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Executive Summary

In October 2012, a breach was formed in the National Park Service (NPS) Otis Pike Fire Island High
Dune Wilderness as a result of storm effects fitumricane SandyThe NPS is preparing an
environmentailmpactstatement (EIS) to evaluate alternatives for managing the breach. Because the
breach had existed for less tHaypears at the initiation of the EIS project, much of the research
relating to the breackas or s still underway. To support the developmenthef EIS, existing and
ongoing research pertaining to §ie-breach and posireach conditions Great South Bay and
surrounding areasascollected, compiled, and synthesized itfis technical synthesis repoifthis

reportis a compilation of the bestvailableinformationand describes the current state of the science
for the physical and natural resource issues specific to Great South Bay and surrounding areas, as
identified by NPS.

This technical synthesis report presents a synthesis and summablisfigd and unpublished
studies, and information gained from discussions with subject matter experts. The report is divided
into two main resource areas: (1) a physical resources section, and (2) a marine and estuarine
resources section. The physical i@®e@s section summarizes information regarding hydrodynamic
processesyater quality properties, waves, sediment transpogaich geomorphologgnd bngterm
issues such adimate change and sea level ri@ée marine and estuarine resources sectionges

a summary of information on water quality and phytoplankton, wetlands, submerged aquatic
vegetation, benthic communities, hard clams, finfish and decapods, and ecosystem structure and
processes. The resource areas covered under each chapter wiiedidesthe resource areas most
likely to experience and elicit responses to potential breglalted conditions. The information
contained in this synthesis report will provide the scientific foundation for the EIS.

Effects of the breach dmgh tide waer levels in Great South Bay from daily tidal fluctuations and
small surge eventsereevaluatedisinghydrodynamic modeling and analyses of tide gage data.

Both modeled and measured diamidicate that high tide water levels follow a gradient, \gitiall
increassin waterlevels in the western and central parts of Great South Bay and minimal changes in
the eastern parts of tlhay. The greatest changehigh tide water levels was observeshr

Lindenhurstin western Great South Bay, where modeling el gage data indicatdevations

have increased between 2.0 and 2.5 centimdgt@Band 1.0 inches) since the breach occurred
Elsewhere in central and eastern Great South Bageling and measured data show that high tide
water level increases have bheeery small atess than 0.8 centimetg®.3 inches)

Stage frequency curves generated from numerical modeling-cdipuiepostoreach conditions

indicated a maximum water level increase likely under they®a® return period scenario (1%

annual chance)f 60 centimeter§?24 inches) for the Connetquot River area of the central Great

South Bay. Under the same 1@@ar return period scenario, stage frequency curve data exhibited
increases of 20 to 40 centimeters (7.9 to 15.7 inches) in other areas db@réaBay and Moriches

Bay. The stage frequency curves, originally based on model simulations with a breach nearly
2.5times larger than the current opening, were adjusted using model runs on a breach configuration
measured in June 2014. The A@ar retun period water levels are predictions based on statistical
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analyses of numerical model simulations of a dynamic coastal system. While absolute values of
storm related water levels are difficult to predict, the order of magnitude and spatial distrihution o
the modeled increases is considered reliable.

Geomorphic impacts due to waves and sediment transport as a result of the breach are localized to a
zone approximately 0.5 to 1.0 kilome{ér3 to 0.6 milefrom the opening, primarily on the ocean

facing western or dowrdrift side of the breach. Shoreline change data suggest that the breach causes
little interruption in longshore sediment transport processes, although studies regarding directions of
sand transport through the breach have not been conductedaalel results regarding ebb/flood
dominance are contradictory.

Wave conditions inside Great South Bay have not been impacted by formation of the breach as the
limited width of the breach and the shallow nature of the fhidal delta complex do not allv wave
propagation from the ocean through to Great South Bé&yd generated waves within the bay have

not been impacteblecausencreases in water levels due to the breach are very Srhalkcross

sectional area of the breach increased during the first two years after formation, with only small
variations in width occurring beyond the twear time framefollowing initial formation, themain
channel of the breach miaged gradually to thevest.It is expected that the extent of westward
migration will be limited by the location of erosion resistant geologic deposits located approximately
1.5 kilometers (0.9niles) west of the May 2015 breach centerline. Further, the breach resulted in a
change in general circulation patterns in eastern Great South Bay from stationary eddies to a pattern
of mean througtilow moving from east to west. This shift in general circulation patterns has resulted
in a decrease in water residence times for Greah®ay as a whole, and Bellport Bay in particular.

Water quality in Great South Bay has improved since formation of the breach. Salinities have
increased between 2 and 5 practical salinity units (psu) in the central and eastern parts of the bay.
Water tempgature in the summer has decreased by 3°C, dissoit*®gen has decreased by
0.2milligrams per liter (ng/L), water clarity has improved, and chloropkgltoncentrations have
decreased frora range ofLl8to 42 micrograms per literi(g/L) prior to the beachto a range ob to

15 pdL in 2014, and a range of 26 35 pdL in 2015. The frequency and intensity of brown tide has
decreased iarea of eastern Great South Bay where water quality has impenakébllowing

bloom events, brown tide cells areated from the bay more quickly by transport to the ocean

through the breach. Species composition of phytoplankton shifted after the breach occurred, and now
is dominated by chaiforming diatoms with larger cell sizes. Central Great South Bay has

experierced increased brown tide bloom frequency and intensity since the breach formed, potentially
a result of changes observed in general water circulation patterns in Great South Bay.

Coastal habitat availability for Great South Bay fauna has changed sirfoentla¢gion of the breach.

Field surveys indicate that beds of eelgrass have become established east of the breach in response to
improvements in water quality, anéw sandplatformshave formed in the floetidal delta as a

result oftheaccumulatiorof sandy sediment in overwash ared$ie newly formed sand platforms

provide opportunities for future establishment of marsh habitats, the type typically dominated by the
marsh planSpartina alternifloa. The potential for colonization by marsh plants wouldrimere

favorable if the flooetidal delta becomes less dynamic (i.e., less shifting sediment). Théneasth
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improvements observed in water quality could further encourage marsh and seagrass bed
development. Coastal vegetation is importantigtrient aml carbon cycles, fooksource for fish

and waterfowlpursery habitat and refuge space for juvenile fish, sediment stabilizatidwater
quality; benefits provided bgequestering nutrients and trapping suspended sediments and organic
matter.

Changesn the faunal community of Great South Bay have also been observed since the breach
formed, particularly in Bellport Bay, Narrow Bay, and western Moriches Bay, where water quality
has improved. Podireach surveys indicate that total abundance and divefdinfish species has
generally increased. The observed changes are attributed to a résgonE®vements in water
quality, moderatedummer and wintewvater temperatures, amtreasecabitat availability (i.e.,
increasedubmerged aquatiegetatiordensity and eelgrassjowever, declines observed for some
species, such as blue cr&a(linectes sapidysare a potential result of increased salinities; while
declines observed for grass shrirfakemonetes vulgalisvere attributed to ineased predation by
fish foraging in seagrass habitats near the breach. Hard clam growth rate and condition index have
both improved in Bellport Bay in response to pogach improvements in water quality and food
guality, and the ameliorating effect thhe breach has had on brown tide blooms there. Howewer, i
central Great South Bahe postbreachcirculation patterns create conditions that favor brown tide
blooms andhavenegatively affeadhardclams.

Postbreach changes in the benthic communitylikedy to have occurred, but have not yet been
studied. Benthic communities are sensitive to sediment grain size and water Qualtyash ad
development of flood shoat®nsisting predominantly of saméve likely increased theediment

grain size irthevicinity of the breachThe environmental conditions resulting from tireach favor
high-flow, high-salinity adapted benthic communities comparable to those observed in the vicinity of
other Great South Bay inlets

Prior to breach formation, the Grezauth Bay was characterized as an immature ecosystem with

lower connectivity to the ocean, thus limiting the health and stability of the bay system. The post
breach changes documented in the Great South Bay and resulting from increased ocean connectivity
include improvements in water quality, temperature moderation, increased species richness, and
abundance, and formation of new aquatic habitats, including eelgrass beds. Further, marsh grass is
more abundant and could potentially colonize overwash areabarioodtidal delta, which would

support increased fish and invertebrate production. Other metrics of ecosystem maturity, such as food
web complexity and the abundance of suspension feeders and upper trophic levels have not been
evaluated podbreach ad are not known at this time, but may have also been affected by the breach.
As a result of the posbreach changes in the Great South Bay, the ecosystem is more characteristic
of a mature ecosystem, exhibiting increased species richness and abunuthnuareadesirable
characteristics such as improved system health, stability, and resilience to disturbance.
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Introduction

In October 2012, Hurricane Sandy made landfall inth#ed Stats near Brigantine, New Jersey.

The storm caused wave and flood related damages in New Jersey and New Y&wknadd

breach in the National Park Service (NPS) Otis Pike Fire Island High Dune Wildkrcetes! on

Long Island(Figure 1). The existing Breach Contingency Plan (USACE 1996) guides the response
for breaches that form along Fire Island, with breach clogpieally occurring immediately after

the formation of the breach; however, Breach Contingency Plagrovides an exception for

breaches that form in the wilderness. These breaches are to be studied to determine if natural closure
will occur. Federal wildrness areas are wild, undeveloped federal lands that have been designated
and protected bgongress. The legislation creating the wilderness area (Public L&8®)&lirects

the Seashore to manage this area to preserve the wilderness character. atenegsb directs the

NPS to refrain from interfering with natural processes that would typically occur within a barrier
island, including breaches. The legislation does not preclude closing a breach in the wilderness if
there is a need to do so; howewbeFire Island National Seashore Wilderness Management Plan
(NPS 1983) stipulates that anvironmentaimpactstatement (EIS) must be prepared and public

review and comment on alternatives must be conducted before such a decision would be made. For
thisreason, the NPS is preparing an EIS to evaluate alternatives foringattegbreach.

As a result of the breach, numerous studies were initiated by researchers to better understand the
dynamics of the breach and the effects of the breach on various tefthe Great South Bay
ecosystemAs noted above, breaches along Fire Island are typically closed immediately, so this
offered researchers a rare opportunity to study the dynamics of the breach following its formation
and the effects of the open breaxhthe bay ecosystem. Much of the research relating to the breach
is still underway. In order to access the most current scientific information and to reach consensus
among researchers on resource issues, NPS elected to prepaehtticalsynthesisreport to

compile and document the best available data and describe the current state of the science for the
physical and natural resource issues, as identified by NPS. This information will provide the
scientific foundation for the EIS.

To collect the information needed for thtechnicalsynthesisreport, NPS researchers and consultants
developed a program designed to collaborate sulijectmatterexperts (SMEsand document

ongoing researclSMEs consisted of university professors, student scientistgastdoctoral
researchers; federal and state agency, distfid inTable 1 The program consisted of initial data
requests, review of available information provided by SMEs and obtained from the literature, and a
workshop to process and discuss the mifation obtained, all leading to the development of this
report.
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Table 1. Names and affiliations of workshop attendees.

Name

Affiliation

Name

Affiliation

Alan Fuchs

New York State Department of
Environmental Conservation

Karl Nordstrom

Rutgers University

Anita Struzinski

EA Engineering, Science, and
Technology, Inc., PBC

Kelly Fellner

National Park Service

Carrie McCabe

US Army Corps of Engineers

Kim McKown

New York State Department of
Environmental Conservation

Charles Flagg Stony Brook University Kirk Bosma Woods Hole Group
Charles Roman National Park Service Lee Terzis National Park Service
Cheryl Hapke US Geological Survey Leslie Fields Woods Hole Group

Chip Paterson

Industrial Economics, Inc.

Lindsay Ludwig

Industrial Economics, Inc.

Chris Gobler Stony Brook University Lisa Methratta EA Engineering, Science, and
Technology, Inc., PBC

Chris Olijnyk National Park Service Lynn Bocamazo | US Army Corps of Engineers

Chris Soller National Park Service Lynn Koontz National Park Service

Claudia Hinrichs Stony Brook University Maarten van Deltares
Ormondt
Dawn McReynolds | New York State Department of Mary Foley National Park Service
Environmental Conservation
Debra Barnes New York State Department of Michael Frisk Stony Brook University
Environmental Conservation
Elizabeth Rogers National Park Service Mike Bilecki National Park Service

Heidi Clark

Woods Hole Group

Morgan Elmer

National Park Service

Howard Ruben

US Army Corps of Engineers

Morgan Gelinas

EA Engineering, Science, and
Technology, Inc., PBC

Jacki Katzmire

National Park Service

Patti Rafferty

National Park Service

Janet Nye Stony Brook University Rafael Moffatt & Nichol
Canizares
Jill Olin Stony Brook University Robert Cerrato Stony Brook University
Jim Neumann Industrial Economics, Inc. Steve Heck Stony Brook University
John Stewart National Park Service Suzie Boltz EA Engineering, Science, and

Technology, Inc., PBC

Kaetlyn Jackson

National Park Service

In January 2016, NPS hosted the workshop, bringing together the SMEs and providing an
opportunity for the SMEs to discuss the current science in the context of the issues that would
potentially drive the EIS decision. Results from discussions were connpiitedaily meeting
summaries, which were used in the developmetitexdraft technicalsynthesisreport. Thefinal

draft provides the technical details on the current state of the science for physical and ecological
resources related to the breach, asdnoted above, provides the scientific foundation for the EIS.



Physical Resources

Physical processes in the vicinity of the Fire Island wilderness breach and Great South Bay play an
important role in defining impacts of the breach on the ecological resources, the surrounding natural
and developed lands, and the communities that intfegouth shore of Long Island. Prior to

Hurricane Sandy, open ocean and inlet dominated physical processes were active along the barrier
beach and at the two tidal inlets, Fire Island and Moriches. Storm generated overwash processes were
active along théower more vulnerable areas of the barrier. Conditions within Great South Bay were
controlled primarily by estuarine processes, with tidal exchange controlled by the two established
inlets located approximately 50 kilometers (31 miles) apart (Figure if.fdfimation of the Fire

Island wilderness breach, a dynamic new environment was formed that increased the connectivity
between Great South Bay, western Moriches, Bagl the Atlantic Ocean, allowing greater influence

to the bays from ocean and inlet preses.

The breach has resulted in changes to physical factors that affect the barrier beach, nearby shoals,
and the Great South Bay estuary. The primary physical factors include hydrodynamics, water quality
properties, waves, sediment transport, and istgaorphology. Superimposed on the siemntn

changes to the system caused by the breach are the-tengampacts caused by climate change

and sea level rise. The information presented intéwisnicalsynthesisreport addresses the current
scientificknowledge regarding changes to these physical factors as a result of the breach, as well as
impacts to Great South Bay and the surrounding areas.



Hydrodynamics

Changes in the hydrodynamics of Great South Bay and Moriches Bay as a result of breach formation
have the potential to affect water levels in the bays. This includes daily changes in water levels
caused by astronomical tides as well as stgemerated watdevels. The tidal prism of the breach,

or the volume of water exchanged during a tidal cycle excluding any contributions from freshwater
inflows, is an important component of the hydrodynamics that can also influence bay water levels.
Prior to formatiorof the breach, the hydrodynamimsd water levelsvere controlled primarily by

water exchange through Fire Island and Moriches Int&gsever, with the addition of the Fire

Island wilderness breach, there is potential for alteration to these process&sl Gieculation

patterns in the bays may also be affected, and this in turn can influence basic water quality
parameters such as salinity, water temperature, water clarity, and nutrient concentration.

Synthesis of Hydrodynamics Pre- versus Post-Breach

Effects of the breach on hydrodynamics have been studied by three primary groups: the US Army
Corps of Engineers (USACE), US Geological Survey (USGS) in cooperation with Deltares, and the
State University of New York Stony Brook University. While the goélhe three studies were

different, they each provide valuable information on changes to the hydrodynamics of the bays along
the south shore of Long Island (Great South Bay, Moriches Bay, Shinnecock Bay) as a result of the
breach. A brief summary of eactudy is provided below followed by a summary of findings and
conclusions regarding impacts of the breach on water levels and circulation in the bays.

US Army Corps of Engineers Numerical Model Studies

Numerical modeling of physical processes for the sehitite of Long Island was undertaken by the
USACE New York District in support of the Fire Island Inlet to Montauk Point Reformulation Study
(FIMP). The purpose of the modeling was to determine storm impacts and bay flood levels along the
south shore of LaplIsland between Fire Island Inlet and Montauk Point to inform decisions on long
term management of the FIMP area for storm damage reduction. Information on initial modeling
conducted for FIMP is contained in a draft report entiBadeline Conditions Stam Surge Modeling

and Stage Frequency Generatidtire Island to Montauk Point Reformulation Sty tySACE

2006a). The work is also summarized by Canizares and Irish (2008), the primary modelers.

The modeling approach for FIMP incorporated a wide arrayg$ipal processes including winds,
barometric pressure, astronomic tides, waves, morphologic response, and localized wind and wave
setup. Specialized numerical models capable of simulating hydrodynamics, waves, and sediment
transport were merged and usectaluate surge elevations in Great South Bay and surrounding
areas under a range of storm and breach scenarios. The modeling approach used the following four
process models:

1 WAVAD (i.e., WISWAVE) to determine extreme storm wave conditions,

1 ADvanced CIRClation model (ADCIRC) to simulate storm water levels in the ocean,
nearshore, and areas seaward of the surf zone,



1 Storminduced BEAch CHange model (SBEACH) to estimateipuvmdation dune lowering,
and

1 Delft3D model suite to simulate storm water levelgh@ bay accounting for contributions
from storm surge, waves, winds, overwgatd/or breaching.

Baseline conditions evaluated in initial modeling efforts were representative of the FIMP area
topography in 2000. At that time three inlets (Fire Island, bh@$, and Shinnecock) connected the

ocean with bays in the FIMP area (Figure 1). Both ADCIRC and Delft3D models were calibrated to
astronomical tide and storm water levels collected at established gage locations. The ADCIRC
calibration used four Nationald@anic and Atmospheric Administration (NOAA) stations and one

Long Island SHORE (LISHORE) station, and the Delft3D model was calibrated using 13 bay area
measurement locations (6 in Great South Bay, 4 in Moriches Bay, and 3 in Shinnecock Bay). The
Delft3D model was then validated by comparing model results with available high water marks

(HWMs) and overwash and breaching data for two of the most significant storms of record: the
September 1938 hurricane and t he Dadelamfblleasa 19 9 2
Category 3 hurricane on Long Island and represents one of the most powerful and deadliest

hurricanes in New England history. The storm caused widespread overwash and created several
breaches across the barrier island. The December 1992 ma st er produced record
across the northeastern United States. On Long Island the storm created two breaches east of
Moriches Inlet. Model simulations of the 1938 hurricane produced breaching and overwash in areas
similar to the observestorm impacts. Peak water levels from the 1938 simulation matched closely

with HWMs recorded in eastern Shinnecock Bay, South Oyster Bay, and central Great South Bay
(USACE 2006a)Model skill was lower in eastern Great South Bay and Moriches Bay where

simulated water levels were 30 to 60 centimeters (12 to 24 inches) lower than the HWMs. Modeling

of the 1992 nordeaster produced two breaches in
water levels from the 1992 simulation either matched or uniteegsd by 60 centimeters (24

inches) the HWM data recorded in Moriches Bay and Great South Bay. Further to the west in
Patchogue and Lindenhurst, the model results were within the reported range of HWMs, although the
average reported HWMs were underestedaby approximately 60 centimeters (24 inches). Overall,

the model simulations for these two historic storms were considered to provide realistic results,
particularly when considering the uncertainty in the input hydrodynamic conditions and, more
importantly, the prestorm topographies.

The numerical models were used to simulate water levels in the bays under baseline conditions
during 36 historical storms (14 hurricdaheses and
simulations showed thaepk water levels in Great South Bay were produced by extratropical storms,
while tropical storms generated the highest water levels in Moriches and ShinnecodReys.

simulated water levels in Great South Bay from the tropical storms were on thefd@er o

centimeters (7.9 inchek)wer than those from the extratropical storifisis was attributed to the

lower efficiencytransference characteristioFire Island InletSurge associated with tropical

storns thattend to pass through the area more duigk t h a n isisignifitantly sampenes at

Fire Island Inletue to its lower efficiengywhile the surge generated by extratropical sgiimat



typically last several tidal cycles increadke totalvolume of water passirthprough the inlet

resuling in higher peak water levelsloriches Bay fills more rapidly with storm g flows than

Great South Bay because of its smaller size and more efficient inlet, and therefore Moriches Bay
responds more quickly to fast moving extratropical storms.

For bagline conditions (pr&andy), only a small number of storm simulations resulted in significant
contributions to water levels in the bays due to overwash/inundation of the barrier island. These same
storms were the only ones to produce full breaches daplar¢aches of the barrier. Full breaches

were considered to be stofimduced cuts through the barrier where scour depth was at or below

mean low water. Partial breaches were considered where the scour depth was between mean high
water andnean low waterThe wilderness area, and in particular the site of the breach that formed
during Hurricane Sandy, was found to be the most vulnerable spot for full breaching in the FIMP
study area, due in large part to the lower elevation of the dunes under baselitiensorithe storm
modeling for the 1938 event also resulted in partial breaching at Smith Point County Park, Tiana
Beach, and West of Shinnecock Inlet.

Stagefrequency relationships using the modeled water levelslfetam simulations were

developed using the ortdmensional Empirical Simulation Technique. Peak water |gg&dsm

surge and tides) at 28 stations in Great South Bay and MorichdeBhg 6, 10, 25, 50, 73, and
100-year return periods were dewpkd for thepre-Sandybaseline condition@~igure 2) For Great

South Bay the §ear return period peak water levels were found to be betivéeand 1.4 meters

(3.6 and 4.6 feetthe 50year return period peak water levels were betwe2rand 1.5 meter(3.9

and 4.9 feet)and the 10§ear return period levels were betwedep and 1.8 meters (3.9 and 5.9

feet) (NGVD29 adjusted for sea level rise to 20@0yures 3, 4, ands). Stage frequency results in
Moriches Bay were generally higher than those ieaESouth Bay since Moriches more readily
responds to ocean conditions. Peak water levels in Moriches Bay were between 1.2 and 1.5 meters
(3.9 and 4.9 feet) for theyear return period, between 1.8 and 2.1 meters (5.9 and 6.9 feet) for the
50-year returrperiod, and between 2.0 and 2.3 meters (6.6 and 7.5 feet) for tyedOeturn

period (Figures 34, ands). Spatial variations in water lewsalithin thebays were found to be
consistent with the bagygdandexchargenvéhtjacgnivatarbodieet conf i



FIMP Stations - Great South Bay and Moriches Bay

Figure 2. Storm water level output stations in Great South Bay and Moriches Bay from the USACE
modeling (Moffatt & Nichol and Canizares 2015).

Ocean Stations for Return Period = 6 years

* Sandy Hook : * Fire Island tnlet * Moriches Inlet

12F------ P ST e , """"""""""" --*-éhihhé-c-éék-lh-léf”1:“-“Dncn Plains

Tropical
2 Combined

8
G- »*  Extratropical |- ..
4
2

-74.5

2_........1—.._.......\..i........_._......,......i.._.._.__,_._._________i_.___*._.__......_._._.i..;.........a.._._......i..-.-......._.
-734 -73.3 -732 =731 T3 -729

Moriches Bay Stations

* Monches CGs

Water Level (ft, NGVD29 adjusted for sea level rise to 2000)

-72.84 -72.82 -728 -72.78 —72.76 —-72.74 7272 727 -72.68 -72.66
Shinnecock Bay Stations

L[ R e T e e e I
8 * Shinnecock CGS

6 .................................. ; ............................ ’E\.____._.____._._: ................ ' .................................

% Q %2 ¢ R %

4 ....._....._.................._._..............___._.____._.___E.____._.____._._. ................ : ............................... _".

¥ ¥ *

2 | i P o i | [ |

-7258 -72.56 —72.54 -7252 -725 -72.48 -72.46 -72.44

Longitude (deg)
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Ocean Stations for Return Period = 50 years
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(pre-Sandy) from USACE modeling (USACE 2006a).



Ocean Stations for Retumn Period = 100 years
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Figure 5. Spatial distribution of 100-year return period peak water levels (in feet) for baseline conditions
(pre-Sandy) from USACE modeling (USACE 2006a).

Additional modeling scenarios were also conducted by the USACE to evaluate the effects of barrier
island breahes on maximum water levels in the bays. The methodology used to select the breach
locations and the different modeling scenarios is summarized in a February 2, 2006, document
entittedSummary of Development Approach and Draft Results for Baseline, Rubrerable, and
Breach Closed Conditions Breach/Overwdsiequency Relationshig#/offatt & Nichol, Canizares,

and Alfageme 2006), as well as a March 22, 2006 Memorandum prepared by Moffat & Nichol
(Author Unknown 2006). At this time, 12 representativeslsh open scenarios were evaluated for

six select storms. The smaller number of storms was considered sufficient to provide enough
information to create stage frequency curves for the bays under the different breach open scenarios.
The 12 breach open sceins were comprised of 4 representative locabased scenarios with three
possible breach sizes corresponding to estimated widths at 3, 6, and 12 months from breach
formation. The widths were 762 meters (2,500 feet), 1,128 metéfBet), and 1,438eters
(4,700feet) for the 3, 6-, and 12month scenarios, respectively. All scenarios assumed a breach
depth of 2.1 meters (6.9 feet) (mean sea leyed)ding crosssectional areas df,600, 2,370, and

3,009 square meters for the 8-, and 12month senarios (17,250, 25,530, and 32,430 square. feet)
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The breach open condition (BOC)scenario included a breach in eastern Great South Bay in the
vicinity of the current wilderness breach and a second breach in western Shinnecock Bay. The other
scenarios @nsidered multiple breaches or openings in western and central Great South Bay, eastern
MorichesBay, and Shinnecock Bay (Tal®¢ Results from the model simulations were used to
prepare stage frequency curves for bay stations in the FIMP area, givhffetteat breach

scenarios.

Table 2. Four location-based scenarios considered for breach open modeling simulations. Wilderness
breach is represented by the Eastern Great South Bay location.

Breach Open Conditions for Numerical Simulations

Breach Western Central Eastern Eastern Western

Open Great South | Great South | Great South Moriches Shinnecock Shinnecock
Scenario Bay Bay Bay Bay Bay Bay
BOC-1 X X

BOC-2 X X X

BOC-3 X X
BOC-4 X X X X

Following formation of the wilderness breaah2012, the USACE modeling was updated to validate
the integrity of the earlier modeling efforts and to examine applicability of the modeling approach to
the wilderness breach. This recent work was documented in a Draft Memorandum from Moffatt &
Nichol daed September 11, 2015. The updated work included revalidation of the model with breach
closed conditions and validation to conditions with the wilderness breach. Model simulations were
conducted to evaluate impacts on tides and storm tides with varioQs,B@d the stage frequency
curves for bay water levels were updated to reflect the influence of the wilderness breach.

Post Hurricane Sandy modeling was performed usipdatedversions of the Delft3D software and

the updated Simulating WAves Nearshd8®{AN) model(Moffatt & Nichol and Canizare2015)
Revalidation was conducted using baseline conditions (breach closed) and the model was found to
accurately reproduce tidal propagation in the bays, flow through the inlets (Fire Island and
Moriches), andHe effects of winds, waves, and surge propagation during the blizzard of 2003.

The updated model was validated by runningy@&r simulation from November 1, 2012, to

November 1, 2014, using breach bathymetry from a June 2014 USGS survey (Nelsonlégal. 20

At the time of the 2014 survey the breach was approximately 305 meters (1,001 feet) wide at its
narrowest point. The 2014 surveyed breach condition was used in a separate modeling study by the
USGS (discussed later in this section), allowing for canspn of results from the two model

studies. Model validation was performed fd-enonth period in early 2014 by comparing tidal
constituents from four water level gages in Great South Bay with tidal constituents predicted by the
model. The validatioshowedgood agreement between the observed and modeled data. For storm
conditions, the model showed a slight epeediction in peak bay water level, byrasich as

25 centimeterg9.8inches)at one locationhut was considered representative given uniceiga in
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model bathymetry and boundary conditions. It was noted that differences between modeled and
observed storm water levels were consistent with those found with the Deltares model (eadtOrm
et al. 2015). It was also noted that model bathymetmy flhe June 2014 survey could have caused
the overprediction in peak bay water levels during the first months of the simulation, since the
breach grew in sizeshapeand orientatiomapidly betweerHurricane Sandy and the time of the
survey.

To assess ipacs of thewilderness breach on tides and small storm tidéise bay the 2year
simulation (November 1, 2012 to November 1, 2014) was repeatedsgthch closealconditions.

The breach was found to have a very small effect on daily tidal fluctsadmmh small storm tides.
Changes to the daily tide at Fire Isldntet, Tanner Parkand Bellport(Figure 1) asdeterminedy
absolute changes in tiheodeledM2 tidal constituent anthean high watemwere all less tha@.8
centimeters (0.3 inchesht Lindenhurs{Figure 1)the increase was slightly greater at approximately
2.7 centimeters (1.1 inches) (Tal8g These results are consistent with Eretaresmodeling
performedby van Ormondt et al. (2015).

Table 3. Impact to tides of breach open at the wilderness breach.

Absolute Change in Centimeters (Inches) Percent Change
Station M2 Mean High Water M2 Mean High Water
Fire Island Inlet 0.2 (0.08) 0.2 (0.08) 0.9% 0.8%
Tanner Park 0.8 (0.3) 0.8 (0.3) 3.5% 3.5%
Bellport -0.2 (-0.08) -0.2(-0.08) -1.3% -1.2%
Lindenhurst 2.7 (1.1) 2.87 (1.13) 19% 19.0%

Model results showed that the wilderness breach had a similar effect on small storm tides (i.e., tides
plus storm surge). Simulations on two small storms in December 2012 showed that pesikiessorm

at Lindenhust and Bellport were 2.5 to 7.6 centimeters (1.0 to 3.0 inches) higher with the breach
open. Overall however, linear regression analyses on the erya Zimulation showed an increase

in small storm peak water levels at Lindenhurstl arslight decrease at Bellport.

Impacts of the breach on water levels during large storm events were evaluated by simulating six
storm events. The storms selected were considered sufficient to update the stage frequency curves
produced during the origin2D06 modeling for the FIMP bay areas using the different breach open
scenarios (i.e.,-36-, and 12month scenarios). Increases in maximum water level between the
breach closed and the June 2014 BOC for these storm events were found to be as high as 25.4
centimeters (10 inches) during the smaller storm events and up to 55.9 centimeters (22.0 inches)
during the larger storm events (Figures 6 and 7). The highest water levels generally occurred near the
center of Great South Bay. The model predictions okesed water levels during storms represent
order of magnitude increases rather than abswealtees. The dynamic and constantly changing

nature of the breach, including variations in morphology since the June 2014 survey which have
decreased the width,rider predictions of absolute water levels with a numerical model; however

the order of magnitude for water level increases shown by the model is considered reliable.
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Figure 6. Difference in modeled peak water levels during small storms with and without breach (Moffatt &
Nichol and Canizares 2015). Extratropical storms: January 1979, March 1984, and January 1996.
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Figure 7. Difference in modeled peak water levels during large storms with and without breach (Moffatt &
Nichol and Canizares 2015). Tropical storms: September 1938 and September 1985; Extratropical storm:
November 1950.
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Given the persistence of the wilderness breach since initial formation in 2012, the USACE revised
thepre-Sandy baseline cditionsto reflect the wilderness breach as of June 2014. Rebaszline

stage frequency curvegerebased on the BOT (3-month) curves (developed in 2008Jthough
thecrosssectional areaf the BOG1 (3-month) breach wasearly 26 to 3.2timeslarger than the

June 2014 breacthe model simulations showed similar impacts on bay water levels in terms of
magnitude and spatial extent. Analyses comparing relative increases in bay water levels caused by
the BOCs versus return period showed slightly greagter levels at higher return periods for the

June 2014 breacfihis was thought to be related to increased conveyance through the deeper and
better defined channels represented in the June 2014 breach and model bathymetry, as compared to
the simple reangular breach geometry used to represent the-B(Bnonth) condition.

Comparative analyses for all model stations in Great South Bay and Moriches Bay were used to
identify adjustments for shifting the BOGL(3-month) stage frequency curves. Adjustmeatthe

BOC-1 (3month) curves varied by station and generally ranged between 0.9 and 10.1 centimeters
(0.4 and 4 inchesyvith the greatest water level increases occurring in the vicinity of the wilderness
breach (Figure 8).
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Figure 8. Adjustment values by station to BOC-1, 3-month stage frequency curves to reflect June 2014

breach open conditions.

Comparison between stage frequency curves for the 2006 and 2014 baseline conditions at stations
throughout Great South Bay and Moriches Bay showed a maximOiyeHd return period water

level increase of 60 centimeters (23.6 inches) at Station 5 near the mouth of the Connetquot River
(Figure 9). Increases elsewhere in Great South Bay and Moriches Bay for theat@6turn period

were between 20 and 40 centierst(7.9 and 15.7 inches).
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Figure 9. Stage frequency curve for Station 5 near the Connetquot River showing differences in water
levels between the 2006 Pre-Sandy baseline condition (no breach) and the 2014 baseline condition (with
breach) conditions (Moffatt & Nichol and Canizares 2015).

Geospatial data developed by the USACE from stage frequency curves farife @nd 106yea

return period storms using the 2006 and 2014 baseline conditions show areas of increased flooding
around Great South Bay and Moriches Bay that may resulttirernreach. When comparing

baseline conditions for they&a storm event, the model predicts a potential increase in flooded area
of approximately 3,825 acres (2014 baseline wiffe@ storm minus 2006 baseline withy2ar

storm). During the 1§ea stom event thélooded area with the breach is approximately 970 acres
greater thahe prebreach condition100-year event the flooded area with the breach is 2,790 acres
greater than the ptiereach conditionThe affected areas likely contain a mixturdaofd use types

(e.g, residential, open space, commercialsummary ofimpacts to the various land use types from
increased floodingsing the USACE model resultsprovided inthe EIS.

To evaluate potential impacts to water levels from wider breatife&]SACE ran model

simulations withthe revisedBOC-1 conditions for 6and 12monthconditions The 6month

condition used a breach width of 1,128 meters (3,700 feet) and-#herith condition used a breach
width of 1,433 meters (400feet). All sceneaos assumed a breach depth of 2.1 meters (6.9 feet)
(mean sea levelyielding crosssectional areas of 2,370 and 3,@@Riare meters, for the énd 12
month conditions respectively (25,530 and 30,d@uare feet)\Comparative analyses for all model
statons in Great South Bay and Moriches Bay were used to identify adjustments for shiftiag the
and 12month stage frequency curves developed previously in 2006 approach made use of
extensive modeling results from the 2006 study by identifying relatiereases in bay water levels
caused by the-@and 12monthBOCs versus return perioResults from these simulations showed
maximum water level increas®f80 centiméers (31 inches) for the 18@ar return period
(Bocamazo pers. comm. 2016). TheaBd 12month breach scenarios represent openings 1.5 to 2.0
times larger than the BOC (3-month) condition, and approximately 3.6 to 4.6 times larger than the
June 2014 breacksiven the history since formation in 2012, enlargement of the breach 36 to 4.
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times its June 2014 width would represent a dramatic change in breach evdlutionodeled
scenarios may be more representative of future storm water levels under climateaithsga level
rise conditions.

US Geological Survey/Deltares Model Studies

Post Hurricane Sandy modeling of Fire Island and the surrounding areas has been conducted by
Deltares with geospatial data required for model runs provided by the USGS. The work has focused
on studying the changes in morphology of the breach and it€ispa the neighboring areas.

Modeling capabilities for predicting stability of future breaches on Fire Island or other similar
environments were also developed. Information on the numerical modeling aspect of the work is
contained on the Deltares Firedst web sitewyww.cosmos.deltares.nl/Firelsland/index.ht@hdin
aconference proceedingsticle entitledThe Effects of Geomorphic Changlesing Hurricane

Sandy on Water Levels in GiteSouth Bayvan Ormondt et. al. 2015).

The model approach included a series of nested hydrodynamic and spectral wave models in
combination with a model for simulating sediment transport and morphological change. The
following combinations of numerical rdels were used:

1 DFlow-FM to simulate tidally generated and storm induced water levels in the ocean and
nearshore areas,

1 SWAN to develop 2D spectral wave conditions,
i XBeach to simulate dune and beach erosion and overwash volumes, and

1 Delft3D-FLOW/SWAN to simulate water levels, waves, and changes in morphology in Great
South Bay (referred to as Great South Bay model).

Forcing at the boundaries was accomplished by imposing water levels and waves from a series of
larger scale models. The Delft3D models werauhging relatively calm periods when offshore

waves heights were less than 3.5 meters (11.5 feet), and the XBeach model was used during storms.
Model simulations were initially run to reproduce conditions during Hurricane Sandy. Subsequent
model runs wereonducted for a-gear period from November 2012 (polsiurricane Sandy) to

October 2014.

Model results for the Hurricane Sandy simulation showed agreement between computed and
observed water levels at the Battaew York, NOAAstation, although the pkaf the surge was
underestimated by 2¥entimeterg10.6inches) The storm simulation also showed the highest

volumes of overwash (water) at the western end of Fire Island, the eastern portion of the island near
the wilderness breach, and just west ofricloes Inlet. Overall however, the total volume of water
flowing over the barrier beach was small compared to the volume flowing through the main inlets.

Severakxperiments were conducteding the Delft3D model of Great South Bayevaluate the
effect d different processes on water levels in Great South Bay during Hurricane Sandy. The tests
were designed to assess the influence of short waves and overwash contributions on bay water levels.
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The sensitivity testing showed that peak water levels in Geah®ay were increased by
approximately 2050 centimeters (7.9 to 19.7 inches) by adding vwgaderated waves, and this
improved the match between modeled and observed water levels. Addition of overwash volumes
added approximately 2entimeters (7.9 in@s) to the peak water levels, and this resulted in an
overprediction in water levels west (Lindenhurst) and east (Narrow Bay) of the breach.

Additional sensitivity testing has been conducted using Hurricane Sandy forcing to assess the effects
of a significantly wider breach configuration on water levels in Great South Bay. These preliminary
results are expected to be released for publication in 2016.

To evaluate effects of the wilderness breach on water levels in the bays, the Great South Bay model
was runboth with and without the breach over thgear period immediately following Hurricane

Sandy to October 2014. The model for the with breach simulations was run with a fixed bathymetry
based on a June 2014 USGS survey of the breach. Linear regressysesnatwicedaily high

water levels and small storm surge levels, as well as tidal analysis of the computed time series from
the model were performed to evaluate effects of the breach. Daily peak water and surge levels in
Hudson Bay at the far westerndeof the system were not affected by the breach. At Lindenhurst

near the western end of Great South Bay, the model showed an increase of 2.6 centimeters (1.0 inch)
in daily high water levels with the breach, and at Bellport (eastern Great South Bayydkexe

increase of 0.3 centimeters (0.11 inches) (Table 4 and Figure 1). Surge levels with the breach
increased by 4.2% at Lindenhust and 1.3% at Bellport. A comparison between computed water levels
with and without the breach at each station forda$ period in December 2012 illustrates the

effects of the breach on daily water levels and small surge events (Figure 10).

Table 4. Impact on tidal amplitude and phase with and without the breach.

Observed Modeled without Breach Modeled with Breach
Amplitude Phase Amplitude Phase Amplitude Phase
Station (m /ft) °) (m /ft) °) (m /ft) °)
Hudson Bay 0.566/1.9 9.1 0.620/2.0 10.9 0.618/2.0 11.0
Lindenhurst 0.172/0.6 71.8 0.169/0.6 83.4 0.195/0.6 85.2
Bellport N/A N/A 0.166/0.5 108.0 0.163/0.5 91.0
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Figure 10. Comparison of computed (modeled) water levels with and without the breach for Hudson Bay,
Lindenhurst, and Bellport for the period of December 207 29, 2012 (van Ormondt et al. 2015).

Tidal constituent analyses on the model results showed that tides were unaffected by the breach at the
far western end of the system in Hudson Bay. At Lindenhurst in western Great South Bay, the
amplitude of the M2 component increased by 15% and thera wasll phase shiétf +2°. The tidal

analysis at Bellport showed a 2% increase in M2 amplitude and a phase shift. dthe modeling

indicated that high and low waters in Bellport occur approximately 35 minutes soorrexsalt af

the breach (Table 4)

Results of the ¥ear model simulation showed that daily high tides and small storm surge levels in
Great South Bay have been minimally impacted by the breach. While both changes are of similar
order of magnitude, the changes are small relative towaii@r level variations in the bay. In the

period between Hurricane Sandy and June 2014, the model suggests that the breach did not increase
peak water levels by more than 10 centimeters (3.9 inches) at any time (van Ormondt et al. 2015).

US Geological Survey Data Analyses

The USGS working in conjunction with Integrated Statistics conducted a study to evaluate whether
the wilderness breach influenced maximum water levels in Great South Bay following Hurricane
Sandy (Aretxabaleta, Butman, and Ganju 2014).sfbdy used offshore water level data measured

at Sandy Hook, New Jersey, The Battery, New York, and bay water levels measured at Lindenhurst,
New York. Data spanning the period from October 1, 2007, to December 31, 2013, were obtained to
cover pre and patbreach conditions. Analyses were performed for tidal amplitudes, spectra of
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water level fluctuations, and spectral coherence and transfer functions between offshore and bay
water levels before and after Hurricane Sandy. Comparisons between watebéémedsand after
Hurricane Sandy at Lindenhurst and offshore stations showed no significant differences in the
transfer of sea level fluctuations from offshore to Great South Bay. High water levels in the bay were
attributed to winter storms and not thedch or geomorphic changes in Great South Bay caused by
Hurricane Sandy. Coherence, transfer coefficients, and regression between water levels in the bay
and offshore suggested that water levels in the bay were mostly dampsdiltagions driven by

offshore sea level, modified by the duration of offshore events and by the breach and bay geometry.

Stony Brook University T School of Marine and Atmospheric Sciences Model Studies

Stony Brook Universityods School of tNeaGreatne and
South Bay Observatorywhich monitors water levels, temperature, and salinity at several stations
around the bay and at the buoy anchored in the centralbayuoy also measures meteorological
conditions.The Great South Bay Project at SOMA&tbeen studying the hydrodynamics,
biochemistry, and benthic and pelagic ecology before and after the opening of the Tineagbrk
combines field observations with numerical modeling to develop an ecosystem based management
approach for addressing eagical problems in Great South Bay. As part of this program the Finite
Volume Coastal Ocean Model (FVCOM) was set upxamine the structure of tidal and wind

driven circulation inGreat South Bay and to evaluate the impacts that breaches in the bemir i

could have on the ecology of the bay (Yang 2014; SOMAS 2016).

Early model development concentrated on replicating tidal and salinity measurements for baseline
conditions (no breach) which included the four tidal inlets from East Rockaway to Mainbéies
The model was forced with the following data to quantify the physical processes:

9 Tidal forcing with six constituents from the€yonState Universitytidal model,

1 Freshwater inflow from 61 rivers, streams and outfalls along the north shores oSGuéat
Bay and Moriches Bay,

1 Groundwater discharge along the north shores of the bays, and

1 Water temperature and salinity measured at 21 stations in Great South and Moriches Bays
and 1 longterm station just outside Fire Island Inlet.

For the baseline coittbn (no breach) the model was used to identify tidald deptraveraged

velocities and residual currents (tidakan transport). The mean current data showed the largest
residual currents in the inlets, the channels along the north shore of the wagteand in Smith

Point Channel. Residual currents were much smaller in the open central portion of the bay. A mean
inflow was identified in the three smaller inlets (East Rockaway, Jones, and Moriches) with an
outflow through Fire Island Inlet. Thus, theodel showed that the western and eastern ends of the
bay were supplying more saline water to the central bay, in order to maintain the salinity balance
against the influence of the larger rivers. The tidalan transport for the baseline condition,
repregnted by transport streamlines in Figure 11, showed a number of residual eddies in the open
portion of central and eastern Great South Bay. Most of the headlands were also shown to have an
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associated eddy, and a large counterclockwise eddy was idendifitdas Patchogue (~33 to
34 kilometers (21 miles) on Figure 11).

Tidal Mean Transport Streamlines

6
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Figure 11. Tidal mean transport in eastern Great South Bay for the baseline condition (no breach) as
simulated by the School of Marine and Atmospheric Sciences Model Studies Finite Volume Coastal
Ocean Model for Great South Bay (SOMAS 2016).

Additional FVCOM simulaibns were conducted on the baseline conditions by adding constant
alongbay wind forcing from the west and east. Undestwardwinds with baseline conditions, a

large clockwise eddy was created in eastern Great South Bay, with a smaller connected eddy in
Bellport Bay. Eastardwinds under the no breach baseline condition showed a series of clockwise
eddies along the northern side of eastern Great South Bay, and larger counterclockwise eddies on the
south side near the barrier beach. Flow was stronglyetedlt immediately adjacent to the barrier

and into Smith Point Channel. The addition of winds to the FVCOM simulations showed the strong
influence that wind forces can have on the circulation patterns. In generalandbsinds produce a
clockwise eddy ile theeastwardvinds produce a stronger east flowing current in the lower portion

of eastern Great South Bay.

Impacts of the breach on tide range and residual currents were evaluated with the FVCOM model via
tide and wind forced simulations using battetny and flooetidal delta morphology surveyed in July
2015. These simulations showed the breach to cause a maximum increase in tidal amplitude in the
bay of approximately 2.6entimeterg1.0inch), very near what has been observed, while also
advancinghie tidal phase in the eastdaay by about 20 minutes, again very similar to observations.
Changes in the general circulation patterns in central and eastern Great South Bay were also seen,
with fewer small eddies, and a mean throdigiv directed to the wst out through Fire Island Inlet

(Figure 12) Model simulations with eastward and southward winds showed water levels in the bay to
be lower with the breach than without, and under westward and northward winds, the breach
simulations produced higher watevels.The eastern portion of thmy (Bellport, Blue Point,
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Barrett Beach) was shown to be slightly more responsive than the wessyebut the maximum
difference in water level for the high wind simulations did not exceed a few centimeters.

Tidal Mean Transport Streamlines
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Figure 12. Tidal mean transport in eastern Great South Bay with the breach open as simulated by the
School of Marine and Atmospheric Sciences Model Studies Finite Volume Coastal Ocean Model for Great
South Bay (SOMAS 2016).

Stony Brook University i School of Marine and Atmospheric Sciences Data Analyses

SoMAS analyzed tide gage records from Bellport and Lindenhurst to evaluate changes in tidal
amplitude and phase since before the breach was opened€FE®D16). A tidal constituent

analysis was performed aata from October 2012 through May 2016 to estimate the primary tidal
parameters. Changes in the M2 tidal amplitude and phase for the two stations were compared (Figure
13). The data show no significant changes in tidal amplitude at Bellport since bafoieahke

Sandy, whereas high tide has advanced by about 15 minutes relative to conditionsHuracéme
Sandy.At the western end of tHemy at Lindenhurst, the amplitude of the M2 tidal constituent has
increased by about 2.0 centimeters (0.8 inchwbsgh translates to an increase in tidal range of about
4.0 centimeters (1.6 inche3he data do not show a change in tidal phase for this western part of the
bay.
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Figure 13. Temporal variation in the M2 tidal amplitude (in meters) and phase (in degrees) since
Hurricane Sandy at Bellport and Lindenhurst (Flagg et al. 2016).

Summary of Breach Impacts on Water Levels and Circulation

Effects of the breach on high water levels in Great South Bay from daily tidal fluctuations and small
surge events have beevaluatedisinghydrodynamic modeling and analyses of tide gage data. Both
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modeled and measured data show a small increase in high tide water levels in the western and central
parts of Great South Bay and minimal changes in the eastern part$aythe

The greatest changes in tidal range are seen near Lindenhurst in western Great South Bay, where
modeling and tide gage data indicate high tide water levels have increased between 2.0 and 2.5
centimeters (0.8 and 1.0 inches). Elsewhere in central andre@stat South Bay, increases in the

high tide water level as a result of the breach, as shown by modeled and measured data, have been
less than 0.8 centimeters (0.3 inches). Daily water levels at the far western end of Great South Bay
and Hempstead Bay hawot been affected by the breach. Overall, the changes in daily high water
levels are small relative to the total water level variations.

Stage frequency curves generated from numerical modeling with and without the breach show an
increase in the 10Qearreturn period water level (1% annual chance water level) of 60 centimeters
(23 inches) for the Connetquot River area in central Great South Bay for the with breach conditions.
Elsewhere in Great South Bay and Moriches Bay, the stage frequency curvesskages of 20 to

40 centimeters (16 inches) for the 1% annual chance water levels. The stage frequency curves,
originally based on model simulations with a breach nearly 2.5 times larger than the current opening,
were adjusted using model runs on a bineaanfiguration measured in June 2014. The predicted 1%
annual chance water levels are based on statistical analyses of numerical model simulations that may
over predict peak storm water levels by as much as@bmeterg9.8inches) Althoughabsolute

values of water level increases during storms are difficult to predict with a dynamic coastal system,
the order of magnitude spatial distribution of the modeled increases is considered reliable.

Numerical nodel studies and analysesméasureavater level dta show that the breach has resulted
in a phase shift in the tide and surge in the easternmost gareéatf South Baycausing high and
low waterin Bellportto arrive 20 to 35 minutes sooner as a result of the breach.

Hydrodynamic modeling simulation$ wider breach scenarios in the wilderness area of 1,128 and
1,433 meters (3,701 and 4,701 feet) and 2.1 meters (6.9 feet) degtil (B2month conditions)

show a maximum water level increase of 80 centimeters (31 inches) for tyedO®@turn period

event. The breach geometry in these two scenarios is considerably larger than the mouwidu 3
condition and the June 2014 breach, and as such, the model results may be more representative of
future storm water levels under climate change and sea isgelanditions.

Hydrodynamic modeling indicates that the breach has altered the general circulation patterns in
central and eastern Great South Baigures 11 and 12prior to the breach the circulation was
characterized by a number of smaller localizddies. Since the breach the circulation has become a
mean througHlow directed from Bellport Bay to the west out through Fire Island ifleis change

in residual circulation suggests a reduction in residence time in eastern Great South Bay which is an
important factor that affectsay water quality.

24



Physical Water Quality

Physical vater quality in Great South Bay is influenced by mixing between fresh and marine waters
through the tidal inlets. The wilderness breach in Fire Island has the potenhahige bay water
guality by increasing tidal and subtidal flushing. Increased tidal and subtidal flushing can lead to
water quality improvements by reducing residence times for water parcels in the bay, which has a
history of impaired ecological function.

Key estuarine water quality parameters such as temperature and salinity are partially controlled by
the extent of tidal and subtidal flushing, and these parameters are important factors that influence the
bay ecology. Water temperature is a driving fagtadhe physiochemical and biological processes

that determine how well the estuary can support aquatic life. Variations in salinity according to
location in the bay, tidal fluctuations, and volumes of freshwater input influence the distributions of
estuame species.

For the purposes of this technical report, the discussion of water quality witlianeaeSouth Bay
and Moriches Systemill focus primarily on theghysicalcharacteristicef residence time,
temperature, and salinitiiat impact watequality. Additional water quality parameters relating to
nutrients,chlorophyll a, bacteriegndcertain suspended algal communigesdiscussedn the
marine and estuarine resources technical report.

Synthesis of Water Quality Pre- versus Post-Breach

Water quality monitoring in Great South Bay has been conducted by Suffolk County and Stony
Brook Universityds SoMAS. Combined, these datas
Sandy, and therefore offer excellent sources of information to evatopéeis of the breach on

water quality. Suffolk County monitoring of Great South Bay began in 1976 and includes regular
sampling throughout the bay for various physical parameters including salinity and temperature.
SoMAS has maintained a network of obséinrastations in the bay since 2005, measuring a full

suite of physical parameters for tracking water quality and meteorological conditions (Figure 14).
More recent studies since formation of the breach looking at the plankton community in Great South
Bay have used water quality parameters from the SOMAS observation stations as well as cruise data
to evaluate effects of the breach on temperature and salinity (Gobler, Collier, and Lonsdale 2014).
Residence times in Great South Bay have been calculatedsadimty and freshwater input data,

and more recently SOMAS modeled residence times using the FVCOM model. A brief summary of
findings and conclusions regarding impacts of the breach on water temperature, salinity, and
residence time is provided below.
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Figure 14. Great South Bay observatory locations maintained by School of Marine and Atmospheric
Sciences Model Studies (SOMAS 2016).

Residence times for Great South Bay before the wilderness breach were calculated for the NPS by
Hinga (2005). The volume dfeshwater in the estuary, taken as the difference between ocean and
bay salinities, was divided by the rate of freshwater input to determine an average residence time of
50 days. Using somewhat different assumptions for the dimensions of Great Sowth Begrage
residence time of 96 days was calculated by Conley (2000) prior to the breach. Predictions on
potential changes in residence time with a breach at Old Inlet showed a reduction to 40 days (Conley
2000). This estimate suggests that flushing charatics in Great South Bay would be enhanced by

the breachHowever, it vas noted that flushing would not be uniform across the bay, with potential
residence times considerably greater in the northern portions of the bay near the mainland and lower
in the southern reaches. More recent calculations of residence time conducted by SoMAS for the
Bellport Bay area near the wilderness breach showed a decrease from 25 to 10 days (Gurdon et al.
2015; Flagg pers. comm. 2016).

Water temperatures in Great South Bayy seasonally. Synthesis of Suffolk County data before the
breach showed summer surface water temperatures of 25 to 26°C, with occasional measurements up
to 29°C. Wintertime data were not collected as regularly, but temperatures of 0 to 2°C were common
(Hinga 2005). These values are consistent witHopeach water temperatures measured at the

SOMAS observation stations (SOMAS 2016). Comparison with data collected after the breach shows
that summer temperatures are somewhat cooler, while winter tempsrdtunot seem to be

impacted by the breach. More specifically, Gopeollier, and Lonsdale (2014) found a decrease in
summer temperatures in Bellport Bay, Narrow Bay, and Moriches Bay by as much Be8fe

findings that the breach has resulted snall decrease in summertime water temperatures, in

general, water temperatures in Great South Bay are mostly dependenrsem iateractions rather

than bayocean exchange. Changes in the heat budget of the bay due to additional water exchange
throughthe breach are planned by SoMAS for future hydrodynamic model experiments.
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Salinities in the bay are greatly influenced by the influx of groundwater, rainfall, wind stress, and
location. Areas closest to the inlets have the highest salinities and areathalmorthern shoreline

closest to streams and areas of groundwater influx have the lowest salinities. In general, salinities are
the lowest in the northeast and north central areas of the bay, and increase toward the western end of
the bay and Fire Istal Inlet. Before formation of the wilderness breach, average salinities typically
ranged from 25 to 30 practical salinity units (psu) (Hinga 2005), except near Bellport where values
were lower: between 20 and 25 psu. Since formation of the breach, asaliages in the eastern

half of the bay have increased. Data collected by SOMAS at Bellport and the Great South Bay #1
buoy show a sharp increase in salinity at both stations following the breach (Figure 15; Flagg pers.
comm. 2016). Bellport Bay has settie greatest increase in average salinity since the breach

(+5 psu). Barrett Beach on Fire Island to the west of the breach has seen an increase of +2 psu and
measurements from the US Coast Guard Station at Fire Island Inlet show a negligible change in
sdinity since the breach (Figure 1écaFlagg pers. comm. 2016).
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Figure 15. Salinity data in Great South Bay before and after the wilderness breach (Flagg pers. comm.
2016 (figure provided at workshop)).
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Figure 16(a). Changes in salinity in Bellport Great South Bay station following formation of the wilderness
breach (Flagg pers. comm. 2016 (provided at workshop)). Figure shows the frequency distribution of
salinity pre-Sandy and post-Sandy.
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Figure 16(b). Changes in salinity in Barrett Beach Great South Bay station following formation of the
wilderness breach (Flagg pers. comm. 2016 (provided at workshop)). Figure shows the frequency
distribution of salinity pre-Sandy and post-Sandy.
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Figure 16(c). Changes in salinity in USCG Fire Island Inlet Great South Bay station following formation of
the wilderness breach (Flagg pers. comm. 2016 (provided at workshop)). Figure shows the frequency
distribution of salinity pre-Sandy and post-Sandy.

Summary of Breach Impacts on Residence Time, Temperature, and Salinity

Effects of the breach on key water quality parameters have been evaluated through the use of
numerical modeling and analyses of leiegm water quality data measured at various locations in the
bay. In general, water quality in the bay has impraiade formation of the breach.

Residence time for Great South Bay prior to the breach was calculated to be 50 to 100 days.
Predictions on potential changes in residence time with a breach at Old Inlet showed a reduction to
40 days. Longerm observationsugjgest a reduction in residence time calculated based on a
freshwater fraction method from 25 to 10 days locally for the Bellport Bay area.

Data analyses on water temperature changes since the breach indicate a reduction by as much as 3°C
during the summemonths in Bellport Bay, Narrow Bay, and Moriches Bay. However, water
temperatures in Great South Bay are mostly dependent-eaainteractions and to a lesser extent

on water exchange through the breach. Hydrodynamic modeling is planned to furthetestred

influence of additional water exchange through the breach on the heat budget of the bay. Salinities in
Great South Bay have increased by 2 psu in the eastern central portion of the bay, and by as much at
5 psu in the Bellport area.
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Waves

Tidal inlets through barrier beaches can alter wave action along the outer coastline and can also allow
the transmission of increased wave energy through the inlet into more sheltered back bay areas. The
propagation and breaking of incident waves along the oagatline is affected by the morphology

of the ebhktidal deltaand the strength and structure of the ebbing currents. For example, wave
refraction over and around the etittal delta complexcan generate currents that flow back toward

the inlet along the galcent shorelines, particularly on the downdrift side of the inlet. This process

can result in erosion, especially at inlets with large-tetdd deltacomplexes. Ocean waves entering

an inlet against the ebb current tend to steepen as their wave hetgbése and wavelengths

decrease. This wave current interaction can influence channel shoaling and pose a threat to
navigation. In cases where tidal inlets are wide and deep enough to allow the propagation of wave
energy through to the estuarine environm#ére increased energy can cause shoreline erosion and
changes in sedimentation. Potential impacts of the wilderness breach on outer coast and bay area
wave conditions are described in the following section.

Synthesis of Wave Information Pre- versus Post-Breach

The wave climatology offshore of Long Island is characterized by moderate Atlantic waves typically
from the southeast quadrant. There is a relatively strong seasonal component of mild waves during
summer, severe waves associated with extratrogicahs frequent during winter and spring, and
severe waves associated with tropical storms during fall. Mean significant wave height epezra 6
period at NOAA National Data Buoy Center Buoy #44017 is approximately 1.5 meters (4.9 feet)
with a mean waveeriod of 5 seconds (NOAA 2016). The majority of waves are from the southeast
and the more severe storms associated with extratropical storms are from-soaiteesist. This

results in a net westerly longshore transport direction (Leatherman 1985;e5miitii 999).

The inner shelf at the eastern end of the Fire Island (east of Watch Hill) is characterized by relatively
straight and parallel contours (Figure 17; Schwiénny, Baldwirc014). This means that the

bathymetric contours are parallel with tteoreline, forming a uniformly sloping shelf. The

consistent nature of the bathymetry causes the incident waves to act uniformly across the inner shelf.
As waves approach the nearshore area and enter the surf zone, they interact with the nearshore bar
andthis causes variations in wave energy along the shoreline (Nelsometeaiew). Since

formation of the wilderness breach, the ¢iolal delta has caused a perturbation in the nearshore bar
system.
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Figure 17. US Geological Survey bathymetric map shore-connected ridges along the western end of Fire
Island and a more planar shelf with straight and parallel contours on the eastern end.

Studies specifically looking at impacts of the breach on the nearshore wave climatology have not
been conducted. The UEA and Deltares model studies have simulated wave conditions in the
breach; however, the results have not been extracted at the fine resolution needed to evaluate
localized wave changes and resulting impacts on sediment transport. Data collected tggésts su

that shoreline erosion resulting from wave interaction with thetielabdeltais small and localized

to the downdrift or western side of the inlet within the wilderness area. Supporting evidence includes
a relatively small ebliidal deltacomplex and evidence of localized downdrift increased shoreline
erosion since formation of the breach.

The USGS collected bathymetric surveys of the breach and associatecfidabktidal deltasin

June 2013, June 2014, October 2014, and May 2016r&~i8; Brownell et al. 2015; Nelson et al.
20163 2016h and Nelson et al. in review). These surveys show a significant increase in the size of
the ebktidal deltabetween June 2013 and June 2014, followed by relatively little growth through
October 2014This suggests that eltlalal delta growth has slowed. Current photographs show the
delta to extend approximately 0.8 kilomet@rs mile)on either side of the breach centerline.

Shoreline change data analyzed by the USGS for the period October 20 pfetalss 2015 show
effects of the breach to be localized to an area approximately 0.5 kilqi@&tenile)downdrift of

the opening (Figure 19; USGS 2016a). Since September 20&8trehigh wateshoreline

immediately downdrift of the breach has erodepragimately 60 meters (197 feet). This is in sharp
contrast to shorelines further to the west that have eroded between 20 and 30 meters (66 and 98 feet).
The relatively small size of the elidal delta and lack of recent growth, in combination with

localized downdrift erosion were cited as evidence that the breach has a limited impact on the
adjacent open coast shorelines. It was not determined whether the localized downdrift erosion was
entirely due to wave interaction with the efidal delta however, i was concluded that changes in
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the nearshore waves as a result of the breach are not likely to result in erosion much beyond the
opening. Therefore, developed areas on Fire Island west of the breach will not be affected by changes
in wave climatology du&o the breach.
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Figure 18. US Geological Survey bathymetric surveys of the breach and associated shoals from June
2013, June 2014, and October 2014 (Brownell et al. 2015; Nelson et al. 2016a and 2016b).
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Figure 19. US Geological Survey shoreline change data in the Fire Island National Seashore for the
period October 2012 to September 2015 (USGS 2016a).

The width of the breach and shallow nature of the fibdal delta are primary factors that limit wave
propagation from the open ocean through the breaGreat South Bay. Specific studies have not

been conducted to evaluate this process, but general consensus at the January workshop was that
wave activity in the bay has not increased as a result of the breach. The current width of the breach at
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approximaely 500 meters (1,640 feet) provides a narrow window of exposure for Great South Bay
(Figure 16; SOMAS 2016), and any waves that enter the breach will be broken by the shallower
waters over the flootidal delta (Figure 20). The potential for increasedevactivity in Great South

Bay given a wider breach was also considered to be low, since the extent and shallow nature of the
flood shoals will provide protection. Based on these discussions, it was concluded that the potential
for increased shoreline efom in Great South Bay as a result of wave propagation through the beach
was extremely lowWind generated waves within the bay have not been imphetsliséncreases

in water levels due to the breach are very small.

Figure 20. January 31, 2016, aerial photo showing the configuration of the breach and the approximate
width of 500 meters (1,640 feet) (SOMAS 2016).
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Summary of Breach Impacts on Waves

Impacts to waves along the south shore of Fire Island as a result of the breach are localized to an area
within 0.5 to 1.0 kilometef0.3 to 0.6 milepf the breach. Wave interaction with the dlutal delta

may be partly responsible for increased sliweesrosion within an area Qldlometer(0.3-mile)

downdrift of the breach.

Wave propagation from the ocetlmough the breach and into Great South Bay is limited by the
width of the breach and the shallow nature of the fitdal delta complex. Consequently, the
potential for increased shoreline erosion in the bay as a result of wave propagation through the
breach is extremely low.
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Sediment Transport and Breach Geomorphology

Sediment transport processes along open coast shorelines are often interrupted by tidal inlets. Inlets
provide conduits for the transport of littoral drift into fleahd ebktidal deltacomplexes, back

barrier bays, and salt marsh systems. Inlets that remove material from the longshore transport system
are sediment sinks. In cases where a significant percentage of the annual littoral drift is lost through
landward transport into the irtJeerosion of the downdrift shorelines can be an issue. Inlets that are

not sediment sinks typically allow sediment bypassing through one or more mechanisms that help to
feed the downdrift shorelines with sediment. The geomorphology of inlet systemefsithe

influenced by sediment transport processes that are driven by a combination of waves and tidal
currents. Potential impacts of the wilderness beach on sediment transport processes are described in
the following section. Changes in breach geomorphoéog also discussed.

Synthesis of Sediment Transport and Geomorphology Information Pre- versus Post-

Breach

The dominant direction of longshore transport from east to west along Fire Island has been
documented based on spit growth and inlet dredging re¢bestherman 1985; Kana 1995; Smith et

al. 1999). Rates of longshore sediment transport have been estimated based on calculations at
Moriches and Fire Island Inlets. Most studies have found higher rates of transport leaving from Fire
Island Inlet than eeting at Moriches Inlet, suggesting that additional sand is added to the overall
budget somewhere along Fire Island (Panuzio 1969; Kana 1995; Rosati et al. 1999). Hapke et al.
(2010) reviewed published sediment budgets for the area and found an averagein€217,000

cubic metersZ83,800cubicyardg per year in the transport rates between Moriches and Fire Island
Inlets. Updrift shoreline erosion and redistribution of beach nourishment material have been cited as
potential sources for the additiorsdldiment. Shorefaesonnected sand ridges have also been

proposed as a possible source of sediment required to balance the sediment budget (Schwab et al.
2000). These are linear shoals that tend to be oriented parallel to the direction of the dommant stor
wave approach. More recent work suggests the source of sediment is from erosion of the inner shelf
with the sand ridges and beach both composed of the reworked shelf material (Schwab et al. 2013;
Schwab et al. 2014). Warner et al. 2014 use modelingsésuduggest the net onshore flux is from

the troughs between the sand ridges. Hapke et al (2010) used previously published sediment budgets
to develop a single conceptual model to balance existing sediment budget estimates for Fire Island by
consideringhese onshore sediment transport contributions. The conceptual model shows that
onshore sediment transport via the shorefameected ridges is an important process along the
western end of Fire Island, some 16 kilometers (9.9 miles) west of the wilsneesh (Figure 21).
Longshore transport rates in the vicinity of the wilderness breach are likely similar to those estimated
as influx at Moriches Inlet.
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Figure 21. Conceptual model to balance the Fire Island sediment budget between Moriches and Fire

Island Inlets (Hapke et al. 2010 and references therein). The breach formed approximately 10 km west of
Moriches I nlet, near where the arrowé are | ocated

There have been no updates to the Fire Island sediment budgebsmagdn of the wilderness
breach; although existing data suggest that the inlet is not causing a significant interruption in

longshore sediment transport. Supporting data include analyskargjes imean high water

shorelinepositiondowndrift of the lbeach following Hurricane Sandy (Henderson et al. 2015),

analyses of floodidal deltagrowth, and evaluation of ekinlal delta breaching processes.

Beach surveys have been conducted by the USGS to evaluate shoreline changes caused by Hurricane
Sandy ando monitor the continued response and recovery of the barrier beach (USGS 2016a).
Surveys have been collected along shore parallel and shore normal tracks to capture the base of the
dune, the miebeach, and the upper and lower foreshore along the lengthedtland west of the

wilderness breach. The dataset includes measurements before and after Hurricane Sandy, monthly
data between December 2012 and April 2013, and a September 2015 survey. LIDAR data have also
been used to supplement the USGS field messents. Plots of net shoreline movement (shown in

Figure 19) were developed to show various stages of shoreline response, where the wilderness breach
is located at the far right of theaxis (USGS 2016a). Data from the winter months following
HurricaneSandy showed significant erosion along most of the shoreline (November 2012 to March
2013; red line top plot). A-enonth recovery period was then identified during which time the

shoreline accreted an average of 30 meters (98 feet) (March 2013 to Se@eibdereen line

middle plot). Over the next two years the system transitioned to a state of increased or sustained
erosion with an average change bf meters-66 feet) (September 2013 to September 2015; blue
line middle plot). The average net shorelmovement from immediately before Hurricane Sandy to
the most recent September 2015 survey was erosional, with an average movefrniaiers39

feet) (bottom plot). While the net shoreline response shows distinct zones of erosion and accretion
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alongthe length of Fire Island, there is no indication that the wilderness breach is creating a
regionalized downdrift zone of erosion caused by trapping of the littoral drift. As discussed
previously, the breach appears to be responsible for localized erosi@diately downdrift of the
opening, but there is no indication that this erosion extends more than 1 kil¢@n@teiile)west of
the breach.

Bathymetric and topographic surveys of the wilderness beach and associated shoals have also been
used by the USS and Deltares to track changes in the morphology of the system. Analyses using
these data suggest that the breach is not currently acting as a sediment sink, and therefore not causing
a major interruption in littoral drift. A total of four surveys wemdlected in June 2013, June 2014,
October 2014, and May 2015 using a combination of the USACE Lighter Amphibious Resupply
Cargo and USGS personal watercraft equipped with a backpack GPS unit (Nelson et al. 2016a).
Flood shoals that formed inside Great $oBay as a result of the breach showed fast initial growth

in the first winter after Hurricane Sandy, importing large amounts of sediment from erosion of the
adjacent barriers. During this initial period the breach acted as a sediment sink. Followingehe w

of 2013, growth of the flood shoals stabilized and the system is reported by Deltares to be exporting
sediment (Deltares 2016). Volumetric change analyses on bathymetric data from tHelébdelta
suggests that the increased size of the dedta iseaerial photographs may be the resutewaforking

of deposits and addition eediment derived from channel deepening rather than the import of
sediment from the ocean side of the system (van Ormondt pers. comm. 2016).

Review of aerial photographsqwides further support that the breach is relatively efficient at
bypassing sethent to the downdrift shoreline. Continuous bypassing around the outer edge of the
ebbtidal deltadriven by waves and currents is a mechanism for transport around the breach. This
method delivers sediment to the western shoreline approximately 1.0 kildthéterile)downdrift

of the breach where the elidal deltamerges with the nearshore bathyrgeSediment is also
transported via shallow channels into the main breach channel from the east and moves out to the
west through ebtidal deltachannels, resulting in negligible net influx to the fletmthl delta

complex. The migration of large bar cplaxes to the downdrift side of the breach also bypasses
sediment, as the main channel switches from a nortBeagiiwest orientation through the etiofal
deltato a more direct nortBouth orientation, usually initiated by a storm.

Changes in the geonmrology of the wilderness breach have been documented by SOMAS (2016)
and the USGS (Nelson et al. 2016b; Nelson et al. in review) using surveys of the breach cross
sectional area, width, depth, and location. The geomorphologic parameters fluctuatedtaldimg w
patterns of erosion and deposition since the breach opened. Genleeatiseach widened and the
crosssectional areatmean sea levehcreased during the first 2 years after the breach formed, then
decreased during the third year, 2015.

Flagg ¢ al. (2015) and Flagg and Flood (2013) describe the changes in breaebettossal area

and nearby features based on bathymetric surveys conducted between December 2012 and August
2015. These data show that the cresstionat mean sea levahcreasedluring the first 2 years after

the breach formed, then decreased somewhat during 2015. Figure 22 shows the spatial patterns and
extent of change. Figure 22a (left panel) shows variations in theszossnal profile (width, depth,
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and location) over tim and Figure 22b (right panel) shows changes in the breachseigmal area
since December 2012. The inlet depth profiles show maximum depths have ranged from 3 to 7.5
meters (10 to 25 feet) NAVD88 and the location of the breach centerline has magpptedimately
200 meters (656 feet) to the west since initial formation.réan sea levelrosssectional area
increased from about 100 square meters (1,076 square feet) in 2012 to ab4003@uare meters
(3,229 4,306 square feet) during 2013, fuethncreased to about 50800 square meters (5,382

6,458 square feet) in 2014, and then decreased steadily during 2015. The most recent data (July
2015) from Flagg et al. (2015) indicate the cresstional area is about 450 square meters (4,844
square fe®.

Additional crosssectional datat mean high wateare available from the June 2013, June 2014,
October 2014, and May 2015 surveys collected by the USGS (Brownell et al. 2015; Nelson et al.
20163 2016h and Nelson et al. in review). These survey dataoborate the trends seen in the

SoMAS data (Figure 22, right panel). Combination of the two data sets creates a more robust series
that could be updated in the future with regular measurements ofserctssn to identify changes in
breach morphology tlicative of widening.
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Figure 22. (a) Cross-sectional area of the breach from 15 bathymetric surveys (October 2014 survey in
black; July 2015 survey in red); (b) time series of minimum cross-sectional area (Flagg et al. 2015).
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Similar change in breach gemorphology have been documented by Nelson et al. (2016b) and
Nelson et al. (in review). Shoreline surveys conducted immediately following Hurricane Sandy, and
again in April 2013 and October 2014 show the width of the bra&amlean high watehas increasd
significantly since initial formation (Figure 23). Results and analysis from a series of USGS and NPS
surveys between November 2012 and April 2015 show the width of the breach, measured at the
narrowest point between the two adjacent shorelines, irettestsadily during the first year (Figure

24, top panel). This was followed by small narrowing of the breach which continued with few
fluctuations to April 2015. The fourth panel in Figure 24 shows the breach has migrated west since
2012, primarily througlerosion of the western shoreline and little change in the eastern shoreline.
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Figure 23. Breach shoreline change and width change between 2012 and October 2014 (Nelson et al.
2016b).
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Figure 24. Changes in breach width and migration patterns between November 2102 and November
2015 (Hapke 2016).

The potential for continued changes in breach geomorphology was discussed at the January
workshop, particularly with regard to breach width and continued westerly migration. There was
general agreement that stoattivity could result in widening, but uncertainty as to the ability of

Great South Bay to maintain the breach in a wider configuration, especially since the two inlets at
Fire Island and Moriches are stabilized through dredging. Primary controls omigiation were

thought to be based on barrier beach stratigraphy documented in USGS unpublished sediment cores,
which show erosion resistant materials located approximately 1.5 kilometers (0.9 miles) west of the
breach centerline and in the marsh resoQrbekilometers (0.3 miles) east of the breach (Figure 25;
Hapke 2016).
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Potential zone of breach migration

based on geologic controls.

Figure 25. Projected zone of breach migration based on geologic controls identified through coring by
USGS. Photo from GoogleEarth, May 23, 2015.

Summary of Breach Impacts on Sediment Transport and Geomorphology
The breach has not resulted in a significant interruption to longshore transport processes and
therefore is not responsible for downdrift erosion beyond the immediate vicinity of the.breach

The breach no longer functis as a sediment sink and bypasses material relatively efficiently via
ebbtidal delta processes.

The crosssectional area of the breach increased steadily for the first 2 years following formation, and
has remained relatively stable since this time.

Thecenterline of the breach has migrated west approximately 200 meters (656 feet) since formation
in 2012. Continued westerly migration is thought to be controlled by erosion resistant materials
located approximately 1.5 kilometers (0.9 feet) west of theentibreach centerline.
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Climate Change

The changing climate @lteringthe climatic conditions upon which traditional engineering design

has been baseHssentially, climate change is redefining risk for engineering projects. Historic
events are no longeeliable proxies for future conditions. This creates a challenging environment for
property owners, policy makers, investors, designers, insurers, and the general public when
evaluating potential projects and management options. Additioradyntpactof climate

variability and extreme weather events are often felt more intensely in coastal areas because the
coastal zone defines the confluence of marine and terrestrial prodessiestance, coastal
communities are more vulnerable to increased flapdure to both sea level rise and projected
increases in precipitation and river flows as a result of climate change (Kirshen et al. 20GERUS
2008 Bosma et al. 20)5Flooding probabilities are also expected to increase in the coming decades
due toclimate changand probable increases in the intensity and frequency of coastal storms
(Thomas Melillo, and PetersoB009).This is especially true in the northeast, where ocean

dynamical mechanisms have the potential to further exacerbate relative semde@¥dh 2012).

This increasing vulnerability along coastlines is further heightened by the density of people residing
in coastal areadt is estimated that over 30of the population in the United States now live in

coastal zones, and this number igjpcted to increase (Wilbanks et al. 200®)pulations and
infrastructure are not the only elements being influenced by climate change. Natural resources and
coastal processes will also be affected by the projected sea level increases and extreme storm
conditions. As such, climate change should be a key consideration for any project located along the
coast.

The changing climate, and specifically projected sea level rise and increasedthstosity and

frequency, is a significant facttnat is expectedtimpact the Fire Island area and the potential

breach formation and dynamics in the future. Currently, the existing technical studies evaluating the
postbreach conditions have not focused on the potential impacts of climate change. Rather the focus
has leen more geared towards the stierin impacts (115 years) associated with the breach opening,

as well as potential miterm changes {45 years) expected to occur if the breach is allowed to stay
open. This is likely a reasonable approach when consideeagterm risk and comparing conditions
existing pre and postoreach.

However, from an economic perspective and when considering moréonfithg-term conditions, it
is advisable to consider management alternatives and associated impacts undeptleedbasging
climate. For example, it is likely that due to climate change, future breaches at the location will
become more frequent and prevalémnger-term managemermstrategies fothe Seashorwill likely
be shaped by changes to the natural enmemt brought about by climate change.
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Ecological Resources

The marine and estuarine resources in the vicinity of the Fire Island wilderness breach and Great
South Bay are affected by physicathemica) and biologicaprocesses?rior to the formation athe
breach, the ecological community in the area of the breach was primarily composed of estuarine
habitats and specieSxisting inlets, including Fire Island and Moriches Inlets, provided the only
connectivity for bay water and organisms with the oc&ae.formation of the breach created a new
connection between Great South Bay, western Moriches Bay, and the Atlantic Ocean, providing a
new portal through which water and organisms could transit, and allowing a greater influence of the
ocean onecdasystem.bayos

The breach has resulted in changes to marine and estuarine resources in Great South Bay, Narrow
Bay, and western Moriches Balhe affected resources include water quality, wetlands, submerged
aguatic vegetation (SAV), benthic communities, hdaans, finfish and decapods, and ecosystem
structure and processd%e information presented in thischnicalsynthesisreport for marine and
estuarineecologicalresources addresses the current science regarding ecological changes as a result
of the brach in Great South Bay.
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Biological Water Quality and Phytoplankton

The term Awater qualityo typically describes
of a waterbody that influence the abundance and distribution of aquatic organisutsngithose at
higher trophic levels (i.e., fishJ.hekeyphysicochemical drivers of water quality include nutrsent
salinity, temperature, and dissolved oxygen le\&islogical parameters important to water quality
determinations include measuredlué density, species composition, and distribution of
phytoplankton, harmful algae, and coliform bacteFiaese biological organisms are sensitive to
nutrient levels, and other physicochemical parameters, and therefore provide a natural indicator of
waterquality. Fecal coliform bacteria density and species composition are water quality nseasure
that are very useful for assessing the potential risk posed to human health from direct uses of a
waterbody, such as swimming or shellfish consumption. Watertgjuadinitoring is a common

scientific practice used by local, state, and federal agencies throughbtlritise Stateso evaluate

and monitor the health of aquatic systems. Changes in water quality can be observed in the
physicochemical and biological claateristics of a waterbody and are easily evaluated with
laboratory analyses of water samples. Water quality and phytoplankton communities were included
in this data synthesis due to their ability to detect slaod longterm changes in water quality as
response to perturbations, such as the breach documented at the Fire Island National Seashore.

The following section provides a synthesis and summary of available water quality and
phytoplankton data relevant to the Great South Bane@al trends for teperature and salinity, and
other physicochemical parameters, are briefly discussed in this section but are discussed in greater
detail in thefiPhysical Resourcesectionof this report.

Synthesis of Information: Comparison of Pre- versus Post-Breach

Nitrogen

Prior to the breach at Fire Island National Seashore, Great South Bay was ranked low for
eutrophication compared to other estuarine ecosydi€imsey and Valiela 2011)The absence of
nutrient extremes in the bay, according to Kinney and Valielal(2@bs attributed to the ability of

the surrounding watershed to retain latedived nutrients. Prior to the breach, two inlets existed
alongthe seashorewhich providel some exchange of oligotrophic ocean water with the Great South
Bay. Areas of the bagystem located at a greater distance from the two inlets generally exhibited
higher nutrient levels than areas closer to the inlets as a result of the water exthsagellected

from Bellport Bay marina, which is located approximately 20 miles fram IBland Inlet and
approximately 9 miles from Moriches Inlet, showed some of the highest nutrient concentrations
when compared to data collected closer to Fire Island Inlet (Flagg 20h8¢. the nutrient
concentrations in Great South Bay may be lowanttmose found in similar estuarine ecosystems,
recent research suggests that farms within the watershed of the bay contribute high nitrogen loads
that influence nutrient concentrations, particularly in areas of Great South Bay that are far removed
from oceanic water exchange.

More recent data collections (analysis based on Suffolk County data reported in Gobler, Collier, and
Lonsdale 2014), performed after the breach formation, found decreased total nitrogen concentrations
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in the areas of Bellport Bay, Naw Bay, and western Moriches Bay (fig#®). Formation of the

breach shortened residence time in Bellport Bay, Narrow Bay, and western Moriches Bay, and thus
can reduce nutriemoncentrationgFlagg 2013). The decreased nutrient levels are likelyponsse

to dilution of the nutrient rich estuarine water, a result of the-lp@sich increase in volume of ocean
water moving into the bay

-0.02

-0.1
: B

Figure 26. Change in total nitrogen (mg/L) from before the breach (average of 2000 and 2008 values)
and after the breach (2013) (Gobler, Collier, and Lonsdale 2014).

Salinity

Data collected for this report indicate that salinity levels haveeasad approximatelygsu in the
Bellport Bay, Narrow Bay, and western Moriches Bay areas (Fi@Trand28) since the breach

formed (analysis based on data collected duridgv@ek summer index period reported by Peterson
2014 and Heck and Peterson 2016; Gobler pers. comm. 2016). The increase was attributed to the
influx of seawater coming through the breach. For a more eéétdiscussion on salinity, see the
fiPhysical Resourcésectionof this report

Temperature

An analysis of data collected duringlaveek summer index period (as reported by Peterson 2014

and Heck and Peterson 2016; Gobler, Collier, and Lonsdale 2014) shows summer water temperatures
have decreased as much as 3°C in the Bellport Bay, Narrow Bay, and western Moriches Bay since
the breactiormed (Figure®9 and30). Despite findings thah the vicinity ofthe breacland

Moriches and Fire Island Inlets, theraismall decrease in summertime water temperabrgsre

30), in general, water temperatures in Great South Bay are mostly @gp@mdairsea interactions

rather than bapcean exchang€hanges in the heat budget of the bay due to additional water
exchange through the breach are planned by SoMAS for future hydrodynamic model experiments.
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Figure 28. Salinity pre-breach (1976z2011, March) and post-breach (March 2013) (Gobler, Collier, and
Lonsdale 2014).
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Figure 29. Temperature (2013, 2104, 2015) and change in temperature (2015z2011) (Heck and Peterson
2016).
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Figure 30. Temperature post-breach (August 2013) (Gobler, Collier, and Lonsdale 2014).
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Dissolved Oxygen

Prior to the breach, dissolved oxygen data were collecteddrogsampling stations from the Fire
Island Inlet to Bdport Bay (USACE 2006). Overall, no significant differences in dissolved oxygen
existed among thsix sites and no distinct patterns of increase or decrease in dissolved oxygen
concentrations were observedring the months of sampling (June through Naverp Surface
dissolved oxygen levels typically followed expected seasonal trends documented at the stations in
Great South Bay, with mean dissolved oxygen levels of @lbgnamsperliter (mg/L) during the

May to November sampling period. Pdseach fomation, trends in dissolved oxygen concentration
at the immediate area of the breach have been variable. Gobler, Collier, and Lonsdale (2014) noted a
net increase of approximately 1 to in®/L in dissolved oxygen after the breach form@dbler

(pers. conm. 2015) suggested that this increase in dissolved oxygen could potentially alleviate
overnight periods of hypoxia (FiguBd). In contrast, Peterson (2014) found an overall net decrease
of between 1% and 5% dissolved oxygen in Great South Bay (corrésgandoncentrations of
approximately 7 to 1éng/L pre-breach and 6 to Big/L postbreach) from 2011 to 2015 (Figus@).
However, areas directly adjacent to the breach showed a small net increase (1% to 3%) in dissolved
oxygen concentrations during thense time period, suggesting that dissolved oxygen concentrations
were variable in the years following the breach at both the immediate breach area and areas
surrounding the breach (Peterson 20D®spite these improvements in daytime dissolved oxygen,
nighttime dissolved oxygen levels are still capable of reaching anoxic levétath Bellport Bay
(based on monitoring at the Bellport Bay Yacht Clsibge the breach formd@oblerpers. comm.

2016 USGS 2016).

Figure 31. Change in dissolved oxygen (mg/L) from before the breach (average of 2000 and 2008
values) to after the breach (2013) (Gobler, Collier, and Lonsdale 2014).

49



Dissolved Oxygen (mg/L)
[ I
© © A 2 9.0 N0

<,
:»“m‘_) 5

2015 - 2011 |

T P
LY N o4l

10 _Kilometers

Figure 32. Dissolved oxygen (2013, 2014, 2015) and change in dissolved oxygen (2015z2011) (Heck
and Peterson 2016).

Phytoplankton

Water column photosynthesis (primary production) drives many biogeochemical and ecological
processes in coastal waters. At the base of aquatic food chains, phytoplankton drive gross primary
production, the rate of conversion of carbon diox@erganic carbon and measured as grams carbon
per square meter per year (g C/m2/iphytoplankton production, species composition and timing,

and distribution within aquatic systems are important determinants of the quality and quantity of food
availabk for consumer organisms, and under certain conditions can have a profound negative effect
on physicochemical processes and water qualigjor phytoplankton blooms restrict sunlight
availability and reduce the photic zone depth (area from surface aftevateximum depth of

sunlight penetration) in aquatic systems. The photic zone is the location where photosynthesis and
gross primary production occur; reducing this zone can result in mortality of seagrass or other
organisms.

Thedie-off of phytoplanktorcan result in hypoxic (insufficient dissolved oxygen) conditions.
Phytoplankton dieff is driven by an excess of nutrients in the water column that subsequently
increases phytoplankton abundance. When phytoplankton become too dense in the water column,
mortality occursBacteria then consume the phytoplankton, and through that process, respire and
deplete oxygen in the water colunttypoxic conditions can cause widespread mortality in fish and
invertebrate populations, the extent of which is highly dependpon the timing and severity of the
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phytoplankton bloom. The community composition and densities of a phytoplankton bloom can be
highly variable, as their rapid life cycle allows them to respond quickly to changes in light,
temperature, and water qugliSeveral historical studies Great South Baghlorophyll and
phytoplankton productivity have been conducted (e.g., Livedyifman, and Carpent&B83;

USACE 2004c; Hinga 2003cElroy et al. 2009)and thosevith most relevant data with regard to
understanding the influence of the new breach are discussed here

Areasof an estuaryearaninlet tend to have lower phytoplankton production because of active
mixing of estuarine waters with ocean water (Lively, Kaufman, and Carpenter 20884y of

primary production by the USACE (2004c) found that mean chlorophyll levels substantially
increased with distance from Fire Island Inlet and Moriches, l&tre concentrations were

typically less tharb  /&. dn contrast, locations furthest from inlets a\ggdgreater thaiOe ¢
chlorophylta. The same study found that Moriches Imghibited lower phytoplankton production
than all other sites in 2001 and 2003. Similar findings were reported by Caldwell et al. (2015) who
observed that water clarity was greatest near existing inlets (Bg8yrand by USACE (2004c) who
found thattotal chlorophyll concentration at Moricheddt wassignificantly lower than all other

sitesin 2001 and 2003.

Water Clarity (Light Attenuation as Kg) - Fire Island National Seashore 2009

19% 12%

30%

38%
Condition as proportion
of total area

Water Clarity Condition
® Good(<92m-1)
O  Far(.92-161m-1)
® Poor(>1.61m-1)

N

\ O Missing

‘ B Wonitored Area
0o 2 4 8 12 16 =
- — — 0TS | Park Boundary

Figure 33. Water clarity conditions pre-breach at Fire Island National Seashore (Caldwell et al. 2015).
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Proximity to inlets is also associated with larger form algae which providerhuglaéty food

resources for suspension feeders (Weisd.2007). A study by USACE (2004c) found that stations

in Great South Bay located furthest from the inlets had the greatest mean abundance of smaller
phytoplankton, while micbay sites had a greatmean abundance of larger phytoplankton relative to

other sites, especially stations near inlets. The same study found that a station at Moriches Inlet, had
more | arge form phytoplankton (>5 em in diamete
ebbing tide. However, samples collected on the flood tiddaiches Inlet generally contained

fewer small form species, had less abundant phytoplankton, and lower chlorophyll concentrations.

Data collected podtreach in Great South Bay show a net decrgaghytoplankton production in
the Bellport Bay (Peterson 2014, Gobler, Collier, and Lonsdale 2Bfidj.to the breach,
chlorophylla concentrations in the vicinity of the breach averaged 18 to 42 ug/L-bRemsth water
guality monitoring in 2013 showdean initial drop in chlorophydé (16 to 20 pg/L) from préoreach
concentrations (Peterson 201H) 2014, water quality data indicated that chloropiayll
concentrations ranged betweear@l15 pg/L, and were between 26d35 pg/L in 2015.
Comparison oflata from 2011 (prereach) and 2015 (pebteach) supports the overall observation
of a net decrease in chlorophgl(Figure34) in the water column near the breach (Peterson 2014).
Figure35 depicts the decline in chlorophydl since the breach formed (Gol?€x14). Note that the
comparison shown in Figu3s is between thaverage concentrations during March for 25 years
prior to the breachand theaverage March 2013 concentratioBomparisn of years in which

brown tide occurred before (2000 and 2008) and after (2013) the breach in Suffolk County also
indicates a substantial reduction in chlorophyll in the Bellport Bay region (F&finghere seawater
exchange has increased (Gobler, Coliémnd Lonsdale 20}4
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Figure 34. Changes in chlorophyll-a concentration in Great South Bay pre- and post-breach. Pre-breach
is 2011; all other years are post-breach (Heck and Peterson 2016).
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Figure 35. Chlorophyll-a concentrations pre-breach (average value for month of March, 19761 2010) and
post-breach (average value during March, 2013) (Gobler, Collier, and Lonsdale 2014).
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Figure 36. Reduction in chlorophyll-a concentration (ug/L) in brown tide year, post-breach (2013) versus
pre-breach (average of 2000 and 2008 values) (from Gobler, Collier, and Lonsdale 2014, based on
Suffolk County water quality data from pre-breach brown tide years 2000 and 2008, and one post-breach
year, 2013).

Brown Tide

Blooms of harmful brarn tide algae occur periodically in Great South Bzypwn tides are

considered harmful because they can cause an overabundance of water column chlorophyll,
considerable reduction in light penetration, a reduction in dissolved oxygen in the water coldmn, a
are a poor source of nutrition for suspension feeders (Gobler, Collier, and Lonsdale 2014; Peterson
2014; Weisst al.2007). Brown tideinduced water quality impacts have resulted in decreased SAV
biomass and reduced hard clam landings in Long Island bay systems (Gobler, Collier, and Lonsdale
2014). During very large bloomaurecoccugnophageffernbecomes nearly the only

phytoplankton species present. Brown tide incidence appears to be related to nutrient and dissolved
organic matter in the water column (Hinga 2005). First observed in Great South Bay in the 1950s
(Ryther 1954), harmful blooms were infrequent for approxiipa@ years after Moriches Inlet

opened and duck farming practices were chafig&ACE 2009. Starting inthe summer of 1985,

the brown tidespeciesA. anophagefferertsegan to experience intense periodic blooftihiough

brown tide organisms have beendstwl extensively and the genomefofanophageffernbas been
mapped Gobler et al. 201)1 the ability to predict the bloom cycle in any given year is still not
possible.

Brown tides are characterized by frequermmcurrenceand intensitylntensity carbe described as

the density or concentration of brown tide cells in a bloBrebreach studies of brown tide intensity
showed that brown tide cell concentrations were highly variable during blooms, ranging from less
than 50,000 cellper milliliter (celldmL) to more tharnl million cellsmL. In 2008, brown tide cells

in the vicinity of the current breach location (Fig@@ were documented at concentrations between
300,000 and 475,000 celtsl. (Gobler, Collier, and Lonsdale 2014).
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Figure 37. Brown tide (cells/mL) in Great South Bay, June 2013 (Gobler, Collier, and Lonsdale 2014)

Since breach formation, there has been a reduction in the intensity of brown tide in eastern Great
South Bay, in the areas of Bellport Bay and the Narrow Bay (Gobler, Colléet,carsdale 2014).
Likewise, an increase in the frequency and intensity of brown tide in central Great South Bay has
been documentedhisis indicatedn 2013 brown tidesampling which showecell densities

averaged ~400,000 cells/mL, with some sampliagats in the central Great South Bay area having
densities over 1.2 million cells/mL (Gobler, Collier, and Lonsdale 20t4he vicinity of the breach
(Figure37), cell densities were lowergnging from about 22,80@5,900compared with an average

of 400,000)during the 2013 bloonfigure38 showsthe 2013rown tide cell densities in both a bar
graph, and a sampling station map. The figure shibatsell densities were lower at stations close to
inlets and the breach (blue bars on graph), when coahpatie more distant stations (brown bars on
graph). Arrows on the lower figure point to sampling stations located near the inlet and breach,
where cell densities are lowéirequency of brown tide blooms has also increased in Great South
Bay overall; Browrtide blooms occurred in 4 of the 13 years preceding the breach @II®) but
occurred in each year since the bre&€i13, 2014, and 2015 (Gobler, Collier, and Lonsdale 2014).
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Figure 38. Brown tide cells in the Great South Bay lagoon system during the brown tide bloom in July
2013 (Gobler, Collier, and Lonsdale 2014).

More rapid reduction in the cell density of brown tide following the 2013 bloom occurred in areas

closer to all inlets and theildernessreach, with cell densities betweeardid2 orders of magnitude

lower near the inlets. Pebteach cell densities of the 2013 brown tide bloom were substantially

lower than those measured during two bloom years (2000 and 2008) that occurred prior to the breach

(Figure39). Plankton community comgidion also differed spatially during 2013014, with large
chainforming diatoms dominant at the inlets, distinct from species found at central bay sites where
ciliates andlhallasoriaspecies were more commgfFigure40). This is notable because largerfo

phytoplankton are a better food source for filter feeders, relative to small form sBadeyr. noted
a decline in the toxic dinoflagellatBjnophysis acumanatand pathogenic strains of bacteria in

Great South Bay. Aerial photographs of the bresateh(Figure41) captured in 2014 showed a
Aflushing outo of brown tide cells resul
environments.

The occurrence of higher intensity brown tides in central Great South Bay compared to eastern Great

ti

ng

South Bay may be attributable to increased water retention time in this portion of the bay brought
about by new circulation patterns associated with the breach (Hinrichs 2016; Flagg pers. comm.
2015; Gobler pers. comm. 2015). However, water quality camditin Central Great South Bay,

including pathogen numbers and brown tide intensity and frequency, have been getting worse since

the mid2000s Gobler, Collier, and Lonsdak014).
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Figure 39. Average decrease in brown tide cell density (cells/mL) in Great South Bay lagoon system in

brown tide years, post-breach (2013) versus pre-breach (average of 2000 and 2008 values).
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Figure 40. Phytoplankton community composition at inlets and mid-bay stations, Falli Winter 20157 2015.

FlowCAM data collection and analysis by Yuriy Litvinenko and Jackie Collier.
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Figure 41. Wilderness breach exports brown tide (Fall 2014) (Gobler, Collier, and Lonsdale 2014).

Fecal Coliform Bacteria

Fecal coliform data are used by the New York Stspartment of Environmental Conservation
(NYSDEC) to evaluate water quality in Great South Bay and to ensure that shellfish lands meet the
sanitary criteria for certification during the period when they are certified-Peath changes in
water quality lave not affected the classification of seasonally cerlifiedincertified shellfish lands
(NYSDEC 2014a, 201). Postbreach survey data (from most recent triennial evaluation) indicates
that certified and seasonally certified beds of hard clams amectgrclassified as such; therefor®
changes in classification are necessary at this time (NYSDEGRO®re may however, be
potential for changing the status in the southeastern area neawNBay (currently closed year

round uncertified) as a nel of a postbreach improvement in fecal coliform levels (Barnes pers.
comm. 2016). It is not yet known if this improvement is related to the bre@bkere will be no
decision on this status change until 2018, when the next triennial evalisat@mrduded.

Data Gaps

Therewereno longterm or systematic prereach phytoplankton data sets collected in the immediate
vicinity of the breach prior to 2008. The ecological consequences bfdhehrelated changes

water clarity and quality are just beging to be quantified, so it is uncertain whether the observed
changes will remain over the long terBecreasingntensity of brown tide bloomsoinciding with

the postbreach change in circulation patterns, are hypothesized to be associated with ttierforma

of the breachHowever,both the pathogen and nitrogen loading to central Great South Bay have

been increasing for quite some time (prior to breach formation). Further, an increase in frequency and

! Seasonally certified and uncertified are designat@ssigned to shellfish lands by t¥SDEC. Hard clams may
be taken only from areakesignated as certified (or open) for the harvest of hard clams.
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intensity of harmful algae blooms, and subsequentdse in water qualitgnd failure to meet

sanitary regulatory thresholds for shellfish consumption was an ongoing issueacé occurrence.
Several factors, in particular the ongoing trend in water quality reduction, natural variability in water
guality and phytoplankton communities, and the relatively short time period over which breach
effects have been evaluated, are sources of uncertainty. This uncertainty limits our understanding of
the dynamidong-termeffects of the breach on phytoplankton, @ajuality, algal bloomsor

bacterial blooms.

Summary of Changes since the Formation of the Breach

The formation of the breach created a new portal through which ocean water can enter Great South
Bay. In Bellport Bay, Narrow Bay, and western Moriches Bay, ¢ixishange of ocean water has
resulted in increased salinity, moderated water temperature, increased water clarity, decreased
nitrogen, decreased chlorophgll decreased brown tide frequency, loweswn tide cell densities

during brown tide events, faster clearing out of brown tide cells following bloom events, and a
change in species composition toward larger, cf@aiming diatoms.
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Wetlands

Wetlands occurring in the vicinity of the breach arengrily tidal marshed beds of intertidal salt

tolerant grasses that are flooded and drained by the tide. These accretional environments accumulate
terrigenous and biogenic sediments in response to tidal floadithgplant growthLow saltmarsh is

the mostbundant wetland cover type on Fire Island, encompassing 670 hectares (26%) of the total
area McElroy et al. 2009 Most of these marshes are located along the north shore of the barrier
island and consist of discontinuous patches of back barrier tidgé fmarsh. The most extensive salt
marshes of the Fire Island barrier are located to the west of Watch Hill and extend to Moriches Inlet
(Roman and Lynch pers. comm. 2016).

Synthesis of Wetland Vegetation Information
Fire Island supports a total of etgtistinct salt marsh habitat subtypes, each with its own
characteristic vegetatiqiMcElroy et al.2009)

1 Low salt marshis dominated by cordgrasSgartina alterniflorg and occurs at the seaward
border of the high marsh, along the edges of saltwatrdrdeks, and along mosquito
ditches that drain the high salt mar$his is the most abundant wetland vegetation type on
Fire Island.

1 High salt marshis dominated by saltmeadow cordgraSpdrtina patensor the dwarf form
of cordgrass; large areas domtied by spikegras®(stichlis spicatd, blackgrass Juncus
gerardii), and glasswortsS@alicorniaspp.) are also common.

9 Salt pannesare dominated by the dwarf form of cordgrass and glassworts in shallow
depressions within the marsh; salinity is highethiese areas due to trapping of salt water

1 Northern salt shrub is dominated by groundseltreBgccharis halimifolid and/or
saltmarskelder (va frutescengat the upland border of the high salt marsh.

1 Brackish meadowis dominated by switch grasBgnicumvirgatum and saltmeadow
cordgrass occurring at the upland border of the high salt marsh.

1 Oligohaline tidal marsh occurs as a narrow band between high salt marsh and salt shrub
vegetation, dominated by spikerugtidocharis rostellatpand twigrush Cladium
mariscoide}

1 Brackish tidal marsh is dominated by narrodeaved cattail Typha angustifolia
1 Reedgrass marshs dominated by common reedgraBsiagmites australls

Marshes are dynamic ecosyste®sveral processes including sediment transpamt the ocean to

the bay, overwash events, and the formation of fiweal deltas contribute to the development of

new platforms for the colonization and establishment of salt marsh communities (Leatherman 1979
Roman and Nordstrom 198B8onnelly et al. B04).Overwash delivers sediment to the marsh surface
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and can increase the elevation of the mafgfufe 43. The areasast of Watch Hill and extending

to Moriches Inlet where salt marshes are most common on Fire Island, are known to have had several
inlets and overwash events during the past two centuries (Leatherman and Alletnl®&5yrea of

the current breach and to the east (Great Gun), there is evidence from sediment cores, dating back to
the late 1700s, that marsh establishment historicaflycbancided with the formation of inlets

(Roman et al. 2007).

Figure 42. Aerial image (June/July 2013) showing location of the Hospital Point Marsh SET monitoring
sites. Note the extensive flood-tidal delta associated with the Wilderness Breach and overwash sand
deposits on the marsh surface in the vicinity of the SET sites (Roman and Lynch pers. comm. 2016).

Regionally, salt marshes are in decline due to several factors including sea level rise, development,
sediment regime alteration, dredge and fithaties, wave action, coastal development, and nutrient
enrichment (Cameron Engineering 2015; Wigand et al. 2@I¥xccelerated loghroughout Long

Islandhas been observed in recent decades, based on comparisons of aerial images from 1975 and
2008(Cameron Engineering 2015). From the #hR70s to the mi®000s, marshes in the South

Shore estuaries declined over 1@Moring that same time period in Great South Bay between the

Fire Island Inlet and Smith Point County Park, over 200 acres of marshoser@nd within the Fire

Island National Seashore, 22 acres or 4.6% of the total marsh acreage was lost (Cameron Engineering
2015).

Nitrogen enrichment is one of tikausesssociated with marsh loss. Excess nitrogen enrichment can
cause marsh plants gwow more aboveground biomass (leaves and stems) and less belowground
biomass (roots and rhizomes), resulting in poor stabilthe poorly rooted grasses eventually are
unable to remain in place, and their loss destabilizes the-edzgkand bagdge mash resulting in
slumping and exposing soils to erosive forces (NYSDEC 2014b)dd@stabilization of creekdge

and bayedge marshes makes these areas susceptible to erosion ardrlassh habitatExcess

nitrogen also stimulates microbial decompositidorganic matter within the underlying soils,
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which in turn can lead to increased production of hydrogen sulfide, reduction in pftiyted
destabiliation ofmarsh soils and vegetation (Deegan et al. 2007; Deegan et al. 2012; Wigand et al.
2014).1t is possible that nitrogen enrichment could play a role in marsh loss at Fire Island (Roman
and Lynchpers. comm2016); however, there are no s#gecific studies demonstratitigs.

For longterm sustainability, increases in salt marsh elevation muptpaese with sea level risk.

sea level rise exceeds marsh elevation increases, the marsh could become wetter and convert to
unvegetated mudflat or open water. The NPS has beenausfageelevationtables (SETs) and

feldspar marker horizons to monitiwe relationship between sea level rise and marsh elevation since
2002. Monitoring sites are located to the immediate east of the breach (Hospital Point Marsh,
Figure42) and &ilometers(5.0 miles)west of the breach (Watch Hill Marsh; Roman and Lynch

pers. comm2016).The rate of increase imarsh elevation was measured as (mean + standard error)
4.2+ 0.24 millimeters per year (myn) (Watch Hill) and 3.9+ 0.12 miyr (Hospital PointYFigure

43). These rates are slower than those estimated for seais&vdlring the recent period of 2002 to
2015 in the region of Fire Island which ranged from 4.74 +2.4%ymat Sandy Hook, Bw Jersey

to 5.93+ 2.32 mryr at Battery Park, Bw York (Roman and Lynch pers. comm. 20IB)ese rates

are slower than thosetasated for sea level rise during the recent period of 2002 to 2015 (the same
duration of the SET monitoring) in the region of Fire Island which ranged from 4.19 + 2.47 mm/yr
(0.16 + 0.097 inches/ygt Montauk Point, 4.74 + 2.45 mm/@.19 + 0.096 inchégr) at Sandy

Hook, and 5.93 + 2.32 mm/¥0.23 + 0.091 inches/ygt Battery Park, Bw Y ork City (Roman and

Lynch pers. comm. 2016). The authors of the study caveat that these rates have high variability (both
sea level rise and marsh elevation changd)stwould be evaluated with caution. However, this work
suggests that the shdaerm deficit in marsh elevation could lead to marsh submergence or
alternatively, marsh elevation could keep pace if the rate of sea level rise were to slow.
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Figure 43. Marsh surface elevation change monitored using the SET method. Note the passing of

Hurricane Sandy, October 28, 2012. Sample size is three SETs at each site with standard error
presented. Rates determined by linear regression (p<0.0001).
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Prior to the breacthere was little salt marsh vegetation located where the breach channel was
initially formed; however, as the breach migrated to the west and may continuee@sg salt
marsh will be lost to the breach chanrtéb(re 44). Small portions of salt marsivere smothered by
overwash sand deposition onto the marsh surfacer@4@). These overwash areas may be
platforms for future salt marsh establishment adeesa continues to rise.

Post-Breach’ Eormation Pre-Breach Habitat

Areas with Overwash

Wetland Habitat Areas in the Vicinity of the Breach ARl W
Fire Island, New York

N

Ogen Bosch Neethern Beach Grass Dune | T B 0eocn reorer Oure

« . Pach Pre Oune Weosans [ Yothern Dure Sprtians Low Sakt Manh [ Bacean reeconal Swaw
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Figure 44. Breach area overflight and vegetation map showing overwash areas and affected habitats,
including salt marsh. Figure shows the small amount of marsh vegetation affected by overwash.

Postbreach changes in sediment dynanmase occurreth the vicinity of the bredt, and include

the formation of the floodidal delta and overwash (Roman and Lympehrs. comm2016).Aside

from localized overwash sand deposition on the marsh in the vicinity of the breach, there did not
appear to be any widespread stawtated deposition onto the marsh surface, as notedthetack

of sediment accumulation above SET feldspar marker horizonsré4§) and the vegetation map
with overwash areas indicated (Figd#). The aerial extent of salt marsh affected by overwash was
calculated using a GIS mapping tool that allowezldhierwash areas (shown in the aerial photo on
the left in Figure44) to be superimposed on the vegetation rAdfected area was calculated as the
sum of the area within polygons where salt marsh vegetation and overwash intéiiseanalysis
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indicatesa very small area, approximately 25,950(8v9,323 é&?) of salt marsh was affected by
overwash.
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Figure 45. Marsh vertical accretion derived from the feldspar marker horizons. Sample size is three
marker horizons at each site with standard error presented. Rates determined by linear regression
(p<0.0001).

There was a slight increase in marsh elevation following the stormrég), but it was probably

due to peat expansion from water saturat®o@posed to sediment deposition (Roman and Lynch
pers. comm2016). Marsh migration and the health of marsh plants depend in part on water quality.
Improvements in water quality due to the mixing of estuarine with ocean water occurred with the
formation d the breach. Increased mixing reduces nitrogen concentrations in surface water,
potentially benefiting marsh plantsaproved water quality will provide additional benefit for the
development of new marsh areas on the flodal deltas as noted above.
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Figure 46. Marsh surface elevation change monitored using the SET method, focused on a few years
pre- and post-Hurricane Sandy.
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Data Gaps

Based on a review of pebteach data, no estimations have been performed to determine the acreage
or type (e.g., hig marsh, low marsh) of marsh habitat lost due to overwash and channel formation;
although vegetation mapMI€¢Elroy et al. 200&and NPS online mapping tool) suggest little or no

marsh acreage exists in the immediate vicinity of the br&dwrefore, overwsthrrelated burial

would be very limited. To date, no pdsteach study of the expected marsh development on new

flood shoal and overwash area has been performed; development of new marsh is more likely to
occur in the future and depends on the stabilinadicche newly formed floodidal delta.

Understanding of the dynamic lotgrm effects of the breach on wetlands in the vicinity is limited.
However, the breach occurred recently, and marsh development takes place over longer time periods.

Summary of Changes since the Formation of the Breach

Changes in sediment deposition brought about by the overwash of sediment and the formation of the
flood-tidal delta have created new platforms where new low marsh could develop in the future.
Currently, the dynamishifting sediment in the immediate vicinity of the breach is not conducive to
marsh plant colonizatiotdowever, if this area becomes more quiescent, the low marsh plant,

Spartina alterniflora would be expected to become establiskedtbreach improvemnts in water

guality that have been observed will continue to encourage marsh developoreatsites

immediately to the east of the breach experienced aypeath increase in elevation, which may

have been a result peat expansion due to water satioma
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Submerged Aquatic Vegetation

Submerged aquatic vegetatid®AV) or seagrass beds function as vital habitat for numerous
commercially, recreationallyand ecologically important fish and shellfish. Seagrasses play a major
role in the nutrient and daon cycles, provide an important food soyruersery habitat, and

foraging aredor various speciestabilize sediments, and improve water quality both by sequestering
nutrients and trapping suspended sediments and organic matter. The poéSAi¢es often used

as an indicator of estuarine health avaterquality.

Synthesis of Information: Comparison of Pre- versus Post-Breach

The two SAV species in south shore estuaries of New York are ee(@@sgra marinaand
widgeongrassRuppiamaritima). Edgrass the more common of the two specissa perennial

species in New York (with a few exceptiphdYS Seagrass Task Force 200&)dcommonlyfound

in salinity ranges from 1t 36parts per thousanggt) (NYS Seagrass Task Force 2009).
Widgeongrasss a euryhaline, pioneering species that occurs sporadically in marine environments,
withstands abrupt salinity pulses, has a broader temperature and salinity tolerance, and grows better
in nutrient enriched environments that can be stressful to otheassag (Cho, Biber, and Nica
2009).Both eelgrass and widgeongrasm® marine vascular flowering plants capable of sexual
(flowers/seeds) and asexual (clonal) reproduction. Both are commonly found in shallow water where
light levels are sufficient for phosynthesistherefore the optimal depth for these species depends in
part on water clarityCompared t@ostera Ruppiahas lower peak biomass and lower value as

habitat for SAVVassociated species.

Areas of SAV are variable in structure (USACE 200402003 survey found manshootheights
rangeal from 7.62 centimeters to 53.34 centimete&dchesto 21incheg. Averagepercent coverage
was52% in Great South Bay, 58% in Morichigay, and 43% in Shinnecock B4y SACE 2004).
Macroalgae, which competes wiind can be detrimental to seagrassesftenpresenin SAV beds
(USACE 2004b)Fifteen types of macroalgae were identified in association with the SAVirbdds
USACE study (2004b)Dominant types included wire weellnnfeltig), the red alga€eramium, and
the green alga€haetomorpha

Eelgrasgrovides 3-dimensional structure that servesefsigiafor small fish and crustaceans,
substrate for epiphytes and grazers, and preferred habitat for economically important species
includingbay scallops Argopecten irradians Eelgrass is also officially designated as Essential Fish
Habitat for several interstate and federally managed fish species including summer flounder
(Paralichthys dentatyswhich supports the most economically important recreatistadry in New
York. It provides forage for a number of waterfowl including brant and black ducks. Field studies o
eelgrass communities show that both distance ,fesrd biomass okelgrasdedsin estuaries has a
pronounceceffect on the composition die associated community of fishes, decapods, and
crustaceand\cElroy et al. 200@nd citations therein).

Seagrass is declining in Great South Bay (McElroy et al. 2008.is well demonstrated by
comparisons of aerial photographs from 2002 with tfasea the mid1970s thaindicatea loss of

SAV beds fringing the mainland south shore (nor
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Bellport west to the Robert Moses Causeway (USACE BO@&rial photographs also show
seagrass coverage in the Bo8hore Estuarine Reserve was 90% lower in 2003 compared to the
1930s when SAV thrived in Great South Bay (NYS Seagrass Task Force 2009; USACE [2004b).
the 1930s200,000 acres of seagragsre presenfNYS Seagrass Taskforce 2008)Great South

Bay. However, in 2005AV beds totaled just over 20,000 acaesl werdimited to shallow areas

(<2 meters(0.8 inch) along the north shore of Fitsland and in the vicinity dhe Fire Island Inlet
(Figure4?7).

Field studies also demonstrate the loss of $#dughout Great South Ba@urrently,mostof the
eastern bay in thimwn of Brookhaven is devoid of any significant eelgrass beds, including the areas
where eelgrasaas historicallyabundant along the Fire Island shoreli@ashin Technical Services

Inc. 2011) Shallow areas between Watch Hill and Smith Pantformerly occupied by eelgrass

were partially covered by patches of rooted widgeon grass and attached maceraldeewidgeon
grass appeared to be taking ovabitat previously occupied by eelgrass. Eelgrass beds were
substantially reduced or nonexistent in the shallows areastdandvest Fire IslandSome eelgrass
wasobserved in Babylon waters, but baymen reported a significant decrehiseareaas well

Declines of eelgrass have been attributed uttiple factorsIn the1930s, eelgrass nearly

di sappeared from its range due to fAwasting dise
mold, Labyrinthula(Short, Muehlstein, and Porter 1987). Although wasting disease was the major
cause of eelgrass decline, other environmental stressors including warmer water temperatures may
have been involvedshort and Neckles 1999The wasting disease outbreak of 1830s brought

global attention to the importance and value of seagrass, as its loss was accompanied by declines in
economically valuable species that use eelgrass as habitat. Although not entirely wiped out in the
1930s, eelgrass beds did not fully recavethe Great South Bay area until the 1950s (Hinga 2005).
Losses since the mit970s were associated wihvariety of stressorgcludinglargeZ scale

nutrient enrichment, organic enrichmetetnperature increasand sedimentation (NYS Seagrass
Takforce 2009).

Postbreachchanges in botivater quality andubstratetwo factors that influence SAV
communitieshave been documentethe water in the vicinity of the breach is curremtigre

marine in natte due to mixing with seawatenore moderate in temperatuasd containsnore
oxygen. The more ocedike conditionsincludingclearer water with better light penetration, higher
salinity, more moderate temperatures including cooler summer temperéuoeseelgrassrhe
development of new flood shoals during Hurricane Sandy buried some SAV beds. Hoever
newly createdandy shoal areas provide a platform for development of new seagrass beds in
locations where water depths are approptiagupporiSAV. According toPetersonZ014; 2015a,
201%) initially there was significant sand overwash that smothered some SAV sites near the breach
and that sandbars shifted over other seagrass atdasugh the overwash areas recovered the
following year, thesand bar areas did not recover (Peterson 2014, 2015b).
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Figure 47. Submerged aquatic vegetation distribution in south shore estuaries (based on data from NOAA 2003 and published in McElroy et al.
2009).
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Since he formation of the breach, eelgrass has increased in some areas east of the breach, despite
declines in other areashis is evident from systematic field surveys conducted by researchers at
Stony Brook Universitylnitiated by NPS, this probabilitpased survey studied water quality and
SAV in 2007, 2009, 2013, and 2014 at Fire Island National Sea@heterson 2015adeck and
Peterson 20%6ee the vegetation monitoring grid in Figurg.4dis survey found aimcrease in
eelgrass extent and percent coveotighout the study ardsetween 2007 and 2009, followed dy
noticeable reductiobhetween 2009 and 2013 (Peterson 20264%; Heck and Peterson 2016)
(Figure49, left side). In the vicinity of the breach, thervey found averall loss of seagss
between 2009 and 2015, lauhotable increase in eelgrass percent ciovegrtain aras east of the
breach (Figurd9, right sde)where water quality has improved. At one station approximately 1
kilometer(0.6 mile) west of the breacleelgrass moved into shallow water but had later died out
(Peterson 2015201%; andHeckand Peterson 2018)Vidgeongrass was less common throughout
the surveyand density changed at many locations, but the directiohasfge wagot uniform

througlout the study area. Between 2009 and 2@4&geongrass density increased at 14 sites and
decreased at 16 sit@sigure 50)
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Figure 48. Submerged aquatic vegetation monitoring grid for systematic surveys conducted by Peterson
2015a; Heck and Peterson 2016. Dashed lines delineate sampling zones.
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Figure 50. Widgeongrass distribution 20077 2015 (left), and change in percent cover 20091 2015
(Peterson 2015a, 2015b).

Data Gaps

There has been no loitgrm study of SAV distribution, species composition, and plant density in

Great South Bay or in the immediate vicinity of the breach. The small amount of time that has passed
since the formation of the breach limits our understanding of the dynamitdiongeffects of the

breach on SAV.

Summary of Changes since the Formation of the Breach

The formation of the breach has led to greater salinity, moderated summer water teegerath
greater light penetration through the water column as a consequence of the mixing of water from
Great South Bay with the ocean. This change in environmental conditions has favored the
establishment of eelgrass communities just east of the bidaahplatforms for SAV colonization
were established followintie breach in association with the fletdal delta.
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Benthic Community

Benthic communitiesonsidered within this report include animals living in or on the sediment

surface in subtidal andtertidal areas of the estuaiyhewildernessreach hasodified the benthic
environment, antherefore may haviead an impact on benthic communiti€sere are no prer
postbreachbenthic communitylata in the immediate vicinity of the breach. Therefoo field

surveybased comparisons can be made to evaluate the effects of the breach. However, past studies of
the benthic communities in Great South Blayinform the discussion on the nature of benthic
communities in this region.

Synthesis of Information on Benthic Communities

The proximity of a benthic community to an inlet has a direct effect on the composition of the
community (Cerrato 2001Benthic communities near Fire Island Inlet and Moriches &t been
describpech s fichawoédcthehi ghi sal i n(Cermto 2001)Alguhdant dpeciesirh abi t a
these neamlet areas included the bivalvbiytilus edulis(blue musselandTellina agilis(a bivalve
mollusk), polychaetegNephtys pictandNereis arenaceodonfahermit crabgPagurus

longicarpug, lady crabgOvalipes ocellatus and the sea stéAsterias forbegi Similarly, a survey
conducted by the USACE (2004b) found that sampling stations neamgst$chad the highest
overallcrab abundancevith greerncrabs dominant (88% of total catch) and other species much less
common (blue crab, lady crab, rock grahd portly spider crab each accounted for approximately
2% of overall catch)in contrast, areasifther from the inlets had benthic communities thate

more estuarine and less sa@lterant in character. Abundant species included the polychaetes
(Sabellaria vulgarisand Trichobranchus glaciliy snails(Rictaxis punctostriatuandActeocina
canaliculatg, bivalves(Mercenaria mercenaria, Mulinia latalis, andGemma gemmasand
shrimpCrangon septemspinagsand blue cralfCallinectes sapidys

Largescale spatial gradienktsve also been described in Great South Bay (Cerrato 20t9e
gradientsare thought to be related to differences in watdumn propertieswhichin turnare

coupled to the existing Fire Island Inlet. For example the biyalekina agilis and the lady crab
(Ovalipes ocellatus which prefer saltier watewere widely distributed imslip waters but absent

from Brookhaverwaters in eastern Great South Bay; in contrast the razor(Elasisdirectug

which is less safltolerant,was abundant in Brookhaven waters but totally absent from western Great
South Bay(Cerrato 2001)

Sediment type is also a strong driver ehthiccommuniy compositionIn benthic samples
collected in Great South Bayacrofaunal abundance decreased with increased sedimensigeain
from 41,707 individuals pesquare meten mudsubstrateso 19,418persquare meteand 26,096
persquare meten sand and sheflubstratesrespectively{Cerrato2001, citing Larson 2000). A total
of 148 distinct taxa wereollected in benthic samples, withet number of taxa present incries

with sediment graksize, from 91 in mudubstrate$o 112 in shelbubgrates The prebreach benthic
subtidal community innvegetated areas Gireat South Bayas described by Cerrato (200d/gs
diverse, highly affected by proximity to inlets, and strongly assocwitiicsediment type.
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Epibenthic communities are oftassociated with vegetatioviegetated subtidal arelxcatedon the
bay side of Fire Island provide habitat for a number of epibenthic species includingrtieabtudy
by USACE (2004bgpibenthic communitiewere evaluated along witBAV in Great SoutlBay,
Moriches Bayand Shinnecock Bay in 2003. Commepibenthic species observiedludedthe
green crabQarcinus maengsAtlantic mud crabRanopeusherbsti), eastern mudsnaillyanassa
obsoletd, grass shrimpRalaemonetes vulgadisgolden star tuoate Botryllus schlosse)j and red
beard spongeMicrociona proliferg. Beds ofSAV exhibiteda diverse epibenthic communityth
50 different species collected during the study.

The occurrence of intertidal benthic communitesthe bay side of Firkslandis determinedy
frequent wetting and dryingf intertidal areasSediment ore samplesompleted in 2004 (USACE
2004a)collected a total 013,218 organismeepresentin@8 differenttaxausingsandy sedimesof

the bay side intertidal habitatsh& dominant taxa collected in the samples includigbchaeta,
Nematoda, Nematomorph@prophiumsp. (a burrowing amphipod), atite amethyst gem clam
(Gemma gemmaPitfall trapsamplingin the intertidalzonerevealed 1,462 individuafsom 83
differenttaxa,dominated byhe Ephydridae (shore flies or brine flies) and Muscidae (house flies or
stable flies¥amilies and the ant speci¢lsasius neoniggr The amphipod3alorchestia longicornis
Talorchestia megalopthalm@and hoppersandOrchestia grillus(a detritovore that feeds on
Spartinaand other marsh grass detritugre also abundant in pitfall samplgérackline sight
sampling revealed 1,268 individuals from d8tincttaxa; dominants included the inse&tsurida
maritima(a small wngless insectandAcarinaspp.(mites). Other common groups in sight samples
included bivalves, annelidand amphipods.

Postbreach formation, the potential for changes in the benthic community prompted a workshop in
January 2016, whei®MEs shared infonation and discussed the potential bregelated changes in

the benthic communityn general SMEs asserted that it is likely that the benthic communities
closest in proximity to the breach have changed, in response to increases in salinity, water flow,
sediment grain size and cooler summer water temperatures, to more closely resemble benthic
communities that occur in the vicinity of existing South Shore inlets. The shift in the community is
likely to have occurred rapidly for populations of mobile, stiwed species, while populations of
long-lived species including hard clams are expected to show slower chafgedreach resulted in
the burial of intertidahnd subtidatommunities located where flodiial deltas have formed.
Formation of newhabtatin response to the breach, and may have led to a shift in epibenthic species
compositionin the vicinity of the breachor example, according to Cerrato and Frisk, it is possible

2 Benthic communities respond on a scale of montlyg#os following a disturbance (Wilber and Clarke 2007; Van
Colen et al. 2010; Kotta, Kotta, and Kotta 2009; Keay and Mickelson 2000ieDKaiser, and Warwick 2003)

Less stable habitats such as coarse, clean gahdgh energy zoneare thought to recover more quickly than stable,
muddy sediments after a disturbanaéhough empirical tests of this paradigm are lacking (Dekeééser and

Warwick 2003 Newell et al. 1998 recovery rates are mediated by a combination of physical lgdrodynamics),
chemical (salinity, dissolved oxygen) and biological (larval transport, spawning success of brood stock) factors that
differ in their elative importance in different habitatdthough decolonization of disturbed benthic habitats is
generally rapid, Van Colen et al. (2010) note that divergence in benthic community development can occur late (2
years +) after a disturbance, which can eaguatchiness in benthic communities.
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that changes in salinity could lead to a shift from blue crab to ladyacymmunities in the affesd
areas Cerrato and Friskers. comm. 2016). The breach also created an opportunity for blue mussel
(Mytilus edulig populations to develop in this area due to preference for high salinity and cooler
temperatures. Blue musse@lere common in the area of the Old Inlet during the early 1800s when
the inlet was operCerrato, Locicero, and Goodbred 2D1&8fter the formation of the breach in
2012, a dense community of blue mussels was observed but they failed to establistean
population, possibly due to predation or other factors (Cerrato and Frisk pers. commCkabges
in epibenthic communities may have also occurred in response to the breach forrettmson
(201, 201%) found lowdensitiesof shrimp in SAV bedsiear the breach in 2014. The low shrimp
numbers were thought to be associated higi predation rates attributed to greater dengities
foragingfish, whichlikely entered the area from marine watdm®ugh the newly formed breach

Data Gaps

No pre or postbreachbenthic communitylataexists for the area ithe vicinity of the breachwhere
water quality is most heavily influenced by the breach (Bellport Bay, Narrow Bay, western Moriches
Bay). The short time that has elapsed since the formatior @frédach limits our understanding of

the dynamic longerm effects of the breach on benthic communitiédse most biological

communities, benthic communities can be highly dynamic, making it difficult to distinguish between
natural variation and changdsat occur as part of a recovery or transition to a diffeygme of
community. Additional monitoring of the benthic community performed over the coming years
would improve the podtreach monitoring dataset, resulting in a greater potential for idegtifiyen
long-term, postbreach trends in the benthic communiydetailed discussion of benthic community
recovery is provided in Appendix.A

Summary of Changes since the Formation of the Breach

The breachlormationresulted inconditions that favohigh-flow, high-salinity adaptedenthic
communitescomparabldo those Cerrato (200bpservedn the vicinity of the Fire Island Inlet.
Overwash and development of flood shdatnsisting predominantly of sankve likely increased
the grain size inhe area. The areas near the breach, including southern Bellport Bay, Narrow Bay
and western Moriches Bay ag&periening increases in salinity amdissolved oxygen, and more
moderatevater column temperatwsé summer and wintefhese posbreach condionsfavor the
development o marine benthic communityas opposed to the pbeeach conditions that favored an
estuarine benthic community
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Hard Clams

Hard clam Mercanaria mercenarippopulations in Great South B#yctuatedthroughout the

1900s, pakedn the 1960s and 1970snd have since declin€Brisk et al. 20%; CashinTechnical
Services, Inc2011) Poor environmental conditions and fisheries removals have been the primary
drivers of populatiomeclines(Starke and LoBue 2016; Frisk et 2015; CashinTechnical Services,

Inc. 2011; Bricelj 2009). Densities are currently at a historic low, with average adult density ranging
from 0.22 2.50 clamgersquare metefaverage 1.1 clarpersquare metgin 2008 2009 (Tableb)

(as reported in Cashifechnical Services, In2011, based on data from field surveys conducted by
the Towns of Babylon, Islip, and Brookhaven, and The Nature Conservancy (TNC)). Depressed clam
density has contributed to lower rates of successful spavarid reproduction (Starke and LoBue

2016, CashifTechnical Services, InR011). Because hard clams are broadcast spawners that require
proximity to spawning partners for successful reproduction, such low densities of adult spawning
stock greatly minimie the potential for successful reproduction and population recfeayp

declines in fisheriebarvesthave mirrored the decline of hard clam populations in Great South Bay
since the 1970s, withard clamlandings decreasing from nearly 600,000 bushel®i70 to less than
10,000 bushels in 2015 (reported in Gobler 2@atnes pers. comm. 2016a)

Table 5. Clam density (clams per square meter) and standing stock (in millions of clams) bay-wide 2008
2009, by area (from Cashin Technical Services, Inc. 2011, Table 1A).

Total Clam Seed Adult Standing Standing Stock Standing
Area Density Density Density Stock Seed Adult Stock Total
Babylon 2.95 0.45 2.50 17.7 mil 98.0 mil 115.7 mil
Islip 0.77 0.20 0.57 15.2 mil 42.9 mil 58.1 mil
The Nature 0.60 0.38 0.22 20.5 mil 11.9 mil 32.4 mil
Conservancy
Brookhaven 1.83 0.67 1.16 49.1 mil 84.3 mil 133.4 mil
Total Bay 1.40 0.42 0.98 102.4 mil 237.1 mil 339.6 mil

The loss of hard clams from Great South Bay has also meant a loss of the crucial edasysiem

of water filtration and water quality improvement that hard clams once provided through suspension
feeding, their mechanism for obtaining food resourCashinTechnical Services, In€2011)

estimated that filtration rates declined 65% for Bitweken, 84% for Islip, and 40% for Babylon
between 1978 and 2009. Given this, they estimated that in 2009, the existing hard clam populations
in Brookhaven, Islip, and Babylon took more thaim®s 6times and 1.&imeslonger,

respectively, to filter thse areas than they did in 1978. The section that follows synthesizes data on
hard clams from before and after tireach

Synthesis of Hard Clam Information and Comparison of Pre- versus Post-Breach
Thebreach has increased the exchange of water andismgawith the open ocean and increased
flushing rates in eastern Great South Bay. Fkagdotherg2015) and Hinrichs (2016) demonstrated
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that new water circulation patterns in theey are decreasing water residence time for eastern Great
South Bay whilencreasing water residence time for central Great SouthB#sr o thefiPhysical
Resourceassection. The influx ofoceanwater and reduced residence time of water in the eastern
portion of thebay has the potential to moderate winter and summer tetnpesaalleviate the effects

of brown tide blooms by exporting small form algae to the ocean, and improve food availability for
hard clams by importing large form algae from the oc&uoblerpers comm 2016. Evidence for

both positive and negative imga®f these changes in environmental conditions on measures of hard
clam success is summarized belélard clam success determinedising various metrigsncluding
increased tissue growth rates, increased shell growth rates, higher lipid content corediteon
index(Cl), greaterspecimerdensitiesand decreased juvenile mortality rates.

Several factors that affect hard clam growth and reproduction have been affectetirbgthe

Chief among these is the availability of high quality food resouices large cell phytoplankton

O 5um) and potentially water temperature (optimal range for growth betweandZ3°C; Stanley
1983). Sufficient food resources are essential for clam growth and reproduction. Severe food
limitation can be caused by brown tide algal blooms which drive down the clam CI, a commonly
used index of clam health and spawning potential (Starké@Bde 2016). Brown tides are
dominated byhe small form alga Aureococcus anophagefferemghichis a poor food source for
suspension feeding bivalves like hard claiigal blooms are driven by high nutriezincentrations
in thebay and are compoundedg bigh residence time of water in thay. Two blooms in the same
year can be devastating for hard clams, drivingdhgo low that more than one spawning season
can be affected (Starke and LoBue 2016). Althouglbtbach may import higher quality
phytodankton into thebay, food limitation is possibleght atthe breach where chlorophdllevels
areless tharb pgL (Gobler pers. comm. 2015). Increased exchange of water througretteh may
also have decreasedmmerwater temperatures in Bellport BadNarrow Bay, andvestern Moriches
Bay (Gobler 2014) which has the potential to moderate summer and winter tempérafarde the
fiPhysical Resourcés s e)clrt areasrwhere the temperature reaches above or below the optimal
range for hard clams, ¢iimpact on hard clanvgould be negative. However, it should be noted that
data analyses conducted by SOMAS indicate that the impact lfetheh on water temperature is
inconclusive (Flagg pers. com2015 refer to thePhysical Resources s e)ct i o n

Theimportant role of food limitation and temperature for hard clam growth was demonstrated in a
pre-breach study in Great South Bay (USACE 2004c). For this sfadycages were deployed in

2001 andsix cages were deployed in 2003tateestations locatedth Moriches Inlet, Forge iRer

and Smith Point (Figurgl). Forge River, where clam growth was the highest in bathsyalso had

the highest concentratiaitotalc hl or op hy | | in both years (5.9 ¢eg/
2003) likely a result oincreased nutrient inputs from neadnurcesincludinghistorical duck

farmsin that location (FigureS2 through55). At Moriches Inlet growth rates were significantly

lower, coinciding with thdowest chlorophylineasurement reportddl . 5 ¢ g/alndi M . 2®0 k£ g/
in 2003). Growth of shell peakédm Juné August, whereas tissue growth rate peaked somewhat

later in the Augu$tOctober timeframe. The relatively lower growth rates at Smith Point were

attributed to temperatures spiking td°@7during thesummer whictabove theoptimal range for
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growth. These results provided strong fiblased evidence for the effect of food availability and
temperature on hard clam growth rates in Great South Bay.
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Figure 51. Location of sites of caging study performed by the US Army Corps of Engineers in 2004 (from
USACE 2004c, Figure 1.2).
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Figure 52. Average shell length growth of clams from the experimental sites in Moriches Bay, June 15
through October 4, 2001. Unlike letters indicate sites that had significant differences in Tukey-Kramer
post hoc comparisons. Each site had an n =4 and error bars represent + one standard error (Figure 4.1
from USACE 2004c).
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Figure 53. Average dry weight tissue grown of clams from the experimental sites in Moriches Bay, June
15 through October 4, 2001. Unlike letters indicate sites that had significant differences in Tukey-Kramer
post hoc comparisons. Each site had an n =4 and error bars represent + one standard error (Figure 4.3
from USACE 2004c).
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Figure 54. Average shell length growth of clams from the experimental sites in Moriches Bay, June 18,
through October 20, 2003. Each site had an n = 4 and error bars represent + one standard error (Figure
4.5 from USACE 2004c).
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Figure 55. Average clam dry weight for three sites at Moriches Bay, June 18, August 21, and October 20,
2003 (Figure 4.7 from USACE 2004c).

Predation can exert a strong top down control on clam populations (Virstein 199teK eared
Castagna 1980Rredation on invertebrates can increase near inlets where environmental conditions
allow for marine predators as well as high salinity tolerant estuarine predators to occur (USACE
2006o; EEA Inc. 2002). Highuvenile predation by crabs has been observeat Ré&e Island Inlet
(CashinTechnical Services, InR011). Predation by ctenophores and other grazers on clam larvae
can also have a negative impact on the clam populatiGneat South Bay (Cerrato pers. comm.
2016; McNamara, Lonsdale, and Cerrato J0Although blue crabs are a potential predator on hard
clams, the impact of blue crab predatienat well understood due to limited field data on blue crabs
(Bricelj 2009).Postbreach hue crab densities appear to have decredsadeverlady crab

popuations another potential predator on hard clamsehacreased significantly (Frisk et al. 2015).
Given that théoreach has created a new gateway through which ocean predators can enter Great
South Bay, increased predation on hard clams may be expdgtha@dareas of Great South Bay that
are affected by the marine influence

Salinity may also play a role in hard clam distribution patterns (Baker et al. 2005). The optimal
salinity for growth is @i 28 psu(Chanley 1958although clams can be found in séies ranging

from 1035 ppt. Salinity appears to be less of a factor for growth rates. Increased salinity in Great
South Bay caused by the influx of ocean water througbriech could have adverse effects on hard
clam populations if the range of optihgalinity for survival is exceede@®érnespers. comm2016H
although there are no recorded incidences of Adslitionally, high salinity water favors the growth

of QPX Quahog Parasite Unknowrg hard clam parasite that could have negative effedtseon

hard clam population (Perrigault et al. 2012). Taken together, this information indicates that the
change in salinity as a result of theach has the potential to create unfavorable conditions for hard
clams.

Prior to thebreach, researchers exandrtbe hypothesis that exchange of water with the open ocean
would increase the success of hard clams in the Long Island South Shore Estuary by improving the
availability of high quality food resources (Gobler 2014; Weiss &(flf). Cage studies were
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pefformedpre-breachin 2005 and 2014nder posbreach conditionby deploying and monitoring
cages of locallgourced clams at three stations in Shinnecock Bay and at threasstat®reat

South Bay (Figur®6). From April to November, water quality, phgal attributes and biological
attributes were sampled. Cent@ileat South Bagites had significantly faster tissue and shell
growth rates, lower mortality rates, higher lipid content, gré@keand greater densities compared to
sites near an inlet {gfures57 and58). Lower measures of succastsserved adjacent to tidets

were attributed to cooler temperatyrasited phytoplanktorproduction,and suspended organic
matter as food sources. In cent@kat South Bailpcations, clams were more successful due to
optimal temperatures and the presence of abundant high qualityrfolodiing cellsgreater than

5 um. This is consistent with the findings of Newell et al. (2009) who found that reduced
reproductive otput agpeared to be associated with abundant small phytoplankton cells which clams
are unable to use as food. Gobler (2014) and Weiss 208F) (additionally found that prior to the
breach, clams at the Bellport Bay site had particularly low rates of tissu¢hgcompared to other
sites, which was attributed to the presence of dinoflagellates and higher than optimal summer
temperatures.
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Figure 56. Location of study sites (from Gobler 2014). BB=Bellport Bay, C-GSB=Central Great South
Bay, GSB=Great South Bay, SB=Shinnecock Bay, SI=Shinnecock Inlet, WSB=Western Great South Bay.
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Figure 57. Shell length and biomass (ash-free dry weight (AFDW)) at each site (from Gobler 2014). West
Shinnecock Bay (SB) had significantly longer shell lengths than Quantak Bay (QB), Fire Island Inlet (FlI),
Central Great South Bay (GSB-C), and Bellport Bay (BB). All clams in non-inlet locations were
significantly longer than clams in Fire Island Inlet.
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Figure 58. Mean ash-free dry weight (AFDW) at each site (from Gobler 2014). Red dots indicate
randomly selected sampling stations. BB=Bellport Bay, FllI-Fire Island Inlet, and GSB-C=Central Great
South Bay.

Since tle breach formed, measures of clam success have greatly improved for Bellport Bay. Gobl
(2014) repeated his hard clam ragexperiment during 2014 after theeachformed Sites were
studied from April to November and were a subset of those from the 2005 study located in Fire
Island Inlet,central Great SoutBay, and Bellport Bay (Figurg6). Results indicated that, in coast

to the 2005 results, growth rates were greatest for juveniles in Bellport Bay, Narrow Bay, and at Fire
Island Inlet and lowest icentral Great South Bay (Figuf®). However, direct omparisons between
the 2005 and 2014 studie®re hindered due high temperature anomaly andb@wn tide
occurrence in 2014. Nevertheless, the study highlights an emerging geographic gattegnowth
rates have improved in Bellport Bay from 2005 to 2014 but have worsenpedtral Great South

Bay in that sameggiod. This suggests that conditions in Bellport Bay have imprtoretard clans
since the breach formedhile conditions in areawcated west of thbreach incentral Great South
Bay have continued to decline along with hard clam populations
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Figure 59. Instantaneous growth rates of hard clams, 2005 versus 2014, most similar cohorts (from
Gobler 2014).

Improved measures of clam success in Bellport Bay aftdaréaeh have also been noted by Starke
and LoBue (2016). Clams collected before and aftebtieach in Bellport Bay show marked
differences in growth rates (Greet@78 Starke and LoBue 2016). Whereas prioHtaricane

Sandy, clams in this location had slow growth rates and chalky white shells due to the acidic
sediment in which they livedClams collected in Bellport Bagfter Hurricane Sandyave secreted
large and healthiemppearing growth rings in their shells, indicating improved growth rate and
sedinment habitat condition (Figug0). Starke and LoBue (2016) also noted improvement in
values for clams iBellport Bay. Researchers sampled 20 individuals of naturally occurring clams
from the same locations on the same date. The results show a striking improve@idrdrmbefore
thebreach in 2009 compared to after thhreach in 2015 aBellport Bay, wherea€l for central Great
South Bay was relatively unchanged over the same time p&iguie61) (Starke and LoBue 20).6
These improvements in clam growth and ClI are attributed to improvements in water quality, as
increased rates ofushing are able to locally suppress blooms of brown tide algae and improve food
qualityin Bellport Bay(Starke and LoBue 2016).
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Figure 60. Hard clams collected in Bellport Bay after Hurricane Sandy (from Starke and LoBue 2016).
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Figure 61. Boxplots displaying mid-November condition index measures at eastern Great South Bay /
Great South Bay east and central Great South Bay / Great South Bay native river sites (from Stark and
LoBue 2016).

Despite improved measures of clam success, there has beemnedehange in the size of the hard
clam population in Great South Bay since bheachformed Landings data from before and after the
breachformedindicate no major change in the number of clams harvested from Great South Bay
(Barnespers. comm20163. However, given that hard clams require at least 4 years to attain
harvestable size after settlement, any recovery in hard clam populations brought about by the breach
would not yet be reflected by harvest statisfidgere are no fisherieadependenbay-wide surveys

of clam population size in Great South Bay; thereftire response of the hard clam population
standing stock to the change in environmental conditiesislting fromthe breach remains
unknown.Although environmental conditions that favaard clam success have occurred since the
breach, it is not well understood whether these improvements will be able to overcome the low
spawning and reproductive success that has resulted from extremely low clam densities throughout
thebay.
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Considerableffort has been focused on restoring hard clams to Great Soutfi@yhas created

Aspawner

sanctuari
estuaries (TNC 2013). Given what is known about the distribution andlaszes of clams in Great

es0 since 20014

by

stocki

ng

South Bay, and what is known about the physical forcing factors that influence the distribution of
juvenile hard clams such as wind, currents, and dispersal, evidence suggested that stocking large

numbers of adult clams in the spzer sanctuaries could increase recruitment in Great South Bay

(TNC 2013). In spawner sanctuaries, clams are stocked at high densipefstiare metg¢ron
natural bottom in aregwotected from harve$GSBHCWG 2011). There are 108 restocking sites

cowering 81 acresforNC property, and in 2012, 5 sites were added west of TNC stockingimreas

the Town of Islip (Figur&2). Surveys of naturally occurring hard clam populations in Brookhaven,
Islip, and Babylon (2004012) suggest that 2011 abundancpieénileclams in Great South Bay
had returned to near ppoject levels. Declines were attributed to an extensive brown tide that

affected the area from 20@rough2009 (TNC 2013). However, a strong 2011 cohort sampled in
2012 provided some optimism farrebound (TNC 2013) (Figuf8). Strong yeaclasses of juvenile
clams can move into larger size classes as time progresses and eventuatlylthtwod. The map in

Figure63 shows that summer abundance of hard clams in cébiteait South By was highn 2008
and declined following the brown tide event. A resurgence of juveniles appeared in 2012 prior to
HurricaneSandyand the occurrence of the breabbwever ngostbreachsurveys have been
performedo reassesgends in this cohort.

Spawner Sanctuary Locations

Established 2010-2012

A
+ Established 2004-2009
< Supplemented 2010-2012
[ ]TNC Property
| W . . -
P~ L) — ot
A — ZAr
* . . 5 i 8 .
Yo i o O
- L J
at : ] O
A Y L *
o ~ a ke O
A . S
. * e Y
'y F

[

1 2 3 4

o The Nature Conservancy on Long Island. January 2013

Figure 62. Approximate locations of T h e

Natur e

supplemented spawner sanctuaries as of October 2013 (from TNC 2013).
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Figure 63. Abundance and distribution of juvenile clams (<2.54 centimeters [1 inch] shell length) in Great
South Bay in 2006, 2008, 2009, 2011, and 2012 (from TNC 2013).
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Postbreach changes in water quality have not affected the classification of seasonally tertified
uncertified shellfisHands NYSDEC conducts intensive samplingfetal coliform levels in
seasonally certified shellfish lands in Great South Bay during its triennial evaluatiensure that
they meet the sanitary criteria for certification of shellfish lands during the period when they are
certified The most receritiennial report includes poesreach survey data and indicated that
certified andseasonally certified shellfish landge correctly classified as such; therefore no changes
in classification are necessary at this time @DEC 201%). There may, howevebge potential for
changing the status in the southeastern area near Narrow Bay (currently closed year round
uncertified)in responseéo postbreachdeclines infecal coliformconcentrationgBarnes perscomm
2016@). There will be no decision ampotental status change until 201&hen the next triennial
evaluation will be conducted\ote that the N8DEC surveys are only conducted during the open
period for the shellfistendsand not during seasonal closures; Therefore, these surveys are not
designed t@ollect data during periodshen shellfish lands are closed to fishargd cannot
determine whether waters may have become healthy for clams sirwedhb during periods of the
year that are closed to harvest (Barnes pers. c@dibth. Also, NYSDEC (2015) reported that the
Sampling Statiomat Old Inlet (adjacent to tH&each)wasdeemed inactive because it was
unnavigable at the time the report was written.

Data Gaps

Limited fisheryindependent data are available to describdayavide population status of hard

clams. Surveys for this species require specialized equipment, significant time and manpower, and
financial resources. The lack of such data has prevented a spatially synoptic, temporally resolved
understanding of hard e¢fapopulation dynamics in Great South B&fie shorttime periodthat has
passed since the formation of the breach limitsatlity to draw conclusions regarditige dynamic
long-term effects of the breach tward clams

Larval distribution patterns ardfacted by hydrodynamics. Given that the hydrodynamics of the bay
have changed since the formation of the breach (refer fiPthesical Resourcés s e)chard aam
dispersal patterns may have also changed; however, there are no data available to address this.
Understanding the dispersal patterns of hard clam larvae is essential for understanding the population
dynamics for this species. A paucity of wind data hasgmted a robust integration of hydrodynamic
models with larval dispersal models. Wind influences current patthish in turn have a direct
effect on the distribution dfard clamlarval settlersLarval clams transition through multiple phases
prior to settling on the ocean floddburing the veliger larval phase, larvae are carried by currents
throughout the water body until the clam metamorphoses to the pediveligse{ieenent) and
eventually juvenile (settlement) stage. This veliger phase caéi (b4 days (Loosanoff and Davis
1949) and has the potential to carry larvae over large distances.

% Seasonally certified and uncertified are designat@ssigned to shellfish lands by tW¥SDEC. Hard clams may
be taken only from areas designated as certified (or open) for the harvest of hard clams.

87



Summary of Changes since the Formation of the Breach

The formation of the wilderness breach has had positive and negative effects on hard clams
depending onthe region of the bay where they are locatedellport Bay, Narrow Bay, and
Western Moriches, water quality has improviedthese areashé export of water to the open ocean
has ameliorated the effects of brown tide, moderated summer temperatdrespaved the quality
and quantity of food resources for hard claiifseese changes in Bellport Bay since the formation of
the breach have coincided with improvements in indicators of clam success, namely growth rate and
Cl. In Central Great South Bay, culation patterns have changed since the breacmagdow

create conditions that further favor brown tide blooms and negatively affect ttaths.immediate
location ofthe breachgurrent data suggest tHabd resources are less abundant and of lower
quality, andthatpredation is greater.
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Finfish and Decapod Crustaceans

Great South Bay is a shallow, watlixed lagoonal ecosystem that supports numerous finfish and
decapod crustacean species (Briggs armstbu®d Conner
of salt water species in Great South Bay have occurred sinbestiehformed, particularly in the

areas of thday affected by the influx of ocean watéhese changes are evident from comparisons

made between faunal surveys conducted in éoade prior to the breach and survegsducted

after thebreachformed This sectiorprovides a synthesis of available pa&d postoreach data on

thefinfish and decapod crustacean communities in Great South Bay.

Synthesis of Finfish and Decapod Crustacean Information and Comparison of Pre-
versus Post-Breach

Great South Bay has experienced an increase in biodiv@rsitynumber of specieand in marine
species since thareachformed. These ecological changes are suspecteanmely Bellport Bay,
Narrow Bay, andvestern Moriches Bay (GobleCollier, and Lonsdale 2014)here water
temperature has reportedly decreased and salinity has increased due to an influx of ocean water
(Figure64). (It should be noted that data analysassduicted by SOMAS indicate that the impact of
thebreach on water temperature is inconclusive (Flagg pers. comm.r2@di5tothe fiPhysical
Resource3 s e)cti on
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Figure 64. Map of salinity before the breach (left panel) and after the breach (right panel) (from Gobler,
Collier, and Lonsdale 2014).

Frisk et al. (2015) compared 2007 (fmeach) with 20132015 (postreach) fish trawling data from

45 random statius in Great South Bay (Figu6&). Overall, there was an increase in species richness
from 35 b 60 species and a change in species composition after the tmenaet (Figures6). The
studyalso documentedn 80% decline in blue cragdmpulations, an estuarine specisd a 500%
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increase in lady crapopulations, a species adaptednarine enironmental conditions (Figure?).
Similarly, squid catch per unit effort increasedre tharB00%after the breach, and butterfish
populationgncreasednore tharl00%. Bay anchovyAnchoa mitchill) also increasenh relative
abundancepercentage of tat catch per unit efforover timg from 18% in 2007 to 79% (2013p
62% (2014), antb 72%in 2015.Although these studies are informative, it is not known whether

these changes in catch size are associated with the breach.
ﬁ
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Figure 65. Location of trawl samples. Forty-five random samples were collected before and after the
breach (from Frisk et al. 2015).
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Figure 66. Number of species per year collected in a Great South Bay trawl survey (from Frisk et al.
2015).
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Figure 67. Change in catch per unit effort over time for blue crab and lady crab collected in Great South
Bay trawl survey (from Frisk et al. 2015).

Finfish abundancerior to the breackvasrecordedat sites in Great South Bay, Moriches Bay, and
Shinnecock Bay (Figures @d69). Thesefaural surveysndicated that both finfish abundance and
diversity were lowest in Great South Bay compared to MorichgsaBd Shinnecock BayySACE
2004, 20060; EEA Inc. 2002). USACE (20®4 2006) performedsurveys of fish and invertebrate
populations at 8ites(selected specifically to assess fish populations in SAV libsis)outed evenly
among Great South Bay, Moriches Bay, and Shinnecock Bay in 2003 and again imt208tudy
collected water quality data, characterized SAV habitat, and collecteththly samplesrom June

to October2003, and monthly samples from June to November ZBig&Glar seining methods were
used in each yeaand the2003 surveydditionallyemployed visual observations by a snorkeler to
identify any species that were not collected in the seindResults from the survey showechgar
faunal distribution patterns in both years of the studsh both finfish abundance argpecies
richnesdeinglowest in Great South Bagind increasingrom west to easilhe largest values
reportedat two sites aar Shinnecock Inlet (Figur@® through73). Thelow finfish abundance and
species richnessbservedn Great South Bay wastributed by the authie togreater habitat
degradation in that location. the 2003samplesthe numerically dominant fish species included
fourspine sticklebackXpeltes quadrac)g32%), Atlantic silversideMenidia menidia (16%), and
blackfish Tautoga oniti¥ (15%). In D05, Atlantic silversidesM. menidig (26%), bay anchovyA.
mitchilli) (16.5%), and Atlantic tomcodMicrogadus tomcop(13.9%) dominated the catch. Seasonal
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trends for abundance asgecies richnedsllowed expected patterns for both years, with lower
values in the early spring and a peak in the late summer early fall. This reflected an influx of fish into
thebay as rising temperatures wahay waters.
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Figure 68. Site sampled during fish and invertebrate seine survey in 2003 (from USACE 2004b).
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Figure 69. Sampling locations for seine and throw trap survey conducted in 20007 2001 (from EEA Inc.
2002).
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Figure 70. Finfish abundance (black) and species richness (red) per site in seine samples taken in
submerged aquatic vegetation beds in 2003 (from USACE 2004b).
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Figure 71. Finfish abundance and species richness per site in seine samples collected in 2004 (from
USACE 2006Db).
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Finfish Abundance by SAV Station
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Figure 72. Finfish abundance per site in seine samples collected in submerged aquatic vegetation beds
in 2005 (from USACE 2006b).
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Finfish Biodiversity by SAV Station
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Figure 73. Finfish diversity per site from the 2005 seine survey in submerged aquatic vegetation beds
(from USACE 2006b).

EEA Inc. (2002) studied fish and invertebrate populations in the region fromia)Oaéober 2000

and Aprilto May 2001. Shoreline seine surveys were conducted biweekly at 15 sites from Fire Island
Inlet in the west to Shinneck Inlet in the east (Figu9). Of these, 7 sites were located in Great

South Bay, 5 sites were located in Moriches Bay, and 3 sitedoeated in Shinnecock Bay.
Additionally, a throw trap survey was conducted at a subset of 9 of these sites in September 2000
which fish were sampled with a dip net during the evaluation of the SAV in the throw trap.
Additionally, 4 tidal ponds were sigyed with a seine in September 2000. Similar to the geographic
trends reported by the USACE studies (29®@D0), the EEA Inc. (2002) shoreline seine survey

found that Great South Bay had the lowest abundances of fish overall, and that in genstal, finfi
abundance increased from west (Great South Bay) teatstq Shinnecock Bay) (Figurd). Similar
geographic patterns were observed in the tidal pond survey. Abundance and diversity of finfish in the
shoreline seine peaked in the late summer and edkhyith numerical dominants including Atlantic
silversides 1. menidig, sand lanceAmmodyteks striped killifish Fundulus majaliy bay anchovy

(A. mitchilli), and spotfin killifish Fundulus luciag Fish densities in the throw traps were generally

low and of similar composition to the shoreline seines. Mummickogdulus heteroclitysand

sheepshead minnowyprinodon variegatysdominated catch in thfeur tidal ponds that were
sampled.
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Figure 74. Finfish species richness (top panel) and finfish abundance (bottom panel) at each site during
seine survey conducted in 20007 2001 (from EEA Inc. 2002).

After the breachiormed, the relative abundance of fish near and east dréfaeh increased

comparedo other sites in the survey (Peterson 20281%). Peterson (20E5201%) found that

sites near Old Inlet and at Pattersquash in Moriches Bay had higher finfish abundance compared to
threeother sites ranging geographically from Great 8d&dy to Moriches Bay (Figurgb). The

most common species inglurveyincluded bay anchovytlantic silverside, and threspine

stickleback. In seineshe dominant species were kamychovy Atlantic silverside, and killifishand
Atlantic slversides and pipefisiS{yngnathinaedominated throw trap samplestlantic slverside

density contributed to theigher abundancealues observedt both Old Inlet and Pattersquaahd

the decline from 2013 to 2014 in seine abundance noted at Old Inlet refied®edease in Atlantic

silversideabundanceat that site.

97



3

R | w2013 T
8 2014 :
e |
g8 |
S " o |
Q
<g.
L
R4
L " T =

! — —
ol wm e =" . mm"
T T T T T
Sailors Haven Barrett Beach Watch Hill Old Inlet Pattersquash

o

o - =

| e— 2013 :
8 A 2014 |
C 1
© S
-o 8 —
= i
= . .
QO ' i
< 8 7 —
LW .
R i :
L.

o - Y —— = —_—

T T T T T
Sailors Haven Barrett Beach Watch Hill Old Inlet Pattersquash

Figure 75. Fish abundance from seine surveys (top panel) and trawl surveys (bottom panel) conducted in
2013 and 2014 (from Peterson 2015a).

A comparison of prdreachversuspostbreach abundance for migratory finfiaslas made between
data fromlong term surveyperformed before and after tB812breach Thestudieswvere performed
downstream ofhe dam in the tidal portion of the Carmans Rivdrich empties into Bellport Bay,
and which may provide habitat for some life stages of migratonglirifongtermmonitoringdata
suggestshat the anadromous alewifal¢sa pseudoharengysnigration run returns to th@armans
River have increased since threachformed a possible indicator that alewife are entering Great
South Bay through the breafrisk and Nyepers. comm2016. Since 2000, the NYSDEC has been
conducting an annual survey of American @elduilla rostrai) abundancén the Carmans River
(NYSDEC 201%), by deploying dyke netfor a6-week period in early spring. Glass abundane,
theearly juvenile phase of the catadromous Americajves notably higher during 2012 and 2013
whencompared t@bundance data from tipeevious nine yearsdowever, glass eel abundance
subsequentlgeclined in 2014 and 20Kurvey samplesAlthough increased numbers of glass eels
during the 2013 survey could be associated with conditions causedlirgaic, similarly high
numbers were recorded in the spring 2012 survey whickgter théoreach.lt is possible that some
other factor cotmibuted to the observed patterns in glass eel abundance for the American eel species.
Therefore, it isunclear whether thereach affected glass eel abundance at Carmans River.
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Habitat for freshwater and brackish water species has declined sirredteformed. This is
demonstrated bgre- and postbreach trawl surveys conducted by Frisk et al. (20@%¢h showed
sharp posbreachdecline(80%)in blue cratabundancafter the breacformed (Figures7). As an
estuarine specieslue crabare adaptetb the reduced salinity levels that occur within estuary
habitats and are less tolerant of ocean water salinity léhelsfore, it is possible that blue crab
populationshave retreatedloser inlando habitat with lowersalinity levels (such as brackisvater
found in tributaries), but no data gret available tsupportthis idea(McKown perscomm 2016§.

Return of SAV is providing habitat for finfish and invertebrates sincérgschformed.Prior to the
breachRuppiahad dominated seagrass bedu&reat South Bay, areklgrass which provides high

quality nursery habitat and refugia from predators for fisp@®a and Oviatt 200d)ad undergone

a significant declinéPeterson 2015201%; seet he A Sub mer ged Aato@.t i ¢ Vege:
Ruppia while providing some fish habitat, is a shorter grass with less physical compéeduffers

lower habitat value overall (Petersddl15a,201%). Since théoreachformed, the clearer, cooler

waterresulting fromthe open exchange of ocean water intoaG8outh Bay has promoted the rapid

recovery of eelgrassbeds (deh e A Sub mer ged Aeartiod particulalyengreasat i on o
adjacent to the breach and to the east towards Moriches Inlet (Petersar2®Qi5). These new

beds of SAV are providingabitat for fishPeterson (2015 201%) monitoredfish abundancen

beds of eelgrass amluppiafrom 2013 to 2014Abundance increased between survey yaads

higher densities of juvenile summer flounder and tropical spéeidshigher salinitylevel

tolerance)were observeth eelgrass beds adjacent to bneach.Previous studies have similarly

found strong associations with SAV characteristics such as shoot height or density and finfish
abundance (Raposa and Ovi at td UBFIMS 0981, Iut seegypACEand O
20060).

Spartinabeds also provide héaét for fish and invertebrateBrior to the breach, EEA Inc. (2002)
documentedncreasing invertebrate abundamoéncidingwith Spartinabiomass in albays, and
with finfish abundance iGreat South Bay; however, these trends were not statistically significant.

Invertebrates may experience high predation by finfish nedréaeh Pre-breach studies

demonstrated an inverse relationship between finfish and invertebrate abundancendbcattans.

For example, invertebrates were found to have greatest abundance where fish abundance was lowest
in a 2004 survey reported by USACE (26P@mnarsh grass shrinfalaemonetes vulgatisnd

green craljCarcinus maengdsn Cupsogue, Moriches Bay) and in a 202001 survey conducted by
EEA Inc. (2002) (marsh grass shriffip vulgarig; sand shrimpCrangon septemspinosand blue
crab[Callinectes sapidysn Great South Bay) (Figuréd, 74, 76, 77). This is likely a reult of

reduced predation due to lower fish abundaAdter thebreachformed, Peterson (2055201%)
observed lower grass shrimp densities neawnilternessreach where he also observed higher fish
densitieswhich he hypothesized could be drivingaoshrimp abundance. Predation also affects
seasonal trends in invertebrate abundance. For example, EEA Inc. (2002) found that invertebrates
were most abundant in the summer, with the exception of an August low, which the authors
attributed to predation bijshes which peaked in abundance during nasth
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Total Invertebrate Distribution per SAV Station (2004)
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Figure 76. Invertebrate abundance and diversity in seine samples collected in submerged aquatic
vegetation beds during 2004 survey (from USACE 2006b).
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Figure 77. Invertebrate species richness (top panel) and abundance (bottom panel) from seine survey
conducted in 20007 2001 (from EEA Inc. 2002).
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