locations. Units are colony-forgnumnits (CFU) per 100 milliliters.

Fecal coliform (CFU/100 ml)

Date Stal | Sta2 | Sta3 | Sta4 | Sta5 | Stas
3-May-07 0 36 22 32 2 12
14-May-07 4 204 0 0 0 48
21-May-07 48 230 4 12 0 32
28-May-07 0 0 10 0 0 298
4-Jun-07 6 214 0 44 104 618
11-Jun-07 0 128 8 0 2 4
18-Jun-07 2 152 2 6 38 4
25-Jun-07 0 164 0 0 6 16
2-Jul-07 10 184 0 0 0 76
9-Jul-07 0 48 0 2 0 176
16-Jul-07 18 648 0 8 10 216
23-Jul-07 2 152 0 0 0 28
30-Jul-07 0 184 0 2 6 256
6-Aug-07 2 276 0 0 0 20
13-Aug-07 6 288 0 4 0 28
20-Aug-07 0 304 14 6 0 4
27-Aug-07 24 292 8 6 96 32
3-Sep-07 0 304 10 0 4 0
14-Sep-07 6 304 0 2 2 44
19-Sep-07 4 236 0 0 2 104
28-Sep-07 32 940 42 6 2 44
16-Oct-07 8 196 6 2 4 8
23-Oct-07 10 210 0 2 4 56

31



8. SHELLFISH
Jodie Wennemer and Rachel Thiet, Antioch University

Mollusks were sampled in summer 2007 at 85 sitdsaist Harbor. The estuary was first
stratified into three areas, Moon Pond, the lagmmoh the northwest cove, because of substantial
differences among these areas in salinity andrdistfrom the marine environment (Cape Cod
Bay), and their presumed effects on the shellfmhmunity. Sampling sites were then

randomly chosen within each stratum to avoid oleselias.

Five 10-cm-diameter and 20 cm deep cores wereatetleat each random site, and sieved
through 1-mm mesh. Animals retained by the siegevidentified and counted (Table 8-1).

Table 8-1. Mollusk densities (animal$jrm East Harbor by area sampled in July-AugusZ2@ve 10-cm-
diameter, 20 cm deep cores were collected at eanble point in each area £ number of sample points).

Moon Pond Lagoon Cove
Species n=20 n=50 n=15
Euspira heros 0.1 0 0
Gemma gemma 7.3 0 0
Geukensia demissa 0 0.04 0
Littorina spp. 0.1 0 0
Macoma balthica 0 0.52 0.13
Mercenaria mercenaria 2.4 0 0
Mulinia lateralis 0 0.32 0.93
Mya arenaria 45.5 12.52 7.6
Mytilus edulis 0.3 0 0
Nucella lapillus 0.1 0 0
OrderCephalaspidea 0 0.08 0
Petricola pholadiformis 1.8 0 0
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Table 8-2: Mollusk size distribution (mm) in E&#drbor by area sampled in July-August 2007. FivermOcores
were collected at each sample point in each areanumber of sample points). Data are mean + stdretfeor;
where no SE is given, only one individual was found

Species Moon Pond Lagoon Cove
n=20 n=50 n=15
Euspira heros (21.00) - --
Gemma gemma (2.33 £ 0.08) -- --
Geukensia demissa -- (32.00) -
Littorina spp. (15.00) - -
Macoma balthica -- (15.92 £ 1.61) (24.00)

Mercenaria mercenaria
Mulinia lateralis

Mya arenaria

Mytilus edulis

Nucella lapillus
OrderCephalaspidea

Petricola pholadiformis

(14.29 + 1.41)

(36.37 £0.93)

(29.67 + 16.23)

(16.00)

(12.17+ 1.31)

(13.25 + 0.75)

(27.05 + 0.57)

(12.5 + 1.50)

(19.86 + 1.10)

(55.09 £ 0.92)

Soft-shell clamsNlya) continue to set prolifically throughout the Ebtstrbor system, with
highest densities in Moon Pond (Table 8-1). Unlik006, dissolved oxygen remained
sufficient throughout the 2007 summer to susta@sé¢hpopulations, with many individuals
approaching a legally harvestable size by August @2). Hard clamsMercenarig remain
abundant in Moon Pond’s creek system. The opeuifiitast Harbor to public shellfish
harvest will depend on the completion and resulfeaal coliform monitoring by the
Massachusetts Division of Marine Fisheries andasdm by both DMF and the Truro
Shellfish Constable, in consultation with Cape Gtadional Seashore.
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9. NEKTON (FISH AND DECAPOD CRUSTACEANS)

Michelle Galvin & Evan Gwilliam
Cape Cod National Seashore

Introduction

Nekton monitoring is an effective and powerful téml monitoring and assessing the
results of estuarine restoration in the East Hasgetem. Changes in nekton abundance,
density and species composition reflect perturbatio multiple ecosystem processes,
and comprise an efficient proxy for monitoring cbas in these complex processes that
would be too difficult or costly to monitor indiviglly. 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 Habagoon. They also respond to
disturbances in food chain dynamics, from the bottp; e.g. removal/change in primary
producer populations by anthropogenic impact toasie water quality, or from the top
down, e.g. removal of predators, an important featwt present in other sample
populations (Raposa and Roman 2001a; Raposa andrR2001b).

Nekton data were first collected in 2003 and sangpfias continued to the present.
Annual monitoring in the East Harbor system is exg@ to continue. This report
summarizes results of nekton monitoring in theahrajor sub-basins of the East Harbor
system (Moon Pond, East Harbor Lagoon and Salt blead

Methods

Sample Design

Nekton were sampled at randomly selected statimisst Harbor Lagoon and Moon
Meadow. Sampling was attempted twice during the7Z¥ason at 45 sites randomly
distributed in the lagoon (30 sites) and tidal ke 5 sites).

Sampling Period

Sampling was conducted twice (6/26-6/29 and 9/1B%ih 2007. Each sampling session
was conducted over several days in bouts lastirgptto six hours. All data at Moon
Pond were collected during low-tide periods whémvater was off the marsh surface.

Data Analysis

For each year, we report the number of animals Eaimpumber of species, their relative
abundance, and mean and standard deviation ofmdkiasity and length. In 2005 to
2007, when there were two samples collected froth sample station, the average
density and length of these two annual samplesed €or analysis. Trend analysis using
the Pearson's correlation coefficient (alpha=0v@&3 applied to data for species diversity
and density of all nekton, crustaceans, fish ahected individual species using the
XLSTAT software package (Sokal and Rohlf 1981).

Results and Discussion
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The rapid changes in water quality and habitat tiverfive sample years have led to
changes in nekton species composition, relativeddmce and density. In most of the
East Harbor system there has been an increase mthber of nekton species,
especially the common estuarine species (e.gmtiremichog Fundulus heteroclitys
since the reintroduction of tidal flow in 2002. &rio 2002 the only nekton species
present were carfCyprinus carpi9, white perchflorone americanp alewife @losa
pseudoharengysind the American eefqguilla rostratg (Hartel et al. 2003; Mather
2003; personal observations). The increase imdneber of nekton species and
relatively stable densities indicates that theesysis suitable habitat for typical estuarine
species assemblages, a situation that is expeziagptove with further restoration
efforts. Results and discussion for each pateffast Harbor system and for specific
species are presented below:

East Harbor Lagoon

Typical estuarine species populate this systenedésity the mummichog, the most
common salt marsh fish, while salt-intolerant camgsent before the increase in salinity,
have been eliminated. Some species that wererrestore reintroduction of salt water,
American eel and white perch, persist in stablesifies, as do re-colonizing estuarine
species like Atlantic silversidéAgenidia menidid There has been an increase in the
number of species sampled in the Lagoon sincereggin (Table 9-1). Important
commercial species have been sampled in the Ladi@erthe American eel and winter
flounder Pseudopleuronectes americahusdicating that the East Harbor system may
provide a place for these species to mature. Quimmer 2007, schools of feeding
bluefish Pomatomus saltatr)x another important recreational and commerciatss,
were observed in the lagoon on two occasions.

The relative abundance of fish in East Harbor e iacreased between 2003 and 2007,
probably in response to environmental and habitahge as observed in other tide-
restoration projects (Raposa 2002; Roman et aRP@Fgure 9-1, Table 9-1). Densities
of nekton increased slightly between 2003 and 286d,have remained fairly stable for
the past four years (Figure 9-2, Table 9-2).

Most of the sampling in the Lagoon has been focwsetthe shoreline in water less than
0.5 m using the throw trap method, excluding méshe lagoon from sampling. Other
methods including an otter trawl and a cast neetmen used in the Lagoon’s open
water (> 0.5 m depth); however, results were disapiimg. Dense and extensive beds of
widgeon grassRuppia maritimyand macroalgae present in 2006 frequently cortfedn
successful deployment of both trawls and cast n&lso, weather and time of day may
be important in nekton use of this habitat. Methfmt open-water sampling will be
adjusted and tested again in 2008.
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Figure 9-1. Relative abundance of fish and crestas in the East Harbor Lagoon
from 2003 to 2007.
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Figure 9-2. Mean density of total nekton, crustaseand fish in the East Harbor
Lagoon from 2003 to 2007.
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Moon Pond

This area is most closely connected to Cape CodiBaygh the culvert under Beach
Point (Fig. 1-1) and therefore experiences abduim of tidal range (tides in Salt
Meadow and the Lagoon are barely detectable) agtddalinity. The nekton community
here responded with surprising rapidity to the apgof the culvert and consequent
increases in salinity, tidal range and intertidabitat, with colonization by many
common estuarine nekton, some at extremely highkitles, (e.g., shore shrimp), (Table
9-4).

There have been interesting shifts in species andities at Moon Meadow; the shore
shrimp Palaemonetes sppwas initially sampled in high densities; as tlabitat in the
tidal creeks changed from fine sediments to moeesmmaterials, the sand shrimp
(Crangon septemspinosiitmas increased significantly in both density (Beals
correlation coefficient=0.961; p=0.009; alpha=0.8B6) relative abundance (Pearson’s
correlation coefficient=0.949; p=0.014; alpha=0.05)

The nekton community continues to be dominatedrbgtaceans (Figure 9-3, Table 9-5),
unlike East Harbor lagoon where salt-marsh fisldpnginate. This difference is likely
due to differences in habitatand shrimp, the most common species in Moon Roed,
often found in wide, shallow sandy creeks like atlerl Moon Pond, while

mummichogs, a common species in East Harbor, phefigitats with shelter close at
hand, like the dense macrophyte beds in the lagdiomilar patterns are seen in
northeastern salt marshes including Hatches Hamb®@rovincetown, MA.

Densities of fish have remained relatively stablalevcrustacean density has increased
slightly (Figure 9-4 and Table 9-4).
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Figure 9-3. Relative abundance of fish and crestas in the Moon Pond from 2003
to 2007
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Figure 9-4. Mean density of total nekton, crustaseand fish in Moon Pond from
2003 to 2007.

38



The number of nekton species has doubled just &008. In 2007, four new common
estuarine species were sampled in Moon Pond: saycnalb Dyspanopeus sayi
Atlantic mud crabRanopeus herbsjii portly spider crabl{binia emarginatd and long-
wrist hermit crabPagurus longicarpus(Table 9-1).

Salt Meadow

This area of the East Harbor system was expanaltenarsh habitat before 19th century
diking. The area is currently a fresh water matista| forcing from the culvert under
Beach Point is insufficient to force seawater i&ait Meadow. Accordingly, freshwater
species are found here (Table 9-1). [Note howthadrthe salinity is higher at the east
Head of the Meadow end of the marsh presumably frdmasion of salt water from the
ocean via groundwater flow. Salinities greatenth@ ppt were recorded in 2003.]

In 2007 species composition was similar to previgesrs (Table 9-1). It is likely that the
removal of artificial impediments to both tides drsth will produce further recovery of
the nekton community.

Alewife

Salt Meadow has been considered possible habitatdwife @Alosa pseudoharengus
spawning. These fish were stocked by the staiieeii 960s and used East Harbor
system as spawning habitat before the culvert wased and salinities increased in
2002. The decrease or loss of the alewife run st Harbor was expected; increased
salinity in the lagoon has apparently made it insgale for alewife to spawn there.
However, several large freshwater pools in Saltddéeamay comprise alewife spawning
habitat, albeit very limited in extent. Samplingm 2003 to 2007 using minnow traps
and beach seines revealed no alewives.

Conclusions

The finfish of East Harbor lagoon comprised whigegh, American eels, an introduced
run of alewives, mummichog and exotic carp (Ma@d3) prior to the 2001-2 partial
restoration of tidal exchange and salinity. Th#ssamany estuarine nekton species
have rapidly colonized East Harbor Lagoon and MBond. Former fresh to brackish
species have been replaced by an assemblage ohr&decies typical of lower Cape salt
marshes. The reintroduction of tidal flow andragliis having a positive effect on the
nekton community by providing habitat for spawniag,a nursery area, and for feeding.

Future work will include:
« Continued monitoring of nekton annually in the Bdatbor system.

e Testing of new methods to increase effectivenessasfitoring 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.

« Participation in interdisciplinary studies to unstand the nutrient dynamics of
the system and impact on the nekton community.
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East Harbor Lagoon Moon Pond Salt Meadow
COMMON NAME 2003 | 2004 2005 2006 2047 2003 2004 2005 2006 20@D3 R 2004 2005 2006 2047
American eel X X X X X X X X X
Atlantic mud crab X
Atlantic silverside X X X X X X X X X X
Brown bullhead X X X X
Crab species X
Four-spine stickleback X X X X X X X X
Golden Shiner X X X
Green crab X X X X X X X X
Longnose spider crab X
Longwrist hermit crab X |<£
Mummichog X X X X X X X X X X <DE X X
Nine-spine stickleback X X X X o X X
Pipe fish X X X | X X X X z
Portly spider crab X
Sand shrimp X X X X X X X X
Say mud crab X
Shore shrimp X X X X X X X X X X
Spider crab species X
Striped Killifish X
Three-spine stickleback X
White perch X X X X X X X X X
Winter flounder X X X X
Total number of species| 6 9 11 11 8 6 7 10 7 12 4 5 5 6

Table 9-1. Nekton species of the East Harbor sy2@03 to 2007. There was no significant incréaske number of species
in East Harbor Lagoon, Moon Pond or Salt Meaddle. data were collected in Salt Meadow in 2004.



EAST HARBOR LAGOON

2003 2004 2005 2006 2007
n 19 30 42 29 30
MEAN STDEV | MEAN STDEV | MEAN STDEV| MEAN STDEV| MEAN SDEV
TOTAL NEKTON 7.63 1356 | 27.41  48.58 18.43 3435 035. 34.14 | 20.15 4.97
CRUSTACEANS 2.47 7.16 5.52 19.14 2.17 7.90 1.03 52.1 3.88 2.95
FISH 5.16 10.15 21.90 38.19 16.26 31.69 34.00 33/5116.27 2.03
American eel 0.00 0.00 0.03 0.18 0.12 0.40 0.03 0.19 0.05 0.02
Four-spine stickleback 0.00 0.00 5.21 15.54 421 .1710] 1.59 3.51 2.30 2.83
Green crab 0.00 0.00 0.03 0.18 0.02 0.15 0.00 0.00 0.00 0.00
Sand shrimp 0.05 0.23 0.21 0.83 0.45 1.50 0.48 1.213.15 3.79
Mummichog 0.00 0.00 13.59 35.61 10.19 28.52 26.52 31.81 3.70 3.35
Striped killifish 0.00 0.00 0.00 0.00 0.00 0.0q .0 0.19 0.00 0.00
Three-spine stickleback 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.19 0.00 0.00
Atlantic silverside 3.42 8.73 2.72 4.60 0.60 1.86 .59 13.43 10.17 8.11
White perch 1.47 3.50 0.10 0.31 0.88 2.09 0.14 0.44 0.05 0.07
Shore shrimp 2.42 7.17 5.28 18.86 1.69 6.44 055 451) 0.73 0.85
Winter flounder 0.00 0.00 0.00 0.00 0.07 0.34 0.00 0.00 0.00 0.00
Nine-spine stickleback 0.00 0.00 0.00 0.00 0.07 60.2 0.03 0.19 0.00 0.00
Pipe fish 0.26 1.15 0.24 0.94 0.12 0.33 0.03 0.19 0.00 0.00
Table 9-2. Mean nekton density (animaf/in East Harbor 2003 to 2007
East Harbor Lagoon
2003 2004 2005 2006 2007
CRUSTACEANS 32.41% 20.28% 4.13% 2.95% 18.02%
FISH 67.59% 79.72%  95.87%  97.05%  81.98%
American eel 0.00% 0.13% 0.32% 0.10% 0.24%
Four-spine stickleback 0.00%  18.90% 10.96% 453% .56%
Green crab 0.00%  0.13% 0.04% 0.00% 0.00%
Sand shrimp 0.69% 1.00% 0.83% 1.38% 13.73%
Mummichog 0.00% 49.56% 53.89% 75.69% 21.05%
Striped killifish 0.00% 0.00% 0.00% 0.10% 0.00%
Three-spine stickleback | 0.00%  0.00% 0.00% 0.10% 0.00%
Atlantic silverside 44.83%  9.89% 25.62% 15.94% 2609
White perch 19.31% 0.38% 4.49% 0.39% 0.21%
Shore shrimp 31.72% 19.15% 3.26% 1.57% 4.29%
Winter flounder 0.00%  0.00% 0.12% 0.00% 0.00%
Nine-spine stickleback 0.00% 0.00% 0.24% 0.10% .00
Pipe fish 3.45% 0.88% 0.24% 0.10% 0.00%

Table 9-3. Relative abundance (number/total nuprfbefish, crustaceans
and each species in East Harbor Lagoon 2003 té 200
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MOON POND
2003 2004 2005 2006 2007
n 20 30 28 12 15
MEAN STDEV | MEAN STDEV| MEAN STDEV| MEAN STDEV| MEAN SDEV
TOTAL NEKTON 78.52 107.10 27.10 45.43 38.75 46.66 6.58 23.85 47.60 19.04
CRUSTACEANS 70.25 102.59 18.87 33.99 20.11 317 .085 19.94 38.87 20.65
FISH 13.56 12.41 8.23 16.53 18.64 26.91 11.50 11}498.73 1.60
American eel 0.29 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.09
Four-spine stickleback 1.05 2.22 1.47 2.81L 3.36 15.6 0.42 0.79 2.97 3.06
Green crab 0.14 0.36 0.30 0.70 0.86 1.56 2.42 3.48 1.30 0.42
Sand shrimp 0.00 0.00 2.13 4.76 6.32 9.58 17.83 6019. 27.73 33.00
Say mud crab 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.14
Mummichog 7.81 11.22 3.90 11.43 12.14 22.11 6.08 987. 3.20 1.70
Striped killifish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Three-spine stickleback 0.00 0.00 0.00 0.00 0.00 000. 0.00 0.00 0.00 0.00
Longnose spider crab 0.00 0.00 0.00 0.00 0.04 0.19 0.00 0.00 0.00 0.00
Spider crab species 0.00 0.00 0.03 0.18 0.00 0.00 0.00 0.00 0.00 0.00
Portly spider crab 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.09
Atlantic silverside 1.81 4.40 2.83 6.97| 2.43 3.5 .004 7.27 2.43 2.97
White perch 0.00 0.00 0.00 0.00 0.29 1.18 0.00 0.00 0.00 0.00
Long wrist hermit crab 0.00 0.00 0.00 0.0( 0.00 00.g 0.00 0.00 0.03 0.05
Shore shrimp 66.76 101.14 | 16.40 33.10 12.75 29.22 4.83 7.42 9.60 12.45
Atlantic mud crab 0.00 0.00 0.00 0.00 0.00 0.0p 00.0 0.00 0.03 0.05
Winter flounder 0.00 0.00 0.00 0.00 0.11 0.31 0.50 0.90 0.00 0.00
Nine-spine stickleback 0.67 1.49 0.00 0.00 0.32 60.8 0.00 0.00 0.00 0.00
Pipe fish 0.00 0.00 0.03 0.18 0.00 0.00 0.50 0.90 0.07 0.09
Unknown crab species 0.00 0.00 0.00 0.00 0.14 0.450.00 0.00 0.00 0.00
Table 9-4. Mean nekton density (animaf/m Moon Pond 2003 to 2007
Moon Pond
2003 2004 2005 2006 2007

CRUSTACEANS 85.20% 69.62% 51.89% 68.56% 79.32%

FISH 14.80% 30.38% 48.11% 31.44%  20.68%

American eel 0.36% 0.00%  0.00%  0.00% 0.11%

Four-spine stickleback 1.33% 5.41% 8.66% 1.14% %.3Y7

Green crab 0.18% 1.11% 2.21% 6.61% 2.77%

Sand shrimp 0.00% 7.87%  16.31% 48.75%  48.26%

Mummichog 9.95% 14.39% 31.34% 16.63%  8.08%

Longnose spider crab 0.00% 0.00% 0.09% 0.00% 0.00%

Spider crab species 0.00% 0.12%  0.00% 0.00% 0.00%

Atlantic silverside 230% 10.46% 6.27% 10.93% 6.91%

White perch 0.00% 0.00%  0.74% 0.00% 0.00%

Shore shrimp 85.02% 60.52%  32.90% 13.21% 27.61%

Winter flounder 0.00% 0.00%  0.28% 1.37% 0.00%

Nine-spine stickleback 0.85% 0.00% 0.83% 0.00% .00

Pipe fish 0.00% 0.12%  0.00% 1.37% 0.20%

Unknown crab species 0.00% 0.00% 0.37% 0.00% 0.00%

Say mud crab 0.00% 0.00%  0.00% 0.00% 0.29%

Portly spider crab 0.00% 0.00% 0.00% 0.00% 0.20%

Long wrist hermit crab 0.00%  0.00% 0.00% 0.00% 0.10%

Atlantic mud crab 0.00% 0.00% 0.00% 0.00% 0.10%

Table 9-5. Relative abundance (number/total nuirfoerfish, crustaceans
and individual species in Moon Pond 2003 to 2007.
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10. WATERFOWL

Observations of greatly increased waterfowl useast Harbor lagoon are mostly
anecdotal to date but nevertheless important.r Ryiidal restoration, waterfowl activity
was limited to small flocks of black ducks, red4wted mergansers and buffleheads.

The first indication of a radical increase in wiig duck use came from a 2006
Christmas bird count reported by Jan Smith of ttes$achusetts Coastal Zone
Management Office (Table 10-1). These birds camtihto use the lagoon throughout
the 2006-7 winter, except during periods of iceezowlost species were observed to
dive regularly, likely feeding on benthic animalsth mergansers probably feeding on
the many small fish that have populated the sysiece partial tidal restoration.
Dabbling ducks like mallards and black ducks feed@@ombination of animal (e.g.
bivalves) and plant (widgeon grass) foods.

Increased waterfowl use is expected to continmgaith the re-colonization and
proliferation of submerged aquatic vegetation, &isld benthic animals in East Harbor, so
long as at least the existing culvert connectirggsystem with Cape Cod Bay remains
open. Casual observations this fall (2007) indidatse by several hundred sea and bay
ducks, predominantly lesser scaups, white-wingetess, surf scoters and buffleheads.

Table 10-1. Waterfowl observed on East Harbor lagdé December 2006 (Jan Smith, personal
communication).

Number

Common name Scientific name observed

BLDU  Black Duck Anas rubripes 70
MALL  Mallard Anas platyrhynchos 6
REDH Redhead Aythya americana 9

GRSC  Greater scaup Aythya marila 125
LESC Lesser scaup Aythya affinis 4

WWSC White-winged scoter Melanitta fusca 150
SUSC  Surf scoter Melanitta perspicillata 6
COGO Common goldeneye Bucephala clangula 20

BUFF  Bufflehead Bucephala albeola 100
COME Common merganser  Mergus merganser 75

Red-breasted

RBME  merganser Mergus serrator 20
HOME Hooded merganser Lophodytes cucullatus 7
RUDU  Ruddy duck Oxyura jamaicensis 45
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11. MODELING ESTIMATES FOR HABITAT RESTORATION
John Portnoy, Cape Cod National Seashore

Hydrodynamic modeling was conducted in 2004 (Spaglé& Grilli 2005); an executive
summary of major findings is in the 2006 annualtEEéEbor monitoring report. Model
results have been further analyzed, and presendgdhigally here, to show the potential
for the restoration of estuarine habitats, givenréfal-world physical constraints on inlet
width (i.e. residential and commercial developmémtpugh the Beach Point barrier
beach.

As described previously, replacing the existing diameter culvert with a 5-meter-wide
inlet causes flushing time to decrease greatlynfit@3 to 13 days (Figure 11-1.)
Increasing inlet width to 50 meters, the approxenaidth of Noons Landing, the only
substantial area of undeveloped land remainindnerBeach Point barrier beach, reduces
residence time to only about a day. Figure 11st edlates model-predicted tidal range,
with increasing inlet width, to tidal range in Caped Bay. Existing tidal range is barely
perceptible, normally less than 10 centimeters-rAeter-wide inlet results in a tidal
range about 5% of the bay. Utilizing all of theeagand at Noons Landing for an inlet
would increase the estuary’s tidal range to ab@@t zhat of Cape Cod Bay.

Figure 11-2 shows the model-predicted increasetartidal area, i.e. extent of exposed
flats at low tide, with various inlet widths uptize original 300-meter-wide inlet.
Because all modeled scenarios result in improveagtide drainage (Figure 11-3),
substantial increases in intertidal area wouldltésam all increased-inlet options
starting at only 5 meters (~16 ft). Utilizing afi the open land at Noons Landing for an
inlet would increase the estuary’s intertidal axeaver 300 acres, including both
unvegetated lagoon sediments and bordering emengsiands.

Finally, Figure 11-3 shows the effect of increasimigt width on both high and low tide
heights relative to the emergent marsh surfaceh Bigh-tide flooding and low-tide
drainage improve substantially with each step ia®edn inlet width. The productivity of
tidal marshes has been shown to increase withréaagle (Steever et al. 1976).

Further assessment of the options for increasatig¢icchange in East Harbor awaits

restored funding for the US Army Corp of Engine€mmnprehensive Feasibility Study of
“Pilgrim Lake” tidal restoration.
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