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Background Information: 
Martha’s Vineyard coastal embayments have experienced significant declines in water and 
habitat quality. The Up-Island towns of Aquinnah, Chilmark and West Tisbury are home to five 
Great Ponds including: Chilmark Pond, James Pond, Menemsha Pond, Squibnocket Pond and 
Tisbury Great Pond. Each of these ponds are listed in the Massachusetts “List of Waters for the 
Clean Water Act 2022 Reporting Cycle”, a list that identifies waterbodies that are unlikely to 
meet water quality standards outlined in Section 303(d) of the Federal Clean Water Act1. In 
other words, existing water quality may jeopardize safe uses such as “Contact Recreation, 
Aesthetics, Shellfish Harvesting, and Fish Consumption2.”   

To address deteriorating water quality in Up-Island ponds, the Martha’s Vineyard Commission 
(MVC) undertook the “208 Project” (a.k.a. Up-Island Watershed Management Project) with a 
goal of cleaning-up our ponds and restoring estuary habitats. To date, the 208 Team and Pond 
Working Groups have collaborated to publish “Existing Conditions” reports for each of the five 
Up-Island Great Ponds and a “Potential Solutions” report.  

This segment of the Up-Island Watershed Management Project will focus on describing key 
features of the MVC’s 2023 land use and water quality data, nitrogen loading estimates, and 
general recommendations. This information is intended to be used by decision-makers as they 
evaluate potential solutions for restoring impaired Up-Island estuaries. There are a variety of 
environmental threats to Up-Island ponds, including: some types of bacteria, excess 
phosphorus, excess total nitrogen, chemicals of emerging concern, invasive species, and 
hazardous algae blooms. However, this report will focus on the impact of excess nitrogen on 
aquatic ecology and biodiversity. 

The goal of this project is to provide a framework for restoring estuary habitats in Up-Island 
watersheds. The information presented in this report is meant to support future management 
plans for establishing the neccessary environmental conditions to sustain biodiverse aquatic 
communities as well as healthy habitats for wildlife, native vegetation, and humans. 
 
Physical Characteristics 
The Menemsha Pond watershed is located within the boundaries of Aquinnah, Chilmark and 
Tribal Land managed by the Wampanoag Tribe of Gay Head (Aquinnah). There are five sub-
watersheds in the estuary system including: Lower Creek, Menemsha Creek, Main Basin, 
Nashaquitsa and Pease Point Brook (see Figure 1). The Nashaquitsa sub-watershed includes two 
basins, Nashaquitsa Pond and Stonewall Pond.  

An armored inlet located next to the Menemsha Creek sub-watershed connects the pond’s main 
basin to Menemsha Bight/Vineyard Sound. Menemsha Pond neighbors Squibnocket Pond and 
the two waterbodies are connected via Herring Creek. The herring run at Herring Creek is 
actively managed by the Wampanoag Tribe of Aquinnah and is an important cultural and 
subsistence resource for tribal members. 
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Figure 1 – Menemsha Pond – Sub-Watershed Map 
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Water Quality 
Water quality in the Menemsha main basin is quite good, supporting a variety of fish, aquatic 
life, and wildlife, as well as safe water for shellfish harvesting and recreational use. However, 
Nashaquitsa Pond, which is a sub-watershed in the Menemsha Pond estuary system, is 
considered impaired due to Nutrient/Eutrophication, Biological Indicators, Fecal Coliform and 
Total Nitrogen. More information about the impairments associated with each pond included in 
the Integrated List can be accessed using the Massachusetts Department of Environmental 
Protection (MassDEP) Water Quality Data Viewer 
(https://arcgisserver.digital.mass.gov/massdepwaterquality/Home/Index).   

While all pollution types impact the environmental health of water bodies, the scope of this 
report is limited to nitrogen pollution. The Massachusetts Estuary Project (MEP) completed an 
evaluation of the entire system and recommended a nitrogen Total Maximum Daily Load (TMDL) 
in 20173. MassDEP is in the process of evaluating and formalizing a final value as the benchmark 
to restore Menemsha’s estuary system.  

The purpose of nitrogen benchmarks/targets is to establish environmental conditions that 
support healthy eelgrass and benthic communities (aquatic animals that live on and in pond 
sediment). The MVC Water Resource team has monitored water quality in Menemsha’s five sub-
watersheds each year since 2017, see Figure 2 for a map of test site locations. The MVC Water 
Resources team complies with all MEP and MassDEP approved standard operating procedures. 
The MVC team tests a variety of water quality indicators on a regular basis including nitrogen, 
dissolved oxygen, and chlorophyll-a.  These indicators, as well as other key monitoring criteria, 
play a significant role in watershed management planning for this estuary system.  
 

https://arcgisserver.digital.mass.gov/massdepwaterquality/Home/Index


 

4 
 

Figure 2 - Menemsha Sample Station Map 

  



 

5 
 

Characteristics Influencing Nitrogen Loads and Concentrations in 
Menemsha Pond Sub-Watersheds: 
Hydrodynamics 
The water quality in Menemsha Main Basin is supported by consistent ocean tidal exchange 
through an armored channel located near the Menemsha Creek sub-watershed. The Main Basin 
connects to Nashaquitsa and Squibnocket Ponds. Pease Point Brook and Lower Creek flow into 
the Menemsha Creek sub-watershed. In addition to exchange from the ocean, Menemsha Pond 
receives groundwater as well as discharge from Pease Point Brook and Lower Creek. Menemsha 
Pond main basin is also hydraulically connected to Squibnocket Pond via Herring Creek. 

As noted above, the Nashaquitsa sub-watershed includes two ponds: Nashaquitsa and 
Stonewall. Water circulates from the main basin to Nashaquitsa pond and then to Stonewall 
Pond, which is located east of Nashaquitsa pond. Despite the narrow channels that connect the 
main basin to Nashaquitsa and then to Stonewall Pond, both smaller ponds flush fairly well, as 
is demonstrated by their local and system water residence times (see Table 1).  The MEP reports 
that adequate flushing in these areas can be attributed to short local residence times (due to 
these pond’s water volume relative to that of the main basin). In short, the hydraulic features of 
Nashaquitsa and Stonewall ponds support nutrient flushing to Menemsha’s main basin.  

Note: System Residence Time refers to the amount of time it takes for one drop of water to 
circulate from its location (e.g., cove or pond) to the Atlantic Ocean. Local Residence Time refers 
to the amount of time it takes for a single drop of water to circulate from its location (e.g., cove 
or pond) to the adjacent water body (e.g., from cove to main basin).  

Table 1 - System and Local Residence Times for Menemsha Pond Embayment 

Computed System and Local residence times for embayments in the  
Menemsha Pond Embayment System. MEP Report, Table V-104. 

Embayment System Residence Time (days) Local Residence Time (days) 
Menemsha Pond (system) 2.0 2.0 
Stonewall Pond 76.2 0.7 
Nashaquitsa Pond         
(with Stonewall Pond) 13.1 0.9 

 

Land Use 
In addition to the Menemsha Pond hydrodynamic features, land use in each Menemsha sub-
watershed varies, resulting in water quality issues unique to each sub-watershed. Land use 
associated with development is the primary source of nitrogen in the Menemsha estuary 
system. While impervious surfaces and non-agricultural fertilizers contribute to nitrogen in the 
system, the main locally controllable source of nitrogen (80%) is linked to residential onsite 
wastewater systems.  
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While the majority of the Menemsha watershed land is either fully developed or conserved, 
approximately 18% of the watershed land area remains vacant and potentially developable in 
the future, which could further jeopardize water quality. 

Nitrogen contributions must be managed to address existing developed areas. For example, as 
shown in Figure 3, Nashaquitsa and Lower Creek sub-watersheds are the most developed areas 
in this system. Decision-makers responsible for development in these sub-watersheds are 
encouraged to incorporate nitrogen mitigation efforts that maintain or improve current water 
quality conditions. This is especially true for the Nashaquitsa Pond area, which is categorized as 
impaired by MassDEP.  
 

Figure 3 - Menemsha Pond Sub-watershed Development Status 

 
 
Residential and commercial development use represents approximately 42% of developed areas 
in the Menemsha watershed, the majority of these parcels require onsite wastewater systems. 
In fact, with the exception of parcels that exist within the Aquinnah Wampanoag Tribal Housing 
Authority territory, the vast majority of Up-Island wastewater is managed with conventional 
Title V septic systems, cesspools, or Innovative/Alternative (I/A) nitrogen reduction systems.  

According to the MVC data estimates, gathered in coordination with Aquinnah and Chilmark 
Boards of Health, there are an estimated 360 onsite wastewater systems, in the Menemsha 
Pond watershed. Table 2 summarizes the number of Non-Title V, Title V, and I/A systems in each 
sub-watershed. This information is a valuable guideline to consider as decision-makers approach 
nitrogen reduction strategies.  
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Table 2 - Onsite Wastewater Systems in the Menemsha Pond Watershed 

 
 

The location and type of wastewater system is another factor to take into consideration, 
particularly those systems that are located within 200 feet of the pond shores. Given the short 
distance between these wastewater systems and surface water, towns may consider prioritizing 
conversion from Non-Title V or Title V systems in these locations as a way to impact water 
quality in the shortest amount of time.  

Updating non-compliant wastewater systems, like cesspools, is an approach worthy of 
discussion. Cesspools are considered non-conforming wastewater management systems 
according to MassDEP Title V regulations (MassDEP 310 CMR.15.00). While cesspools effectively 
re-direct wastewater away from homes and businesses, they do not treat wastewater. And, like 
septic systems, cesspools allow nitrogen pollution to enter groundwater and surface water 
areas.  

The MVC team estimated that there are 224 non-conforming wastewater systems in the 
Menemsha watershed, see Figure 4. To identify non-conforming systems, the MVC team 
identified parcels containing at least one building that was developed before 1978, the year 
MassDEP adopted Title V regulations. Note, the yellow dots on the map in Figure 4 are located 
at the central point of the parcel’s largest building. It is possible that some of these systems 
have been updated, therefore, further investigation is warranted if decision-makers proceed 
with regulatory changes regarding when a non-conforming system must be updated.  
 

 
 
 
 
 
 

  

Non-Title V Title V Innovative Alternative
Menemsha Pond System Total 224 126 10

Menemsha Creek (AQ) 0 1 0
Menemsha Creek (CH) 82 39 5
Menemsha Creek TOTAL  (AQ & CH) 82 40 5
Menemsha Pond (AQ) 20 27 0
Menemsha Pond (CH) 15 4 0
Menemsha Pond TOTAL (AQ & CH) 35 31 0
Lower Creek 27 10 0
Nashaquitsa Pond 70 36 5
Pease Point Brook 10 9 0

MENEMSHA POND
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Figure 4 - Non-Title V Septic Systems 

 



 

9 
 

Potential Future Development 
Future development must be taken into consideration when planning nitrogen reduction 
strategies. As noted above, Lower Creek, Menemsha Creek and Nashaquitsa Pond have fully 
developed more than half of their land area (Figure 3). Given what we understand about 
existing development trends, future planning must take into consideration wastewater, fertilizer 
and impervious surface nitrogen loading implications related to continued development in 
these sub-watersheds.  

Figure 5 illustrates land that could be developed in the future. The orange parcels are 
categorized as either non-conservation, vacant land area or land that could be subdivided in the 
future. For example, an orange parcel on the map in Figure 5 does not have any conservation 
restrictions that prevent future development. Furthermore, although the orange parcel could 
have a building located on it, the parcel is large enough to be subdivided (according to minimum 
lot size zoning) to create new parcels with additional building(s) in the future.  
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Figure 5 - Potential Future Development 
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Estimating the extent of future development is dependent on factors that are difficult to 
predict. In order to demonstrate the full extent of the nitrogen impact that could occur, the 
MVC team analyzed development pressure in terms of the maximum number of future parcels 
and buildings that could be developed. This data reflects the availability of undeveloped parcels, 
existing town zoning by-laws and standing regulatory frameworks5. The analysis conducted by 
the MVC team indicates that maximum development in Menemsha sub-watersheds combined 
could increase the number of developed parcels and constructed buildings by 27% and 48% 
respectively (Table 3).  

Table 3 – Potential Future Development 

 

It is imperative we acknowledge that it is unlikely that all “available” and “potentially available” 
parcels will be fully developed. However, identifying sub-watersheds with the capacity to 
increase development related nitrogen inputs is important. For example, the information above 
shows that potential development, and the associated nitrogen inputs are most likely to occur 
in Menemsha’s main basin (Aquinnah and Chilmark) and Nashaquitsa Pond.  

Two Analytical Tools - Observed Nitrogen Concentrations (mg/L) and 
Estimated Nitrogen Loads (kg/year): 
Two key components of understanding nitrogen impact on a watershed are:  

1) Target nitrogen concentration, an observation measured directly from the water 
column and reported as milligrams per liter (mg/L),   

2) Maximum nitrogen load, an estimate reported as kilograms per day or year (kg/year 
or kg/day). 

Nitrogen concentrations are direct measures of nitrogen observed in receiving waters. Nitrogen 
concentrations (mg/L) are measured by taking samples from a waterbody. The MVC collects 
water samples 3 – 4 times during summer months (June – October) when nitrogen 
concentrations are likely to have the greatest environmental impact. Water samples are sent to 
the School for Marine Science and Technology (SMAST) labs where they are analyzed according 
to MassDEP approved protocols for a variety of water quality indicators, including total nitrogen 
concentration.  
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An estimated nitrogen load quantifies how many kilograms of nitrogen are likely to be 
contributed to the watershed each day/year. Nitrogen load estimates reflect the likely impact of 
a variety of land uses including wastewater flow, nitrogen found in stormwater runoff from 
impervious surface, agricultural practices, fertilizer use as well as naturally occurring nitrogen 
deposits.  

It is important to remember that nitrogen concentrations and nitrogen loads are two separate 
measures intended to reflect different environmental conditions. Nitrogen concentrations 
indicate actual nitrogen content in water samples, these are particularly valuable because they 
reflect water quality measured in water columns at a specific location on an exact day and time. 
Nitrogen loads provide valuable information because they show anticipated nitrogen inputs and 
allow watershed planners to monitor and evaluate nitrogen potential source reduction and 
remediation effort impacts.  

As separate measures, the values found in estimated nitrogen loads and observed nitrogen 
concentrations do not always align. The primary reason watershed nitrogen loads do not reflect 
current nitrogen concentrations is that load estimates do not include the complexities 
associated with groundwater transportation time, weather conditions and biological activity, 
therefore we cannot expect the two measures (load and concentrations) to align in all cases.  

• Groundwater transport time: Nitrogen load estimates take into consideration nitrogen 
sources, but do not reflect the time required for nitrogen to move through groundwater 
from its source to a waterbody. Nitrogen that is not taken up by natural processes (used 
by growing vegetation or attenuation through fresh water sources) moves to subsurface 
areas, into groundwater and ultimately to areas adjacent to where it is finally discharged 
into estuary water. The rate at which this process takes place depends on soil type, land 
cover, topography, and a variety of other factors. Therefore, the concentration of 
nitrogen reaching estuary water can vary widely, even within the span of a few feet. On 
Martha’s Vineyard, nitrogen is expected to move through the watershed groundwater, 
on average, at the rate of one foot per day.  
 

• Weather conditions: Nitrogen concentrations fluctuate regularly due to precipitation, 
temperature, and wind. Heavy rainfall can lead to an increased volume of runoff 
pollution that is carried by water off roads, rooftops and farm fields to rivers, streams, 
and ponds. Wind associated with storms can also influence the effectiveness of inlet 
breaches as well as the mixing process associated with tidal exchange between ocean 
and estuary water.  
 

• Biological Processes: Biological nitrogen fixation occurs through a complex process 
referred to as a nitrogen cycle. Excess nitrogen in aquatic environments causes algal 
blooms and decomposition that can decrease dissolved oxygen in a waterbody. If 
dissolved oxygen levels are too low, aquatic organisms struggle to survive. Changes in 
biological processes associated with nitrogen fixation can occur rapidly and are unlikely 
to be captured with estimated nitrogen loads.  
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Nitrogen concentrations allow planners to monitor and evaluate the outcomes of the projects 
that are implemented. Nitrogen load estimates provide valuable data for watershed planners to 
address current and future implications. 

2023 Nitrogen Concentration Data: 
The impact of nitrogen loads on potential habitat restoration is best understood through 
nitrogen concentration values found in water samples taken several times during summer 
months. The MVC Water Resource Team tests the Menemsha system water at five locations, 
Figure 2 indicates water quality test site locations.  

Figure 6 shows that average nitrogen concentrations from 2017 – 2023 are below target 
thresholds in all Menemsha sub-watersheds. The estuary system average total nitrogen 
concentration is 0.27 mg/L for the six-year time period, this is 29% lower than the target 
threshold value (0.35 mg/L). Note, even though Menemsha main basin is not considered 
impaired by MassDEP, Nashaquitsa Pond is characterized as impaired. In order to be removed 
from the MassDEP “impaired list” nitrogen concentration levels must remain under an 
established target value, consistently, for a period of time. 
 

Figure 6 - Total Nitrogen Concentration 

  
 
Although the overall concentration data is promising, a closer look at annual concentration 
levels reveals that there were two years (2017 and 2023) in which observed nitrogen 
concentrations exceeded the target threshold, see Figure 7. As shown below, Nitrogen 
concentrations at Nashaquitsa basin (MEN6) and the Harriph’s Creek Bridge location just next to 
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Stonewall Pond (MEN7) have relatively high concentration levels when compared to other 
Menemsha sample stations. This is to be expected as these two locations are the farthest sites 
from the Menemsha Pond opening at Menemsha Creek. However, as one can see from Figure 7, 
like other water quality measures, year to year variation caused these two locations to exceed 
the target threshold.   
 

Figure 7 - Annual Nitrogen Concentrations for Menemsha Sample Sites 

 
 

 
Regularly fluctuating averages highlight the importance of achieving conditions that allow 
sustainable loading rates for nitrogen entering the estuary system. While nitrogen concentration 
values remain a key benchmark for understanding water quality and habitat health, it is also 
important to understand habitat restoration in terms of controllable nitrogen loads. Estimated 
nitrogen loads (kg/year) contributed to the system now and in the future must remain a focus 
area for development planners. To achieve habitat restoration goals, existing controllable 
sources of nitrogen must be reduced in Nashaquitsa, Menemsha Main Basin and Menemsha 
Creek.  

Overall Nitrogen Load vs. Local Control (controllable) Nitrogen Loads: 
Nitrogen originates from a variety of sources. Up-Island, the primary sources of nitrogen are the 
atmosphere, onsite wastewater systems, agricultural land use, fertilizers, and stormwater from 
impervious surfaces. While onsite wastewater systems, agricultural practices and stormwater 
can be managed to reduce nitrogen entering the watershed, nitrogen that comes from the 
atmosphere and is processed within waterbody sediment cannot. When planning for nitrogen 



 

15 
 

reduction or remediation, watershed planners consider both “Overall Nitrogen Loads” and 
“Local Control/Controllable Nitrogen Loads.” 

Overall Nitrogen Load calculations refer to naturally occurring sources of nitrogen, including 
nitrogen from the air and nitrogen occurring through biological processes. “Atmospheric 
deposition” refers to nitrogen found in the air around us that is released on land and waterbody 
surfaces (Figure 86).  Nitrogen is deposited via precipitation (sometimes referred to as “acid 
rain”) or dust particles that settle on surfaces. For some Up-Island Ponds, atmospheric 
deposition is responsible for a substantial portion of the overall nitrogen load. 

 
When nitrogen from atmospheric deposition falls on waterbodies it settles in sediments found 
on the bottom surface. The way that nitrogen is processed in sediment and by its inhabitants is 
referred to as “benthic flux”, see Figure 97.  The nutrient process associated with benthic 
communities is complex and is not locally controllable.  

Figure 8 – Nitrogen and Groundwater 
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Figure 9 – Benthic Flux Process 

 
 
In this report, “Overall Nitrogen Load” refers to atmospheric deposition, benthic flux, and 
controllable nitrogen sources in a watershed. For example, overall nitrogen load values include 
nitrogen deposits from the atmosphere and benthic flux as well as land use, agricultural 
practices, and stormwater. Although neither benthic flux nitrogen nor atmospheric depositions 
can be influenced through regulatory or technological processes, both contribute to final TMDL 
calculations.  

“Controllable Nitrogen Load” is a term that applies exclusively to nitrogen sources that can be 
managed through human intervention such as technology or policy changes. Wastewater, 
agricultural practices, stormwater from impervious surfaces and fertilizer use are all included in 
controllable nitrogen load estimates.  

2023 Nitrogen Load Estimates: 
To produce estimated current nitrogen loads the MVC team applied 2023 land use data to the 
nitrogen loading model developed by the School for Marine Science & Technology (SMAST) 
Massachusetts Estuary Project (MEP). The MVC team estimates included 2023 land use codes 
for all parcels in each sub-watershed, annual wastewater flow estimates, building areas, 
watershed areas, road areas, estimated fertilizer use, and factors associated with agricultural 
practices8.  

The MVC updated 2023 estimated nitrogen loads demonstrate the amount of overall and 
controllable nitrogen that is reasonable to expect in Menemsha sub-watersheds. The primary 
purpose of developing MVC nitrogen load estimates was to compare estimated loads with 

Benthic Flux, as described in Figure 1, “Understanding Environmental Changes in Temperate Coastal 
Seas: Linking Models of Benthic Fauna to Carbon and Nutrient Fluxes.” 

Major processes related to vegetation and fauna controlling benthic biogeochemical fluxes. White arrows: solute 
fluxes, black arrows: particulate fluxes. Primary production: nutrient and CO2 uptake and oxygen release (1), 
enhanced sedimentation and sediment stabilization by benthic primary producers (2), food uptake (3), 
egestion/biodeposition of feces (4), nutrient excretion and respiration (5), and bioturbation, including bioirrigation (6) 
and mixing of sediments (7). 
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target nitrogen loads to support planning initiatives that will achieve Aquinnah and Chilmark 
water quality goals. 

The 2023 nitrogen overall load estimate (Figure 10) indicates that atmospheric deposition 
(51%) and wastewater (36%) are the primary sources of nitrogen entering Menemsha Pond. 
Overall nitrogen loads shown below represent a complete picture of all nitrogen sources 
contributing to the Menemsha watershed, including atmospheric deposition which is a source 
that cannot be impacted by implementing local solutions9.  
 

Figure 10 - Overall Nitrogen Load Sources 

Wastewater
36%

Non-Agricultural Fertilizers
3%

Impervious Surface Runoff
5%

Water Body Surface Area
51%

"Natural" Surfaces
4.56%

Estimated OVERALL Nitrogen Load kg/year (2023)



 

18 
 

Table 4 shows locally controllable nitrogen load estimates in Menemsha sub-watersheds, Figure 11 shows the same information in a 
pie chart. A review of locally controlled nitrogen load sources indicates that wastewater is the primary nitrogen contributor to 
Menemsha Pond (80%). Nitrogen from impervious surfaces, like rooftops, driveways, and roads, are the next largest source of 
nitrogen (12%) followed by non-agricultural fertilizers (8%).  

Table 4 - Controllable Nitrogen Load Sources 

Name
Watershed 

ID#
Wastewater

Non-Agricultural 
Fertilizers

Impervious Surface 
Runoff

Total (unattenuated)

Menemsha Pond System Total 80% 8% 12% 100%
Lower Creek (CH) 1 82% 8% 11% 100%
Pease Point Brook (CH) 2 78% 9% 13% 100%
Nashaquitsa Pond (CH) 3 75% 9% 16% 100%
Menemsha Creek (AQ) 4 65% 0% 35% 100%
Menemsha Creek (CH) 4 84% 7% 10% 100%
Menemsha Creek TOTAL  (AQ & CH) 4 83% 7% 10% 100%
Menemsha Pond Main (AQ) 5 85% 9% 6% 100%
Menemsha Pond Main (CH) 5 66% 7% 27% 100%
Menemsha Pond TOTAL (AQ & CH) 5 80% 8% 12% 100%
Aquinnah - Menemsha Pond System Total 85% 9% 7% 100%
Chilmark - Menemsha Pond System Total 80% 8% 13% 100%

Menemsha Pond Watershed 2023
Estimated LOCAL CONTROL Nitrogen Load - Percent of Watershed Total by Source

*Note: Atmospheric deposition to estuary surface area is considered a component of "Overall Nitrogen Load” and, like benthic flux, is 
not locally controllable.
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Figure 11 - Local Control Nitrogen Sources 

 

Wastewater
80%

Non-Agricultural Fertilizers
8%

Impervious Surface Runoff
12%

Estimated LOCAL CONTROL Nitrogen Load kg/year (2023)
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Nitrogen Reduction Targets:  
In basic terms, a Total Maximum Daily Load (TMDL) 
is a benchmark that identifies the point at which the 
concentration of pollution in a waterbody will no 
longer support favorable ecological conditions. 
Estuary systems that exceed their TMDL value 
experience compromised habitats that will not 
support healthy ecosystems for eelgrass and/or 
benthic communities. One way to explain a TMDL is 
to imagine that nitrogen is like water in a glass 
(Figure 12). In this case the TMDL indicates how 
much “water” (quantity of nitrogen) can fill a “glass” 
(pond) before it “overflows” (creates an un-healthy 
ecosystem). 

The TMDL reflects how much nitrogen (kg/year) is 
expected to increase nitrogen concentration levels 
(mg/L) high enough to risk the estuarine ecosystem 
health. Another analogy might be how many scoops 
of coffee/tea can you put in a pot before the 
coffee/tea becomes too strong to drink.  

MassDEP’s formal definition of TMDL is: 
A TMDL is a calculation of the 
maximum amount of a pollutant that 
a waterbody can accept and still meet the state's Water Quality 
Standards for public health and healthy ecosystems.... A TMDL 
is the sum of loads that are allowable from all contributing point 
and nonpoint sources of pollution10.  

The TMDL proposed by the MEP team is based on a field research process that included land 
use, hydrodynamics, and water quality analyses11. Published TMDLs represent a combination of 
controllable and overall nitrogen load sources. In other words:  

 
Target Threshold Load (locally controllable load) 
+ Atmospheric Deposition (not controllable) 
+ Load from Benthic Flux/Sediments (not controllable) 
= TMDL  
=> Habitat Restoration 

 
TMDL values are set with the expectation that when target thresholds (controllable load targets) 
are met, nitrogen concentrations will follow and lead to sustainable improvements that allow 
aquatic communities to thrive.  

Figure 12 - TMDL Infographic 
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The MEP report recommends a Target Threshold Load (i.e., locally controllable load) of 2,475 
kg/year for Menemsha Pond12. According to the 2023 local control load estimate, the 
Menemsha system receives 3,835 kg/year of nitrogen from controllable sources. Figure 13 
illustrates 2023 estimated load and MassDEP’s target threshold loads.  
 

Figure 13 - 2023 Estimated and MassDEP Target Threshold Loads 

 
 
In the case of Menemsha watersheds, 2023 load estimates relative to target nitrogen loads offer 
“good news” for Lower Creek and Pease Point Brook water quality prospects, these also align 
with nitrogen concentration averages discussed above. However, as shown in Table 5, estimated 
nitrogen loads in Nashaquitsa Pond, Menemsha Creek and Menemsha Pond main basin strongly 
suggest an ongoing need to actively reduce current nitrogen inputs, particularly as additional 
parcels are developed.  

Table 5 – 2023 Estimated Loads and Nitrogen Reduction Targets 

 

160 188

1,119

1,657

710

168
307

591

934

475

Lower Creek (CH) Pease Point Brook (CH) Nashaquitsa Pond (CH) Menemsha Creek (AQ & CH) Menemsha Pond Main (AQ &
CH)

Nitrogen Reduction Target Loading Rates (attenuated)
to Achieve Total Maximum Daily Load (TMDL) 

Estimated Threshold Watershed Load (MVC 2023) kg/year* Target Threshold Watershed Load kg/year**
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Potential Solutions Matrix: 
The Potential Solutions Report 
(https://www.mvcommission.org/sites/default/files/docs/Potential%20Solutions_June%202023
.pdf ) presents a list of nitrogen reduction Best Management Practices that could be employed 
by town officials to reduce controllable nitrogen in Menemsha Pond. The MVC team has created 
a matrix that demonstrates the impact of the most relevant technologies and approaches 
discussed in the Solutions Report. This matrix summarizes the nitrogen that would be 
contributed to each sub-watershed within the estuary if a particular technology or approach 
were implemented for all nitrogen generated by that source. This matrix is intended to guide 
policy makers as they evaluate which solutions merit further investigation for achieving target 
nitrogen loads. The information presented in the matrix reflects the anticipated percentage 
reduction if solution is implemented for 100% of contributing nitrogen source.  Estimate values 
represent the low value in a performance range.  For more information, please refer to: 
https://techmatrix.capecodcommission.org/explore.php. 
 
For example, the current wastewater nitrogen input (kg/year) for the entire Menemsha watershed is 
estimated to be 2,961 kg/year. If every parcel in the watershed utilized a nitrogen reducing Enhanced 
Innovative Alternative (I/A) system that reduces effluent from approximately  26 - 42 mg/L13  (status quo) 
to less than 10mg/L, annual nitrogen contributions would be 296 kg/year (see Figure 14). Corresponding 
data can be found in Table 6.  

https://www.mvcommission.org/sites/default/files/docs/Potential%20Solutions_June%202023.pdf
https://www.mvcommission.org/sites/default/files/docs/Potential%20Solutions_June%202023.pdf
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Figure 14 – Potential I/A Impact 
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Table 6 - Potential Solutions Matrix - Menemsha Pond 

Category Technology/Approach
Estimated 
Percent 
Reduction*

2023 Estimated overall nitrogen 
load input

Lower Creek
Pease Point 
Brook

Nashaquitsa 
Pond

Menemsha Creek 
TOTAL  (AQ & CH)

Menemsha Pond 
TOTAL (AQ & CH)

Standard Title 5 Septic System 
(effluent concentration - 26.5 mg/L)
Status Quo

0% 2,961                  317                 119                  758                          1,312                            455 

I/A System added to Title 5 System 
(effluent concentration - <10 mg/L)
Pilot Use

90% 296                    32                   12                     76                             131                              46 

Waste Reduction Toilets - Composting, Incinerating, 
or Packaging

62% 1,125                  120                   45                  288                             499                            173 

Waste Reduction Toilets - Urine Diverting 24% 2,251                  241                   90                  576                             997                            346 
Effluent Disposal – Drip Irrigation 50% 1,481                  158                   59                  379                             656                            228 
Centralized Public Sewers 62% 1,125                  120                   45                  288                             499                            173 
Package Facilities 43% 1,688                  180                   68                  432                             748                            259 
Increased Conservation Land 100%
Transferring Development Rights 100%
Status Quo: Non-Agricultural Fertilizer 0% 290                    29                   14                     92                             106                              48 
Non-Agricultural Fertilizer Management 13% 254                    26                   13                     81                               93                              42 
Compost Management (commercial) NA                                -                                 -   

Status Quo: Impervious Surface 0% 445                    42                   19                  161                             154                              69 
Stormwater BMP – Phytobuffer, Gravel Wetland, 
Bioretention/Soil Media Filters

20% 356                    33                   15                  129                             123                              55 

Permeable Reactive Barrier Technology 73%
Martha's Vineyard PRB 91%

Status Quo: Estuary Water Bodies 0% 4,248                     -                      -                    609                             518                   3,121.39 
Phytoremediation 50% 2,124                     -                      -                    304                             259                   1,560.69 
Phytoremediation – Phragmities NA
Constructed Wetlands – Sub-Surface Flow 81% 807                     -                      -                    116                               98                      593.06 
Floating Constructed Wetlands 8% 3,908                     -                      -                    560                             476                   2,871.68 

Aquaculture Approaches and 
Technologies

Shellfish Harvesting 
or Seaweed Cultivation

8% 3,908                     -                      -                    560                             476                   2,871.68 
Inlet Management 
(pond opening and culvert widening)

12% 3,738
                    -                      -                    536                             455                   2,746.82 

Dredging and channel widening 80% 850                     -                      -                    122                             104                      624.28 
Coastal Habitat Restoration 10% 3,823                     -                      -                    548                             466                   2,809.25 

Green Infrastructure Approaches 
and Technologies

Habitat Alteration and 
Restoration Approaches

Anticipated percentage reduction if solution is implemented for 100% of contributing nitrogen source

Fertilizer Management 
Approaches

Groundwater Remediation Groundwater Remediation

Stormwater Management 
Approaches and Technologies

Permeable Reactive Barrier

Waterbody Restoration Waterbody Restoration

Land Preservation Approaches

Menemsha Pond Watershed 
Potential Solutions Impact Matrix

Source Remediation Source Remediation

Individual Onsite Wastewater 
Treatment Technologies

Public Sewers and Package 
Facility Treatment Technologies
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Challenges to Achieving Sustainable Target Nitrogen Loads: 
Stakeholder Coordination for Nitrogen Removal Responsibilities 
Menemsha Pond sub-watersheds are shared and managed by the towns of Aquinnah and 
Chilmark, with support from the Wampanoag Tribe of Gay Head (Aquinnah). Efficient nitrogen 
reduction efforts are likely to require coordinated efforts from both towns and across multiple 
town departments. Given the complexity of developing a shared watershed plan and managing 
the administrative resources of multiple towns, an effective coordinated approach can present 
challenges. 

The nitrogen load estimates and TMDL information provided in this report designate the 
proportion of estimated nitrogen loads and reduction goals for each town. This information is 
intended to support decision-makers in Aquinnah and Chilmark as they move forward with 
reduction plans and manage nitrogen reduction projects.  

Menemsha Creek and Menemsha Pond main basin are shared by Aquinnah and Chilmark. To 
establish annual nitrogen load inputs for each town, the MVC team calculated land area and 
associated nitrogen inputs for sub-watersheds in each town. Table 7 shows the estimated 
nitrogen load (kg/year) shared by towns. This information is intended to guide decision-makers 
as they allocate nitrogen removal resources.  
 

Table 7 - Town Nitrogen Load Contributions 

 
For example, Menemsha Creek is located in both Aquinnah and Chilmark. The annual 
Menemsha Creek nitrogen contribution generated within the borders of Aquinnah is 28 kg/year, 
representing 1% of the total Menemsha Pond watershed nitrogen load. The Chilmark area of 
Menemsha Creek is allocated 1,629 kg/year, which represents 42% of all nitrogen entering the 
Menemsha watershed.  
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Potential challenges to a multi-town coordinated effort include: 
• Acknowledging each town’s nitrogen load reduction requirements, 
• Identifying regulatory tools, institutional practices and performance standards that will 

achieve TMDL goals, 
• Adopting a schedule that addresses necessary policy changes and project 

implementation. For example, if I/A systems are to be utilized as a nitrogen reduction 
strategy, the appropriate number of units and sub-watershed areas in which the units 
are to be installed must be established. Furthermore, decision-makers must also have 
systems in place to ensure that each I/A system complies with Massachusetts septic 
regulations (Title 5, 310 CMR 15.00) as well as MassDEP’s TMDL reporting requirements, 

• Coordinating adaptation plans that account for anticipated nitrogen loads from 
additional development and other land use changes. 

 
Despite these challenges, it is clear that successful coordination across relevant government 
entities is possible. For example, The Martha’s Vineyard Lawn Fertilizer Control District 
document (2015) demonstrates town capabilities to address environmental coordination. In this 
case, six island Board of Health officials worked together to formulate identical fertilizer use 
regulations14; similar watershed management efforts may be considered by the three Up-Island 
towns. 

Potential Future Development 
Decision-makers’ responsibilities are to respond to the nitrogen load targets established in the 
2017 MEP report15. Reducing current nitrogen loads to achieve MEP targets must remain a 
watershed management priority. However, the potential impact of future development is a 
challenge that should not be overlooked.  

Estimating potential for future development is dependent on factors that are difficult to predict, 
such as economic growth, regulatory policy changes and real estate market values. Therefore, 
rather than evaluating potential development over discrete time-periods in the future, the MVC 
team chose to analyze development pressure, what we refer to as “Potential Future 
Development,” in terms of the maximum number of parcels and buildings that could be 
developed in the future. The MVC team estimated the total number of structures that exist in 
2023 and those that could be developed given the availability of undeveloped parcels, existing 
town zoning by-laws, and regulatory frameworks.  

In total, 18% of Menemsha Pond Watershed area is considered vacant. Although not all vacant 
land areas are developable, the number of parcels and buildings that could be developed in the 
future may have a substantial impact on nitrogen loads. To be clear, it is unreasonable to expect 
development to reach these levels; it is unlikely that every single parcel in the watershed will be 
fully developed. However, evaluating the impact of full development highlights the importance 
of planning for future nitrogen inputs. Additional nitrogen inputs would make achieving target 
loads more challenging than it is today. 



 

27 
 

Table 8 and Figure 15 illustrate the extreme example of how full development with no regulatory changes or nitrogen reduction 
projects could increase future nitrogen inputs. In this “status quo” scenario, all five sub-watersheds will exceed their target loads.  

Table 8 - Potential Future Development 

Error! 
Reference source not found. 

Sub-Watershed
Estimated Threshold Watershed Load 

(MVC 2023) kg/year*
BUILDOUT

Target Threshold 
Watershed Load kg/year**

 Percent to be Removed from 
MVC Load to Achieve Target 

Number of  kg/year to 
be Removed from 

MVC Load to Achieve 
Target

Lower Creek (CH) 170.53 167.90 2% 2.63
Pease Point Brook (CH) 354.37 306.60 13% 47.77
Nashaquitsa Pond (CH) 1,735.80 591.30 66% 1,144.50
Menemsha Creek (AQ & CH) 1,891.24 934.40 51% 956.84
Menemsha Pond Main (AQ & CH) 1,499.38 474.50 68% 1,024.88
Total System 5,651.33 2,474.70 56% 3,176.63

Menemsha Pond Watershed
Nitrogen Reduction Target Loading Rates (attenuated) to Achieve Total Maximum Daily Load (TMDL) 

* Threshold sub-embayment loads used for total nitrogen modeling of include: wastewater, non-agricultural fertilizers, impervious surface runoff and natural 
background attenuated loadings.
** Target threshold values according to the Menemsha-Squibnocket MEP Report (2017) - Table VIII-3. Target threshold is the maximum load from the 
watershed to meet the embayment target threshold N concentrations identified in Table VIII-5.  See: https://www.mass.gov/doc/wampanoag-tribe-chilmark-
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Figure 15 - Potential Future Development Nitrogen Loads and Targets 
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Climate Change and Adaptive Management 

The impact of changing weather patterns and intense storm events must not be overlooked. 
Changing climate patterns are thought to be responsible for extreme weather events resulting 
in warmer temperatures, extended dry periods, and increased precipitation over shorter 
periods of time. Warmer temperatures and heavy rainfall may accelerate the impact of excess 
nitrogen on estuary habitats if they result in increased pollution from stormwater runoff and 
more frequent harmful algal blooms.  

In order to achieve sustainable reductions, decision-makers are encouraged to consider a range 
of implementation projects and policies that address changing nitrogen concentrations and 
loads. With the true impact of climate change unknown, a fundamental feature of nitrogen 
mitigation initiatives will require ongoing monitoring to evaluate the efficiency and effectiveness 
of watershed management initiatives. Ongoing monitoring and evaluation will allow decision-
makers to “change course” if needed so they may dedicate resources to the most effective 
solutions. 

Nitrogen Removal Conclusions: 
The information presented in this report, along with the “menu” of nitrogen removal planning 
options presented in the MVC’s Potential Solutions Report16, is intended to guide decision-
makers as they evaluate appropriate projects and required resources to achieve their goals.  

Managing existing nitrogen inputs must address the primary sources of watershed nitrogen 
inputs. For Menemsha Pond, this will require decision-makers to focus on wastewater loads, 
especially in Menemsha Creek and Nashaquitsa, both areas with relatively high nitrogen load 
inputs. 

Uncertainty makes managing future development a challenge, however, the following topics are 
worthy of discussion: 

• Policies that require all future construction projects to utilize the “best available 
technology” for nitrogen reduction is a worthy topic for discussion,   

• Guidelines for homeowners who install I/A systems and request additional wastewater 
processing capacity beyond what is typically allowed according to traditional Title V 
septic/bedroom by-laws, 

• Wastewater processing for property owners that are developing affordable housing and 
accessory dwelling units.  

Regardless of the path chosen by decision-makers, coordinated efforts across multiple town 
departments would support a sustainable and consistent framework for achieving and 
maintaining target nitrogen loads. 
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Recommended Next Steps 

a) Establish a cross-department working group to address water quality issues. This effort 
may include working group members from multiple towns, 

b) Identify and assess current nitrogen reduction policies directly associated with 
wastewater treatment and agricultural practices, 

c) Conduct a desk review of existing wastewater systems to confirm the number, capacity, 
and type of systems in the watershed,  

d) Develop evaluation criteria to identify the most appropriate range of solutions to 
implement, 

e) Explore Regional Management Entity Frameworks to monitor I/A installation, operation, 
and performance, 

f) Review resources that would be required for towns to manage additional responsibilities 
associated with new development, 

g) Identify locations most likely to be directly contributing stormwater to waterbody 
surfaces.  
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