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Using Microbial Source Tracking To Identify Fecal 
Contamination Sources in South Oyster Bay on 
Long Island, New York

By Tristen N. Tagliaferri, Shawn C. Fisher, Christopher M. Kephart, Natalie Cheung, Ariel P. Reed, and 
Robert J. Welk

Executive Summary
The U.S. Geological Survey worked collaboratively 

with the New York State Department of Environmental 
Conservation (NYSDEC) to assess the potential sources of 
fecal contamination entering seven estuarine embayments 
across Long Island, New York, from June 2018 to July 2019. 
Water samples are routinely collected by the NYSDEC in 
Long Island embayments and analyzed for fecal coliform 
bacteria, an indicator of fecal contamination, to determine 
the closure of shellfish beds for harvest and consumption. 
Concentrations of fecal coliform signify the potential for 
pathogenic (disease-causing) bacteria to be present. The study 
summary, introduction, approach, and methods were originally 
presented in Tagliaferri and others (2021a, b) and are summa-
rized in this report.

Indicator bacteria alone cannot determine the biological 
or geographical sources of contamination. Microbial source 
tracking (MST) is a method used to determine these sources 
of contamination. Microbial source tracking laboratory 
techniques can ascertain whether genetic material obtained 
from Bacteroides or Helicobacter bacteria in water or sedi-
ment is consistent with humans, canines (dogs), ruminants 
(deer, sheep), or waterfowl (aquatic birds). Bacteroides and 
Helicobacter are genera of bacteria found in the gut of most 
warm-blooded animals. These techniques can also quantify the 
concentration of genetic markers found.

Information such as the location, weather and season, 
surrounding land use, and additional water-quality data for 
the location where the sample was collected to help determine 
the geographical source and conveyance of land-based water 
to the embayment. The presence of genetic material and fecal 
coliform in samples collected at the same time is important 
to show that the fecal coliform is likely from the host source 
detected. It is possible for waters with waste infiltration to 
have genetic material present but no fecal indicators, such 
as disinfected water from a sewage treatment plant or from 
groundwater that has passed through a sandy aquifer.

Water samples were collected in the summer and winter 
seasons. In each of the two seasons, one sample was collected 
in dry weather, and one, after substantial rainfall. Groundwater 
and sediment samples were also collected during the study. 
Surface-water source sites sampled for South Oyster Bay 
include Cedar Creek near Bay Place, Massapequa Lake East 
Culvert, and Unqua Lake Culvert.

Human, canine, and waterfowl fecal contributions to 
South Oyster Bay were frequently detected across the land-
scape. Among the potential sources of fecal contaminated 
water contributing to South Oyster Bay—groundwater, lake 
and wetland drainage, stormwater (municipal separate storm 
sewer systems), and marinas (boats)—stormwater is the 
most likely contributor of fecal coliform to South Oyster Bay 
based on the source sites studied. At receptor sites (the bay 
itself), 15 of 16 samples collected had concentrations below 
49 most probable number per 100 milliliters (MPN/100 mL), 
the 90-percentile concentration determined by the NYSDEC 
as part of the National Shellfish Sanitation Program closure 
criteria (U.S. Food and Drug Administration, 2019). Despite 
these results, certain areas of South Oyster Bay are seasonally 
uncertified between 9 and 12 months out of the year.

The highest frequency of fecal coliform detections in 
source site samples was under wet summer conditions, as 
evidenced by the high fecal coliform concentrations at the 
Cedar Creek near Bay Place and Unqua Lake Culvert sites 
(greater than [>] 16,000 MPN/100 mL each). The source sites 
tested during this study, which were adjacent to parks and 
high-density residential housing, had a higher frequency of 
canine marker detections than human and were associated with 
high fecal coliform concentrations in the summer with no fecal 
coliform detections in the winter. The lack of human mark-
ers in receptor samples throughout the bay indicates minimal 
human influence from boats and marinas on fecal coliform 
loads into South Oyster Bay. Additionally, the absence of 
fecal coliform and human MST markers in the groundwater 
sampled at Zachs Bay indicate that sewage lines were operat-
ing as expected and did not influence fecal coliform loads to 
the bay. The sediment sample from Zachs Bay was negative 
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for all MST markers, indicating that sediment is unlikely to 
contribute fecal coliform from the tested host organisms dur-
ing resuspension events caused by tidal shifts or boat wakes.

A classification scheme was developed that considered 
conditions such as high fecal coliform concentrations (par-
ticularly during dry weather samples) and contributions from 
human and canine waste based on detection of MST markers. 
The sites were assessed to assist stakeholders and resource 
managers in prioritizing which source sites consistently con-
tribute fecal coliform bacteria to South Oyster Bay throughout 
the year. The Cedar Creek near Bay Place and Unqua Lake 
Culvert sites were classified as locations most likely to con-
tribute fecal contamination to South Oyster Bay.

Introduction
To better understand fecal contamination sources in 

coastal embayments on Long Island, New York, micro-
bial source tracking (MST) and fecal coliform bacteria 
(FC) data were collected by the U.S. Geological Survey 
(USGS) in cooperation with the New York State Department 
of Environmental Conservation (NYSDEC) from seven 
embayments from June 2018 to July 2019 (U.S. Geological 
Survey, 2020a). The objective of this research is to iden-
tify the different pathogen sources, both the host organism 
(such as human, mammals, or birds) and geographic origin 
(such as urban and storm runoff and submarine groundwater 
discharge), to embayments with fecal contamination. The 
embayments selected represent a mix of sewered and unsew-
ered areas, differing levels of impervious land cover, varying 
population density, and a variety of land-use types to transfer 
what is learned to other areas beyond the seven embayments 
studied. In total, 353 samples were collected in the 7 embay-
ments on Long Island. These were primarily surface-water 
samples but also include 17 groundwater, 11 sediment, 2 sew-
age influent, and 8 fecal samples.

The presence of fecal contamination in South Oyster Bay 
and resulting hazards posed to marine resources and human 
health are of increasing concern. Recreational uses of the 
bay, including shellfishing and public bathing, are frequently 
restricted due to high counts of FC, which are used as indi-
cators for when pathogens may be present. Pathogen loads 
can be influenced by watershed land-use, proximity to point 
sources such as municipal separate storm sewer systems, as 
well as tidal exchange and circulation transporting pathogens 
from outside the study area (Gao and others, 2015), sediment 
resuspension (O’Mullan and others, 2019), and human recre-
ation (including boating). Sewage treatment plants, such as the 
Cedar Creek and Jones Beach sewage treatment plants, can 
also act as point sources (through effluent discharge) for patho-
gens when standard operations and procedures for disinfec-
tion are compromised. Nonpoint sources may include shallow 
groundwater discharge because, although the area is sewered, 
the low-lying topography requires the widespread use of 
submersible pumps, which aid in the movement of wastewater 

through underground piping and to the wastewater treatment 
plant. These pumps have the potential to leak, malfunction, or 
fail, thereby polluting the groundwater. Through routine FC 
monitoring, the NYSDEC has identified fecal contamination 
as a concern in South Oyster Bay. MST techniques are neces-
sary to determine the dominant source (human, canine, rumi-
nant, and waterfowl) and geographic origin of FC, using land 
use, topography, and hydrology to establish a framework. The 
success of future pathogen-control measures may be measured 
by the decline in FC concentrations.

Site Description
South Oyster Bay is a natural and shallow embayment 

on the southern shore of Long Island. The bay is contained 
by Jones Beach Island to the south and Great South Bay to 
the east. The hamlets of East Massapequa, Massapequa, and 
Seaford and the village of Massapequa Park to the north of 
the embayment are primarily high-density residential land-
use areas with artificially channelized marinas and bulkhead 
shorelines. The northern shoreline is almost entirely sewered 
and is served by the Cedar Creek sewage treatment plant 
(fig. 1).

Effluent from the Cedar Creek sewage treatment plant is 
discharged from an outfall extending into the Atlantic Ocean. 
The bay itself has numerous tidal marshes. The leeward side 
of Jones Beach Island is primarily wetlands and marshes; 
areas around Zachs Bay on Jones Beach Island are mostly 
sewered and are served by the Jones Beach sewage treatment 
plant. Potential contributions of contaminated water to the bay 
include stormwater runoff, groundwater inputs, and drainage 
of coastal lakes and wetlands. Illicit boat discharges and efflu-
ent from the Cedar Creek and Jones Beach sewage treatment 
plants are also possible contributors of fecal contamination to 
the bay. The sites where surface-water samples were collected 
within South Oyster Bay (fig. 2; table 1.1) are as follows:

• The sampling site at Cedar Creek near Bay Place is 
adjacent to the Cedar Creek sewage treatment plant on 
the western edge of South Oyster Bay in the hamlet of 
Seaford. This area consists of artificially channelized 
marinas and high-density residential development.

• The Massapequa Lake East Culvert site in Massapequa 
flows under Merrick Road and drains water from 
Massapequa Lake into a narrow, channelized canal. 
The canal flows into Massapequa Cove, a waterbody 
that freely exchanges water with South Oyster Bay. 
This sampling site captures potential FC contamina-
tion from Massapequa Lake, which is on the southern 
edge of Massapequa Preserve. The preserve is used for 
walking, biking, fishing, and nonmotorized watersports 
and houses a plethora of wildlife and waterfowl year-
round. Private residences surrounding Massapequa 
Lake are positioned approximately 200 feet or more 
from the waterfront.
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Figure 1. Map showing the extent of the priority waterbody in South Oyster Bay on Long Island, New York, as designated by the New 
York State Department of Environmental Conservation (2020); the sewered area surrounding South Oyster Bay are indicated. All areas 
are sewered except the marsh islands and the area labeled Jones Beach Island.
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(2020a).
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• The Unqua Lake Culvert site flows under Merrick 
Road in Massapequa Park and drains Unqua Lake 
into a narrow, partially channelized canal. Water flows 
past a large sports field complex and high-density 
residential housing with private boat docks before 
the discharge point to South Oyster Bay. The culvert 
is approximately 1 mile upstream from the discharge 
point to South Oyster Bay. Unqua Lake is used recre-
ationally for walking, biking, and fishing. Dogs are not 
allowed in the park to the east of the lake.

Approach and Methods

Sampling Methods

Sampling methods used for this study are detailed in 
Tagliaferri and others (2021a). Surface-water samples in 
South Oyster Bay were collected in June 2018 to March 2019 
and groundwater and sediment samples were collected in 
June 2019. At Zachs Bay, MST markers were not analyzed 
in the groundwater sample, and fecal coliform was not 
analyzed in the sediment sample because of laboratory time 
and resource constraints. All water-quality and sediment 
data collected in the field and those analyzed in laboratories 
as part of this study are available from the U.S. Geological 
Survey National Water Information System (NWIS) database 
(U.S. Geological Survey, 2020a).

Based on the methodology used for this study, wet condi-
tions were defined as more than 0.25 inch of precipitation in 
24 hours or 0.50 inch in 48 hours, and dry conditions were 
defined as less than 0.25 inch of precipitation in 72 hours. 
Rainfall totaled 0.81 inch on August 8, 2018, and 0.13 inch on 
August 9, 2018, designating samples collected in South Oyster 
Bay on August 9, 2018, as summer wet samples (more than 
0.25 inch within 24 hours). Winter wet samples were also col-
lected in South Oyster Bay on March 5, 2019, with 0.61 inch 
of precipitation falling on March 4, 2019. Rainfall values were 
obtained from the Republic Airport weather station (KFRG; 
Weather Underground, 2020).

From June 2018 to March 2019, seven surface-water sites 
were sampled within South Oyster Bay, yielding 28 water 
samples (plus three replicates), and one additional site (Zachs 
Bay) was sampled in June 2019 where one groundwater and 
one sediment sample were collected concurrently (fig. 2). Of 
the surface-water sites, three were considered “source” sites 
(waters flowing directly into South Oyster Bay from the land 
through culverts and groundwater discharge) and four were 
considered “receptor” sites (the bay itself). Excluding rep-
licates, 14 surface-water samples were collected under wet 
conditions, and 14 were collected under dry conditions; 14 
surface-water samples were collected in the summer, and 14, 
in the winter.

Laboratory Methods

Laboratory methods used for this study are detailed in 
Fisher and others (2020). Water samples were analyzed for 
FC at the Suffolk County Department of Health Services 
Public Environmental Health Laboratory (PEHL) and the 
NYSDEC Marine Laboratory. Additional information was 
either observed or compiled to facilitate interpretation of 
data. Precipitation measurements from the Republic Airport 
weather station in Farmingdale, identified as KFRG (Weather 
Underground, 2020), were used to determine dry and wet 
weather conditions. Quality assurance for measurements at 
KFRG are unavailable. Relative tide stage as noted by USGS 
field personnel and verified based on tidal predictions avail-
able (National Oceanic and Atmospheric Administration, 
undated) was documented along with the sample information 
in NWIS (U.S. Geological Survey, 2020a). Land-cover and 
sewer district geographic information system (GIS) coverages 
(Nassau County, 2015; Suffolk County, 2020; U.S. Geological 
Survey, 2020b) were used for data interpretation. These data 
support the MST results to increase confidence in the geo-
graphical source of the water and likely transport mechanisms 
of fecal contamination to South Oyster Bay.
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Results
Results of MST and FC were assessed based on concen-

trations, presence or absence, and relative abundance of host 
markers with respect to surface-water source and receptor 
sites. Differences in MST markers and FC concentrations were 
also compared seasonally and conditionally (that is, wet or 
dry), with dry weather discharges with high FC concentrations 
from municipal separate storm sewer system source sites being 
of particular concern.

Microbial Source Tracking

Throughout South Oyster Bay, the human-associated 
Bacteroides (HF183) marker was the most frequently detected 
MST marker with 14 detections across the South Oyster Bay 
landscape, followed by the canine-associated Bacteroides 
(BacCan) marker with eight detections and the waterfowl-
associated Helicobacter (GFD) marker with five detections. 
All winter receptor samples were positive for HF183, indicat-
ing a seasonal flux of human markers into the bay from within 
the receptor and not from the surrounding landscape (for 
example, lakes and culverts). Concentrations of HF183 in the 
bay were not influenced by weather-related events, evidenced 
by the similar frequency of positive detections between wet 
and dry conditions (43 percent and 57 percent, respectively; 
table 1). All GFD and BacCan detections were at source sites, 
except for the GFD detection at South Oyster Bay near Squaw 
Island, suggesting that concentrated waterfowl and canine 
fecal contamination occurs at inland (or island) sources and 
either degrades before entering the bay or is diluted within 
the receptor. GFD detections were only in the winter, which is 

Table 1. Summary of microbial source tracking results in 
surface-water samples for sites sampled in South Oyster Bay on 
Long Island, New York.

[Ratios are number of samples with detections greater than reporting limit per 
total number of samples and do not include replicate samples. Reporting limits 
vary due to analytical processes and matrix interferences. HF183, human-
associated Bacteroides marker; Rum2Bac, ruminant-associated Bacteroides 
marker; GFD, waterfowl-associated Helicobacter marker; BacCan, canine-
associated Bacteroides marker]

Variable
Ratio of positive detections 

(detections greater than the reporting limit)

HF183 Rum2Bac GFD BacCan

Summer 2:14 0:14 0:14 3:14
Winter 12:14 0:14 5:14 5:14
Dry 8:14 0:14 2:14 3:14
Wet 6:14 0:14 3:14 5:14
Source 5:12 0:12 4:12 8:12
Receptor 9:16 0:16 1:16 0:16

consistent with the reported presence of migratory winter birds 
in the area. BacCan detections were generally more frequent 
in the winter than in summer.

Host Specific Markers

Reporting limits for the three MST markers detected 
(HF183, BacCan, and GFD) in South Oyster Bay varied 
slightly due to analytical processes, such as required dilutions 
because of matrix interferences. Understanding occurrence 
of the predominant MST markers in South Oyster Bay can 
be used to help prioritize locations for additional investiga-
tion and infrastructure improvement. It can also provide a 
baseline for host contributions when prioritizing sites of 
concern for assessing FC and after total maximum daily 
load implementation.

HF183
The human marker (HF183) was the most frequently 

detected MST marker in South Oyster Bay (50 percent posi-
tive detections). The human marker was detected at least twice 
in all surface water source and receptor sites, except for the 
Massapequa Lake East Culvert source site that did not have 
any positive HF183 detections. Concentrations of HF183 
detected above the reporting limit in samples collected at 
receptor sites ranged between 250 copies/100 mL at the South 
Oyster Bay near Townsend Island site to 4,300 copies/100 mL 
at the South Oyster Bay near South Line Island site (fig. 3). 
Because samples collected within the bay (receptor sites) 
with detections of HF183 were not associated with high FC 
concentrations, it is unlikely that illicit boat discharges or 
marinas were a source. The highest frequency of HF183 was 
in samples collected at the South Oyster Bay near Townsend 
Island and Unqua Lake Culvert sites, with positive detections 
in dry winter, wet winter, and dry summer conditions at each 
site. HF183 was not detected in the sediment sample collected 
at the Zachs Bay site.

BacCan
The canine marker was detected in 8 of 28 total water 

samples (excluding replicates) and at source sites only (fig. 4). 
Samples with positive BacCan concentrations were gener-
ally split between season and sampling condition, with two 
more positive detections in winter samples than in summer 
samples and in wet samples than in dry samples (table 1). 
The two highest concentrations of BacCan (28,000 cop-
ies/100 mL each) were in the samples collected at the 
Massapequa Lake East Culvert site during wet winter condi-
tions and at the Unqua Lake Culvert site during dry winter 
conditions (table 1.2; U.S. Geological Survey, 2020a). BacCan 
was not detected in the sediment sample collected at the 
Zachs Bay site.
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GFD
The waterfowl marker was detected at least once in 

samples collected at each surface-water source site and only 
once in a receptor site (table 1). The highest concentration 
of GFD (24,000 copies/100 mL) was in the surface-water 
sample collected at the Unqua Lake Culvert site during dry 
winter conditions and was concurrent with waterfowl sightings 
(fig. 5). All GFD detections were in samples collected during 
the winter season and were associated with FC concentrations 
below the reporting limit, indicating that birds are not a persis-
tent source of FC to South Oyster Bay. GFD was not detected 
in the sediment sample collected at the Zachs Bay site.

Fecal Coliform Bacteria

Concentrations in samples from surface water source sites 
ranged from below the reporting limit in 58 percent of samples 
to greater than [>] 16,000 MPN/100 mL in two summer 
samples, one from the Cedar Creek near Bay Place site and the 
other from the Unqua Lake Culvert site (both collected under 
wet weather conditions). Concentrations for samples collected 
at the receptor sites ranged from at or below the reporting limit 
in 69 percent of samples to 93 MPN/100 mL in one sample 
collected in wet weather conditions at the South Oyster Bay 
near Squaw Island site (table 1.2; U.S. Geological Survey, 
2020a). During this study, only one receptor sample, that was 
collected in wet summer conditions at South Oyster Bay near 
Squaw Island, had a concentration above 49 MPN/100 mL, 
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Figure 4. Graphs showing concentrations of the canine-associated Bacteroides (BacCan) marker, in copies per 100 milliliters for 
water samples and copies per gram dry weight for sediment samples, from A, receptor and B, source sites under various surface-water 
sample conditions at South Oyster Bay on Long Island, New York. Dashed lines indicate reporting limit for a single sample without a 
detection. Scales for marker concentrations are fixed to allow for easy comparison with other embayment study areas on Long Island.

the 90-percentile concentration determined by the NYSDEC 
as part of the National Shellfish Sanitation Program (NSSP) 
closure criteria (U.S. Food and Drug Administration, 2019).

The dry winter sample collected at the Unqua Lake 
Culvert site was positive for HF183, BacCan, and GFD mark-
ers and was associated with an FC concentration below the 
reporting limit. In contrast, the dry summer sample had fewer 
marker detections but considerably higher FC concentra-
tion, indicating the potential degradation of the MST markers 
during the summer season or fecal contamination from an 
untested source organism. Even though dogs are not allowed 
in the park to the east of Unqua Lake, positive canine mark-
ers were detected in three of four samples taken at the culvert, 
indicating the presence of canines likely from the residential 
community to the west.

The relation between FC and marker detection is not 
straightforward. Fecal coliform and specific host-associated 
markers may decay at different rates and be present in differ-
ent abundances. Host-associated markers were shown to decay 
more rapidly than FC in Drozd and others (2013) and Rogers 
and others (2011). In general, high FC concentrations occurred 
during the wet, summer season.

Nonpoint Sources of Fecal Coliform Bacteria

Major nonpoint contributors of freshwater to South 
Oyster Bay include groundwater seepage and direct stormwa-
ter runoff not conveyed by the municipal separate storm sewer 
systems. Groundwater was collected from a single site in 
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Figure 5. Graphs showing concentrations of the waterfowl-associated Helicobacter (GFD) marker, in copies per 100 milliliters for 
water samples and copies per gram dry weight for sediment samples, from A, receptor and B, source sites under various surface-water 
sample conditions at South Oyster Bay, New York. Dashed lines indicate reporting limit for a single sample without a positive detection. 
Scales for marker concentrations are fixed to allow for easy comparison with other embayment study areas on Long Island.

South Oyster Bay at Zachs Bay. Fecal indicator bacteria were 
not detected in the groundwater sample and there are no MST 
data available for this sample.

Another nonpoint source that can contribute to fecal 
contamination in water samples is sediment during resus-
pension (O’Mullan and others, 2019). To better understand 
these contributions, a sediment sample was collected near the 
groundwater sample while the groundwater sample was col-
lected at the Zachs Bay site. MST markers were not detected 
in this sample, and FC data are not available (table 1.2; 
U.S. Geological Survey, 2020a).

Classification of Source Sites
The source sites (waters flowing directly into the bay) 

were assessed to better understand geographical sources and 
transport mechanisms to surface-water receptor sites and the 
relation between FC and MST marker presence and abundance 
(table 2). Source sites were assigned a numeric classification 
as described in Tagliaferri and others (2021a, b) to aid in con-
ceptualizing the degree of contamination potential (table 3). 
Classifications are based on a sliding scale, with class 1 
sites being the most contaminated and class 5 sites being the 
least contaminated.
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Table 2. Geographical sources of water for sample locations in South Oyster Bay on Long Island, New York, and the potential for these 
sites to have contributed to the fecal coliform concentrations observed in the samples.

[FC, fecal coliform bacteria; MST, microbial source tracking; X, potential contributor, —, not a likely contributor based on current data]

Site name
Contamination 

source

Contributes 
to fecal 

contamina-
tion in bay?

Remarks

Cedar Creek near 
Bay Place

Canines X Higher FC concentrations in the summer compared to the winter paired with detec-
tions of canine markers may reflect dog ownership in the residences along the 
creek or heavier use of outdoor spaces for dog walking in the summer months.

Stormwater 
conveyance

X Stormwater is a potential source for substantial FC as shown in the single, wet 
summer sample that exceeded the reporting threshold for FC.

Marinas — Human marker detections were associated with low FC concentrations and only 
detected in winter samples when boat activity is not prevalent.

Unqua Lake Culvert Canines X The canine marker was detected in both summer and winter samples and was 
the only marker detected in the wet summer sample with substantial FC that 
exceeded the reporting threshold.

Stormwater 
conveyance

X Stormwater is a potential source for substantial FC as evidenced by the single, wet 
summer sample that exceeded the reporting threshold for FC.

Massapequa Lake 
East Culvert

Pond drainage — FC concentrations were not detected in three of four samples indicating little to no 
FC contamination potential to South Oyster Bay.

Canines and 
waterfowl

— Canine and waterfowl markers were detected in winter samples only and were not 
associated with FC.

Zachs Bay Groundwater — No evidence of FC.
Sediment — No evidence of MST markers.

Table 3. Sample results for fecal coliform and microbial source tracking markers, by source site type, in South Oyster Bay on Long 
Island, New York.

[Proposed classification considers concentrations of fecal coliform above 49 most probable number per 100 milliliters (MPN/100 mL), dry weather discharges, 
and influences of human sewage and canine waste. HF183, human-associated Bacteroides marker; BacCan, canine-associated Bacteroides marker; <, less than]

Site name Site type
Number 

of FC 
samples

Fecal coliform (MPN/100 mL) Elevated fecal 
coliform during dry-
weather discharge

Sewage 
affected 
(HF183)

Canine 
affected 
(BacCan)

Class1

Median
25th 

quartile
75th 

quartile
Mean

Cedar Creek near 
Bay Place

Estuary 4 85 0 4,100 4,000 Yes Yes Yes 1

Unqua Lake Culvert Lake 4 400 0 4,600 4,200 Yes Yes Yes 1
Massapequa Lake 

East Culvert
Estuary 4 <18 0 58 58 No No Yes 5

1Class is assigned from 1 to 5, with 1 being the most contaminated and 5 being the least contaminated.

Cedar Creek near Bay Place—Class 1

Cedar Creek flows continuously but is only suspected 
of contributing high FC concentrations during the summer 
season when samples exceeded the 49 MPN/100 mL NSSP 
criterion for shellfish closure. Most notably, the wet summer 
sample had one of the highest concentrations of FC in all 
South Oyster Bay (>16,000 MPN/100 mL) and was positive 
for canine markers, also at a high concentration. Canine mark-
ers were the most frequently detected marker at this site, with 

three positive detections. The high frequency and concentra-
tion of the canine marker at this site is likely reflective of 
domestic dog ownership in the residences lining the creek and 
the use of an upland park for dog walking. Human markers 
were detected only in winter samples and were at concentra-
tions close to the reporting limit, indicating no illicit boat 
discharge or sewage line failures. Stormwater influence on FC 
concentrations is implicated because there was a substantial 
increase in FC during the summer wet weather event.
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Unqua Lake Culvert—Class 1

The Unqua Lake Culvert site was a source of FC in 
the summer season in both wet and dry conditions. Human, 
canine, and waterfowl markers were all detected; with human 
and canine markers being the most frequently detected. The 
wet summer sample had a fecal coliform concentration above 
the upper reporting limit (>16,000 MPN/100 mL) and was 
associated with a high concentration of canine markers. The 
dry summer sample also had elevated FC and was associated 
with a positive human marker detection. The only waterfowl 
detection at this site was in a sample collected concurrently 
with bird sightings, but a low FC concentration was observed. 
Higher FC concentrations in the summer samples may reflect 
heavier use of the park for recreational activities. Stormwater 
influence on FC concentrations is implicated because there 
was a substantial increase observed in FC during the summer 
wet weather event.

Massapequa Lake East Culvert—Class 5

Fecal coliform concentrations in three of four samples 
were below the reporting limit, and the sample with a detec-
tion (230 MPN/100 mL), was collected in wet summer 
conditions. Canine and waterfowl markers were detected in 
the winter samples, with the wet winter sample containing a 
canine marker concentration of 28,000 copies/100 mL, one of 
the highest concentrations in all the South Oyster Bay study 
area. Despite multiple MST marker detections in the winter 
months, the greatest FC contamination potential was observed 
during wet weather in the summer.

Sediment—Class 5

No human, waterfowl, or canine markers were detected 
in the sediment sample collected at Zachs Bay, indicating 
minimal to no fecal contamination from these host organ-
isms to South Oyster Bay from this location. Fecal coliform 
concentrations were not available; however, recent research 
(O’Mullan and others, 2019; Hassard and others, 2016) indi-
cated that resuspension of sediment along natural shorelines 
can cause a spike in fecal indicator bacteria in the water col-
umn. Therefore, it is possible that, during conditions that result 
in high wave energy, sediment (particularly organic-rich mate-
rial) can act as a source of FC when resuspended in the water 
column as a result of tidal movement, storms, or boat activity. 
Because no FC was measured in the sediment samples in this 
study, additional, targeted investigation would be beneficial to 
determining the degree of FC contributions to the bay by tidal 
shifts or boat activity.

Groundwater—Class 5

The concentration of fecal coliform was below detec-
tion in the single groundwater sample collected at Zachs Bay, 
suggesting no septic influence from the site to South Oyster 

Bay. The lack of positive detections for FC in groundwater 
samples collected throughout Long Island for the larger MST 
study strongly suggests that direct groundwater seepage is an 
unlikely contributor of FC.

Summary
The U.S. Geological Survey, in collaboration with the 

New York State Department of Environmental Conservation, 
assessed the potential sources of fecal contamination entering 
South Oyster Bay on Long Island, New York, from June 2018 
to June 2019. Water samples are routinely collected by the 
New York State Department of Environmental Conservation 
in Long Island embayments and analyzed for fecal coliform 
bacteria, an indicator of fecal contamination, to determine the 
closure of shellfish beds for harvest and consumption. Fecal 
indicator bacteria, such as fecal coliform, signify the potential 
for pathogenic (disease-causing) bacteria to be present.

Host sources of fecal contamination in South Oyster Bay 
were assessed based on bacterial Bacteroides and Helicobacter 
microbial source tracking (MST) markers. Overall, human 
contributions were ubiquitous in receptor samples while 
canine and waterfowl markers were prevalent in surface-water 
source samples. By evaluating the MST markers alongside 
fecal coliform bacteria (FC) data and land-use information, 
geographical sources of fecal contamination discharging from 
the culverts sampled as part of this study were better differ-
entiated. Among the potential sources of fecal-contaminated 
water contributing to South Oyster Bay—groundwater, lake 
and wetland drainage, stormwater (municipal separate storm 
sewer systems), and marinas (boats)— stormwater was found 
to be the most likely transport mechanism of fecal contamina-
tion to South Oyster Bay. The highest frequency of FC detec-
tions in source sites occurred under wet summer conditions, 
and the highest FC concentrations also occurred under these 
conditions at the Cedar Creek near Bay Place and Unqua Lake 
Culvert sites (>16,000 MPN/100 mL each).

Canine contamination was prolific at source sites but was 
associated with low FC concentrations in the winter months. 
The absence of FC and human MST markers in groundwater 
samples collected throughout the larger study area indicates 
that water from cesspools or septic tanks do not contribute 
FC to the bay. Further, MST markers were not detected in the 
sandy sediment collected at Zach Bay. Although FC was not 
measured in this sediment sample, its sandy nature suggests 
that it is unlikely to contribute FC to South Oyster Bay when 
resuspended in the water column through tidal shifts or boat 
activity; however, additional sediment sampling would be 
needed to determine the contribution of FC loads to the bay. 
Future studies focused on monitoring and sample collection 
during multiple seasons may provide better insight into the 
conditions that contribute high FC concentrations to South 
Oyster Bay.
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Appendix 1. Sample Collection in South Oyster Bay on Long Island, New York

Table 1.1. Locations where samples were collected in South Oyster Bay on Long Island, New York, for bacterial genetic markers and 
fecal coliform analysis.

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Sample conditions of 
wet and dry indicate whether a sample was influenced by storm or nonstorm conditions, respectively; EST, eastern standard time;—, sample collected irrespec-
tive of wet or dry conditions]

Station name
Station identification 

number
Date

Time 
(EST)

Site type
Sample 

condition
Remarks

Zachs Bay Mid-Bay 403605073294201 6/11/2018 9:44 Receptor Dry
Cedar Creek near Bay Place 403852073300301 6/11/2018 9:00 Source Dry
South Oyster Bay near Squaw Island 403812073280701 6/11/2018 9:16 Receptor Dry
South Oyster Bay near South Line Island 403638073290301 6/11/2018 9:40 Receptor Dry
South Oyster Bay near Townsend Island 403837073254101 6/11/2018 10:11 Receptor Dry
Massapequa Lake East Culvert 404000073280201 6/11/2018 10:30 Source Dry
Unqua Lake Culvert 404000073263901 6/11/2018 11:35 Source Dry
Cedar Creek near Bay Place 403852073300301 8/9/2018 8:30 Source Wet
Massapequa Lake East Culvert 404000073280201 8/9/2018 9:30 Source Wet
Unqua Lake Culvert 404000073263901 8/9/2018 10:05 Source Wet
Unqua Lake Culvert 404000073263901 8/9/2018 10:10 Source Wet Replicate
South Oyster Bay near Squaw Island 403812073280701 8/9/2018 10:07 Receptor Wet
South Oyster Bay near South Line Island 403638073290301 8/9/2018 10:46 Receptor Wet
Zachs Bay Mid-Bay 403605073294201 8/9/2018 11:05 Receptor Wet
South Oyster Bay near Townsend Island 403837073254101 8/9/2018 11:51 Receptor Wet
Cedar Creek near Bay Place 403852073300301 2/5/2019 10:10 Source Dry
Cedar Creek near Bay Place 403852073300301 2/5/2019 10:11 Source Dry Replicate
Massapequa Lake East Culvert 404000073280201 2/5/2019 10:50 Source Dry
South Oyster Bay near South Line Island 403638073290301 2/5/2019 11:22 Receptor Dry
Zachs Bay Mid-Bay 403605073294201 2/5/2019 11:35 Receptor Dry
Unqua Lake Culvert 404000073263901 2/5/2019 11:45 Source Dry
South Oyster Bay near Squaw Island 403812073280701 2/5/2019 11:51 Receptor Dry
South Oyster Bay near Townsend Island 403837073254101 2/5/2019 11:58 Receptor Dry
Unqua Lake Culvert 404000073263901 3/5/2019 10:00 Source Wet
Unqua Lake Culvert 404000073263901 3/5/2019 10:01 Source Wet Replicate
South Oyster Bay near South Line Island 403638073290301 3/5/2019 10:14 Receptor Wet
Zachs Bay Mid-Bay 403605073294201 3/5/2019 10:30 Receptor Wet
South Oyster Bay near Squaw Island 403812073280701 3/5/2019 10:41 Receptor Wet
South Oyster Bay near Townsend Island 403837073254101 3/5/2019 10:58 Receptor Wet
Massapequa Lake East Culvert 404000073280201 3/5/2019 11:30 Source Wet
Cedar Creek near Bay Place 403852073300301 3/5/2019 12:30 Source Wet
Zachs Bay 403557073301101 6/4/2019 9:45 Source — Groundwater
Zachs Bay 403557073301101 6/4/2019 9:55 Source — Sediment
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Table 1.2. Data summary of all samples collected in South Oyster Bay on Long Island, New York, for bacterial genetic markers and 
fecal coliform analysis.

[Samples collected include replicates. Bacterial genetic markers are human-associated Bacteroides (HF183), ruminant-associated Bacteroides (Rum2Bac), 
waterfowl-associated Helicobacter (GFD), and canine-associated Bacteroides (BacCan) markers. Station data are from the National Water Information System 
(U.S. Geological Survey, 2020). Bacteroides and Helicobacter samples were analyzed by the U.S. Geological Survey Ohio Microbiology Laboratory. Fecal 
coliform samples were analyzed by the Suffolk County Department of Health Services Public and Environmental Health Laboratory unless denoted with a 
double asterisk (**), which indicates the sample was analyzed by the New York Department of Environmental Conservation Marine Laboratory. Bacterial 
genetic marker values in bold typeface indicate that the concentration was greater than the reporting limit; values preceded by a less than (<) symbol indicate the 
reporting limit for a given assay when a nondetect occurred; values preceded by a greater than (>) symbol indicate that the value exceeded the reporting limit for 
a given assay. copies/100mL, copies of genetic marker per 100 milliliters; MPN/100mL, most probable number per 100 milliliters; *, copies of genetic marker 
per gram dry weight sediment; E, estimate; b, concentration was greater than the limit of quantification but less than the reporting limit; ~, duplicate quantitative 
polymerase chain reaction (qPCR) results do not agree; V, result may be affected by contamination; c, contamination was found in a blank sample and was used 
to appropriately qualify associated samples;—, assay was not performed]

Station name Date
Time 
(EST)

HF183 
(cop-

ies/100 
mL)

Rum2Bac 
(copies/ 
100 mL)

GFD (cop-
ies/100 

mL)

BacCan 
(cop-

ies/100 
mL)

Fecal coliform 
(MPN/100mL)

Zachs Bay Mid-Bay 6/11/2018 9:44 <220 <1,900 <540 <780 <20
Cedar Creek near Bay Place 6/11/2018 9:00 <220 <1,900 <540 Eb~820 170
South Oyster Bay near Squaw Island 6/11/2018 9:16 <220 <1,900 <540 <780 3.6**
South Oyster Bay near South Line Island 6/11/2018 9:40 <220 <1,900 <540 <780 3.6**
South Oyster Bay near Townsend Island 6/11/2018 10:11 Vc2,240 <1,880 <540 <780 <3**
Massapequa Lake East Culvert 6/11/2018 10:30 <310 <2,700 <770 <1,100 <20
Unqua Lake Culvert 6/11/2018 11:35 Vc1,020 <3,760 <1,080 <2,400 800
Cedar Creek near Bay Place 8/9/2018 8:30 <490 <4,200 <1,200 12,000 >16,000
Massapequa Lake East Culvert 8/9/2018 9:30 <630 <5,400 <1,500 <2,200 230
Unqua Lake Culvert 8/9/2018 10:05 <550 <4,700 <1,400 7,500 >16,000
Unqua Lake Culvert 8/9/2018 10:10 Eb~500 <4,200 <1,200 26,000 >16,000
South Oyster Bay near Squaw Island 8/9/2018 10:07 <240 <2,100 <600 <870 93**
South Oyster Bay near South Line Island 8/9/2018 10:46 <440 <3,800 <1,100 <1,600 23**
Zachs Bay Mid-Bay 8/9/2018 11:05 <440 <3,800 <1,100 <1,600 40
South Oyster Bay near Townsend Island 8/9/2018 11:51 <220 <1,900 <540 <780 3**
Cedar Creek near Bay Place 2/5/2019 10:10 770 <1,900 <540 <780 <18
Cedar Creek near Bay Place 2/5/2019 10:11 480 <1,900 <540 <780 <18
Massapequa Lake East Culvert 2/5/2019 10:50 <220 <1,900 E~2,000 4,800 <18
South Oyster Bay near South Line Island 2/5/2019 11:22 4,300 <1,900 <540 <780 <18
Zachs Bay Mid-Bay 2/5/2019 11:35 1,200 <1,900 <540 <780 <18
Unqua Lake Culvert 2/5/2019 11:45 1,900 <2,700 24,000 28,000 <18
South Oyster Bay near Squaw Island 2/5/2019 11:51 Eb370 <1,900 <540 <780 <18
South Oyster Bay near Townsend Island 2/5/2019 11:58 1,100 <1,900 <540 <780 <18
Unqua Lake Culvert 3/5/2019 10:00 Eb300 <1,900 <540 3,000 <18
Unqua Lake Culvert 3/5/2019 10:01 Eb430 <1,900 2,300 4,000 <18
South Oyster Bay near South Line Island 3/5/2019 10:14 1,900 <2,300 <650 <940 <18
Zachs Bay Mid-Bay 3/5/2019 10:30 1,900 <2,300 <650 <940 <18
South Oyster Bay near Squaw Island 3/5/2019 10:41 3,500 <2,300 E~2,100 <940 <18
South Oyster Bay near Townsend Island 3/5/2019 10:58 Eb~250 <1,900 <540 <780 18
Massapequa Lake East Culvert 3/5/2019 11:30 <260 <2,300 17,000 28,000 <18
Cedar Creek near Bay Place 3/5/2019 12:30 Eb~500 <2,300 20,000 8,000 <18
Zachs Bay 6/4/2019 9:45 — — — — <18
Zachs Bay 6/4/2019 9:55 <150* <1,300* <550* <380* —
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