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Executive Summary 
 

Introduction  

 

The Peconic Estuary, situated between the North and South Forks of eastern Long Island, New York, 

consists of more than 100 distinct bays, harbors, embayments, and tributaries.  Concerns about the health 

of the Peconic Estuary were raised in 1985, after the first appearance of Brown Tide and a concerned 

citizenry called on and then joined with governments and other stakeholders to conserve and manage this 

important natural resource. That partnership is now known as the Peconic Estuary Program (PEP). The 

Peconic Estuary is exhibiting signs of stress including recurrent harmful algal blooms, declining eelgrass 

and wetland habitats, and even fish kills. These stresses are likely to worsen as the human population in 

the Peconic Estuary watershed increases and land uses intensify, unless steps are taken to reduce pollutant 

loading, specifically nitrogen loading, and protect habitats from physical alterations.  

 

The Peconic Estuary Program 2015 Ecosysten Status Report (ES) is intended to outline the status and 

trends of thirteen environmental indicators to summarize the ecological health of the Peconic Estuary 

since the 2005 Environmental Indicators (EI) Report.  The status of water quality in the estuary is based 

on harmful algal bloom presence, chlorophyll-a concentrations, water clarity, and nitrogen and dissolved 

oxygen concentrations. The status of living resources in the estuary is represented by eelgrass and wetland 

habitat, scallop, river herring, piping plover, and finfish populations. The status of pathogen pollution is 

represented by beach closures and shellfish bed closures.  

 

 

Environmental Indicators 

 

Harmful Algal Blooms 

Presence and frequency of Harmful Algal Blooms (HABs), a proliferation or rapid increase in one or 

several species of microalgae, cyanobacteria or microalgae, is an indicator of the Peconic Estuary water 

quality. Although there have been no significant Brown Tide blooms in the Peconic Estuary since 1995, 

various other HABs have emerged and established annual recurrence in the Estuary. Nitrogen inputs from 

sanitary waste disposal, fertilizers, atmospheric deposition and stormwater runoff are believed to 

contribute significantly to the increased occurrences of HABs. Red tide blooms caused by Alexandrium 

fundyense have been identified in James Creek, Sag Harbor Cove and Alexandrium and red tide blooms 

caused by Dinophysis acuminata have been recorded in Meetinghouse Creek and western Flanders Bay. 

Rust tide blooms caused by Cochlodinium polykrikoides have been recorded in Flanders Bay and parts of 

Great Peconic Bay and have been implicated in fish and shellfish kills in the western Peconic Estuary. 

Toxic blue-green algae blooms caused by Cyanobacteria sp. have been limited to a few tributaries of a 

few embayments within the Estuary. While Ulva lactuca blooms are present in the Peconic Estuary, 

significant impacts have not yet been documented.  

 

Chlorophyll -a 

Chlorophyll-a, pigments in plants that absorb sunlight and facilitate photosynthesis,  concentration in the 

water is an indicator of the amount of algae in the water and an indicator of water quality in the Peconic 

Estuary. Chlorophyll-a concentrations reveal a trend of higher chlorophyll-a and poorer water quality in 

the summer western estuary and better water quality in the non-summer months and eastern sections of 

the Estuary. Concentrations decrease from west to east resulting from increased tidal flushing in the 

eastern section as well as reduced nitrogen loading. Most of the average concentrations of Chlorophyll-a 
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since 2005 are within guidelines for good water quality. Average summer chlorophyll-a concentrations 

are elevated but remain fair, except for the western estuary where mean concentrations are considered 

poor according to the US EPAôs National Coastal Condition Assessment (NCCA).  

 

Water Clarity  

Water clarity is measured by the depth at which a Secchi disk is visible from the waterôs surface, higher 

water clarity is signified by greater Secchi disk depths. Water clarity correlates with the amount of 

sunlight that reaches submerged aquatic vegetation (SAV). Important SAV habitats for fish, shellfish and 

invertebrates, such as eelgrass beds, need sufficient sunlight  in order to grow and survive. Water clarity 

in the Peconic Estuary is an indicator of the water quality that SAV and many aquatic organisms are 

dependent upon. Reduced water clarity can be caused by algal blooms, eroded sediments, or disturbed 

bottom sediments from runoff, wind or human activities. Water clarity data reveal the annual average 

water clarity has remained relatively stable since the 2005 EI Report. Water clarity increases from west to 

east in the Peconic Estuary. Lower water clarity coincides with higher plankton cell counts and usually 

occurs in summer months in shallower western sites and deep water eastern sites in winter months. 

Higher water clarity occurs in spring and fall.  

 

Nitrogen 

Nitrogen is an essential nutrient for healthy ecosystems; however, excess nitrogen from human activities 

can cause detrimental impacts such as hypoxia, harmful algal blooms, and loss of eelgrass and wetlands. 

The concentration of nitrogen is an indicator of water quality in the Peconic Estuary. Total nitrogen, 

dissolved organic nitrogen and dissolved inorganic nitrogen concentrations decrease from west to east in 

the estuary and typically concentrations are lowest in the winter and early spring, increase in magnitude in 

the summer and decline through the fall. Highest average total nitrogen concentrations are recorded in the 

western estuary tributaries and peripheral embayments and decrease in deeper, open water sites where 

flushing is greater; however, dissolved inorganic nitrogen concentrations increase in open waters east of 

Shelter Island. Correlations between total nitrogen and other environmental indicators reveal that 

locations with the highest percent of summer results exceeding the PEP total nitrogen guideline, 

concentration below 0.45 milligrams per liter (mg/L) be maintained to prevent hypoxia and 0.4 mg/L for 

optimal eelgrass habitat, were the same locations in the western estuary that exhibited hypoxia. Average 

total and dissolved nitrogen concentrations have decreased since the 2005 EI report. The greatest decrease 

is at Meetinghouse Creek, where nitrogen concentrations have historically been and remain the highest. 

Dissolved inorganic nitrogen concentrations have remained relatively stable since 2005. Overall, most 

average nitrogen concentrations have remained within guidelines, with the exception of Meetinghouse 

Creek.  

 

Dissolved Oxygen 

Dissolved oxygen is necessary for fish and other aquatic organisms to live, concentrations can be 

impacted by the amount of algae that is in the water column, the associated photosynthesis and 

decomposition rates, natural variations in temperature, and wave action and mixing. Dissolved oxygen 

concentrations indicate the amount of dissolved oxygen available for aquatic organisms in the Peconic 

Estuary and in relation the concentration of nitrogen in the water and the frequency and severity of algal 

blooms. The dissolved oxygen concentrations at the United States Geological Survey (USGS) continuous 

monitoring station in Riverhead measured frequent dissolved oxygen (DO) violations due to poor flushing 

and high concentrations of nutrients. In the eastern section of the estuary, however, Orient Harbor rarely 

experiences DO problems due to increased exchange with the ocean and lower pollution load to this area. 

Suffolk County Department of Health Services (SCDHS) monitoring data reveal that dissolved oxygen in 

the lower Peconic River and Meetinghouse Creek are measured below the chronic and acute DO 

standards. Periodic fish kills have been attributed to DO concentrations at sustained low or anoxic 
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concentrations due to a bloom of non-toxic algae and an influx of bunker to the area.  

 

Eelgrass 

Eelgrass beds were reduced in the early 1930s due to wasting disease and in the 1980s and 1990s Brown 

Tide blooms. Other potential threats to eelgrass beds include increasing water temperatures, high 

turbidity, high levels of nutrients, boating activities and some shellfish harvesting practices. Eelgrass 

supports invertebrates, scallop populations, fish and waterfowl habitat, oxygenates bottom waters, 

stabilizes sediment and buffers storm energy. Analyzing  the extent of eelgrass beds are an indicator of 

the health of the living resources in the estuary. A 2014 aerial survey identifies less than 90 eelgrass beds 

covering under 1000 acres, compared to 8,700 acres in 1930 and 1,550 acres and 119 eelgrass beds in 

2000. Of the eight sites where PEP has maintained long-term monitoring within the Peconic Estuary, only 

four support eelgrass. Shoot density has been decreasing since the beginning of the long-term monitoring 

program in 1997. Submerged aquatic vegetation, specifically, the eelgrass Zostera marina, is an important 

species found in temperate areas along the East Coast, including in the Peconic Estuary.  

 

Wetlands 

Wetlands are among the most productive habitats on earth providing feeding, breeding, and nursery 

habitats for waterfowl, wading birds, shorebirds, fish and invertebrates and provide ecosystem services 

such as sediment retention, nutrient and organic matter recycling and storm and flood buffers. The extent 

and status of wetlands is an indicator of the health of the living resources in the Peconic Estuary.  

Between 1974 and 2005 the Peconic Estuary has lost approximately 10 percent of its tidal wetlands. East 

Hampton sustained the largest loss of marsh habitat, losing 145.8 acres for a 13.8 percent decrease from 

1974 to 2005. The Town of Southold lost nearly 10 percent of marsh habitat from 1974 through 2005, 

while the Town of Riverhead exhibited a slight gain in native tidal wetland area. The highest percentage 

loss of marsh habitat occurred in the Town of Shelter Island where marsh habitat decreased in area by 

17.5 percent. Throughout the Peconic Estuary, intertidal marsh increased while native high marsh and 

coastal fresh marsh decreased. Phragmites australis is increasing within the estuary. Eighty-six marsh 

complexes, out of 159 identified in the Peconic Estuary, are categorized as ñat risk.ò The project team 

identified tidal marsh complexes using a classification system based on the Significant Coastal Fish and 

Wildlife Habitats (SCFWHs) identified by the New York State Coastal Atlas (Edinger et al., 2002).  

 

Scallops 

Bay scallops, Argopecten irridans irridans, are an iconic species on Long Island. Thier success depends 

on mostly on the water quality and presence of SAV; therefore, scallop populations are an indicator of the 

health of living resources in the estuary. In 1930s the eelgrass wasting disease decimated eelgrass beds, 

the preferred habitat of scallops, and caused a drastic decline in scallop populations. In 1985, Brown Tide 

blooms further decimated scallop populations. Restoration efforts were implemented soon after and even 

with favorable water quality, scallop populations remained at 1 to 2 percent of historical landings, until 

2008 when there is evidence that the effects of the intensive restoration programs (initiated by East 

Hampton Town Shellfish Hatchery in 1997 and Long Island University (LIU) /Cornell Cooperative 

Extension (CCE) in 2006), first became apparent. Scallop landings between 2010 and 2013 were 13 times 

higher than those of pre-restoration levels. Statistical analysis has shown that the restoration success of 

scallop populations are not correlated to temporal changes in predator populations, SAV cover, water 

temperature, rainfall or chlorophyll-a; but is due to the increase in larval supply from the restoration 

efforts.  

 

River Herring  

River herring have an anadromous life cycle, spending most of their time in the ocean and returning to 

freshwater rivers, streams, and lakes to spawn, providing many vital ecosystem services throughout their 



 

iv 
 

life cycle including filtering the water column and serving as prey for commercially and recreationally 

important species. River herring populations have been declining for the past century due to over fishing, 

incidental catch, water pollution and loss of access to freshwater habitat. River herring populations are an 

indicator of the health of the Peconic Estuary and the availability of suitable habitats within the Estuary. 

The Peconic River and its tributary, the Little River, are the main source of freshwater to the Peconic 

Estuary and there are four main barriers to fish passage for River herring, Alewife (Alosa 

pseudoharengus) and Blueback herring (Alosa aestivalis), on the main stem of river and one barrier on its 

tributary, blocking access to a total of 360 acres and 88 acres of freshwater habitat. A fish passage 

structure was installed in 2010 at Grangebel Park in Riverhead, restoring river herring access to 26 acres 

of freshwater habitat and preliminary results reveal alewife populations have benefited from the fish 

passage restoration. 

 

Finfish Index 

The finfish species presence and species richness is an indicator of the health of the living resources in the 

Peconic Estuary. Peconic Estuary fishery trawl surveys reveal that cold adapted fish (fish that prefer 15 ↔ 

Celcius or 60 ↔ Farenheit) are more abundant in the northern region of the Peconic Estuary than the 

southern region. Warm-adapted fish (fish that prefer 11↔- 22↔ C or 50 ↔- 72↔ F) are more abundant in the 

southern region of estuary than the northern region. From 1987 to 2014 the overall trend in the average 

number of warm-adapted species captured in the spring and the fall increased while the average number 

of cold-adapted species captured decreased over the same time period, signifying that the increase in 

average water temperature is impacting species composition in the Peconic Estuary. The species richness 

data from 1987 to 2014 indicates a strong balance of species with a stable population of forage fish 

species providing the ecosystem with a stable food base.  

 

Piping Plover 

The population and productivity of the Piping Plover, a Federally Threatened and New York State 

Endangered species, in the Peconic Estuary is an indicator of the presence of suitable habitat and living 

resources within the Peconic Estuary. Since the mid-1980s the number of breeding pairs of Piping Plovers 

on Long Island has generally increased. Since 2005 the number of breeding pairs within the Peconic 

Estuary does not appear to be increasing and nesting success seems to be decreasing.  In 2001, 

reproduction within the Peconic Estuary averaged 1.35 birds that successfully fledged per nest. In 2014, 

this rate was reduced to 0.52 birds that were successfully fledged per nest. Piping Plovers (Charadrius 

melodus) nest on beaches, making their nesting and reproduction susceptible to human intrusion, storm 

tides and predators. Nesting site protection has been established with the cooperation of private and public 

landowners.   

 

Shellfish Bed Closures 

Pathogens can enter the marine water through untreated or inadequately treated human sewage and 

through the waste of domestic and wild animals, stormwater runoff, waste discharge from boats and 

septic systems and harmful algal blooms that generate toxins can cause unsafe conditions for shellfish 

harvest and consumption and cause shellfish closures in the Peconic Estuary. Presence of coliform 

bacteria, an indicator of the potential presence of human pathogens, exceeding National Shellfish 

Sanitation Program guidelines in marine waters may lead to closed shellfish beds to protect public health. 

Therefore, the frequency and shellfish bed closures are an indicator of the water quality of the Peconic 

Estuary. Bacteriological water quality is generally good throughout most of the larger bodies of water in 

the Peconic Estuary. Shellfish closures occur in Flanders Bay, as well as in sheltered creeks, harbors and 

bays which are affected more by land-based sources. During the period of 2004 to 2014, there was a net 

increase of 318 acres of certified or seasonally certified shellfish lands in the Peconic Estuary.  These 

certified lands are 95.4 percent or 115,433.4 of the 121,000 acres of shellfish lands are available for 
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shellfish harvesting. As of January 2014, there were 3,445.6 acres uncertified and 2,121 acres seasonally 

certified.  

 

Beach Closures 

The SCDHS tests bathing beaches for Enterococcus (EN) bacteria, an indicator of beach water quality.  

Beach closures also occur for reasons other than high bacteria levels, such as stinging jellyfish and algal 

blooms. Frequency and location of beach closures are an indicator of the water quality of the Peconic 

Estuary. There are 28 public bathing beaches monitored by the SCDHS which are generally safe for 

swimming. Influences such as stormwater runoff, waterfowl and wildlife waste, septic systems and 

cesspools, illegally discharged vessel waste, limited tidal flushing and malfunctions in sewage treatment 

plants can negatively impact the water quality at these locations. Twenty-one or 75 percent of bathing 

beaches are classified as low risk, seven or 25 percent are classified as medium risk and no public bathing 

beachses are considered high risk in the Peconic Estuary. Since 1980 there have been 42 bathing beach 

closures in the Peconic Estuary, that total includes the 28 precautionary bathing beach closures in 2011 

for all Peconic Estuary bathing beaches due to Hurricane Irene. Only one closure resulted from 

measurements of elevated Enterococcus levels at South Lake Drive Beach, the 13 other closures were due 

to precautionary rainfall related advisories. Since the 2005 report there have been 8 closures, not 

including the Hurrican Irene closures in 2011, starting in 2006 every year until 2015, except in 2012, at 

Havens Beach in Sag Harbor due to a precautionary rainfall related advisory.  

 

 

Conclusions 

Overall, the Peconic Estuary has remained a healthy and diverse marine community with significant 

opportunities for water dependent recreation.  Many indicators, however, are exhibiting worsening trends.  

Low dissolved oxygen conditions occur in the tidal Peconic River, western Flanders Bay and tidal creeks; 

nitrogen concentrations remain high in the western Peconic Estuary and various harmful algal blooms are 

common. Eelgrass beds are now virtually absent west of Shelter Island, and those that do exist are not 

expanding. The amount of marsh is decreasing and a majority of the identified marshes in the Peconic 

Estuary are considered ñat risk.ò Critical habitats for fish spawning and breeding birds continue to 

decrease in availability and quality. 

 

It is possible to reverse some of the trends revealed from the environmental indicators through the 

combined efforts of government, businesses, organizations and citizens to preserve open space, reduce 

pollution from existing development, and ensure that any future development is done in a way that 

minimizes its impact on the environment. The Ecosystem Status Report is a method to gage the progress 

toward achieving actions identified in the PEP Comprehensive Conservation and Management Plan 

(CCMP). Revisions to the 2001 CCMP began in 2016 and a new plan with updated priorities and actions 

is expected in 2018. The 2018 CCMP will reflect the changing environment and priorities on the East 

End, address emerging issues that were not included in the 2001 CCMP and continuing issues that are 

discussed in this Ecosystem Status Report. The PEPôs Monitoring Plan and environmental indicators will 

be evaluated during this process and changes will be reflected in future ES reports. 
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Introduction  

 
The Peconic Estuary is located just 80 miles east of New York City (Figure 1). The Peconic Estuary's 

watershed is composed of nearly 128,000 acres of land and over 158,000 acres of surface water.  The 

Nature Conservancy designated the Peconic system as one of the "Last Great Places" due to the high 

concentration and diversity of rare and endangered species and assemblages of natural communities.  

 

Figure 1: Peconic Estuary Program study area 

 

The Peconic Estuary Program (PEP) Comprehensive Conservation and Management Plan (CCMP) 

promotes a holistic approach to improving and maintaining the estuary and its watershed. It includes 

objectives and measurable goals for each of the six priority management topics. There are 85 broad 

actions within the CCMP, and each action is broken down into one or more steps.  In total, there are 340 

steps, including 79 that the program has identified as priorities.  The CCMP proposed an Environmental 

Monitoring Plan which included 32 core elements to assist in determining whether the CCMP 

measurable goals are being met and are focused towards chemical, physical and biological conditions of 

the estuary. 
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The Peconic Estuary Program (PEP) expects to issue a revised CCMP in 2018 that will reflect the 

changing environment and priorities within the watershed and include emerging issues. The revised 

CCMP will also include a revised set of indicators and an updated monitoring plan. 

 

Since the 2005 Environmental Indicators (EI) Report was published, the PEP Technical Advisory 

Committee (TAC) revised the previous environmental indicator list to determine those most appropriate 

for this report. Considerations in developing the primary environmental indicators list included: 1) 

identifying information and measurements that are meaningful and understandable to the public across 

the range of management topics in the plan, and 2) the availability of data that could be used to assess 

current conditions and trends over time. The 2015 Ecosystem Stats (ES) Report utilizes 13 environmental 

indicators that depict the status of water quality, living resources and pathogens in the Peconic Estuary. 
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Environmental Indicators 
 

 

 

 

I. Water Quality  
 
Suffolk County Department of Health Services (SCDHS) has routinely monitored the water quality of the 

Peconic Estuary since 1977.  This sampling consists of periodic sampling conducted from boats or from 

shore. In 2012, the Peconic Estuary Program and Suffolk County partnered with the United States 

Geological Survey (USGS) to install two continuous monitoring stations in the Peconic Estuary, one 

located in Orient Point Harbor and another located at the mouth of the Peconic River in Riverhead. 

Together, these two monitoring systems provide temporal and spatial sampling of the water quality 

conditions within the estuary.  

 

In June 1985, an unusually large and persistent algal bloom, now known as Brown Tide, was first noted in 

the Peconic Estuary. Brown Tide blooms persisted in high concentrations for extended periods in all or 

part of the Peconic Estuary from 1985 through 1988, 1990 through 1992, and 1995. While a significant 

amount of research has been completed, the chemical, physical, and biological factors that cause, sustain, 

and end brown tide blooms are yet to be determined.  Brown tide has had a serious impact on natural 

resources, the local economy, the general aesthetic value of the estuary and possibly regional tourism. 

Brown Tide has not bloomed in high concentrations in the Peconic Estuary since the mid 1990s; however, 

one of the suspected causes of Brown Tide, excess nitrogen loading, is currently the most serious problem 

affecting water quality on Eastern Long Island, causing other harmful and toxic algal blooms, low 

dissolved oxygen and degraded aquatic habitats. The relationship between excessive nitrogen and low 

dissolved oxygen levels in estuaries is also well documented. When excessive levels of nitrogen are 

introduced to the estuary, nuisance algae and ñseaweedò blooms are likely to result.  Oxygen is consumed 

by plant growth at night (ñwater column respirationò), contributing to low dissolved oxygen levels by the 

early morning hours.  Excessive aquatic plant growth can also create problems as it settles to the bay 

bottom and is decomposed by bacteria, a process that consumes oxygen. Turbidity (water cloudiness) is 

driven by two main factors: plankton abundance (free-floating microscopic organisms including 

phytoplankton, zooplankton, and bacteria) and suspended sediments (organic and inorganic).  Increases in 

either within the water column result in reduced water clarity, which has a direct impact on subsurface 

communities that require high light levels, such as eelgrass. The Peconic Estuary Program has identified 

five indicators of water quality. These are: (1) Harmful algal bloom presence; (2) Chlorophyll-a 

concentrations (a proxy for micro-algae abundance); (3) Water clarity; (4) Nitrogen concentrations; and 

(5) Dissolved oxygen concentrations (hypoxia/anoxia). 
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Peconic Estuary Water Quality Sampling 

 
Vessel-based and ground-based sampling in the estuary is conducted year-round, on a monthly basis in 

order to provide spatial coverage of the estuary and its freshwater tributaries.  These data are sufficient to 

document seasonal variability and trends in the waterbodies being measured, and SCDHS, Office of 

Ecology, Bureau of Marine Resources staff collect water quality data at 38 marine locations in main bays 

and peripheral embayments, and an additional 26 stream and point source sites in the Peconic Estuary to 

assess status of the Peconic Estuary (SCDHS, 2015b).  

 

The USGS collects continuous monitoring data from two USGS monitoring gauges in the Peconic 

Estuary in Riverhead and Orient providing excellent temporal coverage at these two sites. Nitrogen, 

chlorophyll-a, dissolved oxygen, temperature, and Secchi disk depth data collected at these sampling 

locations were used in this ES Report (Figure 2). Links to monitoring data and information are provided 

below: 

Figure 2: The SCDHS marine, stream and point source monitoring stations and USGS monitoring 

stations in the Peconic Estuary  
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USGS Continuous Monitoring at Riverhead, NY: 

http://waterdata.usgs.gov/nwis/uv/?site_no=01304562 

 

USGS Continuous Monitoring at Orient , NY: 

http://waterdata.usgs.gov/ny/nwis/uv/?site_no=01304200 

 

Suffolk County Department of Health Services Peconic Estuary Water Quality Data and 

Information : 

https://gisportal.suffolkcountyny.gov/gis/home/item.html?id=58cb2a1108ff4ccea11716cec9175f65 

 

Peconic Estuary Program Surface Water Quality Monitoring Quality Assurance Project Plan: 

http://www.peconicestuary.org/reports/8f19bcfec766edb791d40c26812b5855c4f1927b.pdf 

 

 

 

 

I -A. Harmful Algal Blooms 

 
The 2005 EI Report identified Brown Tide cell counts as one of eighteen indicators of environmental 

quality for the Peconic Estuary. In the 2015 ES Report, this index has been broadened to include all 

Harmful algal blooms (HAB)s.  An algal bloom consists of any proliferation or rapid increase in one or 

several species of microalgae (phytoplankton), cyanobacteria (blue-green algae) or macroalgae (seaweed) 

within marine or freshwaters.  The negative impacts of algal blooms are broad; ranging from causing 

severe illness or death in humans, fish and wildlife, and domestic animals to changes in water quality 

parameters such as reduced dissolved oxygen and water clarity, to aesthetic impacts and reduced 

recreational values resulting from discolored water or foul odors.  For the purposes of this report, a bloom 

is considered ñharmfulò if it creates any health impact to other living organisms or otherwise degrades or 

impairs a valued quality of the surface waters, benthos or other habitat within the estuary.  

  

Globally, there has been a documented increase in the frequency, distribution and duration of HABs over 

the past decade or more and the Peconic Estuary has not escaped this alarming trend (Bushaw-Newton & 

Sellner, 1999).  Algal blooms occur naturally when one or more limiting condition changes in a manner 

that favors rapid algae growth and reproduction.  Various factors that can cause or contribute to a bloom 

include nutrient availability, temperature, duration and intensity of sunlight exposure, sediment exchanges 

with the water column, circulation patterns and stratifications within the water column, freshwater inputs, 

climate and weather.  While some of the documented increases in HAB occurrences are due to more 

sophisticated monitoring techniques; there is a consensus among researchers that nutrient enrichment 

from anthropogenic sources plays a prominent role in the occurrences of HABs (Bushaw-Newton & 

Sellner, 1999).  In many marine systems, including the Peconic Estuary, nitrogen pollution from sanitary 

waste disposal, fertilizers, atmospheric deposition and stormwater runoff are believed to contribute 

significantly to the increased occurrences of HABs.     

 

The earliest, chronic HAB within the Peconic Estuary began with the now widely known óBrown Tideô 

caused by Aureococcus anophagefferens.  This microalga was first documented in many mid-Atlantic and 

northeastern coastal waters in 1985.  Its proliferation has been closely associated with the near collapse of 

the bay scallop (Argopecten irradians) population in addition to severe declines in other shellfish species 

and eelgrass (Zostera marina), the most ecologically significant species of eelgrass in the Peconic system.   

The Brown Tide bloomed intermittently within much of the Peconic Estuary and its tributaries from 1985 

through 1998 (Peconic Estuary Program, 2001).  

http://waterdata.usgs.gov/nwis/uv/?site_no=01304562
http://waterdata.usgs.gov/ny/nwis/uv/?site_no=01304200
https://gisportal.suffolkcountyny.gov/gis/home/item.html?id=58cb2a1108ff4ccea11716cec9175f65
http://www.peconicestuary.org/reports/8f19bcfec766edb791d40c26812b5855c4f1927b.pdf
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Status and Trends 

 

Although cell densities have not been high enough to result in visible blooms, A. anophagefferens cells 

are routinely recorded in water samples from West Neck and Flanders Bay in the western portion of the 

estuary.  Brown Tide blooms continue to proliferate throughout the South Shore Estuary system, 

including within Shinnecock Bay which is physically connected to the surface waters of Great Peconic 

Bay by the Shinnecock Canal (Figure 3, Figure 4 and Figure 5).  

 

               (Lloyd, 2013) 

Figure 3: Long Island Water Quality Issues, Summer 2013  
The areas labeled Brown Tide on the map signify that the phytoplankton species Aueococcus anophagefferens is 

present. The areas labeled Rust Tide on the map signify that the phytoplankton species Cochlodinium polykrikoides 

is present. The areas labeled Toxic Blue Green Algae on the map signify that the microscopic organisms 

Cyanobacteria sp.are present. The areas labeled as DSP on the map signify that Dinophysis acuminate, a 

phytoplankton associated with red tide that causes the medical condition Diarrhetic Shellfish Poisoning (DSP), is 

present. The areas labeled as PSP signify that Alexandrium fundyense, a phytoplankton associated with red tide that 

causes the medical condition Paralytic Shellfish Poisoning (PSP), is present. No reported cases of the medical 

condition DSP or PSP have occurred on Long Island. 
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             (Lloyd, 2014a) 

Figure 4: Long Island Water Quality Issues, Summer 2014  
The areas labeled Brown Tide on the map signify that the phytoplankton species Aueococcus anophagefferens is 

present. The areas labeled Rust Tide on the map signify that the phytoplankton species Cochlodinium polykrikoides 

is present. The areas labeled Toxic Blue Green Algae on the map signify that the microscopic organisms 

Cyanobacteria sp.are present. The areas labeled as DSP on the map signify that Dinophysis acuminate, a 

phytoplankton associated with red tide that causes the medical condition Diarrhetic Shellfish Poisoning (DSP), is 

present. The areas labeled as PSP signify that Alexandrium fundyense, a phytoplankton associated with red tide that 

causes the medical condition Paralytic Shellfish Poisoning (PSP), is present. No reported cases of the medical 

condition DSP or PSP have occurred on Long Island. 
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               (Lloyd, 2015) 

Figure 5: Long Island Water Quality Issues, Summer 2015  
The areas labeled Brown Tide on the map signify that the phytoplankton species Aureococcus anophagefferens is 

present. The areas labeled Rust Tide on the map signify that the phytoplankton species Cochlodinium polykrikoides 

is present. The areas labeled Toxic Blue Green Algae on the map signify that the microscopic organisms 

Cyanobacteria sp.are present. The areas labeled as DSP on the map signify that Dinophysis acuminate, a 

phytoplankton associated with red tide that causes the medical condition Diarrhetic Shellfish Poisoning (DSP), is 

present. The areas labeled as PSP signify that Alexandrium fundyense, a phytoplankton associated with red tide that 

causes the medical condition Paralytic Shellfish Poisoning (PSP), is present. No reported cases of the medical 

condition DSP or PSP have occurred on Long Island. 

 

Two species of phytoplankton have been responsible for red tide blooms within the Peconic Estuary.  

Alexandrium fundyense is a dinoflagellate that produces a powerful neurotoxin called saxitoxin.  This 

toxin concentrates in shellfish and is responsible for a syndrome known as PSP.  Symptoms of this illness 

are determined by the quantity of toxin that is ingested and can be fatal to humans in high enough 

concentrations.  While blooms have been recurrent annually in various Long Island embayments; thus far, 

PSP-induced shellfish bed closures by the New York State Deparment of Environmental Conservation 

(NYS DEC) due to blooms of Alexandrium within the Peconic Estuary have been limited to Sag Harbor 

Cove first recorded in 2012 and James Creek in 2015.  Even more intense and longer lasting blooms of 

Alexandrium have occurred in Meetinghouse Creek and western Flanders Bay, but this region is closed to 

shellfishing. Dinophysis acuminata is another phytoplankton associated with red tide blooms, recently 

identified in western Flanders Bay and Meetinghouse Creek where it formed the densest bloom ever 

recorded of this algae of two million cells per liter in 2012 (Reguera et al., 2012).  This dinoflagellate 

produces the biotoxin okadaic acid which causes DSP when shellfish that have fed upon Dinophysis are 

consumed by people.  

 

A bloom of the dinoflagellate Cochlodinium polykrikoides (syn. C. heterolobatum) was first confirmed in 

September, 2004 within Flanders Bay and parts of Great Peconic Bay (although data suggests the 

possibility of a bloom as early as 2002 in West Neck Bay) (Nuzzi & Waters, 2004; Nuzzi & Waters, 

1989). Cochlodinium blooms are sometimes referred to as óRust Tidesô which differentiate them 

somewhat from the red tides associated with Alexandrium & Dinophysis blooms.  Cochlodinium has been 
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implicated in fish and shellfish kills in the western Peconic Estuary specifically a large softshell clam kill 

in Flanders Bay in 2005 and a large fish kill of multiple species in Cases Creek in 2012.   
  
Cyanobacteria are a phylum of bacteria, often referred to as óblue-green algaeô because they contain 

photosynthetic pigments that give them that color and behave similarly to algae populations in fresh and 

marine waters.  Harmful algal blooms in marine and freshwaters have been associated with a variety of 

species of these cyanobacteria and these blooms are sometimes collectively referred to as resulting from 

ócyanoHABs.ô  Many cyanobacteria blooms produce neurotoxins or hepatotoxins that can harm, or even 

kill zooplankton, fish, shellfish, marine mammals, humans and pets.  Their blooms have caused hypoxia 

and anoxia, contributing to fish kills, foul odors and contact dermatitis in humans after recreational 

contact. Although an increase in cyanoHAB blooms have been documented in coastal freshwater habitats 

on eastern Long Island in recent years, their occurrences within the Peconic Estuary to date have been 

limited to a few tributaries of some embayments within the estuary such as Big Reed Pond in Montauk 

and Maratooka Lake in Southold.  

 

While most harmful algal blooms are associated with microalgae, it should be noted that blooms of the 

common macroalgae, Ulva lactuca, have also been correlated with nutrient enrichment in surface waters. 

Monitoring of the locations and abundance of this species should be considred in the future.  

 

The impacts of climate change are likely to directly influence the occurrences, types, and duration of 

harmful algal blooms. Changes in surface water temperatures, freshwater inputs resulting from 

precipitation, the stratification and circulation of nutrients, and the alteration of photosynthesis rates due 

to changes in the extent of cloud cover are all likely to affect the abundance and distribution of 

phytoplankton (National Ocean Service, 2015). Many cyanobacteria and dinoflagellates thrive in warmer 

surface waters and consequently, harmful blooms of these species may shift to an earlier time period as a 

result of increased temperatures or may intensify during summer (Dale et al., 2006).   

 

Limitations on these data 

 

While the Peconic Estuary Program benefits from a great deal of HAB research conducted in the estuary, 

there is currently no routine monitoring of HABs other than Aureococcus anophagefferens cell counts 

conducted during SCDHS marine sampling and monitoring at Meetinghouse Creek. Monitoring at Sag 

Harbor and other sites in the Peconic Estuary is conducted by the NYS DEC Shellfisheries Program. The 

harmful algal blooms depicted in the maps are limited by the locations in which people have spotted the 

blooms and by the frequency and sampling locations of the monitoring program. In addition, the areas 

labeled as having hypoxia are limited by where the dissolved oxygen sensors are located. The new 

monitoring plan developed during the upcoming CCMP revision should establish monitoring protocols 

and indicators designed to accurately reflect the full suite, location and frequency of HABs currently 

impacting the Peconic Estuary. 
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I -B. Chlorophyl l-a 

 
Chlorophylls are pigments in plants that absorb sunlight and facilitate photosynthesis. Chlorophyll-a 

(Chla) is a type of chlorophyll that is most common in all oxygen-evolving photosynthetic organisms 

including plants, algae, and cyanobacteria. The concentration of chlorophyll-a in a sample is a direct 

measurement of the portion of the pigment that is actively respiring and photosynthesizing at the time of 

sampling. It is a proxy for phytoplankton concentrations, which makes it a good indicator to analyze the 

amount of algae that are present in a water body. Surface waters that have a high chloropyll-a 

concentration have relatively large phytoplankton populations. 

 
The amount of algae in a water body greatly impacts the waterôs physical, chemical and biological 

components.  Algae depend on nutrients to survive. However, when excess nutrients enter a waterbody, a 

eutrophic system develops and can foster large and sometimes harmful algal blooms. Algae produce 

oxygen through photosynthesis during daylight hours; but during the night will respire using oxygen. 

Oxygen is also depleted during the bacterial breakdown of organic matter that includes algae that have 

died and sunk to the bottom. Decay of algae releases nutrients into the water body which may cause 

additional algal growth. On top of reducing dissolved oxygen levels, which is the primary cause of 

hypoxia, presence of algae reduces water clarity and algae respiration effects water pH. High levels of 

nutrients can be indicators of pollution from man-made sources such as septic systems, waste water 

treatment plants and fertilizer runoff (Peconic Estuary Program, 2001).  

 
Chlorophyll-a measurements can be used as an indirect indicator of algal presence and growth and 

nutrient levels. Monitoring chlorophyll-a helps to track the health of the Estuary and improves 

understanding about harmful algal blooms.  

 
Water Quality Standard 
 
According to the Peconic Estuary Program's 2001 CCMP, the proposed chlorophyll-a concentration water 

quality criteria from a preliminary SCDHS analysis of mean seasonal water quality parameters and light 

attenuation with respect to existing submerged aquatic vegetation (SAV) beds and Long Island Sound 

Study (LISS) parameters for the Peconic Estuary is 5.5 ± 0.5 µg/L. The proposed criteria are based on the 

fact that lower nutrient levels relate to greater water column light penetration which is an important factor 

for eelgrass survival (Peconic Estuary Program, 2001). The United States Environmental Protection 

Agencyôs (EPA) National Coastal Condition Assessment (NCCA) uses the following ratings for 

chlorophyll-a concentrations (EPA, 2012) : 

¶ Good: <5 µg/L 

¶ Fair: 5-20 µg/L 

¶ Poor: >20 µg/L 

 

Status and Trends 

 

Factors such as sunlight, temperature and nutrients affect algal amounts and chlorophyll-a concentration. 

SCDHS, Office of Ecology, Bureau of Marine Resources staff collect water quality data at all marine 

sampling locations in the Peconic Estuary to assess the chlorophyll-a concentrations (Figure 2). Mean 

concentrations of chlorophyll-a from 1976 through 2004 were 5.9 µg/L, a minima of 0.1 µg/L was 

observed in the eastern estuary and a maxima of 372 µg/L was observed at the Peconic River station in 

the summer of 1976. Chlorophyll-a concentrations were generally lowest in the winter and early spring 

and increase in the summer. Secondary concentration increases occur in eastern main-bay sites in 

December and/ or January which can at times be higher than summer maxima. Long term trends in 

chlorophyll-a are not visible but spikes in the mid to late 1990s and in the last decade coincide with the 
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Brown Tide (Aureococcus anaphagefferens) blooms of the mid  1990s and rust tide blooms first noted in 

2004 (Cochlodinium polykrikoides)(Gobler et al., 2005). The SCDHS did not regularly conduct cell 

counts during this time period (SCDHS, 2015b).  
 
Summer chlorophyll-a has been elevated for the past two decades in the western estuary and continues to 

be elevated in the most recent data. A trend present in historic data shows a decrease in chlorophyll-a in 

the main stem of the estuary eastward as tidal flushing increases. According to the 2012 Peconic Estuary 

Water Quality Status and Trends Report, from 1976-2008 there was a decrease in 37 percent of the 

stations in the Peconic Estuary and 63 percent were unchanged. In an estuary with historic water quality 

issues, this reflects a decrease in Brown Tide cell counts and an increase in water quality. Chlorophyll-a 

decreased in all quintants of the estuary, western central estuary and tributaries, northeastern estuary and 

tributaries, northeastern estuary and tributaries, southeastern estuary and eastern boundary (Cameron 

Engineering & Associates, 2012). According to SCDHS data from 2005 to 2014 the mean concentration 

of chlorophyll-a is 5.6 µg/L, a minima of 0.1 µg/L was observed in the eastern estuary and a maxima of 

1,377.8 µg/L was observed at Meetinghouse Creek in the fall of 2009. Compared to previous decade, 

2010-2014 values are generally greater and the rate of exceedance of the 5.5 µg/L threshold are generally 

greater in 2000-2009 than in the 1990s (Figure 6). 

Figure 6: Mean chlorophyll-a and summer chlorophyll-a by Peconic Estuary section  

 
Similar to the previous decade, the highest mean concentrations of chlorophyll-a are in the western 

estuary and declined eastward. The SCDHS data from 2005 to 2014 show a west to east decrease in 

chlorophyll -a concentrations across the Estuary (Figure 7). The western Estuary concentrations decreased 

75 percent from 2009 to 2014.  
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Figure 7: Average July chlorophyll-a in the Peconic Estuary marine sample stations between 2005 and 

2014 

 
According to data recorded between 2005 and 2014, the western estuary, and West Neck Bay in the 

Shelter Island embayments, Mill Creek in Noyac Bay and Accabonac Harbor in the eastern embayments 

are eutrophic (> 7 µg/L), the other 27 sites are mesotrophic (2-6 µg/L). Generally, the chlorophyll-a 

concentration trends follow the trends of mean total nitrogen and dissolved organic nitrogen and dissolved 

inorganic nitrogen (Figure 8, Figure 9). 
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Figure 8: Mean chlorophyll-a, total nitrogen and dissolved nitrogen in the Peconic Estuary by section 

between 2005 and 2014 
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Figure 9: Mean summer chlorophyll-a, summer total nitrogen and summer dissolved nitrogen in the 

Peconic Estuary by section between 2005 and 2014  
  
Chlorophyll-a is historically the highest in the summer months (July- September), increasing at least 25 

percent at a majority of the sites from mean concentrations for the year and increasing 50 percent  from 

winter concentrations at more than half of the estuary sections. Concentrations of chlorophyll-a increase 

139 percent in summer months, compared to annual average concentrations. Following the same 

decreasing trend from west to east, the highest mean concentrations were recorded at the western stations; 

Meetinghouse Creek, East Creek in South Jamesport and the Peconic River mouth, Reeves Bay, Flanders 

Bay. Between Great Peconic Bay and Orient Harbor, concentrations exceed 7 µg/L during at least one 

sampling date between 2005- 2014 in the summer with the exception of Gardiners Bay and eastern 

embayment locations. Summer chlorophyll-a decreased 81 percent from 2005 to 2014 in the western 

estuary. Summer chlorophyll-a is steadily decreasing at all locations from 2013 through 2014. 

Chlorophyll-a is consistently above the guideline in the western estuary where total nitrogen and 

dissolved nitrogen are at the highest concentrations (SCDHS, 2015c).  

 
Limitations on these data 

 
The SCDHS chlorophyll-a data were collected at all 38 marine sample stations across the Estuary; data 

were recorded  for only 35 stations consistently from 2005 through 2014 for the all seasons and 24 

stations consistently from 2005 through 2014 in the summer (July-September).  Chlorophyll-a and 

fractionated chlorophyll-a concentrations were recorded in 1976 and from 1988 to 2014. Chlorophyll-a 

concentrations were not consistently collected in eastern embayments in the summer data from 2005 

through 2014 and were not included in the analysis. Estuary section means were computed based on 

locations that were consistently sampled from 2005 to 2014. Therefore, a thorough comparison could not 

be completed for all estuary locations.  
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I -C. Water Clarity  

 
The 2005 EI report identified water clarity as one of 18 indicators of environmental quality for the 

Peconic Estuary. Water clarity is vital to the survival and growth of numerous benthic communities 

including eelgrass, microalgae and planktonic organisms. Aquatic plants use light from the sun to 

photosynthesize and the amount of light that passes through the water down to the benthos correlates with 

the health of aquatic plants. In addition to eelgrass, reduced water clarity negatively impacts subsurface 

phytoplankton and benthic microalgae; thus the health of estuarine habitats.  

 

Water clarity is a measure of the amount of particles in the water, or the extent to which light can travel 

through the water. Water clarity affects the depth to which aquatic plants can grow, dissolved oxygen 

content, and water temperature, sufficient water improvements in conditions for eelgrass. In the Peconic 

Estuary submerged aquatic vegetation, specifically eelgrass (Zostera marina), provides critical habitat for 

bay scallop (Argopecten irradians), other shellfish, and nursery and spawning habitats for finfish and 

invertebrates. Submerged aquatic vegetation needs sufficient water clarity to survive and healthy eelgrass 

beds support habitat for shellfish, shellfish filter surrounding water (Balla et al., 2005). Factors that can 

impact the water clarity include presence of high concentrations of total suspended solids and harmful 

algal blooms. High concentrations of total solids and presence of harmful algal blooms decrease the 

passage of light through the water; reducing photosynthesis of aquatic plants. An excess supply of 

nutrients from sewage, fertilizers and stormwater runoff causes eutrophication and the proliferation of 

sometimes harmful algal blooms that reduce water clarity. Inputs from industrial discharges, sewage, 

fertilizers, stormwater runoff, and soil erosion, disturbed bottom sediments cause high concentrations of 

suspended solids. Additionally, high levels of total suspended solids will cause water to heat up more 

rapidly and hold more heat which will impact aquatic life adapted to lower temperatures and when 

sediments settle they can cover benthic or bottom dwelling organisms and habitats (Peconic Estuary 

Program, 2001).  
 
Water clarity is expressed by Secchi disk depth, total suspended solids (TSS) and light attenuation. Water 

clarity is used as a measurement of trophic status, these parameters provide an understanding of 

environmental conditions that may be related to algal growth and are important for assessing conditions 

that support aquatic life. According to the 2005 EI Report, the Peconic Estuary Program is interested in 

improving water quality in all existing or potential eelgrass habitat areas identified as shallow estuary 

waters, three meters or less. It is essential to the health of the estuary to have light transfer to the benthos 

to support a healthy ecosystem.  

 
Water Quality Standard 
 

The ambient New York State water quality standards for turbidity for Class  A, B, C, D, SA, SB, SC, I, 

SD (all waters within the Peconic Estuary fall within these classifications) waters are no increase that will 

cause a substantial visible contrast to natural conditions (Appendix A). The standards can be found at 6 

NYCRR 703.2 (NY Department of State-Division of Administrative Rules, 2015).  

 

To optimize eelgrass habitat and preserve water quality in eelgrass habitat areas,  0.4 mg/l  nitrogen 

criterion is recommended for shallow (three meters or less) estuary waters in the Peconic Estuary. This 

recommendation is based on an anlysis of the relationship between mean summer nitrogen, cholorphyll-a, 

and light attenuation coefficient (Kd) data collected by SCDHS during 1994-1996 and a model 

verification period with respect to existing SAV beds and refinements to the LISS eelgrass habitat 

criteria; the Peconic Estuary criteria for optimizing eelgrass habitat is Kd: 0.75 ± 0.05 (m 
-1 

) (Peconic 

Estuary Program, 2001). 
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Status and Trends 

 
The SCDHS, Office of Ecology, Bureau of Marine Resources monitors water clarity at all marine stations 

in the Peconic Estuary (Figure 2). The surface water quality program focuses on indicator parameters that 

have been identified by the PEP CCMP.  Water clarity data provide a general assessment of availability of 

light for submerged aquatic vegetation  and support SAV restoration programs (SCDHS, 2015b). 

Historically, Secchi disk depths have remained constant with a mean of 7.1 feet from 1976 through 2004 

with a minimum depth of 0.5 feet at the East Creek station in winter of 1999 and at the Peconic River 

sample station in the summer of 1976 and a maxima of 26 feet at Gardiners Bay South in the spring of 

1996. The SCDHS data from 2005 to 2014 reveal that annual average Secchi disk depth has remained 

relatively stable with not much fluctuation over the time period since 2005. The SCDHS data from 2005 

to 2014 shows a generally west to east increase in Secchi dish depth. The mean Secchi disk depth is 7.3 

feet with a minima of 0.3 feet at Meetinghouse Creek in fall of 2009 and a maxima of 37 feet at the 

Gardiners Bay Central sample station in the spring of 2014. Data show an increasing Secchi disk depth 

from west to east (Figure 10). The data revealed that the mean Secchi depth was the lowest at 

Meetinghouse Creek and the highest at Gardiners Bay station. The lowest minima were recorded at 

western sites and the highest minima were recorded at eastern sites, east of Little Peconic Bay. 

 

Figure 10: Mean Secchi disk depth in the Peconic Estuary by section between 2005 and 2014 

 
Further, trends show that minima occurred during June through September in shallower western sites and 

at deep water eastern sites in winter months. Results show that minima coincide with higher plankton cell 

counts. Maxima occurred during spring and fall. The SCDHS mean Secchi disk depth from 2005 to 2014 

reveals a variation in depth from spring to fall. In the summer there is a decrease in Secchi disk depth 

compared to the spring and fall season. West to east increase in Secchi disk depth is apparent (Figure 11, 

Figure 12, Figure 13). 
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Figure 11: Average spring Secchi disk depth at Peconic Estuary SCDHS marine sampling stations 

between 2005 and 2014 




















































































































