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All of Long Island is a watershed -
Materials on land eventually enter our groundwater and surface water.
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Phytoplankton serve as the 

foundation of marine food webs.

Phytoplankton
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Harmful Algal Blooms (HABs)

Growth of an algal species to densities which 

negatively impact human health or an ecosystem.  
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Alexandrium red tides and paralytic shellfish 
poisoning (PSP)

Alexandrium
Saxitoxin
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PSP-shellfish bed 
closures across 
Long Island

Northport-Huntington Bay

Mattituck

Shinnecock Bay

Sag 
Harbor

Northport, Huntington

Riverhead

Laurel
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Presence of PSP-producing Alexandrium 

in LI: 2007-2019

= cells not detected

= < 100 cells L-1

= > 1,000 cells L-1

= 100 - 1,000 cells L-1

**circles represent the highest observed densities at each site** 

~1020 time points

• Alexandrium found at 62 of 76 sites sampled (82%) 10



Hundreds
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Linking land-derived nitrogen to 
turtle deaths

Conclusion: PST in shellfish was likely high enough to cause or contribute to the mortality in 
these small (<2.0 kg) animals.
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Cochlodinium rust tides
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Cochlodinium polykrikoides blooms in NY, 2004 – 2016: 
Ichthyotoxic (Gobler et al 2008; Tang and Gobler 2009)
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Cochlodinium, rust 
tide, in Peconics

Cochlodinium can be lethal to scallops (Gobler et al 

2008; Tang and Gobler 2009).
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Dinophysis acuminata and diarrhetic shellfish 
poisoning (DSP) due to okadaic acid
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DSP toxins in shellfish, Northport, June 2011 (ng/g)

Blue 

mussels

total 

DSP*
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Blue 

mussels

total 
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143

Blue 

mussels
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Soft clams
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957

Ribbed 

mussels
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1137
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Soft clams
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1150

FDA action level = 160 ng/g

* Region closed to shellfishing
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= cells not detected

= < 1000 cells L-1

= > 105 cells L-1

= 1,000 - 10,000 cells L-1

= 10,001 - 100,000 cells L-1

Presence of DSP-producing Dinophysis 

in LIS: 2008-2017

**circles represent the highest observed densities at each site** 

~950 time points

• Dinophysis was observed at 54 of 54 sites sampled, and 17% of those sites had higher 
densities than those reported ~30 years ago (Freudenthal and Jijina, 1988). 

• The largest blooms occurred in Northport Bay and Meetinghouse Creek. 18
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Shellfish bed closures 
and pathogenic bacteria

• NYSDEC opens and closes 
shellfish beds based on 
levels of ‘indicator bacteria’ 
such as fecal coliform 
bacteria are proxies for 
pathogenic bacteria.

• Temporal and spatial 
dynamics of these bacteria 
are poorly understood.
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Microbial Source Tracking 
• Identify the source of fecal pollution in a watershed 
• Provides basis for management strategies and efficient resource allocation

Genetic Markers:

Ruminant Birds Human Dog

Target Host Organisms:Fecal Bacteria:
Bacteroides
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Objectives:

• Assess the temporal and spatial dynamics of the PSP-causing 
dinoflagellate Alexandrium, DSP-causing dinoflagellate, 
Dinophysis, and the ichthyotoxic dinoflagellate, 
Cochlodinium, and fecal coliform bacteria in the Village of 
Sag Harbor’s marine waters. 

• Provide fine temporal scale and spatial water quality 
monitoring in the Village of Sag Harbor’s marine waters. 

• Microbial source tracking of indicator and pathogenic 
bacteria. 

• Assessment of nitrogen loads to Sag Harbor
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Location of sampling sites in Sag Harbor Bay, NY

Sag Harbor Bay

Sag Harbor Cove

The Big Narrows

Noyack Bay

Paynes Creek

Upper Sag 

Harbor Cove

Otter Pond

The Little Narrows

Morris Cove

SAG 1

SAG 2 (Buoy)

SAG 2ASAG 3

SAG 4

SAG 6
SAG 6A

Atlantic Ocean

SAG 5

23



GENERAL WATER QUALITY CONDITIONS
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Alexandrium and Dinophysis

Alexandrium
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Dinophysis
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Cochlodinium rust tides
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WHAT CONTROLS THE GROWTH OF ALGAE

IN SAG HARBOR?
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Nitrogen degrades water quality

Algae bloom

Decreased 
water clarity

Algae bloom 
degrades; 
dissolved 

oxygen levels 
decline

Excessive 
nitrogen 
loading
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WHAT ARE THE DOMINANT SOURCES OF

NITROGEN TO SAG HARBOR?
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Sag Harbor and Sag Harbor Cove watersheds 
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Watersheds and groundwater travel times of Sag Harbor Bay 

and Sag Harbor Cove.
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Percent organic matter of sediments across Sag Harbor and 

Sag Harbor Cove
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Percent nitrogen loads from various sources to Sag Harbor Cove
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Cesspool/Septic 88%

STP, 
0%

Atmospheric 7%

Residential 
Lawns 3%

Parks and Golf 
Lawns 2%

Sediment flux, 
12%

Pets, 2% Birds, 3%

Percent nitrogen loads from various sources to Sag Harbor 

Cove, Village boundaries only
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Cesspool/Septic 81%

STP 10%

Atmospheric, 6%

Residential Lawns
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Percent nitrogen loads to Sag Harbor and Sag Harbor Cove, 

inside and outside of Village boundaries
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53Ruminant Birds Human Dog

Target Host Organisms:Fecal Bacteria:
Bacteroides
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Average Enterococcus levels detected via digital PCR
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Abundance of fecal bacteria from four sources, digital PCR
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Percentages of fecal bacteria from four sources, digital PCR
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WHAT ARE THE OPTIMAL MANAGERIAL OPTIONS

TO IMPROVE WATER QUALITY IN SAG HARBOR?
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Steps to improve water quality

• Nitrogen was the main source of nutrients promoting algal 
growth and, in turn, rust tides, low water clarity, and low 
oxygen.

• Wastewater from on-site septic systems was the primary 
source of nitrogen in Sag Harbor and Sag Harbor Cove.

• Upgrading septic systems and/or connecting homes to the 
sewage treatment plant will reduced the incidence of rust tide, 
algal blooms, and hypoxia while improving water clarity.

• A cost and feasibility study should be performed to identify 
regions ideal for sewering vs regions where advanced on-site 
systems would be optimal.
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PROVISIONALLY APPROVED LOW N SEPTIC SYSTEMS

Hydro-Action
Norweco 

Singlair TNT

Orenco Advantex AX-RT

Norweco 

Hydrokinetic

Fuji Clean 

System
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New York State
Center for 
Clean Water Technology

Director, Dr. Chris Gobler
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Nitrogen Removing Biofilters (NRB)
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Addressing fecal bacteria contamination

• Mitigating surface run-off from land to sea at Haven’s Beach to 
reduce levels of fecal bacteria should be a priority; this region 
is open for shellfishing and swimming.

• Otter Pond also requires run-off mitigation, but is likely a 
lower priority.

• Further study is needed to affirm the source of fecal 
contamination in the inner Harbor.

• Assuring optimal functioning of the sewage treatment plant 
and eliminating vessel wastewater discharge would both 
minimize human fecal contamination. 
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Conclusions:

• Water quality conditions in Sag Harbor were, on average, good.

• Multiple water quality impairments were observed; Nitrogen, low 
oxygen, reduced water clarity, algal blooms, rust tides, and 
pathogenic bacteria were all detected at levels exceeding state and 
federal guidance values.

• Nitrogen was the nutrient promoting algal growth and, in turn, rust 
tides, low water clarity, and low oxygen.

• Wastewater from on-site septic systems was the primary source of 
nitrogen in Sag Harbor and Sag Harbor Cove.

• Human waste was the primary source of fecal bacteria to the inner 
Harbor, whereas dogs, small mammals, and birds contributed to 
fecal bacteria near Haven’s Beach and Otter Pond. 68



Conclusions continued…

• Upgrading septic systems and/or connecting homes to the sewage 
treatment plant will reduced the incidence of rust tide, algal blooms, 
and hypoxia while improving water clarity.

• Mitigating surface from land to sea at Haven’s Beach to reduce levels 
of fecal bacteria should be a priority; this region is open for 
shellfishing and swimming.

• Further study is needed to affirm the source of fecal contamination in 
the inner harbor.

• Assuring optimal functioning of the sewage treatment plant and 
eliminating vessel wastewater discharge would both minimize human 
fecal contamination. 
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