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Introduction

Designated as an estuary of national significancédngresspmms
in 1987, Long Island Sound is home to a diverse networ
flora and faunaand over 4 million peopldt is an estuary of
recreational, commercial, and socioeconomic value.
Sound is bordered by the states of Connecticut and New |
and has avatershed area extending throudlassachusetts
New Hampshire, Vermont,Maine and Quebec thd
encompasses over 16,000 square miles and 9 million pe
Over time, the Soundhas been subject to the effects
increased nutrient loading as a result of arbation and
changes in land ugé&atimeretal., 2014. Seasonal weathe
patterns, particularly during the summer months, exacerbate the effects of nutrient loading, causing
hypoxic conditions in the Sounchost prominently in th@VesterrBasin. This, irturn, negatively impacts

the water qualityof the Soundthe ecosystem services and resources it provides, and the habitat that is
home to many species. In respotwséhe critical need to document summer hypoxic conditions in Long
Island Sound and itembaymentsas defined in the Long Il sl and
Conservation and Management Plan, the Connecticut Department of Energy and Environmental
Protection (CT DEEP) and the Interstate Environmental Commission, (l&€¢ monitored dissolved
oxygen, as well as key water quality parameters relevant to hypoxia, in Long Island Sout8%Ince

This report presents a summaryimfsitu and surface ckd data collected by CT DEEP and IEC during

the 20T hypoxia seasarBased on the 25 years of logla monitoring, the LIS hypoxia season extends
from June to Septembebata from the Long Island Sound Integrated Coastal Observing System
(LISICOS) are presented with permission for informational purposes. Sampling and analyses were
conducted under ERApproved Quality Assurance Project Plans.

The CT DEEP and IECong Island Sound (LISYater Quality Monitoring Programs are synoptic in
nature and are intended to characterize water quality conditions over a broad area (the entirB&bund).
programs supmt long term monitoring databases designed to detect changes in hypoxia due to changing
conditionge.g, management actions, climate change, productivity). Both programs also tatadgeg.
nutriens, BOD, TSS,chlorophyll g not currently availablefrom fixed station buoy applicationin
addition,CTDEEP provides limited biological data (plankton communities).

The LISICOS water quality sensors are attached to fixed locations and provide a holistic view of the
conditions over a more detailed spartiofe (.e., data measured every 15 minutes from one station as
opposed to every two weeks). The LISICOS continuously recording buoys have shown instances where
vertical mixing within the water column raises the DO concentrations above the hypoxic thoésh6ld
milligrams per liter (mg/L)for extended periods of time.@, days).These episodic conditions are not
captured by CT DEEP or IEC surveys

As such CT DEEP and IEC data provide a snapshot of hypoxic conditioriag a specific timeframe

while the LISICOS data provide a continuous measurement of hypoxia at specific buoy locations.
Together these monitoring programs are better able to characterize the extent and duration of hypoxia
across LIS. Both types of data contribute to a better undemstpofihypoxia in LIS.



What is Hypoxia?

The term "hypoxia” means low dissolved oxygen ("DO") concentrations inwtiter. The DO
concentration of a body of water can vary naturally, however; hypsxaften driven by anthropogenic
processes such as nutrient pollution (eutrophicakagure ). Marine organisms need oxygen to live, and
low concentrations, depending on the duration and theafizbe area affected, can have serious
consequences formarine ecosystem.

As defined by the Long Island SouBtldy,hypoxia exists when DO drops below a concentration®f 3
mg/L, although research suggests that there may be adverse effects to organisms above this leve
depenling upon the length of exposyiEePA, 2000andSimpsoret al.,1995)

The ConnecticutDepartment of Energy & Environmental Protecti@TDEEP) the New York State
Department of Environmental Conservatity SDEC), and the Interstate Environmental Commission
(IEC) havewater quality criteria for dissolved oxygen. These criteria, designed to protstdtd@vaters

from degradation, define hypoxia as DO concentrations below 3.0 mg/L. Low oxygen levels can occur
naturally in estuaries during the summer, when calm weatiraitions prevent the mixing of the water
column that replenishes bottom water oxygen during the rest gietireHowever, excess nitrogeran
exacerbatéypoxia beyond that which may be caused by natural conditions.
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Figurel: biogeochemical cycles in aquatic environments; from:
https://www.epa.gov/sites/production/files/201803/eutro_big.jpg




Factors that May Influence Dissolved Oxygen in LIS

In LIS, water temperature plays a major role in the ecology of the Sound especially in the timing and

severity of the summer hypoxia event. | EC6s mor
data weekly from June t onit&iagptogrambrecords watdr teraper&ures D E |
and salinity year ound . Data collected during | ECA6s week

monitoring cruises are used to help estimate the extent of favorable conditions for the onset, extent, and
end ofthe hypoxic event. The conceptual diagram below, while developed for Chesapeake Bay, applies
to Long Island Sound. In LIS, there are two key contributors to hypoxia: nutrient enrichmematand

column stratification due to temperature and salinity gradi®&lutrients, especially nitrogen, flow into

the Sound from numerous sources including point sources like wastewater treatment plants and nonpoint
sources such as stormwater runoff.

This nutrient enrichment leads to excessive growth of phytoplanktomticpkarly in the spring.
Temperature can stimulate or impede phytoplankton growth. As the plankton die, they begin to decay and
settle to the bottom. Bacterial decomposition breaks down the organic material from the algae, using up
oxygen in the process.

Extensive hypoxia and anoxia Minimal hypoxia and anoxia

= eq, . =
~No o O (x4 §8
Loads Phytoplankton Decomposition Temperature Wind event
Large amount | Large nitrogen  Elevated nutrients  High oxygen Warm water Mo wind event:
of low dissolved | and phosphorus cause large consumption by a) Stimulates decomposition  water column
oxygen loads phytoplankton decaying b) Stratifies water column remains stratified
blooms phytoplankton ) Stimulates phytoplankton
Little amount | Small nitrogen  Less nutrients Low oxygen Cool water: Wind events destratifies
of low dissolved | and phosphorus lead to small consumption a) Slow decomposition water column:
oxygen loads phytoplankton by decaying b) Mixed water column a) Bottom water aerated
blooms phytoplankton ) Slow phytoplankton growth  b) Mutrients move to surface

Conceptual diagram detailing the factors that determine the dissolved oxygen content of the tidal waters of Chesapeake Bay
Diagram courtesy of the Integration and Application Network (ian.umces.edu), University of Maryland Center for
Environmental Science. Source: Ecocheck
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Recent History of Hypoxia in LIS

Each summer low oxygen levels rend|
hundreds of square miles of bottom wat

unhealthy for aquatic life. Dissolved oxyge|
levels follow seasonal patterns with a decre: i‘:%

in bottom wateconcentrationsver the course

of the summer. Hypoxic conditions during tf
summer are mainly confined to the Narroy

and Western Basin of Long Island Sour
(Figure3). Those areas comprisesthection of
the Sound west of a line from Stratford, CT |
Port Jefferson, NY. The maximum extent 1
the hypoxic area typically occurs in early
August.

THE FREQUENCY OF HYPOXIA IN LONG ISLAND SOUND Bb{ﬂ'OM WATERS
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EPA, NY and CT implemented th&otal
Maximum Daily Load to Achieve Wate
Quality Standards for Dissolved Oxygen
Long Island Sound (2000 TMDyhich has

resulted in significant progress in reducir :

open water Sound hygiz conditions. Across

Connecticut and New York, 106 wastewat] -

treatment plants have been upgraded and
million fewer pounds of nitrogen have enterg
the Sound (51.5% reduction).

LIS Point Source Nitrogen - Trade Equalized Loads

Figure4: Nitrogen Loadssource: EPA, LISS, CTDEEP, NY

EPA estimates a 40% reduction in the fixgar
rolling average area of hypoxia acrogse
Sound, compared to pieMDL levels (EPA
2015).
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Figure 5:extent and duration of hypoxia
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Figures 610display the percentage of years when dissolved oxygen concentrations at each station were below 3.0
mg/L in the bottom waters of Long Island Sound infj&ar intervals. The maps show the area of hypoxia reducing

in the Western Sound (Stations 09, E1).D8hile hypoxia ontinuesto persist in the Narrows (Stations A4, B3,
C1)the inclusion of IEC data shows that hypoxia in the narrows is localized to specific stations.
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Habitat Impairment Associated with Hypoxia

The foll owi

ng

d e s AreaDay Demetion (BADDY) ihdex ofihBhitad im@asnsent was

excerpted from an article written by CT DEEP Marine Fisheries Biologist Penny Howell for the
July/August 2014 edition of CT Wildlife Magazine.

For Long Island Sound, DO levels below 3 mg/L are icmed hypoxic, causing mobile animals to leave and sessile animals

to die or be physically or behaviorally impaired. However, DO can become limiting below 4.8 mg/L for sensitive fish species,
such as whiting and scup, while more tolerant species, sumti&sfish, bluefish, lobster and Atlantic herring, are not affected

until DO falls below 2 mg/(Simpsoret al,1995,1996).

An index of

habitat
Division based onx¢ensive sampling in the Sound from 198®3(Simpsonret al,1995,1996)

-DanpaDemeati omMm®@i 0 BADPD) Awaa
Il nstead

devel oped
of indiv

responses to low oxygen, an aggregate response of 18 demersal {Batttimg) finfish species was calculated as a general
index of the impact on limg resources to low oxygen conditions at or near the bottom of the Sound. The total weight, or
biomass, of these demersal finfish species captured in samples taken at various levels of low DO was quantified ant the perce
reduction in biomass from thatpgaured in fully oxygenated water was computed. These studies showed that the finfish biomass
is reduced by 100% (total avoidance) in waters with DO less than 1.0 mg/L. In waters witl® In@/L DO, biomass is
reduced by 82%, while a 41% reduction occair2.02.9 mg/L DO, and a 4% reduction occurs at-3.0 mg/L DQ(Simpson

et al,1995 1999.

For each survey the total area of the Sound encompassing eaghriterval of DO is calculated and the depletion percentage
applied. These area depletions artersned over the number of days they persist during the designated hypoxia season. The

summed areday depletion is then expressed as a percentage of the total available area (total sample area of22,723 km
multiplied times the total season (94 days). Aimar BADD index of 100% would result from severe hypoxia occurring over
the entire study area for the entire hypoxia season.

. L2 . . . .
In an average year, hypoxic waters cover ~448 k69 miles) for 55 days and result in a BADD impairment index of 2.5%.

In theworst year(1994) hypoxia spread over 1,000 %r(895 milesz) for the entire season, resulting in a BADD index of
almost 9%.In 2017, the BADD index was 1.34% down from 3.05% in 2016.

10%
9%
8%
7%
6%
5%
4%
3%

2%

Biomass Area*Day Depletion Index (%)

1%

0%

wn
a
a
-

Fiqurell

BADD index

2010
2011
2012
2013
2014
2015
2016




2017 Summer Weather Conditiors

The Northeast Regional Climate Center (NRCC) at Cornell University is tasked with disseminating climate data
and information for 12 state$his climate information is useful as physical processes influence the timing and

Avg Temperature Departure (°F) L
June - August 2017
’\)

Precipitation Departure (inches)
June - August 2017

Figurel2

duration ofhypoxia. The summer of 2017 wasariable. The season
started out slightly warmer than meal with above average rainfall.
August wrapped up the season on the dry side with below average
temperaturesSeptember brought cooler than normal temperatures this
fall and $ifted into October with some record setting warm days at
multiple climate sites. June and July were 0.2°F above normal while
August was 1.3°F below normal, and September was 3.0°F above
normal. Consequentlythe summer of 2017 (Jumaugust) was 0.3°F
above averagéWarm temperaturesontinued into November where the
region as a whole was 2.0°F abawermal. The averagenaximum
summer (Junéwugust) 2017air temperatures at climate sites around
Long Island Sound ranged from 831in BridgeportCT to 82.8 °F at
LaGuardia Airport in Queens, NY and at Islip, NY on Long Island.

The Northeast received 107% of its normal precipitation for June
through AugustAt the beginning of June (week June&617) the U.S.
Drought Monitor indicated that 100% (cumulatipercentarea) of the
Northeast was not in any drought categaith the reion receiving
over 100% of itprecipitationin June and up to 122% of its precipitation
in July. There were multiple record setting rainfall events which
occurred in Maryland, Pesglvania, New York, and New Jersey
causing flooding and harmful algal bloods. r ar e Nor 6east
region around July 27By Mid-August ~10% of the region was
abnormally dry. Transitioning into fal8% ofthe Northeasmnoved into
moderate drought.

Comparativel vy, |l ast year 6s summer
extreme drought (categorp3) covering over 5% of the region in
September 2016 (figurd3, below. Across Long Island Sound,
precipitation totals varied widely from site to site and month to month.

Across the coastalreasof Connecticut and New York, summer rainfalls were sligh#low normal ranging from
78%97% of normal for June, 79%6% of normal for July and 59%3% of normal for Augustdowever, as a
whole Connecticut and New York had over 100% of their normal precipitation for June and July.

=
® > =

Figure 13The Northeast drought monitor percent area of drought June 2016 through October 2017
Roxes define the annroximate siimmer hvnoxia monitorina seasons.
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CT DEEP Program Overview

Since 1991, the Connecticut Department
Energy & Environmental Protection (C '
DEEP, formerly the Department o
Environmental Protection, (CTDEP) h3 1
conducted an intensive yeayund water
quality monitoring program on Lonigland
Sound (LIS).

R/V John Dempsey

Water quality is monitored at up to forty
eight (48) sites by staff aboard th
Depart ment 0 s Vess& elohm &8
DempseyData from the surveys are used fj
qguantify and identify annual trends a
differences in water quality parameter
relevant to hypoxia (low dissolved oxygen),

especially nutrientdemperature, and chlorophyll. These data are also used to evaluate the effectiveness
of the management program to reduce nitrogen concentrations. During the summe3épteraber) CT
DEEPconducts additional summer hypoxia surveys atdekly intervals to better define the areal extent

and duration of hypoxia.

DEP stations in Long Island Sound

Prt eﬂerson

Smithtown

0 30

10 20 40 Kilometers

Figure 14 stations sampled by the CT DEEP LIS Water Quality Monitoring Program.




CT DEEP Methods

In situ data and nutrient samples are collected monthly year round from 17 sit@eeBy hypoxia
surveys start in midune and end in September with up to 48 stations sampled during each survey for in
situ parameters. All samples are collected and analyzed ERFeapproved Quality Assurance Project
Plans.

Dissolved oxygen, temperature, pH, and salinity data
collected in situ (on site in the water column) using
electronic instrument called a Conductivity Temperat
Depth recorder (CTD). The CTD, a SBad model SBE

19 SeaCat Profiler equipped with auxiliary dissolV
oxygen, photosyntheticalgctive radiation (PAR) and
pH sensors, is attached to a Rosette Sampler. The R
is lowered off the stern of the R/V John Dempsey thro
the water columntaa rate of approximately 0.2 mete
per second, measurements are recorded every|
seconds, creating a surface to bottom water colf =
profile. In situ data are reviewed in rdahe with
measurements recorded on field data sheets at
distinct depths(near bottom = 1 m off the bottom,
bottom= 5 m off the bottom, and surface = 2 m below the surface).

Water samples for nutrient analysis are collected using Niskin water sampling bottles that are attached to
the Rosette Sampler. The bottles are remotggered from the shipboard lab, allowing a water sample

to be collected from any specified depth. CT DEEP samples are collected as the Rosette is retrieved (i.e.,
on the upcast) from two depthet 5 meters above the bottom (referred to as Bottom sarapl@é® meters

below the surface (referred to as Surface samples). Samples are filtered aboard the mini laboratory and
preserved for | ater analyses at the |(Soienceamdsi t vy
Engineering in Storrs, Connecticut.

Samples are analyzed for dissolved silica, particulate silica, particulate carbon, dissolved organic carbon,
dissolved nitrogen, particulate nitrogen, ammonia, nitrate + nitrite, particulate phosphorus, total dissolved
phosphorus, orthophosphate, chlordphybiochemicaloxygendemand, and total suspended solids.

Since 2002, CT DEEP has collected zooplankton samples from six stations and phytoplankton from ten
stations across Long Island Sound. The samples are sent to researchers at the Universigcat@on

who identify species composition, abundance, community structure, and spatial and temporal distribution
throughout the Sound.



IEC Program Overview
The Interstate Environmental Commission (IEC) is atate water and air poIIutio
control agency located in Staten Island, NY on the College of Staten Island ca
Established in 1936, the IEC serves the states of Nevk, New Jersey,and
Connecticut. Thé E Cadea of jurisdiction runs west from New Haven, CT
and Port Jefferson, NY, on Lgnsland Sound. As of 2012, IEC has beer A
a temporary host relationship with the New England Interstdtger %’Nggllnml:cmc
Pollution Control Commission (NEIWPCC). Pollution Control Commission

IEC has conducted monitoring in the far Western Long Island Sound and the Upper East River since 1991.
Since 2014, | EC6s monitoring program has i mpl
nutrients, to align it with CT DEEPG6s progr am.
to effectively measure key water quality indicators tdead by the Long Island Sound Study (LISS),

such as dissolved oxygen and nutrients, which are important for understanding, and mitigating, hypoxia
in the far western Long Island Sound. | ECb6s WLI
methods, is outlined in a Quality Assurance Project Plan (QAPP) that is revised annually and approved
by EPA Region 1.

| ECO s monitoring program i s conducted bet ween
concentrations in western Long Island Sound are #yfpiat their lowest levels. This allows for better
characterization of hypoxia and identification of critical areas in the far western Sound.

IEC collectsin situdata from 22 stations in the far weste| IEC siafiue

(Narrows) potion of the Sound on a weekly basis (s~
figure 15).In situ parameters include water temperatu 3‘3’5
dissolved oxygen, salinity, pH, and water clarity (Sec{ =
disk depth). In addition, IEC collects biweekly samples %=
chlorophyll g biochemical oxygen demdn(BOD), total |
suspended solids (TSS), and a suite of nutrient paramg
More information about IEC and its monitoring progra
can be found below or on the IEC websit

(http://lwww.iecnynjct.orgd.

Di ssolved oxygen data from 13 of I EC6s 22 stati
estimateghat are presented in this repdrhese 13 station(&1, A2M, A3, A4, HA3, HB, A5, HC1,

HC, B1S, B2, B3M, B4)epresent open water portions of thesteen Narrows DO data collected from

| EC6s e mbay me n tutliged en ireabestimmated@ditianally) data collected from six IEC
stationg(Al, A2M, A3, A4,A5,B3ar e presented along with data fr
(A4, B3, D3, B, H4, 12, and M3) to examine the west to esgsttial patternsf temperature, salinity,

dissolved oxygen, and chlorophyltancentrations across the Soumtlese stations are along an axial
transect that approximatestthalweg of the Sound. Supplert@tEC data fronLittle Neck Bay,

Manhasset Bay and Hempstead Harbor appear in Appendix A of this report. Additional IEC data are
available uponrequestandinE C6s weekl y season summari es
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http://www.iec-nynjct.org/

|IEC Methods

Dissolved oxygen, temperature, salini;md pH éta are collected using a YSI EXO 1 Multiparameter
Sonde at bottom, mjand surface depths at all 22 stations on a weekly trasislune through September.
For stations with a depth of less than 10 meters, only surface and bottom measurements ark tollect
addition, data collection include®gcording observationsof percent cloud cover, sea statd the
measurement ofater clarity(Secchi disk depdas well as weather and precipitation data.

Surface grab samples (within one meter of the surfaeega@lected on a biweekly basis June through
September fochlorophyll aand Total Suspended Soli(lESS)at all 22 stations and a suite of nutrient
parameters and Biochemical Oxygen Dem@f@D) at 11 of the 23tationsFigure 15highlightswhere

sample collection takes place and for which parameters. Samples colleakldfophyll a and’'SS are
collected directly into a clean, dry, 16@€L polypropylene sample bottle and are stored in the dark. BOD

and nutrient samples are collected usirdean, dry, 200@nL polypropylere sample bottle. All samples

are kept at O4AC dur i n ¢C amiatbreThe IE®laboratanyds Atioreln s p o
Environmental Laboratory Accreditation Program (NELARjtified environmental testirlgboratory

N
wede e The 11 stationselectedor BOD and nutrient
% ® sampling (added to the program in 2014
HAdg - ’ were chosen based on feedback and input
e Wi from the Long Island Sound Study Water
i » Quality Monitoring Workgroup.
DIt ‘@ Abg
® HC1g
Adg
HC.
E12. A3. HD,
e
&;%9&.
A1‘.‘ AZM. 9-413.
8-405 IEC Long Island Sound
8-403g Sampling Locations
[ ] Chiorophyl a, TSS, BOD, Nutrients
0 125 25 5 Miles WS ccnnehvla 1SS

Figure BL 9/ Qa4 wWH Y2YyAG2NRAYy3I adl a.

The specific nutrient parameters that are analyzed incwaeonia,nitrate+nitrite particulatenitrogen,
orthophosphate/DIPtotal dissolved phosphorus,particulate phosphorus,dissolved organic carbon,
particulate carbon, dissolved silica, and biogenic silica. chlorophyll a, TSS, BODand all nutrient
parametergwith the exception otlissolvedorganic carbon andparticulatecarbon) ae analyzed at the

IEC laboratory. Samples falissolvedorganiccarbon andparticulatecarbon analysis are subcontracted

to the University of Maryl andds Center for Env
Nutrient Analytical Serices Labortory in Solomons,MD. Further information on sampling and
analytical methods can be found in the E&#proved QAPRAmMbient Water Quality Monitoring in Far
WesterrLong Island Soundrersion 3.0.
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LISICOS

The Long Island Sound Integrated Coastal Observing System (LISICO
established in 2003 as a component of a regional/national ocean obs
system. The system was conceptualized as part of a water quality moni

program that combined the tradite ship based point sampling survey

with continuous, realime sampling stations. Funding for the program
first provided through the Environmental Protection AgeBayironmental
Monitoring for Public Access and Community TrackifgMPACT) grant
program and is now providedin part, by the National Oceanic an

Atmospheric Administration.

The initial goal was to

changes

Q) University of Connecticut

partment of Marine Sciences

LISICOS -- The Long Istand Sound Integrated Coastal Observing System

rore bos Us Dets: FORECASTS Dats: CODAR Dsta: REALTIME Duts: HISTORICAL WetCam Agran

Welcome to the Long Island Sound Coastal Observatory

NOTICE: Exstern Sound offine for repess, exp when fi

Choose a data product:

Monizoring.. ~ [ mose rorecasss. . ~  [coasmirazares . v

Or sefect a station from the map below:

USICOS mebiie sccen: Naicosusomn.edu!m/

Funsing orevises By NOAA In Su000t of the U.S. Imsegrates Ocess Stserving System

UNvetsTy of Covestic - Dest. of Mating STences - 10B3 Soeveccssens Xoad - Geoten, TT 9630
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devel
LIS ecosystem and predict its response to natural and anthropo

op

LISICOS monitors water quality
parametersg.g, salinity,temperature,
dissolved oxygen, surface waves,
photosynthetically available
radiation, chlorophyill) and
meteorological parameters.g, wind
speed, direction, barometric pressure,
wave height) at up to ght stations
across the Sound. Sensors are attached
to a moored buoy at various depths
(surface, mid, bottoin Data are
transmitted every 1\inutes in real
time via satellite where they are stored
in a database and uploaded to the
LISICOSwebsite:
http://lisicos.uconn.edu/index.php

The system is maintainethy the
University ofConnecticut.


http://lisicos.uconn.edu/index.php

2017 Important Facts

CT DEEP conductesevensurveysduring the summer of 2@betweenlure 6" and Septembeirst Over

the course of the season, fifteen (15) statextsbitedhypoxia Of the 275 site visits completed in Z01

hypoxic conditions were found during three surveys.

|IEC conducted twelvsurveysduring the summer of 2between Jun27" and Septembeil™". Hypoxic
conditions were found durinfive surveys (embayment stations includeifteen stationsexhibited
hypoxicconditionsover the course of the season

Table 1: Extent and Duration of Hypoxia

cruse | swowe | enapue | Mmooz o) T Jnoo | S
WQJUN17 6/5/2017 6/8/2017 17 0 0.00 6.67 A4
HYJUN17 6/20/2017 6/21/2017 23 0 0.00 4.65 A4
IEC Run #1 6/27/2017 6/27/2017 13 2 0.86 A4
WQJUL17 7/5/2017 717/2017 34 0 0.00 3.65 A4
IEC Run #2 7/5/2017 71512017 13 0 2.36 H-C
IEC Run #3 7/11/2017 7/11/2017 14 0 3.35 A4
HYJUL17 7/18/2017 7/20/2017 40 6 69.9 2.14 02
IEC Run #4 7/18/2017 7118/2017 13 1 2.97 B2
IEC Run #5 7126/2017 7126/2017 13 0 3.86 Al
WQAUG17 7131/2017 8/2/2017 43 0 0.00 3.37 F3
IEC Run #6 8/1/2017 8/1/2017 13 0 3.69 H-C1
IEC Run #7 8/8/2017 8/8/2017 13 4 2.45 A3
IEC Run #8 8/15/2017 8/15/2017 13 13 1.53 A5
HYAUG17 8/14/2017 8/16/2017 40 5 44.13 1.11 A4
IEC Run #9 8/22/2017 8/22/2017 13 8 1.90 A4
WQSEP17 8/28/2017 9/1/2017 40 3 42.39 2.46 A4

IEC Run #10 8/31/2017 8/31/2017 13 0 4.56 A2M
IEC Run #11 | 09052017 9/05/2017 13 0 3.00 A4
HYSEP17 No Survey No Survey - - - - -
IEC Run #12 9/11/2017 9/11/2017 13 0 5.56 A2M

NC= Not calculated
Bold= highest area of hypoxia
*|EC samples 22 stationsowever only 13tations are included
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CTDEEP and IEC have been collecting summer dissolved oxygen data across the Sound since 1991. Recent dat
from the past ten years (20@817) are presented in box platsfigure 16to demonstrate the spatial (top) and
temporal bottom) variability. Movingfrom West to East, DO concentrations in Long Island Sound typically
increase. The average DO from each survey tends to decrease in late June and then rebounds in late August.

CT DEEP and IEC Minimum Dissolved Oxygen in Long Island Sound
Summer Months 2008-2017
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CT DEEP and IEC Minimum Dissolved Oxygen in Long Island Sound
Summer Months 2008-2017
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Figure 16Spatial and temporal distribution of minimum dissolved oxygeronglisland
Sound; 20082017. Summer is defined as JdBeptember.

14



Timing and Duration of Hypoxia: 19911 2017

Start dates and end dates for the hypoxic events are estimated by plotting CT DEEP and IEC data from

stations A4 and B3 in an Excel spreadsheet and then using a Immarikers chart to interpolatehen
the DO concentration drops below/rises above 3.0 mg/L. The [dfdoxic event wasstimated to have
begun on Julyl8™. There was a clear peridmtweenJuly 27 and August 8 when DO concentrations
rose above 3.0 mg/L and remained above this threshol@ fdays. This is also evident in data collected
by the LISICOS Execution Rocks Budlfigures18-20). This increase is partly attributable to a rare
summerti me Nordeaster that-31¢WWS 2017NY® Patchh 30h7)DOh e
concentrations decreased below the hypoxia threshold agaungust7thand remained there for another
23 days, until the 29tbf Augustwhen concentrations climbed above the 3.0 mg/L thitdsk@mmpared

to the previous 2¢ears, 2017 was the SHORTEST evelaisting 26days and was well below the average
of 53 days

Table 2: 2017 Duration Estimates

Estimated Start Dat{ EstimatedEnd Date | Duration (days)
Event #1 7/18/2017 7/20/2017 3
Event #2 8/7/2017 8/29/2017 23
Total 26

YearlyComparisorof Duration of Hypoxia (DO<3.0 mg/L)
90 -

79

80 f
[ 73

Avgerag
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53 days &1
23
34 | |

66 65
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Table 3: Onset and Duration of Hypoxia, 192017 (CT DEEP data only

i Table 3displays the onset,
Estimated| Estimated Mamgnéj ™ | Duration duration, ar;ldy end of the
Year | StartDate| ppg pate mi? (days) | hypoxic events from1991
1991 | July19 | Aug28 122 41 through 2017based onCT
1992 July 7 Aug 30 80 55 D!EEP data only. This table
1093 | July9 | Sept10 | 202 64 wil be updated 1 e luture
1094 | July1 Sept 6 303 68 once historic (199BO15)
1995 | July12 | Aug16 305 35 inﬁ'“l’gg'ealg‘gp dsaf‘;e updatedto
1996 Aug 10 Sept 12 220 34 '
188; ‘]JUJK/ZJ gggt 12 136?8 é’g Using the LIC?deiss;leed
oxygen standard of 3.0
;ggg JU:Vg Aug 261 12% gl mg/L, the average date of
July Aug 17 > onset was July 12 +(0
288; :]]UW 1205 iept2184 gg gg days), the average end date
2003 Juunls 5 Sl;qpt 3 345 61 was September 212 d.ays)
2004 July 20 Sept 12 202 5 and the average duration was
55 days £13 days).
2005 July 14 177 69 The earliest onset of hypoxia
2006 July 6 Aug 27 199 53 (red text) occurred odune
2007 July 16 Sept 11 162 58 25, 2002 and the latest end
3883 JJuullyvfg SSeeprftllg 1281 4712 date (green text) occurred on
2010 July5 August 13 101.1 40
2011 July 6 Auqust 28 130.3 54 The maximum area of
2012 July 10 Sept 10 288.5 63 hypoxia was 393 square
2013 July 8 Sept 7 80.7 62 miles (blue text) and
2014* | July24 | Sept9 87.1 35 occurred in  1994. The
longest  hypoxic  event
2015 | July16 Sept 10 38.3 57 occurred in 2008 (magenta
2016* July 8 Sept 3 197.5 51 text) and Iasted9days. The
2007 | Juy18 | Aug2o | 609 25| Sccuned in 3017 and asted
Average July 12 Sept4 166.8 mf 53 26 days (orange text).
Deviation | +10days | +11 days i88_3mi2 + 14 days

* In 2014,2016, and 2017 there were clear periods where the DO concentration rose above the 3.0 mg/L
threshold in the early/middle part of August before dipping again during late August and early September.
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Continuous Dissolved Oxygen Data
LISICOS Buoys2017

Reattime bottom dissolved oxygen datallected by the ISICOS buoys in Western Long Island Sound

are depicted in Figures 19 and. 20hile realtime data were not available from the buoys in 2017, the
sensors still logged the dataternally. Data were periodically uploaded by UConn staff during
maintenance cruise¥he data show the clear period in late July/early August when dissolved oxygen
concentrations rose above the 3.0 mg/L thresidid is partly a result of a summertiNeo r 6 e ast er
swept through the aredigure 18 shows the wind speeds and wave heights recorded by the buoys during
this storm event.

The climatology from both the Execution Rocks buoy and the Western Sound budsogmesentedn
the Figures19-20. The continuous data are represented lijuea lineon the Execution graph ana a
orange line on the Western Sound gragte dverage of th&0-yeardatasets represented byldack line
and the variability observed over the historical statemordis thegray shading.

Wind Speed

44039, WLIS

Hourly Wind Speed -44039 ——
Hourly Wind Speed -WLIS ——

L
20 F

15 F

mph

10

Wave Height

44039, WLIS

Houry Wave Height - 44039 ———
Houry Wawve Height -WLIS ——

Figure 18/Nind speed data (a) and wave height data (b) from Central LIS (44039) and Wes
LIS duringsummer 201 b2 NRSF aGSNXWP 5246yt 21 RSR FNRY
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Based on LISICOS Western LIS Buoy Data Collected Between June 1 to October 1
(SeeRed BoxFigure 19)

Estimated Dates 8/9-8/11, 8/148/21,8/26-8/28
Duration below 3.0 mg/L (cumulative da 10.88

Duration below 2.0 mg/L (cumulative da 0

Duration below 1.0 mg/L (cumulative da 0

Minimum DO value (mg/L) 2.25 @August18)

Based on LISICOSExecution RocksBuoy Data Collected Between June 1 to October 1
(SeeRed BoxesFigure 20)

Estimated Dates Event #1 TI7117-7/24/17
Estimated DateEvent #2 8/2/17-8/29/17
Duration below 3.0 mg/L (cumulative days) 31.31
Duration below 2.0 mg/L (cumulative days) 12.45
Duration below 1.0 mg/L (cumulative days) 0.35
Minimum DO value (mg/L) 0.78 (August16)

Data obtained fronT. Fake, UCONN, 12/21/1Duration is calculated by LISICOS by summing the time (in days)
of the number of samples where DO was below the specified value (T. Fake, pers comm. 18 Octoldeaiz012).
are provisional and subject to charg
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Area Estimates

The peak hypoxic event ocecad during EC Run #8 and theHY JUL17 cruisesbetweeril8 and 20 July
Based on théraditional CT DEEP stations only interpolatipthe maximum area was69.9 square
miles. Compared to the previou&d-year average, 201 was below average in aredsee figure
below) The lowest dissolved oxygen concentratiod{ing/L) documented by CT DEEP during 201
occurred ory/18/17at Station A4The lowest dissolved oxygen concentration documented bylEGg
2017 (excluding embayment stations and Aarly Junedccurred on 7/15/1Was 1.53 mg/lat Station
A5. The Execution RockBuoyecor ded i t s@/8 mgiwoa 8/16/1F# eadi ng

The maximum areal estimaffgure 21)is still based on the traditional CT DEEP only data to maintain
the contimity of the longterm data set and because the emtisvious24-yeardataset has not been re
interpolated using both the CT DEEP and IEC stations.

Table 4demonstratethe differences in the areal estimates between using CT DEEP data alone and CT
DEEP data combined with IEC data. Differences in areal estimates are attributed to the increase in spatial
coverage in the Western Sound. By increasing the spatial coverageaghinterpolation software used

to create the maps places less emphasis (weighting) on stations A4 and B3. For example, if one looks at
the areal estimates for tNéQAUG17/IEC Run 8 evenCT DEEP only data provides an estimatel &

square miles of thbottom watemwith DO concentrations less than 2.0 mg/L. Adding in the IEC data
increaseshe estimate t@8.4square miles. Looking at the mdpsm the HYAUG17 and Survey #&lps

to further illustrate this. On the IEC only map (top left) one can sdethliree are3 statons with
concentrations in the-1.99 mg/L range. The CT DEEP only map (top right) uses data drdgntwo

stations A4 and B3, to interpolatiat area in the-1.99 mg/L range.

Table4 demonstratethe differences in the areal estimsbetween usingT DEEP data alone ar@T DEEP

data combined with IEC data.

Yearly Comparison of Maximum Areal Extent of Hypoxia
(DO<3.0 mg/L)
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c
8 150 - 121 133130 130
bt 101
50 +
0 n
I N MO g IO O I 0 O O d N M IO © N~ 0 0 O 1 AN M T 1 © N~
DO OO OO OO O O O O O O O O OO0 O o d oA o o oA o
D OO OO OO OO OO OO0 OO O O O O O O O O O 0O O o o o o o
= AN AN AN NN AN NN NN AN NN NN
Figure 21




Table 4: CT DEEP and IEC Hypoxia Areal Extent(mi?)

Survey Area <1.0 mg/L Area <2.0 mg/L Area <3.0 mg/L Area <4.8 mg/L
IEC & IEC & IEC & IEC &
DEEP DEEP DEEP DEEP DEEP DEEP DEEP DEEP
WQJUN17 0 - 0 - 0 - 0 -
HYJUN17 0 -- 0 -- 0 0 15.64 --
WQJUL17& IEC Survey #2 0 0 0 0 0 2.20 85.95 79.42
HYJUL17 & IEC Survey #4 0 0 0 0 69.9 42.55 504.3 508.77
WQAUG17& IEC Survey #6 0 0 0 0 0 0 475.68 453.28
HYAUGL17 & IEC Survey #8 0 0 4.8 18.42 44,13 63.71 484.17 502.28
WQSEP17& IEC Survey #10 0 0 0 0 42.39 5.67 218.50 194.60

HYSEP17

No DEEP Survey
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Hypoxia Maps

The following maps depict the developmenthgpoxia based on CT P and IEC data through the
2017season. Data for all surveys are available upon request.

A combination oimapshasbeen created faachlEC and CTDEEP surveythis includes combined maps

for overlappingsurveys The following 13 IEC stations were incorporated in the combined maps: Al,
A2M, A3, A4, A5, B1S, B2, B3M, B4, HA3, H-B, H-C, H-C1. As IEC and DEEP share two stations (A4

and B3), the data from these stations were averaged together to create the newdompis IEC
stations in embaymentsd., DI1, DI2, 9409, 9412, 9413, E12, 8405, 8403, and HD) were not
included in the combined maps. While areal estimates were calculated using these combined hypoxia
maps and are presented in this report, theytarbe considered for informational purposes only. It is
inappropriate to utilize the combined areal estimateseasftitial hypoxic area for 201&s they are ot
comparable to the previod8yearsof estimates. DEEP ia the process of updating dfle areal estimates

from 1991 to the present utilizing historical datasets from IEC. Once completed the datasets would again
be comparableDuring the WQJUNT survey conducted Jun&-8, all CT DEEP stations had DO
concentrations above 4.8 mg/L; therefore nmaps were produced.

22



HYJUN17

CT DEEP sampled 23 stations during the HYJUN17 survey that was condue2ddJ2ly 2017. The
lowest dissolved oxygen recorded during this survey wastbn A4 with a concentration of 4.6b6g/

L. Therewere 40.5 krf of bottom water that had dissolved oxygen concentrations less than 4.8 mg/L
during the HYJUN17 survey

Dissolved Oxygen in Long Island Sound Bottom Waters
20-21 June 2017
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IEC Run #1

IEC conducted itfirst survey on Jun&8", four stations had concentrations below 4.8 mg¥4, H-C1,
A5, and A3.The lowest dissolved oxygen recorded during this survey wastadion A4 with a

concentratiorof 0.86 mg/L. However, this value is considerad outlier and was not used to calculate
the start date or duration of the 2017 Hypoxia Seaddme historic lowestissolved oxygen concentration

recorded by IEC at Station A4 during a June survey was 2 mg/L in 200A4eahistioric lowest dissolved
oxygen concentration recorded by CT DEEP at Station A4 during an HYJUN survey was 2.84sog/L

in 2004.
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CT DEEP WQJUL17 and IEC Run #2

During theWQJUL17andIEC Run #2surve\s dissolved oxygen concentrations in the bottom waters of
LISwere less than 4.8 mg/L six CT DEEP stationandten|EC stations
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IEC Run #3

IEC conducted its third surveRun #3 onJuly 11", Two stations(/A4 and HC) hadconcentrations
below3.5 mg/L. Twelve (12) additional stations had concentrations b&l8mg/L. The lowest

dissolved oxygen recorded during this survey was at stAdomith a concentration &.35mg/L.
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CT DEEP HYJUL17 and IEC Run #4

During IEGS

S

f o u r (Rum #4son 18 July,yonlyfour statiors exhibited DO concentrations above

4.8 mg/L(Figure 28) Two stations were below 3.0 mg/L afalr stations were below 3.5 mg/During

theCT DEEPHYJUL17 survey, DO concentrations dropped below 4.8 mg/20atations with one

station below 3.5 mg/L arslx statiors below 3.0 mg/L.
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IEC Run #5

IEC conducted itdifth surveyon July 26th. DO measurements &t stations were less than 4.8 mgilhe

lowest dissolved oxygen rexled during this survey was 1.23 mg/LHaD.
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CT DEEP WQAUG17 and IEC Run #6

During theCT DEEPWQAUG17 survey, conditions improved with dissolved oxygen conediotis at
all stations above 31g/L. CT DEEP Sations19 and F3remainedelow 3.5 mg/LTwentytwo (22)
stations were less than 4.8 mgRuring the sixh IEC surveyonly oneembaymenstationwasbelow
3.0 mg/L andL5 stations were less th&n8 mg/L.
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IEC Run #7

IEC conducted itseventhsurvey(Run #7 on August 8th DO concentrationsvere below 4.8 mg/L at
five stations(A3, A4, A5, HC, and HD). Sevenadditional stationtad concentrations below 3.5 mg/L.
The lowest dissolved oxygen recorded during this survey wasi@n A5 with a concentrationf 2.45
mg/L.
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CT DEEP HYAUG17 and IEC Run #8

During theHYAUG17 survey CT DEEP recordedne station, Adwith aDO concentration less than
2.0 mg/L, and IEC documentefdur stationswith DO below 2.0 mg/LCT DEEP also logged stations

with concentrations less than 3.0 mgdL.n d |

EC measur ed DOldstatibnge s s
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IEC Run #9

IEC conducted itsinth surveyon Augus22"®. Two stations exhib&dDO concentrations belo@:0 mg/L
(A4 and 9413). Nine additional stations remained below 3.0 mghe lowest dissolved oxygen recorded
during this survey was at stati@m13with a concentration d3.90 mg/L
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CT DEEP WQSEP17and IEC Run #10

Hypoxic conditionspersistedin the WesternSound during th&VQSEP17survey and IEC Run #10.
During the WQSEP17 survey Stations A4, B3, anavége still below 2.0 mg/LStation C1 was less than

3.5 mg/L During the IEC survegnly one embaymesstation 9-413remained below 3.0 mg/L argtation
H-D wasless than 3.5 mg/L.
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IEC Run #11

IEC conducted iteleventhsurveyon Septembeb". The bottom waters dVesternLong IslandSound
showed marked improvemeruanly three Stations had concentrationdelow 4.8 mdL. The dissolved
oxygen concentration &tation A4dwas3.0mg/L and Station 2113 was at 0.62 mg/’here was n&€T

DEEP HYSEP17w@wvey due to engine trouble with the R/V Patricia Lynn.
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IEC Run #12

DuringlEGds final survey of 2017, aldtatiens werewalgodemg/lx y g e n
The lowest DO recorded was 4.36 mg/L at StatieiS.
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Area of Dissolved Oxygen Below the Chronic Criterion for
Growth and Protection of Aquatic Life for LIS

Aquatic organismsan be impacted by@mbination olow dissolvedoxygenconcentrations, exposure,
and extended duration of low DO eve(i&e Habitat Impairment Associated with Hypoxia, Pagad’
USEPA 2000. CT DEEPand NYS DEChave eaclestablished Dissolved Oxygen Chronic Exposure
Criteriafor the protection of aquatic life (CT DEE®15and NYS DEC 2008)DO concentrations greater
than or equal to 8.mg/L meets the chronic criterion for growth and pebts of aquatic lifeOrganisms
can tolerate DOancentrations less than 4.8 mddr short periods of time, without significant impacts.

Figure 45illustrates the maximum area of bottom waters within Long Island Sound with DO
concentrationbetween 3.0 and.8 mg/Lbased on biweekly sampling by CT DEEPhis graphwill be

updated in théuture once historic (1992015) hypoxia maps are updated to include IEC Qdakas figure

is intended to highlight that large areas of LIS bottom waters have concentrations of dissolved oxygen
that, while not hypoxic, are less than optimal to protecgtiowth and development of exposed organisms.

It is not intended for use is assessing if the

In 2017, the maximum areaf LIS bottom waterdetween 3.0 and 4.6g/L occurred during the

WQAUG17 survey and was estimated 4f6 square milesFrom 19912017, the area affected by
concentrationbetween 3.@nd4.8 mg/L averagegd93squaremiles and varies slightly from 398 to 601

square miles.
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Severe Hypoxia

The Long Island Sound Study ©provides i nRepont anathei o n
Environment(ROE, EPA 2017). The ROEeports o-n @Athe best availabl e i
conditions and trends in air, wat &heRepbrtaomtde Envilommeatn h e

tracks trends in the Gulf of Mexico and LIS as examples of coastal amarseacing hypoxia. The ROlses 2.0
mg/L as a benchmark to liken conditions in the Gulf of Mexico to LIS. In this report, the term severe hypoxia is
used to describe DO < 2.0 mg/L and is discussed below.

Figure 46illustrates the maximum area of bottoraters of Long Island Sound with DO concentrations less than
2.0 mg/L Based on CT DEEP data, in 20béttom water dissolved oxygen concentrations were less than 2.0 mg/L
over 48 square milesThis is adecreas®ver last year when concentrations in tlétdm watergiropped below

2.0 mg/Lacros40 square mileDEEPdata).The average area with concentrations less tham@/D, calculated

from 19912017, is 5L.23mi2. In 2017, based on CT DEEP estimates, there w@rdalys with DO <2.0 mg/LAt
the LISICOS Execution Rocks buoy, there we2ed5cumulative days below 2.0 mg/L.

In LIS, 1994 and 2003 appear to be years when severe hypoxia (DO <2.0 mg/L) was especially prevalent. 1994 had
cold winter bottom water temperatures and an unusualgnwane which led to strong stratification. The highest
average Delta T in July 1994 was 8642003 was the second hottest summer since 1895 and'tlveefi@st

which also led to the Sound being strongly stratified. Strong stratification (Delta Trgheatel°C) lasted for four

months in 1994 (MayAugust) and only one month (July) in 2003.

In comparison, the 3gear average size of the hypoxic zone in the northern Gulf of Mexico is roug,lﬁle_ﬂ,lr‘ﬁi2

(larger than the State of Connecticlifhe 2017 hypxic zone covered 8,776 frénd was the largest size measured
since the standardized mapping cruises began in July 1B85additional informatioron the Gulf of Mexico
hypoxic zoneplease visit theiwebsite atttp://www.gulfhypoxia.net The 20T hypoxia forecast for the Gulf of

Mexico released in June predicted the hypoxic zone would d(ﬁ)¢989mi2 (Turner and Rabalais, 201L7
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For management purposes, the Long Isl@adnd Study defines anoxia as DO concentrations less than 1
mg/L. This chart illustrates the maximum area of bottom waters in LIS with DO concentrations less than
1.0 mg/L based on biweekly sampling by CT DEEP.

In 14 of the past 2 years, there was no @xia reported by CT DEEP. It is important to note that IEC and
LISICOS have documented anoxic conditions during years when CTDEEP has not. In 2009 and 2010,
IEC documented two stations that were angS$tations B3and B2 in 2009, and in 2010 Stations B8l a

H-D). In 2011, the LISICOS Execution Rocks buoy (Station A4) captured a minimum DO of 0.61 mg/L.
This year (2017), the LISICOS Execution Rocks buoy (Station A4) documented a minimum DO of 0.78
mg/L.

Prior to 2002, the average area of bottom watffested by anoxia was 5.9 fniFrom 20022008 the
average area affected was 32.4.riirom 2009 to 201 7the average area affected wia87 mi. The
overall average area affected from 19816 is11.47mi%. The greatest area with DO below 1 mg/L (62
square miles) was during the summer of 2003.
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Water Temperature

Water temperature plays a major role in the timing and severity of the summer hypoxia event. Water
temperature differences in theeédtern Sound during the somar months are particularly influential in
contributing to the difference in dissolved oxygen content between surface and bottom waters. The density
stratification of the water column creates a barrier between the surface and bottom waters, and it is this
barrier, the pycnocline (where the change in density with depth is at its greatest), that prevents mixing
between the layers.

CT DEEP collects temperature datearroundwhile IEC monitors during the summer montdsine
September)Average sirface and bottom water data collected by both programs from-Z0DB are
presented in Figuré8. The water column is usually already stratified by June and remains that way until
late August/early September.

*CT DEEP and IEC Surface and Bottom Water Temperature at
Long Island Sound During Summer Months
1998-2017
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Looking at LIS summer surface temperature data spatially reveals there is only about a 1.5°C difference
between the mean temperatures across the Western and Central Sound (Stat®)nJ el average
summer temperatures at Stations J2, K2, and M3 are4if%0 cooler, showing the influence of mixing

with cooler offshore Atlantic water. Over ti®-year period, Station A5 exhibited the warmest mean
temperature while Station M3 was the coolest. The maximum tatope recorded was almost 278C

Station A5, while the coolest was 11°GsttionM3.

CT DEEP and IEC Surface Water Temperatures Across Long Island Sound
Summer Months 1998-2017
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Average summerditom watertemperatures across the Sound are a bit more variablgebeitally
are warmer in the Western Sound and cooler in the Eastern Sound. The maximum bottom temperature
was 24.6° at Station Al. The minimum bottom water temperature was 8.6 °C at Station M3.

CT DEEP and IEC Bottom Water Temperatures Across Long Island Sound
Summer Months 1998-2017
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The average surface temperatures of Long Island Sound doésgitnmer months were also examined
in 5-year blocks. The average surface temperature of Long Island Sound between Western and Central
Long Island Sound (Station Al to 12) appears to have increased by about 1°C.

Figure 51
Average Summer
Surface Temperatures (°C)
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Delta T and Stratification

=N

The temperature difference between the bott
waters and t he s urDelta®e
This Delta T, along with salinity differences, create
a density difference, or density gradigmisulting in
a separation or stratificatipnof water layers
Stratificationhinders the oxygenated surface watg
from circulating downward and mixing with thg
oxygen starved bottom waters. The pycnocline,

zone where water density increases rapidlyhw

depth due to the changes in temperatures and sali
inhibits oxygenated surface waters framxing with

oxygen deplet#® bottom waters exacerbating
hypoxia. The pycnocline typically develops in LIS
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Thermal Stratification divides the water column into layers
with warmer, fresher, less dense water at the surface
and colder. saltier. denser water on the bottom.
The pycnocline (area where change in density with depth is greatest)
prevents mixing between the surface and hottom waters.
Water temperature in Long Island Sound is influenced
Dy climatogical factors, most notably winds

]

Cradient

Conceptual diagram depicting the development of thermal stratification in Long Island Sound
Symbols Courtesy o € Integration and Application Netwack. Universityo [ Macyland Center bt Envioonmental Science (ian. umees.ed ujeym bols

INFigure 2

late spring/early summer when rapid surface waier

warming exceeds the rate of warming in the bott
waters The pycnocline generally pgsts into early

fall when it is disrupted by strong winds associaf -

with storms which lead to mixing or cooling

temperaturesith the dissolution of the pycnockn
hypoxic conditions are alleviateat eliminated. The
smallestDelta Tésoccur during the winter when th

water column is well mixed. The largeBelta To S

occur during the earljummerThe greater thBelta

T the greater is the potential for hypoxia to be m¢

severe.

Figures54-55 show computer interpolations alon
the westeast axis oLIS generated from profile dat;
collected during two surveys by CT DEEP and I

During themid-July IEC and DEEP surveysurface
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water temperatures had warmed to an averag8.2¥@ while the bottom water remainedoler around

an average of 19€. This set up the largest differences in temperatures between the surface and bottom
b e andB.OAC and the largest extent of hypoxic conditiofi$ie second

waters withDelta TO s

graph shows how the water column was thermally stratified duringith@ugustsurvey wherdissolved
oxygen concentrationsere at theitowest The WesternSound typically has highdéelta T6 due to the

limited flushing capacitybathymetry andgeology.In

water mixes with the Soundater,Delta T6 are much lower and hypoxia rarely occurs. This year the

Central Sound had the highé&elta Tcs.
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Sampling Stations West to East
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Figure 8 In situtemperatureprofiles obtained during
the HYJUL17 survey and IEC Run #4 from 7/18/17
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