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EXECUTIVE SUMMARY 
  
The Peconic Estuary Program (PEP) and its partners are currently updating their Comprehensive 
Conservation and Management Plan (CCMP) for the estuary and its watershed.  As part of the CCMP 
update the participants also wish to evaluate and update their water quality monitoring and reporting 
strategies.  PEP and its host agency, the New England Interstate Water Pollution Control Commission 
(NEIWPCC), selected CoastWise Partners (CWP) to assist in developing those updates.  This report 
focuses on the reporting strategy, presenting some options that the PEP TAC and other committees may 
wish to consider regarding the dissemination of water quality monitoring information to elected 
officials, other decision-makers, and the interested public. 
 
Note:  This document was developed based on the group of 10 water-quality related PEP Objectives 
listed below, which were identified in the draft CCMP that was released for public review on April 11, 
2019.  While this report was being finalized, an updated draft CCMP with a revised group of Objectives 
was posted on the PEP website for public review.  A crosswalk table has been prepared to compare the 
water-quality-related Objectives of the two draft CCMPs.  That table is attached below as Appendix A. 
 
The April 11, 2019 draft of the updated Peconic Estuary CCMP (PEP 2019) includes six explicit water 
quality objectives, which are grouped together within the priority management issue of Clean Waters 
and Watersheds: 

• Objective WQ-1: Substantially reduce present-day and future sources of nutrient pollution into 
the Peconic estuary watershed. 

• Objective WQ-2: Develop and implement strategies to manage existing, historical nutrient loads 
presently in groundwater that could enter the Peconic estuary. 

• Objective WQ-3: Reduce harmful algal blooms (HABs) in the Peconic estuary. 

• Objective WQ-4: Reduce pathogen loading to the Peconic estuary. 

• Objective WQ-5: Maintain and protect existing high-quality waters. 

• Objective WQ-6: Understand various types of toxic contaminants and their impacts, and work to 
address current and emerging concerns. 

 
The draft CCMP notes that these objectives are guided by three principles:  

• protect areas with good water quality from additional pollution loadings; 

• reduce pollution loadings in areas where water quality is declining; and 

• remediate areas where water quality is already poor. 
 
Other PEP management priorities, such as Healthy Ecosystems with Abundant, Diverse Wildlife (HE), and 
Resilient Estuary Communities Prepared for Climate Change (CC), also include objectives that involve 
water quality, either directly or indirectly.  These include: 

• Objective HE-3:  Improve water quality to increase habitat suitability for eelgrass and establish 
new or restored eelgrass beds. 

• Objective HE-4:  Maintain existing high-value wetland areas, restore degraded areas, and 
improve wetland habitat using best management practices and adaptive management. 

• Objective HE-6:  Maintain, restore and enhance viable diadromous fish spawning and 
maturation habitat. 

• Objective CC-3:  Develop strategies to understand and address ocean acidification. 
 



 

Most of these objectives (eight of the ten) involve water quality issues that are related to excessive 
nutrient loadings, eutrophication, and the suite of impacts these have on living resources.  Others 
address loadings of pathogens, which can reduce access to swimming beaches and shellfish harvesting 
areas, and of toxins that can affect human health and/or have adverse effects on other organisms.  The 
coastal acidification objective (CC-3) involves the global issues of elevated anthropogenic CO2 emissions 
and climate change, in addition to the local and regional issues of elevated nutrient (primarily nitrogen) 
loadings and coastal eutrophication.   
 
Fortunately, this means that the PEP reporting strategy for monitoring information will be focused on a 
relatively concise set of topics, rather than a wide range of disparate issues that might be difficult to 
communicate to stakeholders in an effective way.  It is also fortunate that, at the same time the PEP 
monitoring and reporting strategies are being updated, Suffolk County (2019) is in the process of 
developing a comprehensive management plan – the Subwatersheds Wastewater Plan (SWP) – to 
address wastewater-related nutrient (primarily nitrogen) loadings and their impacts on the County’s 
surface and ground water resources.  The draft SWP document (Suffolk County 2019), which is currently 
under review, proposes the following numerical water quality targets for the estuarine waters within its 
jurisdiction, including the Peconic Estuary: 

• Water clarity (Secchi disk depth) – Secchi depths should be greater than 2 meters (6.56 feet) 
during the growing season, which is operationally defined as the period from April 1 through 
October 31, to support seagrass growth and reproduction; 

• Chlorophyll-a concentration – should not exceed 5.5 µg/L during the growing season, to 
support attainment of the water clarity and dissolved oxygen targets; 

• Dissolved oxygen (DO) concentration – should comply with New York State’s acute and chronic 
DO criteria (not less than 3.0 mg/L, and >4.8 mg/L as a daily average in 90% of samples, 
respectively), to support the maintenance of biotic resources; and 

• Harmful algal blooms (HABs) – HABs with environmental impacts should not occur more than 
once in any 10-year period.  HABs with human health impacts should not occur in any 10-year 
period. 

 
CWP recommends that the PEP partners work closely with the County in reviewing and finalizing these 
proposed targets, with the goal of developing a set of consensus-based numerical values that are 
acceptable to both organizations.  The data sets and analytical methods that will be used to determine 
whether the proposed water quality targets are being met, for a given sampling location and time 
period, will also need to be agreed upon and finalized.  The adopted targets, and the methods that will 
be used to determine target attainment, could then form the conceptual core of the organizations’ 
reporting strategies with respect to the nutrient loading, estuarine eutrophication and HAB 
management issues that both are seeking to address.   
 
For PEP, this would provide a set of benchmarks that could be used when disseminating information to 
stakeholders regarding several of the water quality-related objectives that are included in the draft 
CCMP (e.g., objectives WQ-1, WQ-2, WQ-3, WQ-5, HE-3, HE-4, HE-6 and CC-3).  With the addition of a 
small number of additional topics (e.g., information on closures of swimming beaches and shellfish 
harvesting areas to address pathogen loadings; information on toxic contaminants detected by the 
surface and ground water monitoring programs; and information on issues related to coastal 
acidification), this could represent the bulk of the PEP reporting strategy.  Those ideas are covered in 
more detail in the body of this report. 
 



 

From a conceptual perspective, the National Research Council (NRC 1990) recommends that 
environmental management organizations use a two-step approach for reporting their monitoring 
results: 1) convert the raw monitoring data into useful information; and 2) disseminate the information 
on a regular basis, in a usable and accessible form, to a range of audiences at several technical levels.  
The NRC (1990) also notes that:  

• “Monitoring programs that produce only technical reports summarizing data and scientific 
findings are not likely to show the public or decision makers that they provide information 
essential to better environmental protection or management decisions”; 

• “Many monitoring programs, especially status and trends studies, extend over years.  Interim 
results of these studies should be disseminated regularly, allowing users to determine whether 
the type and volume of data that they need are being obtained”; 

• “If the needed information is not being obtained, mid-course adjustments can then be made.  A 
phased analysis and reporting approach… keeps target audiences informed about what the 
information being collected means, what data remain to be collected, what analyses remain to 
be completed, and why additional data collection and analyses are needed.” 

 
These NRC recommendations may prove helpful as the PEP TAC and other committees work to update 
their strategy for reporting monitoring information to target audiences. 
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OVERVIEW: CCMP OBJECTIVES INVOLVING WATER QUALITY MONITORING 
 
The April 11, 2019 draft of the updated Peconic Estuary CCMP includes six water quality objectives that 
address the priority management issue of Clean Waters and Watersheds: 

• Objective WQ-1: Substantially reduce present-day and future sources of nutrient pollution into 
the Peconic Estuary watershed. 

• Objective WQ-2: Develop and implement strategies to manage existing, historical nutrient loads 
presently in groundwater that could enter the Peconic Estuary. 

• Objective WQ-3: Reduce harmful algal blooms (HABs) in the Peconic Estuary. 

• Objective WQ-4: Reduce pathogen loading to the Peconic Estuary. 

• Objective WQ-5: Maintain and protect existing high-quality waters. 

• Objective WQ-6: Understand various types of toxic contaminants and their impacts, and work to 
address current and emerging concerns. 

 
The draft CCMP notes that these objectives are guided by three principles:  

• protect areas with good water quality from additional pollution loadings; 

• reduce pollution loadings in areas where water quality is declining; and 

• remediate areas where water quality is already poor. 
 
Other PEP management priorities, such as Healthy Ecosystems with Abundant, Diverse Wildlife (HE), and 
Resilient Estuary Communities Prepared for Climate Change (CC), also include objectives that involve 
water quality, either directly or indirectly.  These include: 

• Objective HE-3:  Improve water quality to increase habitat suitability for eelgrass and establish 
new or restored eelgrass beds. 

• Objective HE-4:  Maintain existing high-value wetland areas, restore degraded areas, and 
improve wetland habitat using best management practices and adaptive management. 

• Objective HE-6:  Maintain, restore and enhance viable diadromous fish spawning and 
maturation habitat. 

• Objective CC-3:  Develop strategies to understand and address ocean acidification. 
 
As summarized in earlier project reports (CWP 2019a, 2019b), a very robust network of water quality 
monitoring programs is currently present in the Peconic Estuary and watershed, carried out by a 
combination of county, state and federal government agencies, university researchers and NGOs.  (The 
sampling network currently used by the PEP/Suffolk County monitoring program in the estuary is shown 
in Figure 1.)  The following sections provide suggestions on potential ways the data provided by those 
programs could be used by the PEP partners to disseminate information to decision makers and other 
stakeholders to assist them in making sound environmental management decisions. 
 
SPATIAL WATER QUALITY PATTERNS 
 
The Peconic Estuary exhibits pronounced longitudinal (roughly SW-NE) water quality gradients, 
reflecting underlying patterns in nutrient loading and tidal flushing rates (e.g., Gobler 2007, PEP 2015, 
Suffolk County 2019).  The poorest water quality conditions – a combination of elevated nutrient and 
chlorophyll-a levels, relatively low water clarity and episodic hypoxia – tend to occur at the head of the 
estuary, in the tidal Peconic River and other tidal tributaries, Flanders Bay and Great Peconic Bay.  To 
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Figure 1.  Present-day (2017) PEP/Suffolk County surface water monitoring stations in the Peconic Estuary.  (Source: Suffolk 
County Department of Health Services). 
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Figure 2.  Longitudinal gradients in water clarity (median Secchi disk depths) and 90th percentile 
chlorophyll-a concentrations at a selected subset of SCDHS monitoring stations during the growing 
season (April 1 – October 31) of years 2009 – 2018.  Horizontal lines indicate potential water quality 
targets proposed by Suffolk County (2019).  (Data source: SCDHS). 
 
 
the northeast, closer to the mouth of the estuary, water clarity and oxygen levels are higher and more 
supportive of a healthy biota. 
 
The recently-developed draft Subwatersheds Wastewater Plan (SWP; Suffolk County 2019) proposes 
numerical targets for water clarity levels (Secchi disk depth > 2 m, or 6.56 ft) and chlorophyll-a 
concentrations (< 5.5 µg/L) during the growing season (April 1 through October 31) in the County’s 
estuarine and marine waters.  Examples of growing-season median Secchi disk depths and 90th 
percentile chlorophyll-a concentrations are plotted in Figure 2, using data from Suffolk County 
Department of Health Services (SCDHS) monitoring stations for the ten year period from 2009 through 
2018.  (Additional information about the stations is provided in Appendix B.)  
  



4 
 

Longitudinal gradients are evident in both plots.  In general, neither of the recommended targets were 
met at stations located in the southwestern portion of the estuary, within about 20 km of the Peconic 
River dam, while one or both were met at several stations located closer to the mouth, at distances ≥28 
km east of the dam (Figure 2).  For reference, the 20 km distance corresponds to SCDHS stations 060113 
in Little Peconic Bay and 060104 in North Sea Harbor, and the 28 km distance corresponds to stations 
060114 in Shelter Island Sound and 060121 in Noyack Bay (see Figure 1 and Appendix B). 
 
As an aside, it should be noted that using Secchi disk depths to estimate water clarity can have 
limitations in shallow-water areas, which are common in the Peconic Estuary.  Secchi disk depths are 
measured by lowering a standard size (e.g., 20-30 cm diameter) white or alternating black-and-white 
disk into the water column and recording the depth at which it disappears from view.  At shallow-water 
sites, or sites where water clarity is high relative to water depth, the disk may remain visible when 
resting on the bay bottom, indicating that the actual Secchi disk depth is greater than the station depth.  
In such instances the true Secchi disk depth is unknown and is recorded as ‘visible on bottom’ (VOB) or 
‘greater than station depth’.  Data sets from such stations are termed ‘right censored’ and provide 
incomplete (and potentially biased) information about water clarity.   
 
Right-censored data sets violate several assumptions of standard statistical analyses, and often require 
the use of alternative techniques such as ‘censored data regression’ developed for topics such as patient 
survival times in clinical trials and time-to-failure in reliability engineering (e.g., Carstensen 2010, Millard 
2013).  In addition, the frequency distributions of Secchi depth values from the SCDHS stations are right-
skewed (asymmetrical) rather than following the symmetric normal distribution, a situation that is true 
for many water quality variables and data sets (Gilbert 1987).  In this case, the lognormal distribution 
provides better fits for both the Secchi depth and chlorophyll-a data for the SCDHS data from the 2009 – 
2018 period.  For plotting purposes, the median Secchi depth and 90th percentile chlorophyll-a values 
shown in Figure 2 were estimated using methods appropriate for right-censored and lognormally-
distributed data (e.g., Carstensen 2010, Gilbert 1987, Millard 2013).  Median Secchi depth values could 
not be estimated for some stations with a high percentage of VOB values (see Appendix A). 
 
These and other complications that may arise when using Secchi disk depth as a primary measure of 
water clarity in the Peconic Estuary will be explored in more detail during the December 2019 TAC 
meeting. 
 
USING MONITORING INFORMATION TO TRACK AND REPORT PROGRESS ON CCMP OBJECTIVES 
 
Objective WQ-1: Substantially reduce present-day and future sources of nutrient pollution into the 
Peconic Estuary watershed. 
 
Providing information relevant for tracking progress on this objective will require regular monitoring of 
groundwater quality, in addition to the monitoring of fresh, estuarine and marine surface water that is 
currently being done by the Suffolk County Department of Health Services (SCDHS), New York State 
Department of Environmental Conservation (NYSDEC), U.S. Geological Survey (USGS) and other 
organizations (see CWP 2019b).  Nitrogen has been identified as the major nutrient of concern for the 
area’s estuarine and marine waters, and nitrogen-related eutrophication has been associated with 
harmful algal blooms (HABs), hypoxia-related water quality impairments, fish kills, and the loss of critical 
estuarine habitats such as eel grass beds (PEP 2019, Suffolk County 2019).  Because the PEP partners 
wish to track nutrient contributions from individual source categories, such as atmospheric deposition, 
point source discharges, and non-point discharges from undeveloped, residential, commercial and 
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agricultural land uses, measurements or estimates of annual nitrogen loads (based on discharge 
volumes and nitrogen concentrations) from each of those source categories will also be needed.   
 
Examples of the amounts and types of monitoring data and other information that are typically required 
for this type of tracking are provided by the nitrogen TMDL that was developed by PEP for the program’s 
study area in 2007 (PEP 2007) and by the more detailed nitrogen loading estimates that were recently 
developed by the County for the draft SWP (Suffolk County 2019).  The TMDL loading estimates relied 
on the following: 

• Water quality data from the SCDHS surface and groundwater monitoring programs; 

• Estimates of average groundwater nitrogen concentrations associated with different land use 
categories (e.g., agricultural, recreational, residential [sewered and unsewered] and 
undeveloped land); 

• Estimates of nitrogen loads delivered by eight tributaries (the Peconic and Little Peconic rivers, 
and Meetinghouse, Terry’s, Sawmill, Birch, Mill and Hubbard creeks); 

• Discharge monitoring data from three sewage treatment plants (Sag Harbor, Shelter Island 
Heights and Riverhead STPs) and the Riverhead Aquarium; 

• Estimated loads from other facilities, including the Brookhaven National Laboratory, the former 
Naval Weapon Industrial Reserve Plant, and Plum Island STPs; 

• Estimated loads via wet and dry atmospheric deposition, using data provided by the National 
Atmospheric Deposition Program (NADP); 

• Estimates of nitrogen loads in stormwater runoff, both from regulated municipal (MS4) 
stormwater management systems and from unregulated stormwater conveyances; 

• Estimated historical (pre-European settlement) and potential future land use scenarios, and 
estimated changes in point and non-point source loads associated with those scenarios; 

 
The draft SWP uses a combination of monitoring data and three-dimensional solute transport models to 
provide parcel-specific nitrogen loading estimates for each of the County’s 191 subwatersheds (Suffolk 
County 2019).  The estimates represent snapshots based on recent (2016) and anticipated future 
(projected build-out) land use conditions.  The purposes of the SWP are to provide “quantification of the 
sources of nitrogen loading to surface waters, characterization of existing water quality and 
establishment of priority areas for wastewater upgrades, identification of initial nitrogen load reduction 
goals, and the identification of wastewater alternatives to address nitrogen from wastewater sources” 
(Suffolk County 2019).    The SWP also “identifies water bodies where wastewater management alone 
may not result in sufficient nitrogen removal to protect the environment and human health and where 
additional nitrogen mitigation such as permeable reactive barriers, in-water aquaculture/bioharvesting, 
hydromodification, and fertilizer management may be required.  Finally, in addition to providing 
recommendations for wastewater management, the SWP provides the foundation towards the 
advancement of nitrogen reduction strategies from non-wastewater sources as well as a strategy to 
advance future recommendations for other compounds such as contaminants of emerging concern 
(CECs), phosphorus, and pathogens” (Suffolk County 2019). 
 
A complementary groundwater modeling tool (USGS 2019) is currently being developed for the Peconic 
Estuary and watershed by PEP and the USGS, which should allow a number of future development 
scenarios and nitrogen load management strategies to be evaluated.  Based on modeling work recently 
conducted by the USGS in the geologically similar area of Cape Cod, the objectives of the project 
include: 1) developing data sets representing current and historic land uses relevant to nitrogen loading 
in coastal watersheds, 2) incorporating these data as source terms in models capable of simulating 
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transport processes to estimate current estuarine loading rates and nitrogen concentrations in the 
aquifer, and 3) using these current-condition models to simulate the response of estuarine loading rates 
to possible wastewater-management actions carried out at a regional scale (USGS 2019).    
 
The USGS is also collaborating with the Central Pine Barrens Joint Planning and Policy Commission to 
implement a comprehensive water resources monitoring program for the Central Pine Barrens Region 
(CPB; https://www.sciencebase.gov/catalog/item/59e8d498e4b05fe04cd50cfe).  The surface and 
groundwater monitoring components of that project could perhaps be used as templates for future 
monitoring program updates in other parts of the Peconic Estuary watershed. 
 
In terms of gaps in the existing water quality monitoring strategy that could potentially the tracking 
process, the following issues were noted by participants during PEP TAC monitoring workshops held in 
May and August, 2019: 

• Comprehensive and consistent monitoring of nitrogen concentrations in groundwater needs to 
be initiated as soon as possible, by establishing and funding a baseline groundwater monitoring 
network and sustaining it through time.  Although a large number of groundwater monitoring 
wells are present in the watershed, funding has not been available for consistent and sustained 
collection and analysis of water samples from those wells.  The sampling design should be 
adequate to provide statistically robust estimates of annual groundwater discharges and the 
annual nitrogen loads delivered to the Peconic Estuary via groundwater; 

• Nitrogen loads to the estuary from the Peconic River watershed, which discharges a 
combination of surface and groundwater, could be quantified more accurately by enhancing the 
water quality monitoring that is done at the USGS stream gage, located just downstream from 
Peconic Bog County Park.  Ideally, water quality at the gage site would be sampled in a way that 
accurately characterizes constituent concentrations throughout the water column, both 
vertically and horizontally, at the stream cross-section where flow is measured.   For accurate 
estimation of annual loads, the timing and frequency of sampling would also need to be 
designed to capture the full range of flow conditions that occur at the gage site over annual 
periods; 

• The overall PEP monitoring strategy also needs to support quantification and tracking of the 
large seasonal changes in human population size (and associated nutrient loads) that occur in 
the watershed each year; 

• Accurate and up-to-date land use/land cover data and maps are crucial for estimating nonpoint-
source loads; and 

• Sampling sites used by the national atmospheric deposition monitoring program (NADP) tend to 
be located in rural areas and may tend to underestimate atmospheric nitrogen loads produced 
by highly urbanized areas such as those in the vicinity of the Peconic Estuary watershed.  

 
In terms of potential sites for future groundwater monitoring activities, Barusich (2013) provides a 
relatively recent overview of the SCDHS and USGS groundwater monitoring wells that are available in 
the watershed, and a summary of reports that have been developed using hydrologic and water quality 
data from those wells. 
 
While nitrogen is the major nutrient of concern for estuarine and marine waters, fresh waterbodies such 
as lakes, streams and freshwater wetlands tend to be equally or more sensitive to phosphorus (P) 
loadings.  Cyanobacterial blooms for example, which occur frequently in Suffolk County’s fresh 
waterbodies (Hattenrath-Lehmann and Gobler 2016), are known to occur more frequently in waters 
enriched with P and N (Paerl and Otten 2013).  Thus, if the PEP partners wish to track status and trends 

https://www.sciencebase.gov/catalog/item/59e8d498e4b05fe04cd50cfe
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in nutrient loads to fresh waterbodies as part of Objective WQ-1, phosphorus forms (e.g., total P, 
dissolved organic and inorganic P) will also need to be included in the monitoring and reporting effort.  
SCDHS and the NYSDEC RIBS program currently include some P forms in their surface water monitoring 
programs (see CWP 2019a).  If P forms are not typically transported in groundwater in the study area, 
they would not need to be included in the groundwater monitoring effort.  Ullman et al. (2010) describe 
methods for estimating atmospheric P deposition. 
 
When reporting information on nutrient source contributions and loads to decision makers and the 
public, pie charts such as the one shown in Figure 3 are often used as visual aids.  To show differences in 
annual loads between time periods, the diameter of the pie can be increased or decreased 
proportionately to reflect the differences.  For the PEP partners it may be helpful to develop estimates 
of annual nutrient loads for several periods, such as: a) prior to European settlement; b) during a period 
of peak agricultural activity; c) prior to the brown tide blooms of the mid-1980s; d) representative 
periods during the 1990s and 2000s; e) on a regular 3-5 year basis going forward; and f) for anticipated 
build-out conditions in the 
watershed. 
 
 
 
Figure 3.  Estimated 
components of nitrogen 
loads to Peconic Estuary 
subwatersheds under 
existing conditions. 
(Source: Suffolk County 
2019). 
 
 
 
 
 
Objective WQ-2: Develop and implement strategies to manage existing, historical nutrient loads 
presently in groundwater that could enter the Peconic Estuary. 
 
Tracking and reporting progress on this objective will require the same information on groundwater 
nitrogen loading to the estuary that will be used for objective WQ-1 and can be done as part of the same 
data analysis and modeling processes.  The monitoring needs and modeling opportunities identified for 
WQ-1 also apply here.  Additional monitoring needs identified by participants during PEP monitoring 
workshops held in May and August 2019 are summarized in CWP (2019b).  
 
Objective WQ-3: Reduce harmful algal blooms (HABs) in the Peconic Estuary. 
 
As part of the SWP development process, Suffolk County and Stony Brook University have 
collaboratively assembled a new HAB database that incorporates “all known HAB data” including 
taxonomic information, cell counts, toxin levels and other HAB-related analytes (Suffolk County 2019).  
HABs were divided into two categories – those causing primarily health impacts and those causing 
primarily environmental impacts, including excessive growth of macroalgae and other plants in 
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Figure 4.  Distribution of HABs and other selected water quality impairments in the Peconic Estuary and other Long Island waters during the 
summer of 2016.  (Source: PEP website; https://www.peconicestuary.org/threats-to-the-peconic/water-quality-overview/nitrogen-
pollution/) 
    



9 
 

freshwater bodies.  HABs with human health impacts include toxin-producing cyanobacteria species, the 
red tide organism Alexandrium fundyense which causes paralytic shellfish poisoning (PSP), and the red 
tide organism Dinophysis acuminata which causes diarrhetic shellfish poisoning (DSP)(Suffolk County 
2019).  HABs with environmental impacts include the brown tide (Auerococcus anophagefferens) and 
rust tide (Cochlodinium polykrikoides) organisms.  More than 9,500 water samples were reportedly 
analyzed to provide the data for the current version of the database (Suffolk County 2019).  The spatial 
distribution of HABs and other water quality impairments in the Peconic Estuary and other portions of 
Long Island in 2016 is shown in Figure 4.  Suffolk County has also proposed a HAB-related water quality 
target as part of the SWP development process: HABs with environmental impacts should not occur 
more than once in a given subwatershed in any 10-year period; and HABs with human health impacts 
should not occur in any 10-year period (Suffolk County 2019).  Assuming that the new HAB database is 
updated on a regular basis, it should be relatively straightforward to provide maps and other 
information regarding attainment of this target to interested stakeholders at the subwatershed scale. 
 
Objective WQ-4: Reduce pathogen loading to the Peconic Estuary 
 
Reporting progress on this objective could continue to be done in conjunction with the existing 
monitoring programs that assess microbiological conditions at swimming beaches and shellfish 
harvesting areas. The largest of these are conducted by SCDHS and NYSDEC (see CWP 2019a).  A smaller 
citizen monitoring program is also carried out by the Surf Rider Foundation/Blue Water Task Force which 
conducts sampling on a seasonal basis (weekly in summer, bi-weekly in spring and fall, monthly in 
winter) in fresh, estuarine and marine waters and at stormwater pond discharges.   PEP and its partners 
could continue to develop and provide web-accessible GIS maps, updated on a regular basis (in real time 
when feasible) showing the locations and open/closed status of bathing beaches and shellfish harvesting 
areas.  Suffolk County currently hosts a real-time map showing the status of its bathing  beaches on its 
website (https://gis3.suffolkcountyny.gov/bathingbeaches/).   NYSDEC also provides shellfish closure 
information online, along with a website that provides detailed information on shellfish permits and 
licensing, harvest limits consumer safety, impacts of HABs and marine biotoxins, and restoration (see 
https://www.arcgis.com/apps/webappviewer/index.html?id=d98abc91849f4ccf8c38dbb70f8a0042 and 
https://www.arcgis.com/apps/webappviewer/index.html?id=d98abc91849f4ccf8c38dbb70f8a0042).   
 
These programs monitor levels of fecal indicator bacteria (FIB) such as fecal coliforms, E. coli and 
Enterococcus, which live in the intestinal tracts of warm-blooded animals and are introduced into the 
environment through fecal matter.  Most FIB organisms are not pathogenic to humans, but their 
presence in water is an indication that fecal-associated pathogens may be present. 
 
Methods for monitoring FIB have been used for more than 100 years to detect potential sewage 
contamination of drinking water and protect public health from waterborne bacterial diseases such as 
cholera and typhoid fever (NRC 2004).  FIB monitoring has also been used for many decades in efforts to 
reduce health risks associated with recreational waters and shellfish harvesting areas.  Epidemiological 
studies funded by EPA in the early 1970s indicated that elevated counts of E. coli and enterococci in 
water samples were correlated with gastroenteritis among swimmers in freshwater environments, while 
enterococci counts showed the highest correlations for waterborne illnesses in swimmers in estuarine 
and marine waters.  Based on that information USEPA (2012) developed national water quality criteria 
for recreational waters using E. coli and enterococci as the preferred indicators.  For shellfish harvesting 

https://gis3.suffolkcountyny.gov/bathingbeaches/
https://www.arcgis.com/apps/webappviewer/index.html?id=d98abc91849f4ccf8c38dbb70f8a0042
https://www.arcgis.com/apps/webappviewer/index.html?id=d98abc91849f4ccf8c38dbb70f8a0042
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areas, which are regulated by the FDA National Shellfish Sanitation Program (NSSP), the current 
bacteriological criteria are based on monitoring of total and/or fecal coliform bacteria (NSSP 2017). 
 
While FIB monitoring has been highly beneficial in reducing human health risks from waterborne 
bacterial diseases the approach has limitations for other types of pathogens, such as viruses and 
protozoans.  FIB tend to have shorter survival times than many viruses and protozoan cysts and are 
inactivated more rapidly by exposure to sunlight or water purification processes.  As a result, FIB counts 
are often poorly correlated (or uncorrelated) with pathogen levels in recreational waters or in highly 
treated (e.g., discharged or reclaimed) wastewater (e.g., Toze 1999, Hörman et al. 2004, Harwood et al. 
2005, McQuaig et al. 2012). 
 
FIB counts in water samples also provide no information on the sources of fecal contamination, such as 
humans, pets, agricultural livestock, birds and other wildlife, which can pose different levels of health 
risk to boaters, swimmers or consumers of shellfish (Girones et al. 2010).  To help address this limitation, 
the NSSP protocols followed by NYSDEC staff who perform monitoring in shellfish harvesting areas also 
include periodic shoreline sanitary surveys to document potential pathogen sources.  This provides an 
assessment of potential human health risks that is independent of in-water FIB counts. 
   
In terms of monitoring technologies, more advanced alternatives or adjuncts to FIB sampling – such as 
microbial source tracking (MST) and molecular methods for detecting specific pathogens using 
polymerase chain reaction (PCR) techniques – are currently in various stages of development and 
deployment.  They tend to be less standardized and more complex and costly to perform than FIB 
monitoring, however, and have not yet been widely adopted by water quality monitoring programs.  
NYSDEC, SCDHS and USGS are currently collaborating on a trial MST project for Suffolk County waters 
(https://www.usgs.gov/centers/ny-water/science/using-microbial-source-tracking-identify-pollution-
sources-pathogen?qt-science_center_objects=0#qt-science_center_objects) that includes monitoring of 
FIB, host-specific Bacteroides, male-specific (F+) coliphage viruses, and stable isotopes of oxygen and 
nitrogen in surface and shallow groundwater to indicate pathogen source categories (e.g., humans, 
other mammals, birds) and estimate loads from each category.  Stony Brook University staff are also 
collecting MST data in the watershed, using a different combination of source markers, on a biweekly 
basis.  As these newer methods become more standardized and affordable, it should eventually be cost-
effective to include them in a larger number of monitoring programs.  Until that time, continued 
tracking of the frequency and areal extent of swimming beach and shellfish harvesting area closures 
based on the FIB approach appears to offer the most affordable option for tracking and reporting 
progress on this objective.  
  
Objective WQ-5: Maintain and protect existing high-quality waters. 
 
In order to track and report progress on this objective, high-quality waters will need to be identified and 
water quality status and trends in those waters will need to be monitored and reported on a regular 
(preferably annual) basis.  Several sources of information are available to help identify high-quality 
waters, such as the state’s priority waterbodies list https://www.dec.ny.gov/chemical/36748.html) and 
lists of impaired and non-impaired waterbodies (https://www.dec.ny.gov/chemical/31290.html), both 
of which are maintained by NYSDEC.  Another potential source is the list of ‘reference water bodies’ 
provided in the draft SWP (Table 2-39 in Suffolk County [2019]), which identifies 23 subwatersheds in 
the Peconic Estuary system as having met the County’s proposed water quality targets for DO, 
chlorophyll-a, Secchi disk depth and HAB occurrences over the past 10 years.  Those water bodies are 
listed in Table 1.  (Note that pathogen-related parameters were not included among the water quality 

https://www.usgs.gov/centers/ny-water/science/using-microbial-source-tracking-identify-pollution-sources-pathogen?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/ny-water/science/using-microbial-source-tracking-identify-pollution-sources-pathogen?qt-science_center_objects=0#qt-science_center_objects
https://www.dec.ny.gov/chemical/36748.html
https://www.dec.ny.gov/chemical/31290.html
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indicators used by Suffolk County (2019) for SWP development; some of these waters are classified as 
impaired by NYDSEC due to closures of shellfish harvesting areas, as indicated in Table 1.) 
 
Table 1.  Subwatersheds identified as ‘reference water bodies’ in the Suffolk County (2019) draft 
Subwatersheds Wastewater Plan.  (Sources: Suffolk County [2019] and https://www.dec.ny.gov/ 
chemical/36730.html) 

 
Subwatershed Name 

 
SWP PWL Number 

 
NYSDEC PWL Assessment  

Coecles Harbor 1701-0163 Minor impacts (PCBs/migratory fish) 

Cold Spring Pond and Tribs 1701-0127 No known impacts 

Gardiner’s Bay 1701-0164 Minor impacts (PCBs/migratory fish) 

Goose Creek 1701-0236 Impaired (pathogens) 

Hallock/Long Beach Bay and 
Tidal Tribs 

1701-0227 Minor impacts (PCBs/migratory fish) 

Lake Montauk 1701-0031 Impaired (pathogens) 

Little Peconic Bay 1701-0126+0172 Minor impacts (PCBs/migratory fish) 

Little Sebonac Creek 1701-0253 Impaired (pathogens) 

Mill Creek and Tidal Tribs 1701-0238+ Minor impacts (pathogens/shellfish) 

Napeague Harbor and Tidal 
Tribs 

1701-0166 No known impacts 

North Sea Harbor and Tribs 1701-0037 Impaired (pathogens) 

Northwest Creek and Tidal 
Tribs 

1701-0046 Impaired (pathogens) 

Northwest Harbor 1701- 
0368+0275+0276 

Minor impacts (PCBs/migratory fish) 

Noyack Bay 1701-0167-rev Minor impacts (PCBs/migratory fish) 

Sag Harbor 1701-0035- SH+0239 Impaired (pathogens) 

Sebonac Creek/Bullhead Bay 
and Tidal Tribs 

1701-0051 Impaired (pathogens) 

Shelter Island Sound, North 
and Tribs 

1701-0170 Minor impacts (pathogens/shellfish) 

Shelter Island Sound, South 
and Tribs 

1701-0365- 
rev+0240 

Minor impacts (PCBs/migratory fish) 

Southold Bay 1701-0044 Minor impacts (PCBs/migratory fish) 

Stirling Creek and Basin 1701-0049 Impaired (pathogens) 

Town/Jockey Creeks and Tidal 
Tribs 

1701-0235 Impaired (pathogens) 

West Neck Harbor 1701-0132-rev Minor impacts (PCBs/migratory fish) 

Wooley Pond 1701-0048+ Impaired (pathogens) 

 
Maps and other visual graphics would be potentially effective ways of reporting the locations and status 
of high-quality waters to stakeholders.  The information that is tracked for objectives WQ-1 through 
WQ-4 can be used to assess nutrient loads, and the frequencies and magnitudes of HABs and closures of 
swimming beaches and shellfish harvesting areas (objectives WQ-3 and WQ-4) can be used to track 
those water quality issues.  Information used to track progress on objectives WQ-6 (toxic contaminants), 
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HE-3 (healthy seagrass beds), HE-4 (wetland condition), HE-6 (diadromous fish habitat) and CC-3 (coastal 
acidification) can also be used. 
 
Participants in the earlier PEP TAC monitoring workshops held previously in 2019 offered the following 
suggestions regarding this objective: 

• Additional monitoring needs to be directed towards the embayments within the Peconic 
Estuary, whose water quality may differ from the main stem areas where much of the current 
monitoring occurs; 

• Digital infrared aerial photography could be used in spring and fall to help track groundwater 
discharge points by detecting differences in water temperature; 

• Stable isotope analyses of reactive nitrogen forms (e.g., ammonia-N, nitrate-N) could be used to 
help identify and quantify the sources of nitrogen loads such as fossil fuel combustion, fertilizer, 
wastewater, livestock and wildlife, and internal cycling from sediments; and 

• Additional atmospheric deposition monitoring could be considered in the watershed, to help 
quantify atmospheric nitrogen loads that may be contributed by nearby urban areas such as 
New York City. 

 
Objective WQ-6: Understand various types of toxic contaminants and their impacts, and work to 
address current and emerging concerns. 
 
This appears to be a research-oriented rather than a monitoring-oriented objective, although existing 
toxics monitoring programs may need to be adjusted to include the contaminants of greatest 
management concern.  If so, the list of nutrient-related parameters to be monitored and reported for 
surface waters and groundwater aquifers for Objectives WQ-1 and WQ-2 could potentially be expanded 
to include toxic constituents of concern.  A reporting strategy for this objective would need to be 
developed collaboratively with the monitoring organizations and with professionals in the fields of 
aquatic toxicology and human risk assessment to ensure that information provided to the public is 
accurate and up to date.  
 
With respect to this objective, participants in the earlier PEP TAC monitoring workshop noted that:   

• SCDHS and USGS have done a great deal of monitoring in the past for contaminants such as 
pesticides and industrial chemicals, as well as emerging contaminants such as personal care 
products.  There is thus a wealth of surface and groundwater monitoring data and expertise that 
can be tapped for work on this objective; 

• Other potential partners, such as the Suffolk County Water Authority, could also be encouraged 
to participate;  

• Numerous groundwater flowpaths have been identified and sampled in the past for toxic 
contaminants.  These should be monitored going forward to track temporal changes in 
constituent concentration and spatial changes in individual groundwater plumes; and 

• In addition to monitoring concentrations of contaminants in surface and groundwater, the 
program also needs to consider impacts on living resources, such as seagrasses, shellfish, finfish 
and other organisms. 
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Objective HE-3:  Improve water quality to increase habitat suitability for eelgrass and establish new or 
restored eelgrass beds. 
 
Eelgrass (Zostera marina) beds provide essential habitat for many ecologically and commercially 
important fish and shellfish species, and historically played key environmental and economic roles in the 
Peconic Estuary.  Over the past 100 years, however, eelgrass acreage has declined precipitously in the 
Peconics, in New York State’s other coastal waters and throughout much of the species’ range along the 
U.S. east coast.   
 
Eelgrass beds in the Peconic Estuary were heavily impacted by a pandemic “wasting disease” in the 
1930s, and again by brown tide blooms in the 1980s and 1990s that greatly reduced water clarity and 
light availability (PEP 2015).  Although turbidity and water clarity levels have improved since the 1990s, 
and efforts have been made to re-establish beds in a number of locations, areal eelgrass cover and 
shoot densities in the Peconics have continued to decline (PEP 2015).  In recent decades a number of 
anthropogenic stressors have been identified,  including: excessive nitrogen loading and eutrophication, 
leading to increased turbidity and lower light availability to underwater grasses; rising water levels and 
warmer water temperatures associated with global climate change; and physical disturbance from 
boating impacts and some shellfish harvesting practices (Pickerell and Schott 2015, 2016, 2017; Simpson 
and Dahl 2018).   SAV are also sensitive to toxic contaminants such as herbicides, with impacts for some 
species from some compounds reported at ppb concentrations (Kemp et al. 1985). 
 
Gobler (2007) provided the following overview of water clarity, water depth and potential eelgrass 
habitat roughly ten years ago: “The Peconic Estuary contains strong gradients in depth and water clarity, 
with the western extreme of the estuary being shallow (2 – 3 m) but turbid and the eastern portion of 
the estuary being clear but deep (15 – 20m).  As a consequence, Flanders Bay to the west is the only 
sub-estuary which likely receives >20% of surface irradiance throughout its benthos.  Eastern basins of 
the Peconics (Great Peconic, Little Peconic, Gardiners Bay) have levels of irradiance high enough to 
support eelgrass growth in their shallow, nearshore regions only.”   
 
More recently, Pickerell and Schott (2016, 2017) noted that “the primary trend for eelgrass meadows in 
the Peconic Estuary over the last several decades has been a slow, but inevitable, eastward shift toward 
cooler, cleaner waters” and “with the exception of Bullhead Bay, there are no eelgrass meadows 
growing west of Shelter Island.”  The areal extent of eelgrass beds in the Peconic Estuary in 1930 and 
2014 are shown in Figure 5. 
 
In order to track progress on Objective HE-3, water quality conditions necessary to maintain existing 
eelgrass beds and establish new beds will need to be quantified, and the key water quality parameters  
that determine habitat suitability will need to be monitored in areas where viable eelgrass beds could  
potentially be maintained or restored.  Fortunately, the water quality requirements of eelgrass have 
been thoroughly studied in the northeastern U.S. (e.g., Dennison and Alberte 1985, Dennison et al.  
 1993, Batiuk et al. 2000, Kemp et al. 2004, Kenworthy et al. 2014) and water quality targets have been 
developed for Long Island Sound (LISS 2003), Chesapeake Bay (Kemp et al. 2004) and the Peconic 
Estuary (PEP 2015, Suffolk County 2019).  A subset of those targets is summarized in Table 2.   
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Figure 5.  Eelgrass distribution in the Peconic Estuary in 1930 and 2014.  (Source: PEP) 
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Table 2.   Water quality targets suggested for eelgrass management in various geographic areas. 
 

 
Water quality parameter 

 

Long Island Sounda 

 

Peconic Estuaryb,c 

 

Chesapeake Bayd 

 
Light attenuation coefficient, Kd 
(m-1) 

 
<0.7 

 

 

0.75 ± 0.05b 

 
<2 

 

 
Secchi depth, meters 

 
0.7 

 

>2c 

 

Light transmission (% of 
subsurface irradiance) 

  >22 (for % light through water column) 
>15 (for combined % light through water and epiphytes) 

Total suspended solids,  
TSS (mg/l) 

 
<30.0 

  
<15 

 
Chlorophyll-a (µg/l) 

 
<5.5 

 

<5.5c 

 
<15 

 
Total nitrogen (mg N/l) 

 
 

 

≤0.4b 

 

Dissolved inorganic nitrogen 
(mg N/l) 

 
<0.03 

  

Dissolved inorganic phosphorus 
(mg P/l) 

   
<0.01 

 
Sediment organic matter (%) 

 
<3.0 

  
0.4 – 16 (for mixed SAV species) 

Water temperature,  
Max. (oC) 

 
 

 

<28.0b 

 

 
Porewater sulfide (mM) 

  <1 healthy plants 
>1 growth reduced 

>2 death 

Sources:  a) LISS 2003;  b) PEP 2015;  c) Suffolk County 2019, growing season values;  d) Kemp et al. 2004, growing season values for mesohaline and 
polyhaline waters 
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Figure 6.  Box-and-whisker plots of growing-
season (April – October) Secchi disk depths 
(in feet) at selected open-water SCDHS 
monitoring stations in the Peconic Estuary.  
Horizontal line represents Secchi depth 
target proposed by Suffolk County (2019).  
Data source: SCDHS 
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Figure 7.  Box-and-whisker plots of 
growing-season (April – October) 
chlorophyll-a concentrations (µg/L) 
at selected open-water SCDHS 
monitoring stations in the Peconic 
Estuary.  Horizontal line represents 
chlorophyll-a target proposed by 
Suffolk County (2019).  Data source: 
SCDHS 
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As noted earlier, the draft Subwatersheds Wastewater Plan (Suffolk County 2019), which is currently 
under review, proposes the following water quality targets relevant to eelgrass management: 

• Water clarity (Secchi disk depth) – Secchi depths should be greater than 2 meters (6.56 feet) 
during the growing season, which is operationally defined as the period from April 1 through 
October 31, in order to support seagrass growth and reproduction; 

• Chlorophyll-a concentration – should not exceed levels 5.5 µg/L during the growing season, in 
order to support attainment of the water clarity target; 

• Dissolved oxygen (DO) concentration – should comply with New York State’s acute and chronic 
DO criteria (>3.0 mg/L at all times, and >4.8 mg/L as a daily average in 90% of samples, 
respectively), to support the maintenance of biotic resources; and 

• Harmful algal blooms (HABs) – HABs with environmental impacts should not occur more than 
once in any 10-year period.  HABs with human health impacts should not occur in any 10-year 
period. 

 
CWP recommends that the PEP TAC work closely with the County in reviewing and finalizing these 
proposed targets, with the goal of developing a set of consensus-based numerical values that are 
acceptable to both organizations.  The data sets and analytical methods that will be used to determine 
whether the proposed water quality targets are being met at a given sampling location will also need to 
be agreed upon and updated on a regular (preferably annual) basis. 
 
Box-and-whisker plots can be helpful tools for tracking and reporting attainment of water quality 
targets, such as Secchi disk depths and chlorophyll-a concentrations, once those are finalized and 
adopted.  Examples of such plots, which can be produced relatively easily using spreadsheet software, 
are shown in Figures 6 and 7.  The data used in those examples are from a set of SCDHS open-water 
stations located in the Peconic Estuary: station 060170 in Flanders Bay, station 060130 in Great Peconic 
Bay, station 060113 in Little Peconic Bay, station 060114 in Shelter Island Sound, and station 060116 in 
Gardiners Bay.  The Secchi depth data sets from Flanders Bay and Gardiners Bay are right-censored, 
containing ‘visible on bottom’ readings which were assumed to represent true Secchi depths for plotting 
purposes.  Despite the censoring, the median values shown in the Secchi depth plots in Figure 6 should 
be unbiased (e.g., Gilbert 1987).  And because the average depths recorded at the two stations (9.0 ft at 
the Flanders Bay and 14.3 ft at Gardiners Bay site) were substantially greater than the suggested target 
Secchi depth of 6.56 ft, the observed medians should be useful for assessing target attainment.  The 
mean, 75th percentile and maximum values shown in the figures may underestimate the true values for 
those two stations, however, in years when an appreciable percentage of the Secchi records were VOB. 
 
The spatial water quality patterns shown in the plots correspond to those noted earlier:  increasing 
water clarity and decreasing chlorophyll-a concentrations as one moves from the head of the estuary 
toward the mouth.  Temporally, the data from the two stations with the longest periods of record (in 
Flanders Bay and Great Peconic Bay) illustrate the large reductions in water clarity that occurred in the 
1980s, when a multi-year series of severe brown tide blooms caused a number of environmental 
impacts to the estuary (e.g., Wise 2017). 
 
It appears likely that maintaining water quality at levels that have been documented to support existing 
eelgrass beds will prove to be a necessary but not sufficient condition for restoring eelgrass cover in 
much of the Peconic Estuary.  Numerous studies (reviewed by Kenworthy et al. 2014) have shown that 
eelgrass beds growing in more eutrophic conditions can have water clarity and light requirements that 
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are substantially higher than those in less eutrophic sites, possibly due to a number of physiological 
mechanisms related to sediment quality such as: 

• Reduced light utilization efficiency due to increased plant respiration, impacted carbon balance 
and increased compensation points in areas with higher organic loadings and sediment organic 
content; 

• Increased sulfide and ammonium toxicity, and increased anaerobic fermentation in roots 
leading to increased production of toxic compounds in more eutrophic areas; and 

• Greater light attenuation by resuspension of fine sediments in shallow-water areas, or by 
epiphytes/ macroalgae on seagrass leaves, than might be predicted based on ambient water 
quality monitoring data. 

 
Kenworthy et al. (2014) note that, if such sediment-related issues are present at a site, recovery of 
eelgrass may be delayed for a decade or more following nutrient load reductions while the system 
“processes the accumulated stores of sediment organic carbon and becomes more suitable for eelgrass 
growth.” 
 
Given the documented complexities involved in protecting and restoring eelgrass cover in estuaries with 
nutrient-impacted water quality, long-term success will apparently require an adaptive management 
approach that integrates consistent and well-designed water quality and SAV monitoring programs with 
effective management of anthropogenic nutrient loads.  Remediation efforts involving transplanting or 
seeding have had variable levels of success in most geographic areas, indicating that site selection must 
be done carefully to identify locations where those techniques have the highest probabilities of 
succeeding (e.g., Simpson and Dahl 2018).  PEP is currently working to develop a calibrated bio-optical 
model that should be helpful in that regard. 
 
Participants in the PEP TAC monitoring workshops held in May and August, 2019, provided the following 
additional suggestions regarding this objective: 

• In addition to herbicides, the impacts of other potentially toxic contaminants on eelgrass in the 
Peconic Estuary need to be understood more thoroughly;  

• Groundwater discharge may be a cooling factor in some of the persisting seagrass beds, and 
maps of discharge areas may be helpful for identifying areas where transplanting might be 
effective.  The groundwater transport model could potentially assist in identifying such areas; 

• It would be helpful to map areas where PAR, water temperature and other habitat factors are at 
appropriate levels to support eelgrass growth, and focus restoration efforts there; and 

• Future monitoring efforts should have the ability to detect and quantify spatial and temporal 
changes in eelgrass health and cover that are occurring in the estuary, and should include all 
water quality parameters that are identified by the bio-optical model as important factors 
affecting habitat suitability for eelgrass. 

 
Objective HE-4:  Maintain existing high-value wetland areas, restore degraded areas, and improve 
wetland habitat using best management practices and adaptive management. 
 
Although much of the wetland degradation and loss that has occurred in the PEP study area has been 
caused by physical impacts such as dredging, filling and shoreline hardening, excessive nutrient loading 
and eutrophication are also known to have major impacts on the condition and extent of coastal 
wetlands.  Deegan et al. (2012) provide the following overview, based on the results of a nine-year 
ecosystem-scale salt marsh nutrient enrichment experiment conducted in Massachusetts: 
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“Nutrient levels commonly associated with coastal eutrophication increased above-ground leaf 
biomass, decreased the dense, below-ground biomass of bank-stabilizing roots, and increased 
microbial decomposition of organic matter. Alterations in these key ecosystem properties 
reduced geomorphic stability, resulting in creek-bank collapse with significant areas of creek-
bank marsh converted to unvegetated mud. This pattern of marsh loss parallels observations for 
anthropogenically nutrient-enriched marshes worldwide, with creek-edge and bay-edge marsh 
evolving into mudflats and wider creeks…  Our work suggests that current nutrient loading rates 
to many coastal ecosystems have overwhelmed the capacity of marshes to remove nitrogen 
without deleterious effects.  Projected increases in nitrogen flux to the coast, related to 
increased fertilizer use required to feed an expanding human population, may rapidly result in a 
coastal landscape with less marsh, which would reduce the capacity of coastal regions to 
provide important ecological and economic services.”   

 
With respect to water quality monitoring information, tracking and reporting progress on Objective HE-4 
will require periodic monitoring of nutrient loadings to and nutrient concentrations in coastal wetlands.  
The most straightforward way to address this need would be to incorporate such wetlands as a water 
body category in the monitoring that is done to track progress on Objective WQ-1 (Substantially reduce 
present-day and future sources of nutrient pollution into the Peconic Estuary watershed) and/or 
Objective WQ-5 (Maintain and protect existing high-quality waters). 
 
Objective HE-6:  Continue to maintain, restore and enhance viable diadromous fish spawning and 
maturation habitat in the Peconic Estuary watershed. 
 
As noted in the draft 2019 CCMP (PEP 2019), dams were built on most of Long Island’s freshwater 
tributaries in the late 1800s and early 1900s for “grist mills, cranberry bogs, other industrial uses, and as 
property line demarcations.”  These historical structures, along with more recent features such as 
causeways and road culverts, impede upstream access to spawning or maturation habitats for 
diadromous fish, such as river herring and American eel, which spend a portion of their life cycle in 
freshwater habitats and the remainder in saltwater.  Dams and other manmade obstructions have 
excluded these fish from hundreds of acres of potential freshwater habitat in the Peconic Estuary 
watershed.  Their populations have been declining over the past century, in part due to this loss of 
freshwater habitat (PEP 2019). 
 
While much of the work on this objective will focus on providing renewed access for diadromous fish to 
currently-blocked freshwater areas (e.g., by installing fish passages at dams), water quality in those 
freshwater habitats will also need to be maintained at levels that will allow the fish to survive once they 
reach them.  Maintaining appropriate water quality in other areas will also be important.  A large 
hypoxic zone in the highly eutrophic tidal freshwater segment of western Europe’s River Scheldt, for 
example, acts as an obstruction that reduces migratory opportunities and habitat availability for a 
number of diadromous species, inhibiting movement to and from the freshwater portion of the 
watershed (Maes et al. 2007).  A minimum dissolved oxygen target of 5 mg/l was recommended for the 
tidal fresh segment of the river to address the issue (Maes et al. 2007). 
 
For the eastern U.S., the Atlantic States Marine Fisheries Commission (Greene et al. 2009) has provided 
a summary of the water quality and habitat requirements of native diadromous fish species at various 
life stages.  The following information was excerpted from that document.  For the anadromous river 
herring species (alewife [Alosa pseudoharengus] and blueback herring [Alosa aestivalis]), which migrate 
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from saltwater to freshwater habitats as adults in order to spawn, the water quality and habitat 
requirements of spawning adults and sensitive egg and larval life stages will be of primary concern in the 
PEP study area.   Alewife spawn in the mid-Atlantic and southern New England region in late March or 
early April, moving as far upstream as possible and selecting slow-moving sections of rivers or streams 
with substrates ranging from sand, gravel or coarse stones to submerged vegetation or organic detritus.  
Optimal habitat for alewife eggs and larvae are freshwater (for eggs) or freshwater to low-salinity areas 
(for larvae) with “substrates of 75% silt or other soft material containing detritus and vegetation”, 
dissolved oxygen concentrations >5.0 mg/l, pH between 5 and 8.5 and nontoxic levels of inorganic 
monomeric aluminum  (Greene et al. 2009).  Blueback herring also generally spawn in freshwater 
habitats above the head of tide, although brackish and tidal areas can be used as well.  In areas where 
blueback herring and alewife co-occur, blueback herring generally spawn three to four weeks later than 
alewife and prefer to spawn over gravel and clean sand substrates in areas with relatively high current 
velocities.  Spawning adults prefer water temperatures between 20 and 25oC, and all life stages are 
thought to require a minimum of 5.0 mg/l of dissolved oxygen (Greene et al. 2009).  Optimal reported 
salinities are 0 to 2 for eggs and 0 to 22 for larvae.  
 
Unlike the anadromous river herring, the American eel is a catadromous species that spawns in the 
Atlantic Ocean and migrates into river systems during juvenile (glass eel and elver) life stages (Greene et 
al. 2009).   The final inland resident stage, called the yellow eel, inhabits a variety of habitats including 
ponds, lakes, streams, rivers and estuaries and seems to prefer water with dissolved oxygen 
concentrations greater than 4 mg/L (Greene et al. 2009).  At maturity, around 7 - 13 years, these eels 
stop feeding, take on a silvery cast and begin downstream migrations.  Silver eels migrate to the 
Sargasso Sea region of the Atlantic Ocean during the fall where it is believed they die after spawning 
(Greene et al. 2009). 
 
Tracking and reporting progress on this CCMP objective will require periodic monitoring of water quality 
in the freshwater and estuarine portions of the PEP study area that are inhabited by diadromous fish 
species, particularly during periods of migration, spawning and when sensitive life stages are present.  
During the May 2019 PEP monitoring workshop, participants noted that although the USGS has a 
continuous monitoring station on the Peconic River that records several relevant water quality 
parameters (such as DO, pH, water temperature and salinity), most other tributary streams are not 
currently being monitored in a way that provides information on habitat suitability for diadromous fish.  
 
Participants in the August workshops added the following recommendations and observations: 

• A TAC workgroup should be established to develop a detailed water quality monitoring design to 
address the data needs of this CCMP objective; 

• Researchers at Stony Brook University plan to apply one or more ecosystem simulation models 
to the Peconic Estuary in the near future.  These may be helpful tools in determining habitat 
suitability for diadromous species; and 

• A public outreach program providing information on the environmental, ecological and 
economic value of diadromous species would be helpful in building additional support for their 
conservation and restoration. 

 
The draft dissolved oxygen targets proposed recently by Suffolk County (2019) call for DO 
concentrations in County waters during the growing season (from April 1 through October 31) to comply 
with New York State’s acute and chronic DO criteria (no less than 3.0 mg/L, and >4.8 mg/L as a daily 
average in 90% of samples, respectively), to support the maintenance of biotic resources.  These types 
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of targets, once finalized, could provide a basis for reporting progress to decision makers and the public 
regarding this CCMP objective.   
 
Episodes of hypoxia and hypoxia-related fish kills are known to occur in the tidal reach of the Peconic 
River and other portions of the estuary (e.g., Tomarken et al. 2016).  The continuous water quality 
monitoring station maintained by the USGS on the Peconic River (at the Highway 105 bridge in 
Riverhead) has been providing data on DO levels and several other water quality parameters since 
August 2012.  DO data from the April 1 – October 31 growing seasons of the years 2013 through 2018 
are listed in Table 3, and data from the 2018 growing season are plotted in Figure 8.   The County’s 
proposed acute and chronic DO targets were not met at the site in any of those years.  Diel DO data will 
be needed from other potentially important diadromous fish habitat areas in the tidal and freshwater 
portions of the PEP program area in order to track and report the suitability of water quality conditions 
there. 
 
Table 3.  Percentages of daily minimum and daily mean dissolved oxygen concentrations measured at 
the USGS continuous monitoring station on the Peconic River, during the April 1 – October 31 growing 
seasons of the years 2013 through 2018, that did not meet the County’s proposed acute and chronic 
DO targets.  Data source: USGS 

 
 

 
2013 

 
2014 

 
2015 

 
2016 

 
2017 

 
2018 

 
% of days when acute target (minimum DO > 3 
mg/L) was not met 

 
45% 

 
55% 

 
52% 

 
53% 

 
55% 

 
45% 

 
% of days when chronic target (mean DO > 4.8 
mg/L) was not met 

 
38% 

 
48% 

 
48% 

 
49% 

 
50% 

 
41% 

 
Sample size (n days) 
 

 
192 

 
181 

 
207 

 
197 

 
174 

 
200 
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Figure 8.  Minimum and mean daily dissolved oxygen concentrations measured at the USGS 
continuous monitoring station on the Peconic River during April 1 – October 31, 2018.  Horizontal red 
lines indicate Suffolk County’s proposed acute (3 mg/L) and chronic (4.8 mg/L) DO targets.  Data 
source: USGS 
 
Harmful algal blooms (HABs) can also cause stress or mortality in fish and other organisms, affecting 
habitat suitability for diadromous fish species.  Rust tide blooms caused by the dinoflagellate 
Cochlodinium polykrikoides, for example, 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 (PEP 2015).  
 
Objective CC-3:  Develop strategies to understand and address ocean acidification in the Peconic 
Estuary region 
 
EPA has recently developed guidelines for tracking coastal acidification in the eastern U.S. (Pimenta and 
Grear 2018).  The following information has been excerpted primarily from that document.   
 

In the past few decades only half of the CO2 released by human activity, including fossil fuel emissions, 
land use change and cement production, has remained in the atmosphere.  Of the remainder about 30% 
has been taken up by the oceans, leading to changes in seawater carbonate chemistry and reductions in 
pH (acidification) in the open ocean.  Coastal acidification is a more localized, additional reduction in pH 
in coastal waters that is primarily caused by increased biological respiration rates (typically by bacteria 

involved in decomposition of organic matter) that release additional CO2 into the water.  This is often 
fueled by nutrient loads entering the water from terrestrial watersheds and airsheds, which stimulate 
increased primary production by algae and other aquatic plants that eventually die and decompose.  It 
occurs in coastal areas because of the elevated nutrient loads that often occur there (Pimenta and Grear 
2018).  Some important living resources are known to be highly sensitive to acidification, particularly 
calcifying organisms such as mollusks, corals, echinoderms and calcifying algae, while others such as 
finfish, crustaceans, seagrasses and fleshy algae may respond positively to changes in carbonate 
chemistry (Kroeker et al. 2010). 
 
In order to track progress on this objective, it would be necessary to monitor status and trends in coastal 
acidification in the Peconic region.  Current EPA guidelines recommend monitoring of pCO2, pH, 
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dissolved inorganic carbon (DIC) and total alkalinity (TA) to track water column acidification processes 
and changes in the carbonate system.  Pimenta and Grear (2018) note that EPA Atlantic Ecology Division 
(AED) in Narragansett “conducts coastal acidification research focusing primarily on land-based drivers. 
In order to separate these from oceanic drivers and to determine when and where costly methods are 
necessary, high quality measurements are necessary.  This work is closely coordinated with nutrient 
sampling and analysis.”  For organizations that are considering becoming involved in acidification 
monitoring they also present four equipment scenarios, covering a range of technological sophistication 
and cost, from a “water quality research laboratory” to “shellfish growers and hatcheries”.   
 
PEP/USGS currently monitors pH at the two continuous monitoring stations located in the Peconic 
Estuary, at Riverhead and Orient Harbor.  The SCDHS also includes pH as a parameter in its water quality 
monitoring program.  Data and information from these programs, and perhaps from the New York State 
program noted below, could perhaps be summarized and updated on a regular basis by PEP, and 
provided online to stakeholders, to allow them to stay up to date on these issues.  
 
Participants in the May 2019 PEP monitoring workshop provided the following suggestions on this CCMP 
objective: 

• New York State has an Ocean Acidification Task Force that has examined ways to enhance 
existing monitoring networks to include parameters relevant to the acidification issue.  For 
information on the task force, see https://www.dec.ny.gov/lands/114877.html; and 

• It may be possible to include climate change impacts such as this in water quality models to 
identify potential areas of impact.  The local USGS office has expertise in this topic. 

 

https://www.dec.ny.gov/lands/114877.html
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APPENDIX A 
 
This crosswalk table provides a means of comparing the water-quality-related Objectives from the two recent drafts (dated April 11 and 
September 25, 2019) of the updated PEP CCMP.   
 
 

 
April 11 Draft CCMP Objectives   

 
Sept 25 Draft CCMP Objectives 

• Objective WQ-1: Substantially reduce present-day and 
future sources of nutrient pollution into the Peconic 
estuary watershed. 

 

Objective E:  Increase understanding of nitrogen pollution in 
groundwater and surface water, and decrease negative impacts 

from historical, current and future pollution inputs.  
 

Action 12:  Plan science-based approaches for monitoring and 
reducing nitrogen pollution 

Action 13:  Implement science-based approaches for monitoring 
and reducing nitrogen pollution 

 

• Objective WQ-2: Develop and implement strategies to 
manage existing, historical nutrient loads presently in 
groundwater that could enter the Peconic estuary. 

 

Objective E:  Increase understanding of nitrogen pollution in 
groundwater and surface water, and decrease negative impacts 

from historical, current and future pollution inputs.  
 

Action 12:  Plan science-based approaches for monitoring and 
reducing nitrogen pollution 

Action 13:  Implement science-based approaches for monitoring 
and reducing nitrogen pollution 

 
 

• Objective WQ-3: Reduce harmful algal blooms (HABs) in 
the Peconic estuary. 

 

Objective E:  Increase understanding of nitrogen pollution in 
groundwater and surface water, and decrease negative impacts 

from historical, current and future pollution inputs.  
 

Action 14:  Facilitate monitoring of HABs and deliver findings to 
support management decision making 
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• Objective WQ-4: Reduce pathogen loading to the Peconic 
estuary. 

 

Objective F:  Reduce current and future inputs of pathogens, 
toxics, and plastics into groundwater and surface waters, and 

minimize their impacts 
 

Action 16:  Expand non-point source subwatershed management 
plans to all pathogen TMDL and future TMDL waterbodies and 

continue to use existing plans 
 

• Objective WQ-5: Maintain and protect existing high-
quality waters. 

 

Objective D:  Protect areas with clean water from degradation 
 

Action 11:  Identify areas of good water quality and deliver 
information that local governments and others can use to protect 

those areas 

• Objective WQ-6: Understand various types of toxic 
contaminants and their impacts, and work to address 
current and emerging concerns. 

 

Objective F:  Reduce current and future inputs of pathogens, 
toxics, and plastics into groundwater and surface waters, and 

minimize their impacts 
 

Action 15:  Conduct data analysis to understand hydrologic 
transport of toxic contaminants and implement measures to 

reduce their impacts 
 

• Objective HE-3:  Improve water quality to increase habitat 
suitability for eelgrass and establish new or restored 
eelgrass beds. 

 

Objective F:  Restore and protect key habitats and species 
diversity in the estuary and its watershed 

 
Action 21:  Monitor and protect existing eelgrass beds; where 

appropriate, restore and expand eelgrass beds.  

• Objective HE-4:  Maintain existing high-value wetland 
areas, restore degraded areas, and improve wetland 
habitat using best management practices and adaptive 
management. 

 

Objective F:  Restore and protect key habitats and species 
diversity in the estuary and its watershed 

 
Action 22: Use available habitat quality assessment and climate 

change resiliency tools to prioritize projects identified in the 2017 
PEP Habitat Restoration Plan, and implement the top priority 

projects 



31 
 

Action 24:  Review existing wetland and shoreline protection 
regulations and draft model laws for towns to strengthen 

protections and increase resiliency to climate change 

• Objective HE-6:  Maintain, restore and enhance viable 
diadromous fish spawning and maturation habitat. 

 

Objective F:  Restore and protect key habitats and species 
diversity in the estuary and its watershed 

 
Action 25:  Maintain, restore and enhance viable diadromous fish 

spawning and maturation habitat in the Peconic estuary 
watershed 

• Objective CC-3:  Develop strategies to understand and 
address ocean acidification. 

 

Objective C:  Help local communities to take meaningful, well-
informed action to prepare for and adapt to climate change 

impacts in the Peconic estuary 
 

Action 8: Incorporate climate change considerations into new and 
existing projects of PEP and partner organizations, including 

providing tools and assistance to local governments to mitigate 
and adapt to the impacts of climate change.   
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APPENDIX B 

 
Information on SCDHS/Peconic Estuary Program stations used in Figure 2. 

 
Station 
Number 

 
Station Name 

 
Distance 

from 
Peconic 

River dam 
(km) 

 
Mean 

Depth (ft) 
2009 - 
2018 

 
First Year 
Sampled 

 
Median 
Growing 
Season 
Secchi 

depth (ft) 
2009-2018 

 
N_OBS 
Secchi  
2009 - 
2018 

 
Secchi 
VOB 

% 
2009 - 
2018 

 
90th 

percentile 
Growing 
Season 

[Chla] ug/L 

60101 East Creek (South 
Jamesport) 

8 6.2 1994 5.0 73 16% 21.3 

60102 Cutchogue Harbor 19 11.5 1994 5.0 69 1% 9.4 

60103 East Creek (Cutchogue) 19 6.9 1994 5.0 68 25% 8.6 

60104 North Sea Harbor 20 10.2 1994 6.0 68 12% 7.1 

60105 Hog Neck Bay North 22 19.1 1994 6.3 40 0% 4.3 

60106 Goose Creek 25 8.3 1994 7.0 67 36% 6.6 

60107 Town Creek 26 9.7 1994 7.0 66 26% 9.0 

60109 Mill Creek (Hashamomuck 
Pond) 

28 7.7 1994 6.0 71 28% 4.1 

60111 Greenport Harbor 33 26.7 1994 7.5 64 0% 6.7 

60113 Little Peconic Bay 20 33.8 1985 5.5 96 0% 7.3 

60114 Paradise Point 28 71.9 1985 7.5 99 0% 5.6 
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60115 Orient Harbor 36 22.7 1985 8.0 97 0% 6.2 

60116 Gardiner's Bay West 37 14.1 1986 10.0 93 24% 4.6 

60118 Northwest Harbor 35 23.6 1986 9.5 95 4% 5.1 

60119 West Neck Bay 30 12.0 1987 5.8 84 6% 17.5 

60121 Noyac Bay 28 24.2 1987 7.0 97 0% 6.0 

60122 Coecles Harbor 34 7.9 1992 7.0 75 39% 7.7 

60124 West Neck Harbor 30 10.5 1994 5.0 74 11% 6.4 

60126 Sag Harbor 32 11.3 1994 7.0 71 15% 7.5 

60127 Sag Harbor Cove 31 7.2 1994 6.0 70 34% 7.8 

60130 Great Peconic Bay 12 21.3 1976 6.0 93 0% 8.1 

60131 Northwest Creek 35 9.9 1994 9.0 51 49% 4.9 

60132 Three Mile Harbor 41 12.5 1994 10.0 46 30% 5.1 

60133 Acabonac Harbor 45 6.9 1994 -- 48 83% 3.9 

60134 Napeague Harbor 52 7.7 1994  
-- 

44 89% 4.0 

60135 Lake Montauk 63 8.9 1994 -- 46 76% 3.8 

60137 Gardiner's Bay Central 43 32.3 1996 10.0 30 0% 4.9 

60148 Bullhead Bay 18 4.5 1998 6.0 67 70% 6.1 

60170 Flanders Bay 6 9.0 1976 6.0 126 11% 13.2 

60210 Reeves Bay 4 6.8 1976 6.0 73 38% 17.5 
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60220 Meetinghouse Creek 4 8.9 1976 4.5 104 5% 70.3 

60230 Terrys Creek 4 8.1 1976 5.0 41 17% 30.4 

60240 Peconic River Mouth 4 7.2 1976 5.0 134 10% 24.2 

60250 Sawmill Creek 3 5.1 1976 5.0 40 48% 26.4 

60260 Peconic River (no Chla data 
2009-2018) 

2.6 7.8 1976 4.0 33 3% 
 

60265 Peconic River (no Chla data 
2009-2018) 

2 8.0 2015 3.5 33 0% 
 

60266 Peconic River (no Chla data 
2009-2018) 

2 7.8 2015 3.3 14 0% 
 

60270 Peconic River (no Chla data 
2009-2018) 

1.4 9.3 1976 3.0 33 0% 
 

60275 Peconic River (no Chla data 
2009-2018) 

1 9.2 2015 3.0 33 0% 
 

60290 Cold Spring Pond 17 6.3 2002 
 

53 77% 4.1 

60300 Wooley Pond 22 8.5 2002 7.0 52 33% 7.8 

60310 Noyac Creek 26 8.9 2002 7.0 50 36% 8.1 

60320 Mill Creek 27 8.2 2002 7.0 54 35% 8.5 

60330 Hallocks Bay 40 6.9 2001 -- 53 74% 4.3 

60340 Hashamomuck Pond 1 28 7.6 2001 7.0 51 43% 5.3 

 
 


