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Abstract 
 Urban development on the watershed, and concentrations of inorganic nitrogen in the 
water of Great South Bay, have increased in recent decades, and justify an examination of the 
magnitudes, sources, and transport of nitrogen from land to Bay. In this report, we made use of 
existing land use data to define land covers, and delimited sub-watersheds emptying unto Great 
South Bay, and used models to estimate nitrogen loads to sub-watersheds and from these to 
receiving waters. Nitrogen loads to land varied greatly, depending largely on the number of 
people on the sub-watershed.  Wastewater-derived nitrogen was the dominant source to 
watersheds (55%), with lesser amounts added by atmospheric deposition on land (31%), and 
fertilizer use (15%). About 77% of the nitrogen entering the watershed was retained within the 
watershed, so that in spite of the land cover changes, the watershed still furnished a substantial 
water quality subsidy preventing enrichment of Great South Bay. The within-watershed retention 
did not entirely prevent considerable export of nitrogen from land to Bay. Watershed-derived 
nitrogen loads to receiving waters were mainly from wastewater (68%)—in spite of the presence 
of sewage treatment plants—with smaller, but still substantial contributions from atmospheric 
deposition on land (22%) and fertilizer use (10%).  
 Great South Bay, from a variety of indications, is currently on the lower range of 
eutrophication compared to similar estuaries. In addition to the land-derived influx of nitrogen 
into Great South Bay there is direct atmospheric deposition on to the Bay. This adds a nitrogen 
load that is comparable to 44% of the land-derived load, high, but comparable to those affecting 
other estuaries. Taking land and direct atmospheric loads together yields estimated annual 
nitrogen loads per unit area that fall into the lower 10% of the loads to similar estuaries 
elsewhere. Comparison of nitrogen concentrations from monitoring surveys, as well as the 
continued presence of seagrass meadows, also suggest that Great South Bay, remains on the 
lower range of eutrophication compared to the broad spectrum of other estuaries. Increases in 
urban pressures on land use, and trends in nitrogen in water, however, suggest that the currently 
favorable condition might be changing. Quantification of the loads and identification of sources, 
such as provided here, is the necessary first step in developing management strategies to limit 
future eutrophication and lowered water quality for Great South Bay. 
 
Introduction 
 The issue of nitrogen entering coastal bays and lagoons of Long Island has long captured 
attention. In the 1950s, the nitrogen derived from duck farms led to algal blooms in Moriches 
Bay, and Ryther (1954) showed the link between such land uses and eutrophication in a 
landmark paper. Lackey (1963, 1970) related land-derived inputs of nitrogen to seaweed 
(Cladophora) blooms in the Bays. In addition, there was early recognition that watershed sources 
created nitrate concentrations in groundwater that that were threats to health (Perlmutter et al. 
1964, Ragone et al. 1976). Knowledge of the importance of human uses of the land surface of 
Long Island (urbanization, agriculture, forest areas, Fig. 1) led to ground-breaking studies that 
linked the specific land uses to nitrogen loads to bays, particularly mediated via groundwater 
transport (Koppelman 1978, Lee and Olson 1985). More recently, Monti and Scorca (2003) and 
Bokuniewicz (1980) demonstrated the importance of groundwater transport of nitrogen into 
coastal waters of Long Island. It is therefore amply evident that land use and eutrophication of 
coastal water are tightly coupled, and that, at least in Long Island and similar sites elsewhere, 
transport of nitrogen takes place via ground- and surface-water flow into receiving waters. The 
importance of groundwater transport derives from the geological origin of Long Island, where 
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the unconsolidated sands (with some silt and clay lenses and layers) permit relatively free 
movement of water through the soil, vadose zone, and aquifer, and flow into bays and lagoons, 
where the nitrogen affects the marshes, sea grass meadows, macroalgal canopies, and 
phytoplankton (Fig. 1). 
 Concerns with the condition of Long Island waters therefore motivated work that in fact 
has led the way for later research on development of ways to quantify the links between land 
uses and nitrogen loads to receiving coastal waters. Long Island has therefore played a singularly 
important role in understanding the human role in the altered couplings between land and sea. 
We, among others, have followed the work done in Long Island by further developing methods 
to assess how land use affects nitrogen loads (Valiela et al. 1997, Valiela et al. 2000). 

Great South Bay (Fig. 2) has been the site of much research and monitoring. National 
Park Service (2005), and Stony Brook University’s Marine Science Research Center (Nuzzi and 
Waters 2004, Lonsdale et al. 2006) have monitored groundwater and water column nitrogen 
concentrations, and Carpenter et al. (1991) and Monti and Scorca (2003) compiled data on 
nitrogen content and nitrogen loads to Great South Bay. Considerable time has elapsed since 
these earlier studies, and inexorably, human populations have increased, land covers have 
become more urbanized, and other land use changes have taken place 
(longislandindex.org/fileadmin/pdf/landUseAnal.pdf).  

Concentrations of dissolved inorganic nitrogen concentrations in the water column of 
Great South Bay have been rather variable (Fig. 3). There have been changes in multi-year 
trends, with somewhat of a decrease after several sewage treatment plants started operation about 
the mid-1980s, and increases from annual mean concentrations of 3 to 6 µM DIN, since the mid-
1990s (Fig. 3). 

Because of the obvious recent increased urbanization of the watershed, and 
accompanying increased nutrient content of the water column, suggested by data such as Fig. 3, 
it seemed timely to assess the current nutrient loading to Great South Bay. The urban 
development of the watershed has led to much discussion as to the relative importance of the 
various sources of land-derived materials that affect the waters of Great South Bay. To respond 
to such concerns, we need information not only on total loads entering Great South Bay, but also 
an identification of the contribution by the various sources of the nitrogen that entered the Bay. 

In this report we first obtained the most recent land use and population data for the entire 
watershed of Great South Bay. We then delineated bounds of 33 sub-watersheds that deliver 
fresh groundwater and surface runoff to the various streams, estuaries, and to Great South Bay 
itself, and partitioned the land use data to assess land covers in each sub-watershed. With this 
information, as a first phase of our work, we 1) estimated annual nitrogen deliveries to each of 
the sub-watersheds of Great South Bay; 2) modeled land-derived nitrogen loads to the receiving 
waters of each sub-watershed; 3) partitioned the contribution of nitrogen via wastewater, 
fertilizers, and atmospheric deposition; 4) estimated nitrogen transport through each major land 
cover category; and 5) normalized land-derived nitrogen loads on a per area basis, and modeled 
nitrogen concentrations in the water, to asses the relative eutrophication of the Great South Bay 
relative to other systems. 
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Bay 

Fig. 1. Conceptual sketch of the flow of external nitrogen through different land covers and 
components of a watershed such as that of Great South Bay.  The nitrogen  that survives losses 
within the watershed then seeps out into the receiving water body, where it can stimulate growth of 
phytoplankton, and macroalgae, and impair seagrass meadows. 

Fig. 2. Map of Long Island, NY, indicating the major water bodies along the south shore. 

Great South Bay 

Moriches Bay 

South Oyster Bay 
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Methods 

Fig. 3. DIN concentrations (µM) in Great South Bay collected between 1976 and 2006; the values are annual 
averages of samples collected 2-12 times per year, for 21 stations distributed throughout Great South Bay. The 
running mean, averaged across 10 years time spans, is shown to indicate the multi-year trends. Data from 
Suffolk County Department of Health Services. 
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Modeling nitrogen loads 

To estimate current nitrogen loads entering the various parts of Great South Bay, we used 
a model (NLM, included in http://nload.mbl.edu), described in Valiela et al. (1997) and Bowen 
et al. (2007), and validated in Valiela et al. (2000) and Bowen et al. (2007). NLM (Fig. 4) uses 
inputs from land use within a delineated watershed, and calculates the fates of nitrogen from 
wastewater, fertilizers, and atmospheric deposition unto the watershed, and keeps track of the 
fate of N from these sources as the N traverses soils, vadose zones, and travels in aquifers on its 
way to receiving estuaries. 

Below we use NLM to estimate  
1) nitrogen loads entering the watersheds, and we then 

a) partition within-watershed losses and transport of nitrogen from wastewater, 
fertilizers, and atmospheric deposition;  

b) partition of nitrogen transport through different land covers (natural 
vegetation, turf and lawns, golf courses, and impervious surfaces); 

2) nitrogen loads leaving watersheds and entering receiving waters, and include a 
partition of nitrogen from wastewater, fertilizers, and atmospheric deposition. 
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NLM is particularly applicable to shallow estuaries such as Great South Bay, bodies of 
water underlain by unconsolidated sedimentary deposits (Fuller 1914), and with watersheds 
containing mixes of residential, agricultural, and forest land uses. NLM comprehensively 
considers total N [including nitrate (NO3), ammonium (NH4), and dissolved organic nitrogen 
(DON)] from atmospheric deposition, fertilizer use, and residential wastewater disposal. 

Before we could model land-derived nitrogen loads, we needed, first, to delineate the 
watersheds that contributed to the nitrogen loads reaching the receiving water. Second, we 
needed to compile information on the mosaic of land covers present on the watersheds. 

 
Delineation of sub-watersheds 

Fig. 4. Diagram of the sources (atmospheric deposition, fertilizer use, and wastewater disposal) that add 
nitrogen to various land covers (residential, turf, impervious surfaces, agricultural, natural vegetation) on a 
watershed, and loss coefficients that affect the fate of the transported nitrogen through soil, unsaturated vadose 
zone, and aquifer, arriving at the boundary between land and receiving marine water to constitute the land-
derived nitrogen load to the water body. More detailed explanation can be found in a description of NLM in 
Valiela et al. (2000). 

 

 We could simply delineate the watershed to the entire Great South Bay, but it is more 
informative to initially focus on the series of sub-watersheds that make up the entire Great South 
Bay watershed, and that empty into specific smaller streams and estuaries within the Bay. 
Focusing initially on each of the sub-watersheds enables detection of local areas that added more 
or less nitrogen to the various parts of Great South Bay. We therefore delineated sub-watersheds 
that contributed land-derived nitrogen to each portion of Great South Bay (Fig. 5). The 
delineation was done based on published contours of the water table underlying the surface of 
Long Island (Fig. 5). The exact position of the contours appears to have changed to some extent 
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across time (unpublished data, The Nature Conservancy). We used the most recent records of 
water table elevation contours, obtained for 1989. We then applied the hydrological convention 
that groundwater flow is normal to contour lines to delineate each sub-watershed for each 
stream, estuary, or direct discharge into Great South Bay. This procedure identified 33 sub-
watersheds (Fig. 5).  

 
In terms of the watershed for the entire Great South Bay watershed, we defined the 

eastern edge of the Carman’s River watershed in Brookhaven as the eastern bound, and the 
Narrasketuck Creek and Carman’s River watershed in Amityville and Massapequa as the western 
bound. The eastern boundary we used fits readily, since the Carman’s River watershed empties 
into what is the recognizable eastern end of Great South Bay, west of the Smith Point Bridge 
(further east we would deal with Moriches Bay). We chose the boundary between Suffolk and 
Nassau counties as the western bound of our work (this includes Narrasketuck Creek and 
Carman’s River watersheds in Amityville and Massapequa on land) for two reasons. First, there 
is a narrowed extent of open water owing to the presence of a group of islands north of the 
barrier island, and much less exchange of this area of the Bay with the more eastern water mass 
based on residual transport times calculated by R. E. Wilson (pers. comm.) west of our bound, 
which is different enough to be referred to as South Oyster Bay, differentiating it from Great 
South Bay. South Oyster Bay has a much lower area of open water and flow is much more 
constricted than in Great South Bay (Fig. 5). In any case, we could, at a later time, extend our 
data treatment and load estimates to include South Oyster Bay, and Moriches Bay, as needed. 
Second, there was the practical aspect that much of the data are available separately by county, 
and we had more ready access to the Suffolk County data. 

 

South Oyster Bay 

Great South Bay

Moriches Bay 

Fig. 5. Groundwater contours (blue) and delineations of 33 sub-watersheds (black, dashed-lines) of 
Great South Bay. Sub-watershed names are included, in a west to east sequence, in Tables 2 and 3. 
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In unconsolidated sand substrates, with the topographical relief characteristic of Long 
Island, we expect that groundwater travels roughly 100 m per year, as it does in Cape Cod. This 
means that travel time from mid-long Island south to the Great South Bay might take some 
decades. It turns out that most nitrogen losses within aquifers occur quite near the water table 
(Pabich et al. 2001, Bowen eat al. 2007), so that there are few additional losses of nitrogen 
during the often much longer transit down-gradient. We have also shown that considering time 
of travel within aquifer adds at most 10% to loss estimates (Brawley et al. 2000). Hence, in our 
present NLM calculations, we ignore travel time in the aquifer.  
 
Land use data and modeling at the sub-watershed level 
 Inputs needed to run NLM are listed in Table 1. (For values for each sub-watershed, see 
Appendix A.) For certain components of the model, we used default expressions or values found 
within NLM. The defaults were the result of extensive literature meta-analyses. As much as 
possible, we sought information more specific to the Great Bay watersheds for use in our NLM 
simulations.  
 
Table 1. Major data inputs needed to run NLM model simulations. In addition, NLM has many other internal 
components requiring data inputs where local details can be entered to replace default functions. 
 

NLM inputs 
Number of dwellings 
Watershed area 
Area of wetlands 
Area of cranberry bogs 
Area of other agriculture 
Area of golf courses 
Area of parks and athletic fields 
Impervious surfaces (commercial, industry, and other) 
Dwellings within 200m of shore 

Land parcel information—Land use and parcel size of land within each sub-watershed 
were identified using GIS files of land use from the Suffolk County Department of Planning 
(SCDP) for  Babylon, Islip, Brookhaven, Huntington, and Smithtown. We modified these GIS 
files to allow identification of certain specific land covers needed for input into NLM. Data from 
the Department of Real Property Tax Service Agency allowed us to separately identify golf 
course and row crop parcels, and separately account for athletic fields, row crops, and horse 
farms, that were included in the broader “recreational use” and “agricultural use” categories, 
respectively, in the SCDP data. For each of the five towns, parcels with their center within each 
sub-watershed were counted and their land use estimated using the land use code which 
identified lots as low-density residential, medium-density residential, high-density residential, 
commercial, industrial areas, recreational, agricultural, transportation, etc. (Suffolk County 
Department of Planning 1999).  

Housing unit number, location, and occupancy information—To estimate the number 
of people contributing to wastewater loads, we first needed data on the number of housing units, 
and the occupancy rate in these units in each sub-watershed. Spatially-explicit data on location 
and number of living units were obtained as GIS land use maps from Suffolk County Planning 
Department. Arc GIS was used to determine which parcels of land were located within each sub-
watershed and the land use and area of those parcels were used to generate the necessary 
information for NLM. Occupancy of housing units was reported to be 2.96 people per dwelling 
in Suffolk County, from US Census data for 2000 (http://www.co.suffolk.ny.us).  
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Wastewater information—Human wastewater is handled on the Great South Bay 
watershed via either septic systems or through sewage treatment plants. The areas served by the 
sewage treatment plans are shown as the shaded areas in Fig. 7.  

Septic system information—To estimate the nitrogen contributed in each sub-watershed 
via septic systems we used information on number of houses, and residential occupancy to 
estimate wastewater contribution delivered to a watershed and groundwater. Information on 
zoning, ownership and size of the land parcels were obtained from the land use maps (2006) 
provided by Suffolk County Department of Planning for the towns of Babylon, Islip, and 
Brookhaven, Huntington and Smithtown (Fig. 6).  

  Sewage treatment plants— Wastewater disposal in some of the more urban areas of Long 
Island is carried out via sewage treatment plants. These regional or local treatment plants use 
both sand filter beds or outfall pipes to dispose of the treated effluent. The outfall pipe of the 
Southwest Sewer District (Fig. 7) delivers effluent to the New York Bight south of Fire Island, 
and hence the nitrogen it processes was not included in our calculation of land-derived loads to 
Great South Bay. There are other local treatment plants that treat wastewater effluent with a 
variety of biological treatments (DEC 2004), and release their effluent through filter beds, where 
the effluent, after treatment, reaches the groundwater table. We calculated the interception, 
previous to discharge, of the nitrogen processed via these sewage treatment plants by use of an 
average removal of 93% of nitrogen. This estimate of retention was based on the average annual 
effluent concentration of the 9 sewage treatment plants within the Great South Bay watershed 
(excluding the Southwest Sewage Treatment Plant, Fig. 7) and assuming an average influent 

Fig. 6. Land use maps were obtained from Suffolk County, including the towns of Babylon (pink), Islip 
(orange), Brookhaven (red), Huntington (light blue), and Smithtown (dark blue). The delineated sub-
watersheds of Great South Bay (black dotted lines) are shown to point out that hydrological connections often 
cross political boundaries.  

 

  



 10

nitrogen concentration of 60 mg N/l (Suffolk County Department of Health Services draft report 
on the Sewage Treatment Plants of Suffolk County). 

 
Natural vegetation—Any areas not designated as a specific land use were assumed to be 

natural vegetation in NLM. Areas of parkland not designated as athletic fields or in turf were 
also included as natural areas. 

 

 

12 

11 

SWSD outfall 

Fig. 7. Sewer districts (indicated in blue) serving buildings in the Great South Bay watershed (clockwise 
from left): 

1. Southwest Sewer District (SWSD, arrow shows the position of the outfall from this plant) 
2. Strathmore Huntington Sewer District 
3. Suffolk County Sewer District #13 (Windwatch) 
4. Nob Hill Sewer District 
5. Birchwood – North Shore (Holbrook) Sewer District 
6. College Park Sewer District 
7. Selden Sewer District 
8. Suffolk County Sewer District #23 (Coventry Manor) 
9. Medford Sewer District 
10. Parkland Sewer District 
11. Patchogue Sewer District* 
12. Ocean Beach Sewer District* 

* Patchogue Sewer District includes one condominium complex at this writing. Ocean Beach Sewer 
District is not included in this report calculation but will be considered in discussions of __ of work 
being done on the Fire Island National Seashore and Great South Bay sponsored by USGS. 

 

Wetlands—Freshwater wetlands were identified using the GIS file of Suffolk wetlands 
file “suftidwet74” (GIS files obtained from The Nature Conservancy). Salt marsh areas were 
considered as part of the receiving waters, and only taken into account later when we turn to use 
ELM, the estuarine loading model (see below). 
 Agricultural—Areas designated as agricultural by the Dept. of Real Property Tax maps 
(in Babylon, Islip, and Brookhaven) were further identified as field crops, orchard crops, 
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livestock, or horse farms. Areas of field and orchard crops were added in NLM as fertilized 
agricultural lands. Areas of livestock or horse farms were assumed to be in uncultivated pasture, 
and considered as natural vegetation.  
 Turf (lawns, golf courses, athletic fields)—Lawn area was calculated for each house by 
NLM, based on Long Island data from Koppelman (1978). Areas of golf courses, and athletic 
fields (other turf) were calculated separately based on the zoning codes of each plot of land, 
obtained from the parcel data. 

Impervious surfaces and runoff—Impervious surface area was estimated using the 
percent impervious surface of industrial (75%), commercial (85%) and shopping center (95%) 
lots, as determined by Arnold and Gibbons (1996). In residential areas, we used estimates for 
low- density residential (40%), medium-density residential (75%), and high-density residential 
(100%), as determined by The South Shore Estuary Reserve Technical Report on Land Cover 
(New York State Department of State 1999). Land parcels identified as roads or transportation 
were assumed to be 100% impervious surface. 

In general, surface runoff from impervious surfaces is largely collected (at least in 
suburban to urban landscapes) into collection containers or basins, where water is held, and 
eventually recharges groundwater, so that the nitrogen in runoff is subject to below-surface 
losses (Fig. 4). In certain areas of Long Island, however, buildings and other structures near 
shore may discharge, via pipes, surface runoff directly into adjoining streams, estuaries, and Bay. 
In these cases, nitrogen in the runoff is not subject to below-surface losses, and could be of 
significance. It is difficult, however, to measure such direct inputs from surface runoff. To get a 
worst-case estimate of the magnitude of these direct nitrogen inputs, we used NLM to assess the 
nitrogen loads associated with the direct delivery of runoff from all buildings south of the 
Montauk Highway within Suffolk County to receiving waters. To do this we first estimated the 
amount of nitrogen from atmospheric deposition falling on impervious surfaces south of 
Montauk Highway. We then assumed that all of that nitrogen would flow with rainwater directly 
to Great South Bay, and added the direct-runoff estimate to the nitrogen from atmospheric 
deposition (which does recharge into the vadose zone and aquifer) flowing to Great South Bay 
from the area north of Montauk Highway to create a direct-runoff estimate (Table 6). 
  
Nitrogen loads to the entire watershed and Great South Bay 

The estimates obtained for the specific sub-watersheds provided a view of the different 
contributions from different parts of the watershed of the Bay. We then moved on to examine the 
loads to the entire Bay, and assess its level of eutrophication and water quality. To do that, we 
summed all land-derived nitrogen inputs from all sub-watersheds to develop an aggregate 
nitrogen load to the entire Great South Bay, which we then partitioned to show the relative 
contributions by wastewater, fertilizers, and atmospheric deposition on land. We further 
partitioned the inputs as those that were delivered through the different major types of land 
covers. These results were aimed at identifying the major nitrogen sources, as well as pointing 
out the role of major land covers. 

Great South Bay receives most of the flow of land-derived freshwater from southern 
Long Island. Studies of groundwater flow from the aquifer of Long Island to its receiving waters 
point out that a certain portion of the groundwater flow travels below Great South Bay, and are 
discharged into the sea (Monti and Scorca 2003). This deeper groundwater most likely entered 
the water table the farthest up-gradient, near the groundwater divide. These underflows have not 
been well measured, but best estimates are that perhaps they may amount to at most 20% of the 
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flow (Monti and Scorca 2003). For our purposes, we assumed that the spatial distribution of land 
uses did not change much with distance from shore, which allowed a simple device to account 
for the underflow. We conservatively compensated for the underflow by subtracting 20% of the 
land-derived nitrogen load estimated by NLM to Great South Bay. 

There is, in addition, direct atmospheric deposition unto the entire Great South Bay.  
Such direct deposition can be significant in some estuaries (2-79% of the total nitrogen load, 
Table 2). To estimate this additional nitrogen source, we used annual atmospheric deposition 
rates calculated as representative for the Northeastern United States (Bowen et al. 2001a,b), and 
multiplied these deposition rates by the area of Great South Bay. 

 
Table 2. Estimated contributions of atmospheric deposition of nitrogen to new nitrogen inputs in diverse estuarine, 
coastal and open ocean waters. The sources, wet (W) and/or dry deposition (D), and chemical forms, inorganic (I) 
and/or organic (O), of AD-N are indicated (table adapted from Paerl 2002 and Valiela and Bowen 2002). 

Estuary 

% of N input by 
direct atmospheric 

deposition Reference 
Mississippi River Plume 2-5%, W+D, I+O Goolsby et al. 1999 
Narragansett Bay 12% W, I+O Nixon 1995 
Long Island Sound 20% W, I+O Long Island Sound Study 1996 
Chesapeake Bay 27% W, I+O Chesapeake Bay Program 1994 
Waquoit Bay, Massachusetts 29% W, I+O Valiela et al. 1992 
Baltic Sea (Proper) ~30% W+D, I Elmgren 1989; Ambio 1990 
Sarasota/Tampa Bay, Florida 30% W+D, I Tampa Bay National Estuary Program 
Childs River, Massachusetts 31% W+D, I Valiela and Bowen 2002 
Neuse River estuary, North Carolina 34% W, I+O Whitall 2000 
New York Bight 38% W, I+O Valigura et al. 1996 
Eel Pond, Massachusetts 38% W+D, I Valiela and Bowen 2002 
North Sea (Coastal) 20-40% W+D, I GESAMP 1989 
Pamlico Sound, North Carolina ~40% W+D, I Paerl and Fogel 1994 
Kiel Bight (Baltic) 40% W, I Prado-Fiedler 1990 
Barnegat Bay 40% W, I+O Moser 1997 
Rhode River, Maryland 40% W, I+O Correll and Ford 1982 
Great South Bay 42% W+D, I+O this study 
Hamblin Pond, Massachusetts 52% W+D, I Valiela and Bowen 2002 
Quashnet River, Massachusetts 55% W+D, I Valiela and Bowen 2002 
Jehu Pond, Massachusetts 55% W+D, I Valiela and Bowen 2002 
Western Mediterranean Sea 10-60% W, I Martin et al. 1989 
Sage Lot Pond, Massachusetts 79% W+D, I Valiela and Bowen 2002 
 
Results 
 
Nitrogen loads to sub-watersheds  
 Nitrogen loads to the sub-watersheds varied across a large range (almost 50-fold, Table 
31). In particular, nitrogen loads were highest unto the watersheds of Connetquot East, Carman’s 
River, and Carlis River, and lowest to the watersheds of Cory Creek, Quintuck Creek and Mud 
Creek. 
                                                 
1 The uncertainty associated with nitrogen loads estimated with NLM is 14% of the mean values (Valiela et al. 
1997). We probably should have therefore rounded off estimates such as those of Table 3 to fewer significant digits. 
We have not done so simply to allow anyone who wishes to check the estimate at a later date access to the actual 
numbers that we calculated. 
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Table 3. NLM estimates of nitrogen loading to sub-watersheds of Great South Bay. Percent values indicate the 
relative contribution of atmospheric, wastewater, fertilizer sources of nitrogen that entered the sub-watershed.  
 
 N load to sub-watershed (kg N yr-1) and percent (%) contribution to total 

nitrogen loads from the three major sources 
Sub-watersheds Atmospheric Wastewater Fertilizer Total 
 (kg N yr-1) % (kg N yr-1) % (kg N yr-1) % (kg N yr-1) 
Amityville Creek 33,015 40 31,269 38 17,696 22 81,980 
Great Neck Creek 12,143 56 1,372 6 8,270 38 21,786 
Stongs Creek 15,250 54 1,538 5 11,326 40 28,114 
Neguntatogue Creek 11,564 60 42 0 7,668 40 19,273 
Santapogue Creek 23,330 71 1,067 3 8,270 25 32,667 
W. Babylon Creek 15,834 36 5,553 13 22,078 51 43,465 
Carlis River  95,617 24 245,553 62 53,139 13 394,309 
Canals and Samparoams 18,711 38 20,698 42 10,278 21 49,687 
Willetts Creek 9,341 34 11,182 41 6,685 25 27,208 
Kleth Canal to Watchogue 48,105 48 31,154 31 20,381 20 99,640 
Pentaquit 17,847 41 19,746 45 6,308 14 43,900 
Awixia Creek 24,794 28 53,037 60 10,800 12 88,631 
Orowoc Creek 38,876 27 87,007 61 16,589 12 142,473 
Champlin Creek 29,219 27 57,747 53 22,813 21 109,779 
Quintuck Creek 13,143 85 0 0 2,398 15 15,541 
Connetquot River West 49,802 28 93,544 53 33,637 19 176,984 
Connetquot River East 132,877 25 336,697 63 61,428 12 531,002 
Green Creek 33,843 25 83,190 61 19,060 14 136,094 
Browns River  26,734 21 89,231 69 13,826 11 129,792 
Bayport creeks 4,647 21 15,854 70 2,148 9 22,649 
Stillman, Namker, Hormans 
Creeks 20,711 28 47,822 64 6,556 9 75,089 
Corey Creek  4,971 43 5,377 47 1,144 10 11,491 
Tuthills Creek 48,042 24 130,826 65 21,194 11 200,061 
Patchogue River  30,197 22 95,513 69 13,326 10 139,036 
Little Creek 30,183 21 99,016 69 13,418 9 142,617 
Swan River  29,996 32 56,915 60 7,713 8 94,624 
Mud Creek 7,153 39 9,992 54 1,354 7 18,498 
Abets Creek 6,326 32 11,400 58 1,820 9 19,546 
Hedges Creek 4,539 21 14,648 69 1,985 9 21,172 
Howells Creek 13,214 27 30,087 62 4,952 10 48,253 
Motts Brook 6,225 32 10,317 54 2,706 14 19,248 
Beaverdam Creek 35,875 47 33,902 44 6,648 9 76,425 
Carmans River  182,472 43 167,295 40 70,772 17 420,539 
Total 1,074,595 31 1,898,591 55 507,187 15 3,480,373 

 
The differences in loads received by the sub-watersheds, in part, depended on size of the 

sub-watershed land area, but also on the considerable differences in contributions from 
wastewater (0-70%), fertilizers (7-51%), and atmospheric deposition on land (21-85%) to the 
different sub-estuaries. The contribution by atmospheric deposition was largely a function of 
sub-watershed area receiving the atmospheric deposition.  

To a significant extent, however, nitrogen loads could be linked to number of people on 
the watersheds. More people uniformly led to larger total nitrogen loads to the sub-watersheds 
(Fig. 8 A); there was a slight outlier, Carman’s River watershed, where 233 ha of agricultural use 
appear to have added a considerable amount of fertilizer nitrogen, beyond wastewater and lawn 
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fertilizers associated with number of people on the watershed (Fig. 8 A). Wastewater input was, 
of course, linked closely to number of people on the watersheds (Fig. 8 B), and amounts to about 
45% of the total load to the various sub-watersheds (Fig. 8 C).  

In 18 sub-watersheds there was a tight correlation between nitrogen load and what is 
most likely, use of lawn fertilizers (Fig. 8 D), probably because lawns are related to population in 
Long Island (Koppelman 1978) and elsewhere (Valiela et al. 1997). In 7 sub-watersheds there 
was enough agricultural activity to add to fertilizer nitrogen loads, particularly in the Carman’s 
River watershed (Fig. 8 D). 

 

No. people Total N load (kg N yr-1) 

Fig. 8. Relationships between number of people in a sub-watershed and total N load (A), N load due to 
wastewater (WW) (B), and N load due to fertilizer (D); relationship between Total N load and N load d
to wastewater (WW) (C). 
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Nitrogen loads from sub-watersheds to receiving waters 
 After nitrogen enters sub-watersheds, a number of transformations and losses take place, 
and NLM estimates the internal losses as well as the consequent delivery of the surviving 
nitrogen to receiving waters (Table 4). The nitrogen loads emerging from each sub-watershed to 
the receiving waters varied greatly, but were much smaller than the loads to the watershed 
surface (Table 3). Certain sub-watersheds appeared to provide higher loads. including 
Connetquot River East, Carlis River and Carman’s River. Quintuck Creek, Corey Creek, 
Neguntatogue Creek and Great Neck Creek were among the sub-watersheds that contributed the 
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lowest loads to receiving waters. These high and low highlights were similar to the list from the 
loads to the sub-watersheds.  
 
Table 4. Nitrogen loading to receiving waters of Great South Bay. These N loads estimate amount of nitrogen from 
each sub-watershed that is delivered to the receiving water for each sub-estuary. Percent values indicated the 
relative contribution of each source (atmospheric, wastewater, fertilizer). Yield calculated as N load to receiving 
water per area of sub-watershed. 
 
 N load to watershed (kg N yr-1) and percent contribution to total (%) from the three 

major sources 
Sub-watersheds Atmospheric Wastewater Fertilizer Total Yield 
 

(kg N yr-1) % (kg N yr-1) % (kg N yr-1) % (kg N yr-1) 
(kg N yr-1 

ha-1) 
Amityville Creek 5,469 32 8,798 52 2,759 16 17,026 8 
Great Neck Creek 2,171 56 386 10 1,289 34 3,846 4 
Stongs Creek 2,741 55 433 9 1,766 36 4,939 5 
Neguntatogue Creek 1,968 62 12 0 1,195 38 3,175 4 
Santapogue Creek 3,771 70 300 6 1,289 24 5,361 3 
W. Babylon Creek 2,426 33 1,563 21 3,442 46 7,430 7 
Carlis River  16,036 17 69,090 74 8,285 9 93,410 15 
Canals and Samparoams 3,848 34 5,824 52 1,602 14 11,274 9 
Willetts Creek 1,776 30 3,146 53 1,042 17 5,965 10 
Kleth Canal to Watchogue 8,106 40 8,766 44 3,177 16 20,049 7 
Pentaquit 3,061 32 5,556 58 983 10 9,600 8 
Awixia Creek 4,721 22 14,923 70 1,684 8 21,327 13 
Orowoc Creek 6,365 19 24,481 73 2,586 8 33,432 13 
Champlin Creek 5,137 21 16,248 65 3,557 14 24,942 13 
Quintuck Creek 1,618 81 0 0 374 19 1,992 2 
Connetquot River West 7,934 20 26,569 67 5,244 13 39,747 12 
Connetquot River East 20,675 16 96,525 76 9,577 8 126,777 15 
Green Creek 6,691 20 23,900 71 2,972 9 33,562 15 
Browns River  4,593 14 25,547 79 2,156 7 32,296 19 
Bayport creeks 822 14 4,611 80 335 6 5,768 19 
Stillman, Namker, Hormans 
Creeks 3,419 19 13,892 76 1,022 6 18,334 14 
Corey Creek  761 27 1,904 67 178 6 2,843 10 
Tuthills Creek 8,098 17 37,380 77 3,304 7 48,782 16 
Patchogue River  5,020 15 27,317 79 2,078 6 34,414 18 
Little Creek 5,132 15 27,908 79 2,092 6 35,132 18 
Swan River  4,612 21 16,470 74 1,202 5 22,284 12 
Mud Creek 1,153 27 2,961 68 211 5 4,326 9 
Abets Creek 1,017 21 3,514 73 284 6 4,815 12 
Hedges Creek 684 13 4,146 81 309 6 5,140 17 
Howells Creek 2,123 18 8,691 75 772 7 11,585 14 
Motts Brook 1,004 23 3,001 68 422 10 4,427 13 
Beaverdam Creek 5,154 32 9,853 61 1,036 6 16,043 7 
Carmans River  23,153 28 47,094 58 11,034 14 81,281 7 
Total 171,259 22 540,807 68 79,072 10 791,138 11 
 

Of course, total loads from the sub-watersheds depend on the area of the sub-watersheds 
so that perhaps a better way to define relative intensity of loading from any one sub-watershed is 
to calculate the yield from each sub-watershed per unit area of the sub-watershed (kg N 
exported/ha of area of each sub-watershed). These yields appear in the last column of Table 4, 
and show that yields were relatively uniform for most sub-estuaries; this suggests that the land 
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covers across most of the Great South Bay watershed seem reasonably similar. There are a few 
notable exceptions in terms of the yield: Bayport Creek and Browns River stand out as 
particularly able to release nutrients per unit area, and Little Creek and Patchogue River may also 
be mentioned. It would be instructive to examine land covers on these sub-watersheds in more 
detail to understand the apparent disparities. We note that the “yield” criterion points out a 
different list of “hot spots” from that developed based on total loads. Yield is more responsive to 
the relative intensity per unit area of development on a landscape. Detailed analyses of these 
differences will be useful to manage nitrogen loads from these areas. For a break-down of the 
effects of different sources of nitrogen to the sub-watersheds (ie: Table 5), please see Appendix 
B. 
 
Nitrogen loads to and from the entire Great South Bay watershed 
Effects of different sources—To define and partition the loads to the entire Great South Bay 
(Table 5), we added inputs, losses, and loads from each sub-watershed. Wastewater (in spite of 
the presence of sewage treatment plants) made the largest contribution of nitrogen to the 
watershed, as well as to receiving waters of Great South Bay itself, followed by atmospheric 
deposition, and fertilizers (Table 5).  
 
Table 5. Sources, subsurface nitrogen losses and fate of nitrogen entering the major land covers on the watershed of 
Great South Bay, and their contribution to the land-derived nitrogen loads to Great South Bay. 
 

Source of nitrogen 

Nitrogen 
loads 

 to 
watershed 

Percentage of 
nitrogen load 
to watershed 

% of nitrogen 
input lost 

within 
watershed 

Total land-
derived 

nitrogen loads 
to Great 

South Bay 

% of 
load to 
Great 
South 
Bay 

Atmospheric deposition to:      
 Natural vegetation 453,542 13 91 40,241 5 
 Turf 164,127 5 90 15,810 2 
 Other agricultural land 3,500 0 90 337 0 
 Impervious surfaces 451,261 13 75 114,395 14 
 Wetlands 2,165 0 78 476 0 
  Total atmospheric deposition 1,074,595 31 84 171,259 22 
        
Wastewater from:      
 Dwellings with septic systems 1,861,791 53 72 530,453 67 
 Dwelings connected to SWSD 0 0 0 0 0 
 Dwellings connected to other 

sewer districts 36,800 1 72 10,354 1 
  Total wastewater 1,898,591 55 72 540,807 68 
        
Fertilizer used on:      
 Lawns 398,578 11 84 62,139 8 
 Golf courses 76,878 2 84 11,985 2 
 Other agricultural land 31,731 1 84 4,947 1 
  Total fertilizer 507,187 15 84 79,072 10 
  Grand total 3,480,373 100 77 791,138 100 
   Total N load minus 20% of groundwater flow beneath Great South Bay* 632,910  

*Monti and Scorca (2003). 
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We estimated that 77% of the nitrogen entering the Great South Bay watershed was 
intercepted within it (Table 5). In spite of the large land surface changes that have taken place on 
Long Island, the watershed is still providing a substantial subsidy for preservation of water 
quality on the adjoining water bodies. This degree of interception for the entire watershed is 
striking, but quite similar to mean values of about 75% interception reported for Eastern US 
watersheds (Valiela 2006). The frequency distribution of the estimates of retention of nitrogen 
that we calculated for the sub-watersheds of Great South Bay also fell within the same range of 
retention estimated for Eastern US watersheds (Fig. 8).  

 
Effects of different land covers—To get a more specific idea of the role of different land covers 
in terms of nitrogen inputs to the whole Great South Bay ecosystem, we further partitioned 
nitrogen inputs (and exports to receiving water) by atmospheric deposition, fertilizers, and 
wastewater through the major land cover types found on the watershed (Table 5). This land-
cover partition should be of interest to managers charged with evaluation of options.  
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Fig. 8. Frequency (f) distribution of nitrogen retention values within Eastern North American 
watersheds (white bars) and from sub-watersheds of Great South Bay (black bars). Data from 
Valiela (2006) and this study. 

Atmospheric deposition—The fate of nitrogen delivered by atmospheric deposition 
depended on the type of land cover. The majority of atmospheric inputs fell on areas covered by 
natural vegetation, but because of the higher losses of nitrogen in these land covers (Table 5), 
most of the atmospheric nitrogen that fell on natural vegetation was largely prevented from 
reaching receiving waters. This points out that loss of green cover, and replacement by 
impervious surfaces inevitably increases nitrogen loads, and suggests the importance of 
maintaining green cover on land to support high within-watershed retention. 

In contrast, nitrogen that fell in impervious surfaces became the dominant source of the 
atmosphere-derived nitrogen that initially fell on the watershed, and then reached Great South 
Bay (Table 5). The surface area of impervious surfaces in Long Island is substantial enough that 
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about 14% of the nitrogen load to Great South Bay is made up of nitrogen that initially was 
deposited on the watershed. 

This brings us up to the local concern about the possible effect of runoff that could be 
being discharged directly into receiving waters in the near-shore area of Suffolk County (south of 
Montauk Highway, see Fig. 9). We should note that given the distances from Montauk Highway 
to the shore, the area we have designated in Fig. 9 is likely to be a considerable overestimate of 
the area that is potentially delivering runoff directly to the shore. 

The NLM simulation where we allowed for all runoff to be delivered to receiving waters 
increased the potential transport of atmospheric nitrogen to receiving waters by 153%, a 
significant amount. That amount represents an increase of 22% in relation to atmospheric N load 
from the area of the watershed south of the Montauk Highway. In terms of the whole watershed, 
however, the effect of such direct surface runoff would only amount to 4% of the total N load 
(Table 6). Considering that these are considerable over-estimates, it appears that local delivery of 
nitrogen via near-shore runoff to the entire Great South Bay would be relatively modest. Given 
the magnitude of other nitrogen inputs, solving the issue by diverting the flow of runoff from 
surface runoff might not result in a perceptible improvement in water quality. 

 
Fertilizers—Lawns appeared to be the major source of fertilizer nitrogen to the watershed and to 
the Bay (Table 5). Loss of fertilizer nitrogen was relatively low within watersheds.  

Fig. 9. Hatched area on land covers the area south of Montauk Highway that we used in 
the calculation of potential direct delivery of runoff from impervious surfaces to Great 
South Bay. The mean distance from shore was 2 km, which is a maximum estimate of the 
potential runoff travel distance. 

 

 Wastewater—Wastewater from septic systems and sewage effluent discharged within the 
watershed were the major source of waste nitrogen, largely a measure of the many residential 
units (Table 5). The important feature to remember about wastewater is that regardless of the 
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source, it is the dominant term in the nitrogen regime of Great South Bay, owing to the 
magnitude of the inputs and to the relatively low within-watershed losses (Table 5). 
 
Table 6. Results of simulation experiment to assess the potential magnitude of direct delivery of runoff from 
impervious surfaces on all parcels south of Montauk Highway (MH) unto receiving waters. 
 

 
 
 
 
 

Source 

N load 
from 
south of 
MH to 
receiving 
waters, no 
runoff 
discharge 
to 
receiving 
waters 
(kg yr-1) 

 
 
 
 
 
% of 
total 

N load from 
south of 
MH to 
receiving 
waters, all 
runoff 
discharge 
to receiving 
waters 
(kg yr-1) 

 
 
 
 
 
% of 
total 

 
 
 
% 
increase 
within the 
near-shore 
South of 
Montauk 
Highway 

N load to 
receiving 
waters from 
whole 
watershed, 
no runoff 
discharge 
to receiving 
waters 
(kg yr-1)  

 
 
 
 
 
% of 
total 

N load to 
receiving 
waters from 
whole 
watershed, 
all runoff 
discharge 
south of 
MH to 
receiving 
waters 
(kg yr-1) 

 
 
 
 
 
% of 
total 
 
 

 
 
 
% 
increase 
within  
entire  
watershed 

Atmospheric 
deposition 

22,535 14 57,048 29 153 171,259 22 205,771 25 20 

Wastewater 130,682 80 130,682 66 0 540,807 68 540,807 66 0 
Fertilizer 9,316 6 9,316 5 0 79,072 10 79,072 10 0 
       Total 162,533  197,045  21 791,138   825,650  4 
       

 
Cascade of nitrogen losses from land to Bay 
 The relative losses of nitrogen and dilution that occurs within the aquifer, in streams or 
estuaries, and in the Bay itself can be seen in our compilation of monitoring data from the 
Suffolk County Department of Health Services (Fig. 10). The frequency distribution of data for 
groundwater, streams and Great South Bay, show major changes: groundwater DIN was present 
in high concentrations, and streams bore similar concentrations to the groundwater. Judging from 
concentration alone, the losses of DIN within streams were minimal or non-detectable (Fig. 10). 
In the Bay, however, mixing with nutrient-poor seawater and within-Bay losses lowered 
concentrations of DIN by more than an order of magnitude. In spite of the dilution and losses 
within the Bay, DIN concentrations in Great South were still considerable, as mentioned in the 
discussion of Fig. 11 below.  
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Comparison to previous estimates of nitrogen loads to Great South Bay 

Fig. 10. Frequency (f) distributions of groundwater (top), stream water (center), and Great South 
Bay water (bottom) DIN concentration, and mean concentration ± SE (µM). Data from Suffolk 
County Department of Health Services.  
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So far, we have discussed land-derived loads of nitrogen to Great South Bay and nearby 
waters. To deal with a more comprehensive assessment of nitrogen inputs, we need to make 
some adjustments to allow for consideration of underflow that misses entry into Great South 
Bay, direct atmospheric deposition on the Bay surface, and inputs from Fire Island. 

The land-derived nitrogen load we calculated in Table 5 amounted to 791,138 kg N yr-1.  
Since Monti and Scorca (2003) concluded that perhaps 20% of the groundwater transport was so 
deep as to flow beneath Great South Bay, a best estimate of the land derived load entering Great 
South Bay is 632,910 kg N yr-1 (Table 5).  

There is also a substantial delivery of nitrogen from atmospheric deposition unto the 
actual water surface of Great South Bay. We have estimated (Bowen and Valiela 2001a, Bowen 
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and Valiela 2001b, Valiela and Bowen 2002) wet plus dry atmospheric deposition of the New 
England-New York area, which averages about 10 kg N ha-1 yr-1 (Bowen and Valiela 2001b). 
We should therefore add a corresponding amount (224,430 kg N yr-1) to the underflow-corrected 
nitrogen load to Great South Bay shown in Table 5. Previous estimates of nitrogen loads to Great 
South Bay did not consider direct atmospheric loadings. The contribution of nitrogen from direct 
atmospheric deposition unto the surface of Great South Bay is 42% of the adjusted total nitrogen 
load to Great South Bay (Table 2). This value is high, but falls well within the range reported for 
other coastal water bodies (Table 2). 

We estimated that Great South Bay receives 632,910 kg N yr-1 from its watershed in 
Suffolk County (Table 5). Additionally, we estimate 224,430 kg N yr-1 of direct atmospheric 
deposition on the surface of Great South Bay, bringing the total load to 857,340 kg N yr-1. This 
value is considerable larger than the loads (375,000 and 136,000 kg N yr-1) reported by two other 
studies (Table 7). It certainly could be that the increase through the years (1991 to 2008) derives 
from increased land use on the watershed, but the change in land-derived loads is much larger 
than the measured increase in concentrations of dissolved inorganic  nitrogen (Fig. 1). We cannot 
discount that explanation, but there are other substantial differences in how these budgets were 
constructed (Table 5), so that interpretation of these numbers must be limited to perhaps saying 
that they seem to have the inter-annual trend that seems reasonable, and that they are on the same 
order of magnitude.  

There will be some nitrogen entering Great South Bay from Fire Island, or the south 
margin of the Bay. We expect that inputs from Fire Island will be considerably smaller than from 
the Long Island watershed, so we are ignoring these inputs for now. We have collaborative work 
with USGS taking place to assess these inputs from the barrier island. When we have the Fire 
Island data in hand we will re-visit the issue of total loads, including the direct atmospheric 
loads. 
 
Table 7. N loads to Great South Bay from two previous studies compared with results from this study. Published N 
loads were adjusted to account for different area included in each studies.  
 
Source of 
estimate of total 
loads 

Years data 
were 

obtained 

Form of transport 
considered 

Area of watershed 
used in the 
published 

calculations (km2) 

Nitrogen load 
estimate published 

(kg N yr-1) 

Nitrogen load (kg 
N yr-1) 

extrapolated to 717 
km2 

Carpenter et al. 
(1991) Pre-1991 Land-derived  by 

streams 329 62,342 135,863 

Monti and 
Scorca (2003) 1997 

Land-derived by 
streams and 
groundwater 

986 516,000a 375,225 

This report 
(2008) 1988-2005 

Land-derived by 
streams and 

groundwater and 
direct 

precipitation on 
Bay 

717 857,340b 857,340 

aIncludes only the shallow groundwater flow from the watershed within Suffolk County, to account for the 
underflow of groundwater-borne nitrogen that underflows below Great South Bay. 
bIncludes subtraction of 20% of the total nitrogen load to account for underflow below the Bay and direct 
atmospheric deposition to the Bay 
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Nitrogen loads to Great South Bay relative to other water bodies 
The adjusted best estimate of nitrogen load to Great South Bay was therefore 857,340 kg 

N yr-1. To compare this load to those entering other similar water bodies, and to obtain a 
preliminary assessment of the eutrophic state of Great South Bay, we adjusted for area of the 
receiving water bodies, and compared land derived nitrogen loads, and dissolved nitrogen 
concentrations, in Great South Bay to those in other similar ecosystems. 
 
Area-based comparisons 
 To assess the relative loading rates to Great South Bay, we normalize the land-derived 
nitrogen load in terms of surface area of the Bay, as a way to make it reasonable to compare 
estuaries with different surface areas (Table 8). Land-derived nitrogen loads have been published 
for many coastal water bodies, some of which are included in Table 8. The nitrogen load we 
calculated for Great South Bay fell within the lower range of such loads. In fact, the 38 kg N ha-1 
yr-1 lies within the lower 10% of the range of loads shown in Table 8. 
  
Table 8. N loads to estuaries per hectare of estuary in the USA and abroad.  
 

Estuary 
N load  

(kg N ha-1 yr-1) Reference 
Sage Lot Pond, Massachusetts, USA 14 Valiela et al. (2000a) 
Moreton Bay, Australia 24 O'Donohue et al. (2000) 
Barnegat Bay, New Jersey, USA 24.5-30.1 Bowen et al. (2007) 
Pleasant Bay, Massachusetts, USA 25 Carmichael et al. (2004) 
Tampa Bay, Florida, USA 28 Bianchi et al. (1999) 
Chincoteague Bay, Virginia, USA 31 Boynton et al. (1999) 
Great South Bay, New York, USA 38 This study 
Sarasota Bay, Florida, USA 56 Bianchi et al. (1999) 
West Falmouth Harbor, Massachusetts, 
USA 76 Carmichael et al. (2004) 
Venice Lagoon, Italy 130 Sfriso et al. (1992) 
Roskild Fjord, Denmark 204 Nienhuis (1992) 
Bass Harbor Marsh, Massachusetts, 
USA 225 Kinney and Roman (1992) 
Great Bay, New Hampshire, USA 252 Short and Mathieson (1992) 
Quashnet River, Massachusetts, USA 350 Valiela et al. (2000a) 
Wadden Sea, Northern Europe 500 Nienhuis (1992) 
Childs River, Massachusetts, USA 601 Valiela et al. (2000a) 
   
 
Concentration-based comparisons 
 A number of published sources, and monitoring reports contain data on nitrate and 
ammonium concentrations in water samples collected across Great South Bay. These 
concentrations vary greatly, and come from different years, different stations, and different 
methods (Horrigan and Capone 1985, Carpenter et al. 1991, SCDHS 1976-2006, unpublished 
data). We compared the frequency distribution of mean annual concentrations of nitrate and of 
ammonium for stations within Great South Bay (from SCDHS 1976-2006) to those we compiled 
in a meta-analysis of a large body of similar data for many US estuaries (Fig. 11). The central 
tendency of values for Great South Bay is similar to those of US estuaries, but the spread of 
concentrations is smaller, and do not reach the higher concentrations of more eutrophic waters. 
Water of Great South Bay, much as most of the US estuaries, seems to in the low-moderate 
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eutrophication range in this context as well. 
 

 
Comparison of model-derived estimates to empirical measurements of nitrogen concentrations 

Fig. 11. Frequency distribution of average annual concentrations  of NO3
- 

and NH4
+ in estuaries of the Eastern United States (white bars, data from 

National Oceanic and Atmospheric Administration, Office of Ocean and 
Coastal Resource Management, National Estuarine Research Reserve 
System-wide Monitoring Program, Centralized Data Management Office, 
Baruch Marine Field Lab, University of South Carolina 
(Hhttp://cdmo.baruch.sc.eduH), Tomasky Holmes, 2007) and of water in 
stations within Great South Bay (black bars data from  Suffolk County 
Department of Health Services, unpublished). 
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We can use the nitrogen loading estimates obtained from NLM as inputs to another 
model, ELM, which provides estimates of mean water column concentrations of dissolved 
inorganic nitrogen in the receiving water body (Valiela et al. 2004). ELM2 is also available in 
NLOAD. This new set of estimates is valuable because we can use them to compare to 
monitoring data, as a way to cross-check interpretations and facts. 
                                                 
2ELM takes nitrogen loads from a nitrogen loading model such as NLM, and transports the entering nitrogen 
through the estuary of interest, and allows for the biogeochemical nitrogen transformations that may occur in the 
sediments, marshes, seagrass meadows, and water column of the estuary, to come up with a mean annual 
concentration of dissolved inorganic nitrogen to be expected in the estuary. ELM includes terms that proxy for the 
rate of water renewal within the estuary, since this is a principal determinant of the transport and export that affect 
ambient conditions within the estuary.  
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 An essential part of ELM is that it allows the hydrodynamics of the water body to 
strongly alter predicted nitrogen concentrations. The hydrodynamics are embodied within ELM 
in a simple term—water residence or flushing time term (Sheldon and Alber 2002)—that proxies 
for what is in reality a rather complex physical system. The literature on the water exchanges and 
hydrodynamics of Great South Bay has dealt with a number of these complex issues, and owing 
to the area, depth, orientation relative to winds and currents, Great South Bay suffers 
idiosyncratically from local processes, and it turns out that water residence time is affected to 
some degree by tidal forcing, but to a greater extent by wind and sea level forcings from outside 
the Bay (Wong and Wilson 1984). This is not the place to dwell on these details, other than to 
point out that depending on the citation, and the assumptions and tools used, there is a wide 
range of values (2-45 days) that could be taken as roughly addressing the rate at which water is 
renewed within Great South Bay. Lacking a basis for deciding which estimate of water renewal 
was most appropriate, we ran ELM with each of the water residence times or flushing rates cited 
in Table 9. 
 
Table 9. Different estimates of water exchange rates for Great South Bay. “Flushing time” is taken sensu lata, to 
refer generally to the rate at which water in Great South Bay may be renewed. 
 
Basis of estimate “Flushing time” s.l. (days) Source of estimate 
Tidal prism mixing 2 Bricker et al. (2007) 
Dye diffusion experiment 10 Wong and Wilson (1984) 
Recovery from salinity changes 7 – 14 Wilson et al. (1991) 
Sub-tidal flushing time* 44.4 Vieira and Chant (1993) 
*Sub-tidal here refers to time scales longer than tidal intervals, and driven by forcings external to Great South Bay.  
These sub-tidal forcings were thought responsible for 80% of the variation in sea level changes, and hence 
presumably, water exchange (Wilson et al. 1991) 
 
 The ELM runs in which we altered the water residence times to match the values in Table 
9 predicted mean annual water column concentrations of DIN that differed substantially (Fig. 
12). In Fig. 12 we also added, for comparison, the annual means concentrations of dissolved 
inorganic nitrogen for the Bay reported in several studies and he range of values from the 
monitoring efforts. The concentrations predicted by ELM are much higher than the monitoring 
data for the longer water residence times, and fall into the range of empirical measurements at 
flushing times less than 10 days. It might reveal excessive faith in ELM predictions, to suggest 
that perhaps, as a rough over-all average, water may reside within Great South Bay for a week. 
 
Some biological consequences of nitrogen loads to Great South Bay 
 In earlier work on shallow coastal bays, we developed a general scheme that assesses, 
given a nitrogen load, and water residence times, whether the estuary or bay in question will be 
dominated by phytoplankton, macroalgae, or sea grasses. If we consider the 38 kg N ha-1 yr-1 
(Table 8), we would conclude first, that Great South Bay is indeed within the group of coastal 
water bodies that are in a moderate eutrophication state. 

Second, we would also think that if the Great South Bay water residence time (or flushing 
rate) were short (1-3 days), we should be dealing with a water body where there would be 
extensive seagrass meadows, considerable macroagal beds, and a modest phytoplankton standing 
stock. If we were, instead, dealing with a system whose residence time was on the order of 40-50 
days, we would expect to find greater domination by phytoplankton (Valiela et al. 2001).  
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 Currently, Great South Bay has reasonably widespread sea grass meadows (GIS file 
obtained from The Nature Conservancy). This by itself is a mark of a reasonably low degree of 
eutrophication and low nitrogen loads. In addition, Lonsdale et al. (2006) report chlorophyll 
concentrations between 0-25 µg chlorophyll L-1, which is an intermediate level of phytoplankton 
biomass. Taken together, these comparisons suggest that Great South Bay is currently receiving 
relatively low external nitrogen loads, and that its flushing rate is likely to be intermediate 
between the low of 2 and the high of 45 days discussed earlier in reference to Table 9. 
 Further consequences of these observations, the implications for possible management 
and prevention of declines in water quality, given that the increased decadal trend in nitrogen 
concentrations in the Bay (Fig. 3), and a description of the past time course of conditions in 
Great South Bay will be taken up in a second phase of work. 
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Fig. 12. Estimates of mean annual concentration of dissolved inorganic nitrogen in Great South Bay 
(vertical axis), in ELM simulations where we changed the water residence time (horizontal axis). For 
comparison to actual data we inserted, as dashed horizontal lines, the mean water column concentrations 
recorded by different authors and by Suffolk County Department of Health Services (SCDHS) 1976-2006 
(unpublished data). The gray shaded area represents the mean (± standard deviation) values from 
monitoring samples taken by Suffolk County Department of Health Services (Fig. 3).  
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The results we have reviewed so far suggest that nitrogen loads to the watersheds of 
different parts of Great South Bay provide different nitrogen loads. These loads derive mainly 
from wastewater disposal, in spite of 1) the presence of a number of sewage treatment plans, and 
2) a remarkable degree of within-watershed retention of the nitrogen that enters that watershed 
surface. Atmospheric deposition on land and use of fertilization add considerable, but smaller, 
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portions to the nitrogen load emerging from the watersheds into Great South Bay. In terms of 
atmospheric deposition onto land, we note that the high degree of urbanization on the watersheds 
has increased the impervious surfaces and disturbed green covers, which has led to higher 
through-put of atmospheric nitrogen to receiving waters. Direct flow of runoff to Great South 
Bay adds only modestly to the annual nitrogen loads. 

The annual nitrogen loads from the watershed to Great South Bay add up to 38 kg N ha-1 
yr-1. This annual load includes allowances for groundwater underflow (20% of total flow), and 
for direct atmospheric deposition of nitrogen onto the surface of Great South Bay. The latter may 
reach 44% of the total load, which is high, but is well within atmospheric loads reported for other 
estuaries elsewhere.  

Great South Bay is currently enriched to a significant but not extraordinary degree. The 
annual load we estimated for Great South Bay places it among the lower 10% of the range of N 
loads for estuaries in general. The concentrations of nitrate and ammonium measured within the 
Bay fall well within the lower range of concentrations recorded for similar water bodies 
elsewhere. It is difficult to evaluate the degree of eutrophication and nitrogen-sensitivity of Great 
South Bay. In spite of substantial past research efforts, we need more information on the 
coupling of hydrodynamics and the responses of water quality, algae and plants. The relatively 
low load and relatively low concentrations of nitrogen, plus the continuing presence of 
eutrophication-sensitive seagrass meadows, all point to only an incipient degree of 
eutrophication. 

The increased DIN concentration within the Bay seen in recent years, and the continuing 
urbanization of the watershed, however, should be taken as cues that efforts need to be started 
now to at least manage nutrient loads in coming decades. Great South Bay is still in a low to 
moderately affected state, and suitable measures could be put in place to maintain its 
eutrophication status, and perhaps prevent deterioration. The results of the modeling effort 
reported above, and the meta-analyses and comparisons included, provide the factual basis on 
which to evaluate what prevention and management measures might feasibly be implemented to 
maintain the quality of Great South Bay.
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