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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 required to sustain biodiverse 
aquatic communities as well as healthy habitats for wildlife, native vegetation, and humans. 

Physical Characteristics 
Chilmark Pond is a large and complex estuary on Martha’s Vineyard. Surrounding the main 
basin, you will find tributary coves and smaller connected ponds. The area includes two main 
watersheds, Upper (west) and Lower (east) Chilmark watersheds. Within these two watersheds, 
there are three ponds and two coves. 

The “Upper (west)” Chilmark Pond watershed includes two ponds that are locally referred to as 
Upper Chilmark Pond and Middle Chilmark Pond. The Upper and Middle Chilmark Ponds are 
separated by a narrow channel called “Intern’s Creek” and are fed by freshwater streams as well 
as groundwater seepage. Occasionally, as a result of wave action from intense storms, Upper 
Chilmark Pond receives Atlantic Ocean salt water (overwash) to the west of Intern’s Creek.  

“Lower (east)” Chilmark Pond watershed references the main basin, Wade’s Cove, and Gilbert’s 
Cove. The Lower Chilmark Pond basin receives groundwater and is fed by water flowing through 
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Intern’s and Doctor’s Creeks. The main basin is opened periodically to the ocean through natural 
and/or human-caused breaches managed by the Chilmark Pond Association. See Figure 1 for a 
map of both Upper and Lower Chilmark Pond watersheds. 

Figure 1 - Chilmark Pond Sub-Watersheds 
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Water Quality 
The Massachusetts Estuary Project (MEP) completed an evaluation of the entire system and has 
recommended a Total Maximum Daily Load (TMDL). The Massachusetts Department of 
Environmental Protection (MassDEP) adopted target loads as the benchmark for restoring 
estuary environments for eelgrass beds and benthic communities. The presence of healthy 
eelgrass beds is a common indicator of estuary ecological health, however, there are no 
historical records of eelgrass beds in any Chilmark Pond. Without documented eelgrass 
information, measures of habitat health in Chilmark Pond will be limited to the conditions 
existing for benthic communities (i.e., marine animals living on or in waterbody sediment). All 
three ponds in the Chilmark Watershed experience stressful environmental conditions for 
benthic infauna communities as well as high bacteria counts that prohibit harvesting shellfish. In 
recent years, harmful algal blooms, specifically cyanobacteria, have made areas of the pond 
inappropriate for recreational use during summer months.  

The Massachusetts Department of Environmental Protection (MassDEP) characterizes Upper 
and Lower Chilmark watersheds as impaired for enterococcus, estuarine bioassessments, fecal 
coliform, total nitrogen, and nutrient/eutrophication3. More information about the impairments 
associated with each pond included in the Integrated List can be accessed using the 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 MEP established nitrogen benchmarks in their 20154 
study, the targets and Total Maximum Daily Load (TMDL) from this study were endorsed by 
MassDEP in 20195. The purpose of nitrogen load targets is to establish environmental conditions 
that support healthy eelgrass and benthic communities.  

The MVC Water Resource team has monitored nitrogen levels in the Upper and Lower 
watersheds annually since 2016 (see Figure 2 for a map of sample sites). 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, 
phosphorous, dissolved oxygen, and chlorophyll-a.  These indicators, as well as other key 
monitoring criteria, will continue to play a significant role in management planning for these 
watersheds.  

https://arcgisserver.digital.mass.gov/massdepwaterquality/Home/Index
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Figure 2 - Chilmark Sampling Stations 
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Characteristics Influencing Nitrogen Loads and Concentrations in 
Chilmark Pond Watersheds: 
Nitrogen fixation processes and nitrogen sources contributing to each of the area’s five sub-
watersheds are influenced by their own unique environmental features including: 
hydrodynamics, land use and water salinity.  

Hydrodynamics 
The Upper Chilmark Pond (East) watershed receives freshwater input from streams, 
precipitation, groundwater and, on occasion, overwash from the Atlantic Ocean. The Lower 
Chilmark Pond’s primary recharge comes from precipitation, groundwater, occasional overwash, 
and water that has made its way from the Upper and Middle Ponds to the main basin located in 
the Lower Pond.  

The Lower Pond is opened by the Chilmark Pond Association to the Atlantic Ocean several times 
each year. Pond “openings” via human-caused barrier beach breaches are fundamental to 
maintaining water quality in Chilmark Pond. Tidal exchange, inflow of Atlantic Ocean water and 
outflow from the main basin creates a “flushing” effect that directly impacts nitrogen 
concentration levels in the pond. The water quality benefits associated with “opening” the pond 
are clear, however, the impact of an opening is different for each part of the pond due to the 
water flows in and out of the main basin.  

Tidal exchange during successful openings play a key role in reducing excess nutrients and is 
expected to reduce nitrogen in the estuary system as a whole. However, successful pond 
openings have limited impact on flushing nutrients from the Upper Pond. While tidal exchange 
flushes nutrients in the Lower Pond, the impact of water exchange may not always adequately 
flush Upper and Middle Ponds.  

One way to illustrate the impact of tidal exchange for the Upper and Middle ponds is to 
compare the hydrodynamics of the three ponds to a bathtub. When the Lower Pond is opened, 
it is as if the plug is pulled from a fully filled bathtub and nutrient enriched water flows down 
into the drain. Although excess nutrients flow out of all three ponds, the salt water that enters 
the Lower Pond through the breach area does not flow back up to flush the Upper and Middle 
Ponds.  

Salinity  
Another unique feature of this system is the balance between fresh and salt water in the 
uppermost Chilmark Pond. This pond receives salt water from the occasional overwash events 
but is primarily fed by freshwater from streams and groundwater. Depending on salinity levels, 
water quality in Upper Chilmark Pond could be influenced by excess phosphorus or nitrogen. 

While nitrogen is a limiting nutrient in brackish waterbodies, phosphorus is the limiting nutrient 
in fresh waterbodies. Therefore, if the uppermost pond shifts from a saline to fresh 
environment, it is possible that high phosphorous levels are contributing to poor water quality 
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in a way that will not be reflected in nitrogen load expectations. The MVC water resources team 
tests the CHPUP (also known as Middle Pond) for phosphorous concentrations periodically (see 
Figure 3).  Saline fluctuations in the Upper Pond can be attributed to a variety of factors, 
however the quantity of freshwater flowing into the Upper Pond as well as inadequate tidal 
exchange during main basin pond openings influence the nutrient enrichment process in this 
area. 

 

 

Land Use 
In addition to the hydrodynamic features for each of the three ponds, land use in the watershed 
surrounding each pond varies, resulting in water quality issues unique to each sub-watershed. 
In the Chilmark Pond Estuary, agriculture and residential development are the primary sources 
of locally controllable nitrogen. Wastewater is responsible for 53% and agriculture (farm 
animals and fertilizer use combined) represents 33% of the controllable nitrogen load. 

Agricultural land use is a common feature of the Up-Island environment. The MVC analysis 
conducted in 2021 indicated that 4.7% of the Fulling Mill West and 4.4% of Upper Chilmark sub-
watershed areas were dedicated to agricultural use6.  

A number of farm animals have been moved outside the Chilmark watersheds since the 2015 
MEP study was completed. The absence of these animals has had a significant impact on 
reducing nitrogen load estimates. Although the updated estimates do not reflect any changes in 

Figure 3 – Chilmark Pond Phosphorus Data 



 

7 
 

how agricultural pastures were used, the annual Animal Count conducted in 2021 showed a 
significant reduction in the number of farm animals residing in the estuary system. The 2023 
nitrogen load estimate update shows that nitrogen attributed to agricultural animals dropped 
from 46% (2015) of the controllable nitrogen load to 28% (2023).  

Despite the nitrogen related benefits associated with fewer farm animals, it is important to 
consider that changes in estimated nitrogen loads will take time to be reflected in nitrogen 
concentrations. If farm animals return to Chilmark watersheds in numbers similar to the past, 
Best Management Practices should be strongly encouraged to minimize additional nitrogen 
loading.  

Residential and commercial development contribute a large amount of nitrogen to the Chilmark 
watersheds. One aspect of development, onsite wastewater treatment, is responsible for 53% 
of locally controllable nitrogen loads in Upper and Lower Chilmark watersheds. 

With the exception of parcels that exist within the Aquinnah Wampanoag Tribal Housing 
Authority territory, almost all Up-Island wastewater is managed with conventional Title V septic 
systems, cesspools, or Innovative/Alternative (I/A) nitrogen reduction systems7.  

According to the MVC data estimates, gathered in coordination with the Chilmark Board of 
Health, there are an estimated 459 onsite wastewater systems in Chilmark Pond watersheds8. 
Table 1 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.  
 

Table 1  - Onsite Wastewater Systems in Chilmark Pond Watersheds 

 
 
 
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 the 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.  

Non-Title V Title V Innovative Alternative
Chilmark Pond System Total 235 218 6
Lower Chilmark Pond 97 111 2

TOTAL Upper (West) 138 107 4
Upper Chilmark Pond 33 32 2
Fulling Mill East 12 4 0
Fulling Mill West 32 45 0
Mill Brook-CHI 61 26 2

CHILMARK POND
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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 235 non-conforming wastewater systems in the 
Chilmark watersheds, 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.  
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Figure 4 - Non-Title V Wastewater Systems 
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Potential Future Development 
Future development must be taken into consideration when planning nitrogen reduction 
strategies. Both Fulling Mill East and Lower Chilmark have fully developed, 21% remains 
available or potentially  more than half of their land area, 53% and 51% respectively (see 
Existing Conditions Report, Figure 30). Furthermore, in Lower Chilmark, 20% of land area is 
available for future development. In Fulling Mill East 19% of land area is available for future 
development (see Existing Conditions Report, Figure 30).  Considering existing development 
trends in both of these watersheds, future planning must take into consideration wastewater, 
fertilizer and impervious surface nitrogen loading implications related to continued 
development in these sub-watersheds.  

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 frameworks. Figure 5 illustrates vacant 
land area, or in other words, land that is not in conservation and available for future 
development.  

Figure 5 shows 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.  

 

https://indd.adobe.com/view/3dbd6a5b-3ae0-4512-b876-4d1f400353b0
https://indd.adobe.com/view/3dbd6a5b-3ae0-4512-b876-4d1f400353b0
https://indd.adobe.com/view/3dbd6a5b-3ae0-4512-b876-4d1f400353b0
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Figure 5 - Potential Future Development 
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The analysis conducted by the MVC team indicates that maximum development could increase 
the number of developed parcels and constructed buildings by 35% and 48% respectively (Table 
2) 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 their development related nitrogen inputs is important. For example, the 
information below shows that Mill Brook has the potential to nearly double the number of 
developed parcels, should this happen without nitrogen mitigation efforts, nitrogen inputs will 
meaningfully increase from their present levels.  

Table 2 - Potential Future Development 

 
 

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. The MVC 
collects water samples 3 – 4 times during summer months (June – October) when nitrogen 
concentrations are likely to show 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.  

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.  

Existing - 2023 Potential - Future Change (percent) Existing - 2023 Potential - Future Change (percent)
Chilmark Pond - Lower 410 62 15% 276 78 28%
Chilmark Pond - Upper 99 44 44% 93 53 57%
Fulling Mill East 25 2 8% 16 5 31%
Fulling Mill West 102 53 52% 100 59 59%
Mill Brook-CHI 116 99 85% 128 99 77%
Total Chilmark 752 260 35% 613 294 48%

Chilmark Pond
Parcels (count) Buildings (count)
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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 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 estimated nitrogen load analyses.  

Nitrogen load estimates provide valuable data for watershed planners to take proactive steps to 
address current and future implications.  Nitrogen concentrations allow planners to monitor 
and evaluate project outcomes in the waterbody at a particular day and time.  
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2023 Nitrogen Concentration Data: 
The impact of nitrogen loads on potential habitat restoration is best understood through 
nitrogen concentration values found in water samples during summer months. The MVC Water 
Resource Team tests the Chilmark system water at six locations, Figure 2 indicates water quality 
test site locations.  

Review of water quality indicators from 2016 – 2023 (Figure 6)  shows that average nitrogen 
concentrations for the seven-year time-period exceed target thresholds for both the Upper 
(West) and Lower (East) Chilmark Ponds. The average total nitrogen concentration for all test 
sites combined is 0.79 mg/L over the seven-year time period, 37% higher than the 0.50 mg/L 
target adopted by MassDEP in 20199.  

Figure 6 –Chilmark Pond Average Total Nitrogen Concentrations 

 

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. Despite 2023 estimated nitrogen loads (discussed below), nitrogen 
concentration averages indicate that current nitrogen loads have yet to result in improved water 
quality conditions. Several reasons for this lag could include time, hydrodynamics, and weather 
conditions.  

For Chilmark Pond watersheds, a key element of habitat restoration will be dependent on how 
much locally controllable nitrogen enters the watershed systems each year. To achieve habitat 
restoration goals, existing controllable sources of nitrogen must be reduced and future inputs 
must remain a focus area for development planners.  
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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 
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 710). Nitrogen is deposited from the atmosphere via precipitation (sometimes 
referred to as “acid rain”) or dust particles that settle on surfaces.  

 
 

 
 
 

Figure 7 – Nitrogen and Groundwater 
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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 811).  
 

 

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. For some Up-Island ponds, atmospheric deposition is responsible for a substantial 
portion of their “Overall Nitrogen Load” estimates. 

“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.  
 
  

Figure 8 - Benthic Flux Process 

 
 
 

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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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 
practices12.  

The MVC updated 2023 estimated nitrogen loads demonstrate the amount of overall and 
controllable nitrogen that is reasonable to expect in Chilmark watersheds. The primary purpose 
of developing MVC nitrogen load estimates was to compare estimated loads with established 
target nitrogen loads and TMDLs to support planning initiatives that will achieve Chilmark’s 
water quality goals. 

The 2023 nitrogen overall load estimates (Figure 9) indicate that wastewater (38%) and 
agricultural animals (20%) are the primary sources of all nitrogen entering Chilmark Pond 13.  

Figure 9 - 2023 Estimated OVERALL Nitrogen Load Sources 

 

 

Wastewater
38%

Non-Agricultural Fertilizers
5%

Impervious Surface Runoff
5%

Water Body Surface Area
20%

"Natural" Surfaces
9%

Farm Fertilizers
3%

Farm Animals
20%

Estimated OVERALL Nitrogen Load kg/year (2023) 
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Table 3 includes nitrogen source data for all sub-watersheds. In this table, one will find a notable difference in nitrogen sources 
contributing to each of Chilmark Pond’s watersheds. Wastewater is the primary source of nitrogen (62%) in Lower Chilmark. While 
nitrogen sources in Upper Chilmark Pond are primarily composed of nitrogen from wastewater (38%) as well as nitrogen associated 
with farm animals (33%).  

Table 3 – Chilmark Pond 2023 Estimated OVERALL Nitrogen Sources 

 

 
Overall nitrogen loads shown above represent a complete picture of all nitrogen sources contributing to Chilmark watersheds, 
including atmospheric deposition which is a source that cannot be impacted by implementing local solutions14.  

Table 4 shows locally controllable nitrogen load estimates for Upper and Lower Chilmark watersheds. These are sources that can be 
targeted for reduction. Figure 10 shows the same information in a pie chart. A review of nitrogen locally controlled nitrogen load 
sources indicates that, when considering only nitrogen sources that can be changed, agriculture and wastewater are the primary 
nitrogen contributors to Chilmark watersheds. Wastewater represents 53% and Agricultural practices (farm animals and fertilizer use 
combined) represent 33% of the estimated nitrogen load inputs. Nitrogen from non-agricultural fertilizers and impervious surface 
runoff represent smaller portions of nitrogen inputs, and like agriculture and wastewater, nitrogen from these sources can be 
reduced with policy changes and infrastructure related projects. 
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Table 4 - Chilmark Pond 2023 Estimated LOCAL CONTROL Nitrogen Load Sources 
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Figure 10 – Chilmark 2023 Estimated Local Control Nitrogen Sources 

 

 

Nitrogen Reduction Targets:  
In basic terms, a Total Maximum Daily Load (TMDL) is a 
benchmark that identifies the point at which pollution 
concentration levels in a waterbody will no longer 
support favorable ecological conditions for native aquatic 
species. Estuary systems that exceed their TMDL value 
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 11). 
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 indicates when the nitrogen load (kg/year) is 
expected to increase nitrogen concentration levels (mg/L) 
high enough to risk the estuary 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.  

Wastewater
53%

Non-Agricultural 
Fertilizers

7%

Impervious Surface 
Runoff

7%

Farm Fertilizers
5%

Farm Animals
28%

Estimated LOCAL CONTROL Nitrogen Load kg/year (2023) 

Figure 11 – TMDL Infographic  
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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 pollution15.  

TMDLs adopted by MassDEP are based on a field research process that includes land use, 
hydrodynamics, and water quality analyses. 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. The MEP report recommends a Target Threshold Load of 5,400 
kg/year for the Chilmark Pond system16. According to the 2023 local control load estimate, the 
Chilmark system receives 4,799 kg/year, this includes nitrogen from wastewater, non-
agricultural fertilizers, impervious surface runoff, farm fertilizers and farm animals.  

Figure 12 illustrates 2023 estimated load and MassDEP’s target threshold loads. MassDEP has 
defined limits of 1,553 kg/year for the Lower Chilmark watershed and 3,847 kg/year for the 
Upper Chilmark Pond. As shown below in Figure 12 and Table 5, 2023 nitrogen load estimates 
indicate that 17% of the nitrogen load in Lower Chilmark Pond must be removed for the 
watershed to achieved its target and Upper Chilmark Pond has reached its target threshold load. 
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Figure 12 – 2023 Estimated and MassDEP Target Threshold Loads 

 
 

Table 5 - 2023 Estimated Loads and Nitrogen Reduction Targets 

 

1,878

2,922

1,553

3,847

Lower Chilmark Pond Upper Chilmark Pond (TOTAL)**

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**

Sub-Watershed
Estimated Threshold Watershed 

Load (MVC 2023) kg/year*
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 Chilmark Pond 1,878 1,553 17% 324
Upper Chilmark Pond (TOTAL)** 2,922 3,847 0%                                                             -   
Total System 4,799 5,400 -                                                                                                          -   

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

***Target loading threshold values according to the Chilmark Pond Final TMDL (2019) - Table 6.  Target loading threshold is the maximum controllable load that can be 
received in the watershed that will allow the suitable levels of nitrogen concentrations for restoring water quality in the estuary as identified in Table 4.  See: 
https://www.mass.gov/doc/final-chilmark-pond-estuarine-system-total-maximum-daily-load-for-total-nitrogen/download.

**2023 estimate total for Upper Chilmark includes attenuation value of 8% for freshwater located in the Upper Chilmark Pond watershed. 
* Composed of natural background, atmospheric deposition to fresh water, non-agricultural fertilizer, impervious surfaces runoff, wastewater, farm animal and farm 
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For Upper Chilmark Pond, this finding demonstrates “good news” in the short term, however, 
there are significant concerns that the land use conditions leading to current nitrogen load 
estimates in the Upper Chilmark Pond watershed are not sustainable. Future residential, 
commercial, or industrial development and/or changes in agricultural practices (e.g., additional 
farm animals residing in the watershed) will quickly erase any habitat restoration potential. 
Furthermore, unlike Las Vegas, what happens in Upper and Middle Chilmark ponds does not 
stay in Upper and Middle Chilmark ponds. Excess nutrients in Upper Chilmark Pond watershed 
will flow into Lower Chilmark Pond and contribute to nutrient challenges found in the Lower 
watershed. 

In this instance, it is important to re-iterate that although nitrogen load estimates are valuable 
planning tools that offer excellent guidance for identifying solutions for present and future 
development trends, the relationship between estimated loads based on land use models and 
nitrogen concentration values observed in estuary water columns is complex.  

Despite the potential for less nitrogen entering the system in Upper Chilmark Pond, existing 
water quality conditions in the estuary system remain low, as demonstrated by nitrogen 
concentration levels. As discussed above, values for nitrogen concentration and nitrogen loads 
do not always align. In this case, it is possible that legacy nitrogen, pollution that has 
accumulated in the watershed over past years/decades is impacting Upper Chilmark Pond 
water. Therefore, the load reduction associated with fewer agricultural animals in the Chilmark 
watershed over the past decade is unlikely to result in significant water quality changes until all 
groundwater has reached and been flushed from receiving waters.  

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 excess nitrogen in Chilmark Pond. The MVC team has created a 
matrix that demonstrates the potential 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 solution 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 Chilmark system is 
estimated to be 2,660 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/L17 (status quo) to less than 10mg/L, annual nitrogen contributions would be 266 kg/year18 
(see Figure 13). 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 13 – Potential I/A Solution Impact 

2,660

266

0 500 1,000 1,500 2,000 2,500 3,000

Nitrogen Load Contributions - ALL Parcels 
Enhanced Innovative/Alternative (I/A) Vs. Title 5 Wastewater Systems 

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

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

kg/year

kg/year
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Category Technology/Approach
Estimated 
Percent 
Reduction*

2023 Estimated overall 
nitrogen load input

 Chilmark Pond - 
Lower (east) 

TOTAL Upper 
(West) Chilmark

 Chilmark Pond - 
Upper (west) 

Fulling Mill 
East

 Fulling Mill 
West 

 Mill Brook - 
CHI 

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

0% 2,660                    1,158                    1,502                      394               70              419              618 

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

90% 266                        116                       150                         39                 7                42                62 

Waste Reduction Toilets - Composting, 
Incinerating, or Packaging

62% 1,011                        440                       571                      150               27              159              235 

Waste Reduction Toilets - Urine Diverting 24% 2,021                        880                    1,141                      300               54              318              470 
Effluent Disposal – Drip Irrigation 50% 1,330                        579                       751                      197               35              209              309 
Centralized Public Sewers 62% 1,011                        440                       571                      150               27              159              235 
Package Facilities 43% 1,516                        660                       856                      225               40              239              352 
Increased Conservation Land 100%
Transferring Development Rights 100%
Status Quo: Non-Agricultural Fertilizer 0% 366                        165                       201                         56               10                60                76 
Non-Agricultural Fertilizer Management 13% 320                        144                       176                         49                 8                52                66 
Compost Management (commercial) NA
Status Quo: Farm Fertilizers 0% 253                          70                       182                      167                -                   -                  15 
Status Quo: Farm Animals 0% 1,394                          89                    1,305                      457                -                167              681 
Fertilizer Use (nutrient management) 25% 189                          53                       137                      126                -                   -                  11 
Winter Feeding Facility 35% 906                          58                       848                      297                -                109              442 
Compost Management (agricultural) 12% 1,227                          79                    1,148                      402                -                147              599 
Barnyard Runoff Controls 
(with and w/o storage)

10% 1,255                          80                    1,174                      411                -                150              613 

Status Quo: Farm Fertilizers 0% 253                          70                       182                      167                -                   -                  15 
Cover Crop Planting 20% 202                          53                       137                      126                -                   -                  11 
Pasture and Hayland Planting 18% 207                          58                       150                      137                -                   -                  12 
Land Retirement 89% 28                            8                         20                         18                -                   -                    2 
Buffer Zones Around Sensitive Areas 34% 167                          46                       120                      111                -                   -                  10 
Status Quo: Impervious Surface 0% 261                        110                       152                         48                 7                31                65 
Stormwater BMP – Phytobuffer, Gravel Wetland, 
Bioretention/Soil Media Filters

20% 209                          88                       121                         39                 6                25                52 

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

Status Quo: Water Bodies 0% 1,190                    1,190                          -                            -                  -                   -                   -   
Phytoremediation 50% 595                        595                          -                            -                  -                   -                   -   
Phytoremediation – Phragmites NA NA  NA                          -                            -                  -                   -                   -   
Constructed Wetlands – Sub-Surface Flow 81% 226                        226                          -                            -                  -                   -                   -   
Floating Constructed Wetlands 8% 1,095                    1,095                          -                            -                  -                   -                   -   

Aquaculture Approaches and 
Technologies

Shellfish Harvesting 
or Seaweed Cultivation

8% 1,095                    1,095                          -                            -                  -                   -                   -   
Inlet Management 
(pond opening and culvert widening)

12% 1,047
                   1,047                          -                            -                  -                   -                   -   

Dredging and channel widening 80% 238                        238                          -                            -                  -                   -                   -   
Coastal Habitat Restoration 10% 1,071                    1,071                          -                            -                  -                   -                   -   

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

Source Remediation

Groundwater Remediation

Waterbody Restoration

Habitat Alteration and 
Restoration Approaches

Chilmark Pond Watershed 

Stormwater Management 
Approaches and Technologies

Permeable Reactive Barrier

Green Infrastructure 
Approaches and Technologies

Fertilizer Management 
Approaches

Management of Agricultural 
Practices Approach

Management of Agricultural 
Practices Approach

Individual Onsite Wastewater 
Treatment Technologies

Public Sewers and Package 
Facility Treatment 

Land Preservation Approaches

Potential Solutions Impact Matrix

Table 6 - Potential Solutions Matrix – Chilmark Pond 
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Challenges to Achieving Sustainable Target Nitrogen Loads: 
Changes in Agricultural Practices 
Like future residential, commercial, or industrial development, changes in how farmland is used 
could increase nitrogen loads beyond targeted values. Although many up-island farmers choose 
not to use fertilizers on pastures and crop areas, any increased use of agricultural fertilizers 
could increase nitrogen levels in the watershed. Furthermore, it is common for the number and 
type of farm animals residing in the watersheds to change as farmers’ capacity and market 
demands change. Increases in the number of farm animals, including horses, residing in Upper 
and Lower Chilmark Pond watersheds would substantially increase nitrogen loads. This is most 
clearly demonstrated when comparing the 2015 nitrogen load estimates with the updated 
estimates completed in 2023 (Figure 14). 

Figure 14 – Comparison of Farm Animal Nitrogen Loads 2015 to 2021 

 

Nitrogen load estimates reported in 2015 were significantly higher than 2023 estimates19. 
Review of the animal count done in 2015 compared to the 2021 count indicates a 46% decrease 
in the number of farm animals residing in Chilmark watersheds. The decrease in farm animal 
related nitrogen corresponds to a 52% reduction in nitrogen entering the Chilmark Pond system. 
Lower Chilmark Pond experienced a 73% decrease and Upper Chilmark Pond experienced a 49% 
decrease. 
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The number of animals residing in Chilmark watersheds regularly fluctuates. The animal count 
in Chilmark is completed in December of each year, which may account for fewer animals than 
one might see in the spring. However, the fact remains that farm animals are a primary source 
of nitrogen, should the number of farm animals residing in Chilmark watersheds increase to 
numbers seen during 2015, both watersheds would exceed their target load.  

Potential Future Development 
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, 29% of the Chilmark watershed areas are considered vacant. In Lower Chilmark, 32% of 
land area is vacant and 27% is vacant in Upper Chilmark. 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. If all potential parcels and/or buildings in the 
Chilmark system were fully developed to the extent allowable by current town by-laws the 
number of developed parcels could increase 35% and the number of constructed buildings 
could increase by 48%.  

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. Table 7 
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.  
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Table 7 – Potential Future Development and Target Loads 

 

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 Chilmark Pond 2,573 1,553 40% 1,019
Upper Chilmark Pond (TOTAL)** 4,363 3,847 12% 516
Total System 6,936 5,400 22% 1,535

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

* Composed of natural background, non-agricultural fertilizer, impervious surfaces runoff, wastewater, farm animal and farm fertilizer loadings.
**2023 estimate total for Upper Chilmark includes attenuation value of 8% for freshwater located in the Upper Chilmark Pond watershed. 
***Target loading threshold values according to the Chilmark Pond Final TMDL (2019) - Table 6.  Target loading threshold is the maximum controllable load that can be 
received in the watershed that will allow the suitable levels of nitrogen concentrations for restoring water quality in the estuary as identified in Table 4.  See: 
https://www.mass.gov/doc/final-chilmark-pond-estuarine-system-total-maximum-daily-load-for-total-nitrogen/download.

Figure 15  - Potential Future Development Nitrogen Load Estimates and MassDEP Target Loads 
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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. Also, it is possible that extended dry seasons could limit 
water volume in ponds. Low water volume in ponds makes successful pond openings more 
difficult to achieve and adequate tidal exchange may not reduce nitrogen levels for desired 
water quality levels.  

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, nitrogen mitigation initiatives will 
require ongoing monitoring to evaluate the efficiency and effectiveness of watershed 
management technologies and approaches. Ongoing monitoring and evaluation will allow 
decision-makers to “change course” if needed so they can 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 Report20, 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 
Chilmark Pond, this will require decision-makers to focus on agricultural practices and wastewater loads, 
especially in sub-watershed areas with relatively elevated nitrogen concentration levels.  

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.  

Finally, as highlighted in the 2015 MEP Report, and re-iterated in the 2019 TMDL Report “the number 
and duration of pond openings play a fundamental role in the maintenance of nutrient related water 
quality and habitat health throughout the Chilmark Pond estuary21. Any period of time in which an open 
channel between the ocean and the Chilmark main basin is not maintained long enough to ensure 
adequate tidal exchange impacts successful nitrogen removal from the pond. In these cases, regardless 
of inputs, water quality indicators are likely to remain poor. Pond openings are managed by the Chilmark 
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Pond Association (https://www.chilmarkpond.org/), maintaining coordination with this organization to 
promote regular and successful beach breaches will be a critical feature of any nitrogen reduction 
management plan for Chilmark Pond.  

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. 

Recommended Next Steps 

a) Establish a cross-department working group to address water quality issues, 
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 current farm animal populations during spring and summer seasons and 

investigate the feasibility and potential impact of:  
i. implementing buffer areas within 200’ of all stream and pond shorelines, 

ii. implementing Best Management Practices related to manure management, 
h) Identify locations most likely to be directly contributing stormwater to waterbody 

surfaces.  

  

https://www.chilmarkpond.org/
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