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Overview:
Cockeast Pond (92 acres) is a salt pond tributary to the Westport River Estuary (West Branch)
at the southern region of the Town of Westport, near the Rhode Island border. Cockeast Pond
is separated from Buzzards Bay by a barrier dune system and exchanges water with the
Westport River Estuary via a culvert passing under River Road. The culvert is placed such that
tidal inflows are reduced, such that the pond contains brackish rather than marine waters, as the
inflowing marine waters are diluted with freshwater entering via direct groundwater and a small
intermittent stream. Cockeast Pond is the only brackish pond in the Westport River watershed
and provides a unique and diverse habitat for numerous species of plants and animals.
However, past years of nutrient related water quality and macroalgal observations indicate a
system that is showing clear signs of nutrient related habitat impairment, most likely nitrogen
enrichment. Cockeast Pond has a relatively small watershed that includes a nine-hole golf
course and a number of single family homes that may be contributing to the nitrogen related
impairment observed in this small coastal salt pond.
The Westport River Watershed Alliance (WRWA), in partnership with the Coastal Systems
Program (CSP) at the University of Massachusetts-Dartmouth, School for Marine Science and
Technology (SMAST-UMass Dartmouth), has had in place a nutrient related water quality
monitoring program for Cockeast Pond for the past seven years in order to assess the degree to
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which the habitat of Cockeast Pond may be affected by nutrient concentrations and incoming
nitrogen load from the watershed. Water quality monitoring was specifically undertaken to
establish baseline water quality conditions and assess linkages to observed levels of habitat
impairment.
Cockeast Pond is showing heightened signs of eutrophication with benthic macrophyte growth
as well as phytoplankton blooms. Based on the water quality monitoring, it appears that longterm increases in nitrogen loads to Cockeast Pond due to activities within its associated
watershed are creating adverse impacts to the ecosystem, which is limiting this estuarine
resource. However, as the tidal inlet as currently configured restricts tidal exchanges, Cockeast
Pond has an enhanced sensitivity to nitrogen inputs, such that its nitrogen enhancement can be
reduced both by lowering loading or by increasing the tidal volume exchanged. Within the overall
Westport River Estuary, Cockeast Pond is a net contributor of nitrogen to Westport Harbor/West
Branch. The pond was included in the in-depth nutrient threshold assessment of the Westport
River Watershed under the Massachusetts Estuaries Project ({MEP}1) and has a specific
nitrogen threshold as established under the MEP. The Pond and both the West Branch and the
East Branches currently exceed their nitrogen thresholds and therefore the Westport River
Estuary is on the Massachusetts List of Impaired Waters for nitrogen. The Town of Westport
has received its final MEP report and is awaiting the release of the ensuing TMDLs issued
MassDEP and USEPA under the Clean Water Act.
In order to establish the potential for restoring the nutrient impaired habitats within Cockeast
Pond and improving the West Branch of the River, soft solutions (non sewering) need to be
investigated. This effort requires a higher level assessment of the Cockeast Pond system
beyond the quantification of nutrient related water quality. For restoration of Cockeast Pond, the
potential for enhanced tidal exchange, watershed source reduction or in pond aquaculture to
remove nitrogen from the pond waters directly need to be evaluated in order to guide
management action to improve habitat quality within this unique salt pond as well as to improve
the downstream waters of the West Branch. To that end, a multi-step assessment approach was
initiated in December 2014 to better understand how the pond functions in relation to Westport
Harbor. Phase 1 of this multi-step assessment has been focused primarily of the volumetric
exchange between Cockeast Pond and Westport Harbor as well as the influx/efflux of nutrients
to and from the pond. Additionally, benthic infaunal habitat characterization was completed
under Phase 1 as an additional indicator of the degree of habitat impairment to be managed.
Phase 1 of the overall assessment of Cockeast Pond was completed in the context of the entire
Westport River estuary analyzed by the MEP Technical Team and is consistent with the
analytical approaches utilized in the MEP study of the Westport River. Therefore results from
the investigation of Cockeast Pond are directly comparable to results from the MEP evaluation of
the Westport River.
The overall analysis of Cockeast Pond (Phase 1 summarized herein and Phase 2 to be
completed by summer 2017), will result in a detailed accounting of the nitrogen mass balance
and dynamics, as well as the nutrient and hydrologic characteristics of Cockeast Pond with direct
linkage to indicators of habitat impairment. The complete analysis will determine the sensitivity
and assimilative capacity for nitrogen and allow evaluation of potential soft solutions for water
quality and habitat restoration. It is critical to note that the necessary land use based nitrogen
1 Howes B., E. Eichner, R. Acker, R. Samimy, J. Ramsey, and D. Schlezinger (2011). Massachusetts Estuaries
Project Linked Watershed-Embayment Approach to Determine Critical Nitrogen Loading Thresholds for the Westport
River Embayment System, Town of Westport, MA & Massachusetts Department of Environmental Protection. Boston,
MA.
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loading analysis needed to undertake such a study of Cockeast Pond has already been
completed under the MEP land use nitrogen load modeling thereby allowing for the linkage of
watershed nitrogen loads to observed levels of habitat and water quality impairment.
This Cockeast Pond Habitat Assessment Project (Phase 1) was strictly limited to: 1)
hydrodynamic data collection (stage and bathymetry to determine pond volume), 2) completion
of three tidal flux experiments to measure volumetric exchange and associated influx/efflux of
nutrients to and from the pond and 3) characterization of the benthic infaunal community of
Cockeast Pond as an additional gauge of habitat health/impairment. While there are a variety of
indicators (DO, CHLA, seagrasses, macroalgal density/distribution) that can be used in concert
with water quality monitoring data for evaluating the ecological health of embayment systems,
the best biological indicators are those species which are non-mobile and which persist over
relatively long periods (benthic infauna), if environmental conditions remain constant. The
concept is to use species which integrate environmental conditions over seasonal to annual
intervals. The approach is particularly useful in environments where high-frequency variations in
structuring parameters (e.g. light, nutrients, dissolved oxygen, etc.) are common, making
adequate field sampling difficult.
In areas that do not support eelgrass beds, benthic animal indicators are used to assess the
level of habitat health from “healthy” (low organic matter loading, high D.O.) to “highly stressed”
(high organic matter loading-low D.O.). The concept is that certain species or species
assemblages reflect the quality of their habitat. Benthic animal species from sediment samples
are identified and the environments ranked based upon the fraction of healthy, transitional, and
stressed indicator species. These data are coupled with the level of diversity (H’) and evenness
(E) of the benthic community and the total number of individuals to determine the infaunal habitat
quality.
While Phase 1 was focused specifically on bathymetric surveying, tidal exchange and infaunal
characterization, results of the summer 2015 water quality monitoring program has been
incorporated into this memorandum to provide the most current water column nutrient conditions
at the time of the tidal flux work. The Technical Memorandum is organized as follows:






Summary of 2015 Water Quality Results for Cockeast Pond Sampling and a comparison
to the 2008-2014 results as well as Pond Trophic Status,
Results of Hydrodynamic Field Collection (Stage and Bathymetry),
Results of Tidal Flux Experiments (3) Summer 2015,
Results of Benthic Infaunal Analysis,
Conclusions.

It should be noted that nutrient samples collected at each sampling station as well as during the
three tidal flux experiments were assayed at the Coastal Systems Program Analytical Facility at
SMAST. All samples were analyzed for ammonium (NH4), nitrate+nitrite (NO3+NO2), dissolved
organic nitrogen (DON), particulate organic nitrogen (PON), ortho-phosphate (PO4), particulate
organic carbon (POC), total phosphorus (TP), Chlorophyll-a, Pheophytin-a, pH and alkalinity. All
samples were collected and analyzed in a manner consistent with the Massachusetts Estuaries
Project QAPP and as such are directly comparable to both the baseline water quality
assessment of the Westport River Estuary as well as threshold findings. Moreover,
hydrodynamic data collection, tidal flux experiments and benthic infaunal sampling were also
undertaken consistent to the MEP approach.
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Summary of Summer 2015 Water Quality Monitoring:
The Westport River Watershed Alliance (WRWA) Pond Water Quality Monitoring Project was
continued in the summer of 2015 following the previously developed protocols and sampling
locations to ensure comparability. It should be noted that sampling procedures utilized in
Cockeast Pond are consistent with water quality sampling undertaken in other Westport Ponds
such as Forge Pond and Adamsville Pond making results directly comparable. Moreover,
Cockeast Pond samples collected and analyzed in collaboration with CSP-SMAST are
comparable to the entirety of the CSP nutrient related water quality database for estuaries and
salt ponds of southeastern Massachusetts. The 2015 program included a total of six (6)
sampling events (June, July, August, September) at station CP1 (Figure 1). Samples of the
water column were collected at both surface and bottom depths at the CP1 station in the pond
basin. As in previous years, sampling took place between June and September when water
quality conditions in southeastern Massachusetts estuaries are typically lowest.

Figure 1 – Aerial photograph of Cockeast Pond depicting the 2 locations at which
nutrient samples were collected from 2007 to 2015.
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Total nitrogen levels showed water column enrichment in Cockeast Pond (1.44mg/L). Although
the dominant forms of nitrogen entering streams and ponds is typically nitrate and ammonium
(DIN), organic forms of nitrogen (DON, PON) dominated the water column nitrogen. This results
from the transformation of inorganic forms to organic forms by aquatic plants, algae and
phytoplankton.
DON was the dominant form of nitrogen in Cockeast Pond. The average DON concentration in
the water column across the 6 sampling dates was 0.97mg/L, approximately 67.4% of the TN
pool (Table 1). The remaining nitrogen pool, PON, was comprised primarily of phytoplankton
and some organic detritus and boosted the organic nitrogen pool in Cockeast Pond to 97.9% of
the total nitrogen (TN) pool.
COCKEAST POND

Date
6/5/2015
6/18/2015
7/24/2015
8/31/2015
9/9/2015
9/22/2015
AVERAGE

PO4
(mg/L)

TP
(mg/L)

NH4
(mg/L)

Nox
(mg/L)

DIN
(mg/L)

DON
(mg/L)

TDN
(mg/L)

POC
(mg/L)

PON
(mg/L)

TON
(mg/L)

TN
(mg/L)

Chla
(ug/L)

0.00

0.06

0.03

0.01

0.04

0.86

0.90

3.26

0.52

1.38

1.42

10.94

0.00
0.00

0.07
0.06

0.03
0.01

0.01
0.01

0.03
0.01

1.00
1.04

1.03
1.05

2.19
3.00

0.41
0.40

1.41
1.44

1.44
1.45

3.25
10.41

0.00

0.03

0.00

0.01

0.01

0.83

0.84

1.70

0.22

1.05

1.06

4.19

0.00
0.00
0.00

0.04
0.04
0.05

0.00
0.02
0.02

0.01
0.01
0.01

0.01
0.03
0.02

0.84
0.58
0.86

0.85
0.61
0.88

2.00
1.83
2.33

0.28
0.30
0.35

1.13
0.88
1.21

1.14
0.91
1.24

5.35
4.18
6.39

Salinity
(ppt)
6.55
8.10
10.53
13.30
15.65
14.23
11.39

Table 1. Summary of nutrient concentrations for samples collected in Cockeast Pond.

The dominance of organic nitrogen is fairly typical of estuarine systems. Dissolved organic
nitrogen, a by-product of the decomposition of plant material, enters from the upland stream and
pond sediments and is not readily available to plants or bacteria. It tends to remain in the water
column until transported out in outflowing water. In contrast, the inorganic nitrogen released
during plant decay (or that enters in groundwater, surface water, or rainfall) is readily available to
algae, phytoplankton and plants. It is rapidly taken up and converted to organic nitrogen within
streams, ponds and estuaries. The PON level within the pond is primarily a result of this uptake
and growth by phytoplankton. The predominance of organic forms within Cockeast Pond
indicates that these transformations are occurring. A coupled land-use analysis such as that
prepared by the MEP (envisioned under the Phase 2 portion of the Cockeast Pond Assessment)
is needed for definitive evaluation of nutrient sources, total load to the pond, and the rate of
water turnover (flushing/exchange) within Cockeast pond and how these may change with
changing nitrogen inputs and rate of tidal exchange.
While nitrogen is critical in determining the health of down gradient estuaries and is an important
nutrient in pond productivity, phosphorus appears to be the immediate nutrient causing eutrophic
conditions in fully freshwater ponds. The ratio of N/P can be used as an approximate gauge of
the relative importance of N and P to the nutrient related health of an aquatic system. While this
is a more robust analysis in salt water compared to freshwater systems, generally N/P ratios less
than 16 indicate that the nutrient to manage is nitrogen. In salt ponds such as Cockeast Pond
(10-13 ppt), the molar ratio DIN/DIP (dissolved inorganic N and P) is sometimes used for the
evaluation. However, the concentrations of the nutrients also need to be taken into account. In
Cockeast Pond both the DIN and DIP levels are very low. Therefore, it appears from this
preliminary analysis that both nitrogen and phosphorus inputs will result in increased
phytoplankton growth. A more refined assessment of N or P limitation of phytoplankton growth
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was conducted in 2016, using experimental nutrient additions and direct measures of
phytoplankton photosynthesis and will be included in the Phase 2 tech memo.
Comparison of 2015 Data with Previously Collected Water Quality Results
TN values have been variable in Cockeast Pond over the 8 sampling years. There is no clear
trend in summer TN levels (Figure 2). It is likely that the variation results in part from interannual
changes in tidal exchange at the culvert. Over this 8 year period, 2015 has the highest TN
concentration (1.23 mg/L). For all 8 years, organic forms of nitrogen dominate the total nitrogen
pool, with DIN contributing only a small fraction (Figure 3).

Figure 2. Comparison of water column Nitrogen concentrations from 2008-2015. 2008 values
(mg/L) are means of 4 monthly samplings, June-September; 2009 values are from a single
sampling in September, and 2010, 2012, 2013, 2014 values are means of 3 samplings, JulySeptember. 2015 is the mean of 6 samplings (June-September).
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Figure 3. Comparison of water column Nitrogen concentrations from 2008-2014. 2008 values
(mg/L) are means of 4 monthly samplings, June-September; 2009 values are from a single
sampling in September, and 2010, 2012, 2013, 2014 values are means of 3 samplings, JulySeptember. 2015 is the mean of 6 samplings (June-September).

Pond Trophic Status
Based upon the summer 2015 survey results it is possible to conduct a two basic assessments
of the nutrient related health of Cockeast Pond. Cockeast Pond is brackish so that both
freshwater and estuarine assessment are included.
The first assessment uses Total Phosphorus, Chlorophyll-a pigment levels and water clarity
(secchi depth), all of which are interrelated parameters that focus on nutrient enrichment in
phosphorus controlled aquatic systems. The index of choice is the Carlson Trophic State Index,
which is based upon comparisons to a large number of U.S. freshwater lakes and ponds (Table
2)2. The data used in the index was the average over the sampling period from the mixed layer
of each pond. While the index needs to be used with other biotic indicators, it does provide a
general assessment tool where calculated index levels are correlated with different Trophic
States:




TSI >50: Eutrophic (highly nutrient enriched)
TSI 40-50: Mesotrophic (moderately nutrient enriched)
TSI <40: Oligotrophic (low level of nutrient enrichment)

It appears that Cockeast Pond is continuing to show clear signs of eutrophication (Table 3).
Eutrophic conditions are those that exist under high nutrient inputs and are characterized by
algal and phytoplankton blooms, low water clarity and sometimes low oxygen in bottom waters.
Nutrient enrichment can be seen in the poor water clarity. Cockeast Pond showed an average
secchi depth value of only 1.04 meters. A moderately enriched pond would support Secchi
2

http://www.epa.gov/bioiweb1/aquatic/carlson.html
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depths of 2-4 meters. The “cloudiness” of the water column is mainly caused by phytoplankton
biomass, measured by Chlorophyll-a concentrations which were moderate in summer in
Cockeast Pond, 8.2 ug/L. TP levels in Cockeast were high with an average concentrations of
0.070 mg/L. These 3 indicators together yield the high TSI values in Table 2 and the resulting
Eutrophic status. The brackish waters of Cockeast Pond continue to vary between Eutrophic
(2010, 2011, 2013, 2014) to a Meso/Eutrophic State (2009, 2012).

TSI
0
10
20
30
40
50
60
70
80
90
100

Secchi
Depth (m)
63.98
32.00
16.00
7.99
3.99
2.01
1.01
0.49
0.24
0.12
0.06

Epilimnion Total P
(ug/L)
0.75
1.5
3
6
12
24
48
96
192
384
768

Epilimnion Chlorophyll
a (ug/L)
0.04
0.12
0.34
0.94
2.6
6.4
20
56
154
427
1183

Trophic State
Oligotrophic
Oligotrophic
Oligotrophic
Oligotrophic
Mesotrophic
Eutrophic
Eutrophic
Eutrophic
Eutrophic
Eutrophic
Eutrophic

Table 2. The Carlson Trophic Status Index (TSI) scores for Secchi Depth, Total Phosphorus and
Chlorophyll a.

Pond

Secchi
(m)

Secchi
TSI

Chl a
(ug/L)

Chl a TSI

TP
(ug/L)

TP
TSI

2015
Trophic State

Cockeast

1.04

55

8.2

55

70

65

Eutrophic

Table 3. Assessment of Trophic State of Cockeast Pond within the Town of Westport, based
upon average values of summer 2015 surveys and TSI.

The second assessment uses the Trophic Health Index Scores for estuarine water quality based
upon open water embayment (not salt marsh) habitat quality scales (described in Howes et al.
1999) at www.savebuzzardsbay.org) (Table 4). The Bay Health Index was developed for
Buzzards Bay embayments based upon levels of nitrogen (inorganic and organic), chlorophyll-a,
bottom water oxygen and the depth of light penetration (Secchi depth). While the index does not
provide a quantitative assessment of habitat health and is not suitable for salt marsh dominated
systems, it does give a useful picture of the general level of estuarine water quality and spatial
gradients within estuaries. Since it is not yet possible to develop temporal trends from the
available monitoring data, the average summer conditions throughout Cockeast Pond were used
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to parameterize the Bay Health Index (Tables 4). The Scores for each parameter were
calculated. It should be understood that the Bay Health Index and the designation of acceptable
ranges for each parameter are approximate and provide less certainty than site-specific
analysis. However, the Index does provide a convenient tool for comparing regions within an
estuary and between estuaries. Cockeast Pond fell into the “moderate/fair” category for 2015
with an index score of 37.5.
Secchi m
All
1.0

%Sat
DO
20%
79.0%

DIN
ppm
0.030

TON
ppm
1.410

T-Pig
ug/L
9.44

Secchi
SCORE
31.7

Low20%
Oxsat
SCORE
83.9

DIN
SCORE
66.9

TON
SCORE
0.0

T-Pig
SCORE
4.8

EUTRO
Index
37.5

Table 4. Assessment of Trophic State of Cockeast Pond within the Town of Westport, based
upon average values of summer 2015 surveys.

Recommendations Based on 2015 Water Quality Monitoring
Efforts such as reducing nitrogen outflow from Cockeast Pond should be encouraged for the
restoration of the impaired habitats within the pond and to lower nitrogen concentrations in the
receiving waters of the West Branch of the Westport River. Moreover, protecting the health of
the pond will protect the health of the river herring population, which in turn serves to support
numerous bird, fish and mammal species. A comprehensive study of Cockeast Pond (such as
what has been started under Phase 1 of the Cockeast Pond Assessment and to be completed
under Phase 2) will provide the necessary information from which to derive management options
and plans.
It is recommended that a full sampling schedule (3-4 sampling events) be undertaken in 2016.
This schedule allows for the continuation of tracking the health of Cockeast Pond and will be
critical for Phase 2 assessment of the system. WRWA should also plan for completing Phase 2
assessment of the Pond that will consider all the collected data (Phase 1 and water quality
monitoring) and will bring it into context with watershed delineation/land use info, water and
nutrient budgets as well as biological indicators of habitat impairment such as dissolved oxygen
and chlorophyll-a. 2016 monitoring and Phase 2 data collection will be incorporated into an
analysis of the hydrodynamic exchange between the pond and Westport Harbor, coupled to
water quality via a box model, to evaluate the efficiency of the present tidal inlet. Based on
Phase 1 assessment results discussed below, it appears that watershed nitrogen loading and
tidal flushing are the primary controls on the water quality and habitat health of this small coastal
pond. Field work has been initiated for Phase 2 (summer 2016) but the development of the box
model will not occur until the remaining funds for Phase 2 have been put in place to complete the
whole analysis of the Cockeast Pond system.
Additionally, based on the low salinity (brackish) regime in Cockeast Pond, it is recommend that
a closer examination be undertaken of the degree to which N or P limitation may be driving the
eutrophication of this coastal pond.
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Results of Hydrodynamic Field Data Collection (Stage + Bathymetry):
Critical to the completion of a detailed assessment of the nutrient and habitat characteristics of
Cockeast Pond is having an accurate measure of the volume of water in Cockeast Pond as well
as the rate of tidal exchange between the pond and Westport Harbor. This information
combined with water quality characteristics of water in the pond allows for the calculation of
residence time of that water and the level of nutrients available in the pond for stimulating plant
productivity. While the MEP Project Technical Team used a complex hydrodynamic model
(RMA-2) to understand residence time and volumetric exchange in the Westport River Estuary,
these variables will be determined empirically in Cockeast Pond given its simple structure and
will serve as the basis for the modeling of the pond to be developed under Phase 2 of the overall
Cockeast Pond assessment. Since no clear gradients are apparent within the pond waters and
given the simple basin structure of the Pond, a box model is deemed appropriate for relating
watershed nitrogen inputs, nutrient concentrations in the pond and volume of tidal exchange to
biological indicators of habitat health/impairment.
Bathymetric surveying of Cockeast Pond was completed in November 2015. As described in
the scope of work, transect lines were surveyed as depicted in Figure 4. Proposed survey lines
are depicted in red whereas actual survey lines are depicted in varying colors related to depth.
Some deviation from the proposed survey lines was necessary due to extensive shallows in the
near shore areas of the pond (particularly in the southern portion) as well as patches with
excessive macroalgal accumulation. Nevertheless, the bathymetry survey was successfully
completed and is presented in Figure 5. The volume of Cockeast Pond was determined
through a measure of water levels (stage) in the pond as well as depth (bathymetry) throughout
the Pond. Based on stage and bathymetry, volume was calculated for each depth interval and
summed to determine the total volume of Cockeast Pond (210,046 m 3). More than half the pond
volume is represented by area that is in marginal shallows, 0.0 to 0.5 meter depth range.

Cockeast Pond
Depth
Volume Surface Area
(meters)
(m3)
(m2)
0-0.5
149639
185898
0.5-1.0
49968
165885
1.0-1.5
6477
12430
1.5-2.0
3066
5280
2.0-2.5
889
3413
2.5
6.25
267
Total
210046
373173
Table 5. Calculated pond volumes based on depth intervals derived from the bathymetry
surveying effort. Bathymetry was corrected for the "tide" as well as atmospheric pressure.
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Figure 4. Map of Cockeast Pond showing proposed survey cruise tracks for bathymetry survey
(red lines) compared to actual survey cruise tracks (colored). Depth along the survey lines
depicted have been tide corrected to NAVD88. Red lines were the planned survey lines at
spacing of 75 meters. Modified cruise track due to depth constraints.
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Figure 5. Bathymetric map of Cockeast Pond. Water depth is tide corrected to NAVD88 datum.
Note that contours are bottom elevations relative to NAVD88 datum.
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Summer 2015 Tidal Flux Experiments (1-3) June, July, September
Measurements of tidal inflow and outflow through the herring creek connecting Cockeast Pond
to the lower portion of the Westport River estuary was undertaken to provide direct
measurements of tidal volume exchange as well as to estimate residence time of water in the
pond given the pond volume calculated from the bathymetry data. The tidal flux experiments
were also undertaken to determine the degree to which Cockest Pond is actually influenced by
tidal changes in Westport Harbor. A total of 3 tidal nutrient flux samplings (includes
determination of freshwater flow and salt water flow) were conducted in the summer 2015 (Table
6). The June tidal flux (1) was conducted on a neap tide whereas the July and September tidal
fluxes (2,3) were completed on a spring tide. In this manner it was possible to observe the
degree of tidal exchange under both maximum and minimum tidal forcing conditions (exclusive
of storm events).

Table 6. Dates when the tidal flux experiments were conducted along with the times of high and
low tide as well as the associated moon phase.

COCKEAST TIDAL FLUX
Date

LOW TIDE

HIGH TIDE

LOW TIDE

6:42am

12:48pm

7:02pm

half moon

7/16/2015 3:04am

8:55am

2:25pm

new moon

9/1/2015

10:32am

4:41am

full moon

6/8/2015

4:04am

MOON PHASE

Each sampling took place over a single complete tidal cycle beginning approximately 1 hour
before low tide and ending approximately 1 hour after the following low tide. Before each tidal
flux, precipitation amounts were checked for at least one complete tidal cycle prior to the first
sampling to ensure that water and nutrient flux data would not be biased by rain-related flows.
Wind conditions (strength and direction) were also noted for potential influence on inflowing/outflowing water. Water samples were collected at the culvert passing under River Road (Figure 6)
at nearly hourly intervals over the course of the tidal cycle. All samples were analyzed for
temperature, pH, salinity, Chlorophyll a and total nitrogen, comprised of ammonium,
nitrate/nitrite, Dissolved Organic Nitrogen (DON), and Particulate Organic Nitrogen (PON).
Flood and ebb current velocity measurements and channel cross-section water depths were
made concurrently with water sample collections in the herring creek outflow/inflow to determine
volumetric flow through the channel (River Road culvert) during both flood and ebb tides. These
flow data were applied to the period between each time point to yield a detailed record of total
volumetric flow into (flood) and out of (ebb) Cockeast Pond. Total flow into Cockeast Pond was
calculated between slack low tide and slack high tide. Total flow out was calculated from slack
high tide to the point at which the tidal height during ebb reached the same level as that
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recorded at the previous slack low tide, as measured by tide gauges deployed up-gradient (in
the pond) and down-gradient (in the Westport River estuary). Flows were then combined with
sample nutrient concentrations to calculate the mass flux of a specific constituent into or out of
the pond via the herring creek.

Figure 6. Location of the transect along which velocity measurements and water sampling was
conducted for calculation of flow and mass influx/efflux of nutrients in/out of Cockeast Pond.

Results of Tidal Flux Experiment 1 - June 8, 2015
Tidal flux experiment 1 was completed on approximately a neap tide (half moon) in that the day
of the tidal flux was June 8 and the true neap tide occurred on June 9. Tidal stage in the pond
and in the harbor was measured simultaneously (Figures 7 and 8) to determine the degree to
which the pond is tidally influenced (magnitude of stage increase) and how that corresponds to
volumetric flow and nitrogen load in (flood) and out (ebb) of the pond. Simultaneous
measurements of stage were also made in combination with observations of wind strength and
direction to gauge the degree to which stage changes in Cockeast Pond are affected by wind
conditions as opposed to tidal strength (spring vs. neap).
Interestingly, during tidal flux 1, while the tidal signal is very clear in the record from the gage
deployed in Westport Harbor, little to no change in tidal stage was observed in Cockeast Pond.
In fact water levels in Cockeast Pond showed a gradual decline over a two day window during
which tidal flux 1 was completed (Figure 8). This is consistent with flow measurements made
during the tidal flux where the "flood" phase of the experiment was approximately 1 hour in
duration (not including the time when the tide appeared slack) followed by approximately a 9-10
hour ebb during which water was leaving Cockeast Pond. This would indicate that during a neap
tide, only a small volume of "clean" low nitrogen water enters Cockeast Pond from Westport
Harbor on a given tidal cycle (low-high-low). Further, taking into consideration wind direction and
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strength during the tidal flux (10-15 mph from the ssw during the flood, 15-20 mph ssw during
the ebb, Figure 9) suggests that under neap tide conditions, water levels in Cockeast Pond are
greatly determined by wind forcing more so than tidal forcing. A strong wind out of the southsouthwest effectively impedes water trying to push into the pond from the harbor during the flood
tide while amplifying the amount of water leaving the pond during the ebb portion of the tidal
cycle.

Figure 7. Record of tidal stage in Cockeast Pond (red) and Westport Harbor (blue) during the
month of June 2015. Spring tide occurred on 6/3/15 and 6/16/15. Neap tide was on 6/9/15.

15

Figure 8. Tidal stage in Cockeast Pond (red line) and Westport Harbor (blue line) prior to and
after completion of tidal flux 1. Of note is the steady decline of water level in Cockeast Pond
over the two day period during which tidal flux was measured. Approximately a 0.18m drop in
the pond over two days versus 1.0+ meter change in water levels in the harbor every tidal cycle.
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Figure 9. Wind direction and strength during the June 8, 2015 tidal flux. Wind from the SSW
appears to push water out of Cockeast Pond making the ebb tide dominant.
Flow measurements and water quality samples taken at near hourly intervals during the tidal flux
experiments correspond to the short flood and long ebb phases observed in the tidal stage
record (Figures 10). Under neap tide conditions with a moderate SSW wind more water tends to
leave Cockeast Pond then enters on the flood tide leading to the gradual drop in water levels
observed in the pond (Figure 8).
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Figure 10. Plot of flood and ebb tide flows under neap tide conditions compared to measured
stage in the channel leading into Cockeast Pond.

The influx of higher quality water from Westport Harbor during the short flood tide is seen in the
chlorophyll-a (CHLA) and total nitrogen (TN) concentrations of samples collected during the
flood tide (Figures 11 and 12). As salinity increases (representative of the water flowing into
Cockeast Pond from the Westport Harbor), there is a clear decrease in both the CHLA and TN
concentrations. Conversely, as salinity drops during the ebb tide (representative of water
leaving Cockeast Pond) both CHLA and TN concentrations increase significantly representative
of the impaired water quality in Cockeast Pond. The completion of flow and water quality
measurements during a complete tidal cycle (flood through ebb) further confirmed that Cockeast
Pond generally acts as an exporter of lower quality, high nutrient ( flood TN load = 0.112 kg, ebb
TN load=0.461 kg) water to the Westport River estuary (Table 7). Given the short flood tide and
the much longer ebb tide, freshwater entering the pond from the watershed via groundwater as
well as the small surfacewater flow entering on the northern shore results in a greater volume of
water leaving the pond with associated higher nutrient load when compared to the what enters
the system on the flood tide. To the extent the duration of the flood tide into Cockeast Pond can
be extended allowing more low nutrient, low CHLA water from the Westport Harbor to flood into
Cockeast Pond and nutrient load entering the Cockeast Pond system from the watershed can
be reduced, the greater the chance of improvement in overall water quality of the pond as well
as the discharge to the Westport River.
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Table 7. Summary of flow and nutrient fluxes during tidal flux experiment 1. Flood is
represented by (+) values and ebb is represented by (-) values.
Mass Flux
Flood (+)
Ebb (-)
Ebb Salt Corr
Net Flux

Flow
(m3)
170.5
-341.4
-560.6
-390.1

Salt
(kg)
4907.2
-2988.7
-4907.2
0.0

PO4
(kg)
0.002
-0.001
-0.002
0.000

TP
(kg)
0.000
0.000
0.000
0.000

NH4
(kg)
0.002
-0.002
-0.003
-0.001

NOx
(kg)
0.000
-0.001
-0.001
0.000

DIN
(kg)
0.003
-0.002
-0.004
-0.001

DON
(kg)
0.073
-0.302
-0.496
-0.422

TDN
(kg)
0.076
-0.304
-0.500
-0.424

TN
(kg)
0.112
-0.461
-0.757
-0.644

POC
(kg)
0.239
-0.971
-1.595
-1.356

Figure 11. Plot of flood and ebb tide Chlorophyll-a and salinity concentrations under neap tide
conditions.
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PON
(kg)
0.036
-0.157
-0.257
-0.221

Figure 12. Plot of flood and ebb tide total nitrogen (TN) and salinity concentrations under neap
tide conditions.
Results of Tidal Flux Experiment 2 - July 16, 2015
Unlike tidal flux experiment 1, tidal flux experiment 2 was completed on a spring tide (full moon)
as the July 16 tidal flux study was the day after the maximum spring tide (July 15). As in tidal flux
1, tidal stage in the pond and in the harbor was measured simultaneously (Figures 13 and 14) to
determine the degree to which the pond is tidally influenced (pond tide range) and how that
corresponds to volumetric flow and nitrogen load in (flood) and out (ebb) of the pond. The
second flux study (#2) was during the full moon when exchange should be at its greatest.
Simultaneous measurements of stage were also made in combination with observations of wind
strength and direction to gauge the degree to which stage changes in Cockeast Pond are
affected by wind conditions as opposed to tidal strength (spring vs. neap).
Unlike tidal flux 1, during tidal flux 2, the tidal signal is very clear in the record from the gage
deployed in Westport Harbor and there is a clear and gradual increase in tidal stage observed in
Cockeast Pond. The increase occurs over approximately a two day period during which the flux
experiment was undertaken. Interestingly, there is a slight tidal signal in the Cockeast Pond
stage in that the increase in stage is steady during the flood phase of the tide, flattens out during
the ebb phase of the tide and then resumes increasing during the subsequent flood phase
(Figure 14). As in tidal flux 1, flow measurements indicate that the flood phase when water is
entering the pond is much shorter than the ebb phase when water is trying to leave the pond,
however, the flow rate is significantly greater. This would indicate that during a spring tide, more
"clean" low nitrogen water enters Cockeast Pond from Westport Harbor on a given tidal cycle
(low-high-low) compared to a neap tide. Furthermore, it would appear that other than for spring
tides, little low nutrient water from Westport Harbor is making it into the pond and this is
confounded by wind conditions (strength and direction). Taking into consideration wind direction
and strength during tidal flux 2 (10-15 mph from the NNE during both the flood and the ebb)
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suggests that even during spring tide conditions, water levels in Cockeast Pond are greatly
determined by wind forcing influencing tidal forcing. A strong wind out of the north-northeast
amplifies water trying to push into the pond from the harbor during the flood tide while damping
the amount of water leaving the pond during the ebb portion of the tidal cycle (Figure 14 and 15).

Figure 13. Record of tidal stage in Cockeast Pond (red) and Westport Harbor (blue) during the
month of July 2015. Spring tide occurred on 7/16/15 during the tidal flux to capture max flushing.

Figure 14. Tidal stage in Cockeast Pond (red line) and Westport Harbor (blue line) prior to and
after completion of tidal flux 2. Of note is the steady increase of water level in Cockeast Pond
over the two day period during which tidal flux was measured. Approximately a 0.3 m rise in the
pond over two days versus 1.0 meter change in water levels in the harbor every tidal cycle.
Corresponds to the prevailing NE wind helping to push water into the pond during the flood tide.
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Figure 15. Wind direction and strength during the July 16, 2015 tidal flux (2). Wind from the NE
during both the flood and ebb tide appears to push water into Cockeast Pond making the flood
tide dominant. Water level increase in Cockeast Pond diminishes during ebb tide as water tries
to exit pond but it opposed by the NE wind.
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Figure 16. Plot of flood and ebb tide flows under spring tide conditions compared to measured
stage in Westport Harbor.

As was observed during tidal flux 1, the influx of higher quality water from Westport Harbor
during the short flood tide is seen in the chlorophyll-a (CHLA) and total nitrogen (TN)
concentrations of samples collected during the flood tide (Figures 17 and 18). As salinity
increases (representative of the water flowing into Cockeast Pond from the Westport Harbor),
there is a clear decrease in both the CHLA and TN concentrations. Conversely, as salinity drops
during the ebb tide (representative of water leaving Cockeast Pond) both CHLA and TN
concentrations increase significantly representative of the impaired water quality in Cockeast
Pond. The completion of flow and water quality measurements during a complete tidal cycle
(flood through ebb) further confirmed that Cockeast Pond generally acts as an exporter of lower
quality, high nutrient ( flood TN load = 0.364 kg, ebb TN load=1.61 kg) water to the Westport
River estuary (Table 8). Similar to tidal flux experiment 1 described above, given the short flood
tide and the much longer ebb tide, freshwater entering the pond from the watershed via
groundwater as well as the small surfacewater flow entering on the northern shore results in a
greater volume of water leaving the pond with associated higher nutrient load when compared to
the what enters the system on the flood tide. Additionally and as would be expected, the
magnitude of the exchange under spring tide conditions is greater than during neap tide
conditions observed during tidal flux experiment 1. To the extent the duration of the flood tide
into Cockeast Pond can be extended allowing more low nutrient, low CHLA water from the
Westport Harbor to flood into Cockeast Pond, the greater the chance of improvement in overall
water quality of the pond.
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Table 8. Summary of flow and nutrient fluxes during tidal flux experiment 2. Flood is
represented by (+) values and ebb is represented by (-) values.
MASS FLUX
Flood (+)
Ebb (-)
Net Flux

FLOW
(m3)
548.9
-1205.8
-656.9

Salt
(kg)
13895.2
-12671.6
1223.6

PO4
(kg)
0.004
-0.001
0.004

NH4
(kg)
0.004
-0.018
-0.014

Nox
(kg)
0.001
-0.006
-0.006

DIN
(kg)
0.005
-0.024
-0.020

DON
(kg)
0.259
-1.071
-0.812

TDN
(kg)
0.263
-1.095
-0.832

POC
(kg)
0.772
-4.654
-3.882

PON
(kg)
0.101
-0.514
-0.413

TON
(kg)
0.360
-1.585
-1.225

Figure 17. Plot of flood and ebb tide Chlorophyll-a and salinity concentrations under spring tide
conditions.
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TN
(kg)
0.364
-1.609
-1.245

Figure 18. Plot of flood and ebb tide total nitrogen (TN) and salinity concentrations under spring
tide conditions.

Results of Tidal Flux Experiment 3 - September 1, 2015
Similar to tidal flux study 2, tidal flux 3 was also completed on a spring tide (full moon), spring tide
maximum occurred 2 day prior to the flux study of September 1, 2015. As in tidal fluxes 1 and 2,
tidal stage in the pond and in the harbor were measured simultaneously (Figures 19 and 20) to
determine the degree to which the pond is tidally influenced (magnitude of tide range) and how
that corresponds to volumetric flow and nitrogen load in (flood) and out (ebb) of the pond.
Similar to flux 2, flux 3 was conducted very near to full moon conditions when exchange should
be at its greatest. It is important to also note that this specific spring tide was additionally
amplified by the fact that the full moon coincided with lunar perigee (when the moon is closest to
the earth during its monthly orbit). As such the tidal range in Westport Harbor would be at its
greatest (excluding effects from storm surges). Simultaneous measurements of stage were also
made in combination with observations of wind strength and direction to gauge the degree to
which stage changes in Cockeast Pond are affected by wind conditions as opposed to tidal
forcing (spring vs. neap).
During tidal flux 3, the tidal signal in the pond is clear in the record when superimposed on the
tidal stage record from the gage deployed in Westport Harbor, more so than in the two earlier
flux experiments. Like during tidal flux 2, there is a clear increase in tidal stage observed in
Cockeast Pond during the flood tide with an associated decrease during the ebb tide. This does,
however, still occur during an overall increase in pond water level (Figure 20) that is likely being
driven by another force (wind) other than just the tide. Interestingly, the tidal signal in the
Cockeast Pond stage stands out as a steady increase during the flood phase of the tide, dips
during the ebb phase of the tide and then resumes increasing during the subsequent flood
phase (Figure 20). As in tidal flux 2, flow measurements indicate that the flood phase when
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water is entering the pond is much shorter than the ebb phase when water is trying to leave the
pond, however, the flow rate is significantly greater. This would indicate that during a spring tide,
more "clean" low nitrogen water enters Cockeast Pond from Westport Harbor on a given tidal
cycle (low-high-low) compared to a neap tide. Furthermore, it would appear that other than for
spring tides, little low nutrient water from Westport Harbor is making it into the pond and this is
confounded by wind conditions (strength and direction). Taking into consideration wind direction
and strength during tidal flux 3 (~5 mph from the NNE during both the flood and ~10 mph from
the SSW during the ebb) suggests that even during spring tide conditions, water levels in
Cockeast Pond are influenced to a degree by wind forcing. However, during this tidal flux
experiment, tidal forcing is likely the main driver on the magnitude of the ebb and flood tide
volumes given "king tide" conditions (spring tide close to lunar perigee). A wind out of the northnortheast amplifies water trying to push into the pond from the harbor during the flood tide.
When the wind shifted direction to the SSW during the ebb tide, the outflow of water was also
enhanced translating to a more obvious lowering of water level in Cockeast Pond (Figure 20 and
21). Even so, the light wind conditions were not sufficient to drive more water out of the pond on
the ebb compared to the volume that was pushed in on the flood due to the strength of the king
tide.
It should be noted that even while a clear tidal signal was measured in Cockeast Pond during
tidal flux 3, the overall change in water level in the pond was merely 0.10 meters, small
compared to the ~1.4 meter change in water level as measured by the "offshore" gauge
deployed in Westport Harbor. Over the three tidal fluxes, the change in pond water level ranged
from 0.10 m to 0.30 m. This is important as it indicates low exchange of water between the
harbor and the pond, a critical consideration for improving water quality in Cockeast Pond.

Figure 19. Record of tidal stage in Cockeast Pond (red) and Westport Harbor (blue) during the
month of August-September 2015. Spring tide occurred on 8/29/15, 2 days before the tidal flux
to capture max flushing.
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Figure 20. Tidal stage in Cockeast Pond (red line) and Westport Harbor (blue line) prior to and
after completion of tidal flux 3. Of note is the steady increase of water level in Cockeast Pond
over the one day period during which tidal flux was measured. Approximately a 0.1 m rise in the
pond over one day versus ~1.5 meter change in water levels in the harbor every tidal cycle.
Corresponds to the prevailing NE wind helping to push water into the pond during the flood tide
and SW wind during the ebb. Also moon at perigee 8/30/15 and 9/28/15 corresponding to spring
tide.
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Figure 21. Wind direction and strength during the September 1, 2015 tidal flux. Wind from the
NE during the flood appears to push water into Cockeast Pond while wind from the SW during
the ebb tide pushes water out of the pond. Strength of the spring tide is maximized due to moon
being at perigee (8/30/15) and full moon one day before (8/29/15).
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Figure 22. Plot of flood and ebb tide flows under spring tide and lunar perigee conditions
compared to measured stage in Westport Harbor.

As was observed during tidal flux 2, the influx of higher quality water from Westport Harbor
during the short flood tide is seen in the chlorophyll-a (CHLA) and total nitrogen (TN)
concentrations of samples collected during the flood tide (Figures 23 and 24). As salinity
increases (representative of the water flowing into Cockeast Pond from the Westport Harbor),
there is a clear decrease in both the CHLA and TN concentrations. Conversely, as salinity drops
during the ebb tide (representative of water leaving Cockeast Pond) both CHLA and TN
concentrations increase significantly representative of the impaired water quality in Cockeast
Pond. Unlike tidal flux experiments 1 and 2 described above, the completion of flow and water
quality measurements during a complete tidal cycle (flood through ebb) for tidal flux experiment 3
showed that Cockeast Pond was an importer of high quality water and in the case of total
nitrogen the pond was in balance over the tidal cycle (flood TN load = 1.28 kg, ebb TN
load=1.24 kg), but this results more so from the strength of the king tide than the wind effect on
tidal flows, resulting in the large volume of water that entered the pond on the flood tide
compared to the smaller amount that flowed out on the ebb tide (flood volume=3,834 m 3, ebb
volume=1,040 m 3, Table 9a). While this pattern is reversed compared to the two previous tidal
flux experiments, a few environmental factors are worth considering when interpreting these
results. The first significant consideration is the strength of the flood tide currents observed
during this flux event. Field notes indicated that tidal stage and measured tidal current in the
channel (herring run) connecting Westport Harbor to Cockeast Pond where highest measured of
the three tidal fluxes. This is completely reasonable in that tidal flux 3 was completed on a spring
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tide (as was tidal flux 2) however, the annual cycle of the moon (perigee vs. apogee) was much
closer to perigee (when the moon is closest to earth in its orbit) than the earlier tidal fluxes (1 and
2). Tidal flux 3 was completed on September 2, 2015 approximately 25 days from the highest
and lowest tides of the year (e.g. king tides). As such the spring tide measured in September
would be measurably different than the spring tide in July thus driving more water into Cockeast
Pond on the flood portion of the tidal cycle. Wind conditions during tidal flux 3 were light
therefore wind was not as much of a factor compared to the previous tidal flux experiments. The
second significant consideration is that tidal flux 3 took place during the period of lowest
freshwater inflow to the Pond. As such, freshwater flow into the pond from direct groundwater
discharge or from the small stream discharging to the northern shore of the pond would be
smaller than at any other time of the year. Putting these two points together, one would expect
the flood tide volume to exceed the ebb tide volume and this is also consistent with the salinity
data that indicates that ebb tide pond salinity was higher during tidal flux 3 compared to tidal flux
1 and 2. It is also important to note that tidal flux 1 (June 8) showed the lowest salinity at a time
when freshwater inflow to the pond during the spring early summer period of the hydrologic cycle
would be greater than later on in mid (tidal flux 2, July 16) and late (tidal flux 3, September 2)
summer when the low flow period of the annual hydrologic cycle is reached.
Due to the atypical results obtained from tidal flux experiment 3, a fourth tidal flux was
undertaken on April 6, 2016 during what is typically the high flow portion of the hydrologic year.
This fourth tidal flux experiment was undertaken by UMD-SMAST graduate students, under CSP
supervision, who were completing a class in estuarine dynamics and had selected Cockeast
Pond as a case study. Tidal flux 4 was completed by some of the same people who participated
in tidal fluxes 1,2,3 and followed the same procedures to maintain cross comparability of data
sets. Results of tidal flux 4 are provided in Table 9b along with results of the three previous tidal
fluxes completed in the summer 2015. Not surprisingly, while tidal flux 4 was completed under
nearly spring tide conditions, the ebb tide volume was significantly larger than the flood tide
volume, mainly due to the significant increase in freshwater inflow to the pond during spring time
high flow period of the hydrologic year. The significant inflow of freshwater is manifest in the
measured ebb tide salinity recorded during tidal flux 4 which averaged ~5 ppt (the lowest
observed salinity of the four tidal flux experiments completed to date).
Looking at the results from all four tidal fluxes in aggregate, it would appear that Cockeast Pond
generally functions as an exporter of flow, freshwater and nutrient load to the larger Westport
Harbor system. As tidal flux 3 indicates, there may be times during the year when very specific
conditions exist allowing more flow to enter Cockeast Pond from the harbor than leaves on the
ebb tide, thereby reducing the amount of nutrient load leaving the Pond, however, that is an
atypical scenario. Based on the results of all four tidal flux experiments, we would still maintain
that to the extent the duration of the flood tide into Cockeast Pond can be extended allowing
more low nutrient, low CHLA water from the Westport Harbor to flood into Cockeast Pond on
typical tides, the greater the chance of improvement in overall water quality of the pond. This
should, however, be combined with nutrient load reductions from the watershed or from within
the pond.
Table 9a. Summary of flow and nutrient fluxes during tidal flux experiment 3. Flood is
represented by (+) values and ebb is represented by (-) values.
MASS FLUX

FLOW
(m3)

Flood (+)
Ebb (-)
Net Flux

3834.3
-1040.4
2793.9

Salt
(kg)
121173.7
15096.3
106077.4

PO4
(kg)
0.072
-0.002
0.070

NH4
(kg)
0.010
-0.012
-0.002

Nox
(kg)
0.002
-0.002
0.000

DIN
(kg)
0.012
-0.014
-0.002
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DON
(kg)
0.968
-0.892
0.076

TDN
(kg)
0.980
-0.906
0.074

POC
(kg)
2.175
-2.626
-0.451

PON
(kg)
0.299
-0.334
-0.035

TON
(kg)
1.267
-1.226
0.041

TN
(kg)
1.279
-1.240
0.039

Table 9b. Nearest spring tide, nearest perigee, max harbor stage, inflow volume, outflow
volume, and pond stage for each tidal flux completed at Cockeast Pond.
Date
of Flux

Nearest
Spring Tide

Nearest
Perigee

Max Harbor Inflow
Stage (m)
m3/tide

Outflow
m3/tide

Pond
Height (m)

06/08/2015
07/16/2015
09/01/2015
04/06/2016

06/03/2015
07/16/2015
08/30/2015
04/04/2016

09/28/2015
09/28/2015
09/28/2015
11/14/2016

0.66
0.69
0.97
0.74

-341
-1206
-1040
-5365

0.38
0.44
0.48
0.62

171
549
3834
923

The small stream flow into Cockeast Pond was not discovered until February 2016, therefore
summer data representing stream flow into the pond is not available to compare the effects of
stream flow on summer and spring tidal fluxes. Gauging of the stream began in February 2016
and continues to date. Based on data collected during the MEP Westport River Embayment
Project, the majority of stream flow in two streams, Adamsville Brook and Angeline Brook,
located northeast of Cockeast Pond contribute approximately 50% of their total annual flow to
the Westport River Embayment during March and April (Howes et al, 2006). This information
indicates that highest volumes of stream input into Cockeast Pond is more likely to occur during
March and April than the summer months, consistent with the large ebb tide volumes observed
during tidal flux 4 compared to tidal fluxes 1,2 and 3.

Figure 23. Plot of flood and ebb tide Chlorophyll-a and salinity concentrations under spring tide
conditions.
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Figure 24. Plot of flood and ebb tide total nitrogen (TN) and salinity concentrations under spring
tide conditions.

Summary of Benthic Infaunal Analysis:
Staff have not been able to find any evidence of historical eelgrass habitat in Cockeast Pond in
the modern era, 1951 to present. This is consistent with inlet restrictions over the past several
decades and current water quality (past 8 years). As previously mentioned, in areas that do not
support eelgrass beds, benthic animal community indicators are used to assess the level of
habitat health. Benthic animal species from sediment samples collected in November 2015 from
Cockeast Pond (8 sites) were identified and the environment ranked based upon the fraction of
the community represented by healthy, transitional, and stressed indicator species. The analysis
is based upon life history information on the species and a wide variety of field studies within
southeastern Massachusetts waters, including the Wild Harbor oil spill, benthic population
studies in Buzzards Bay (Woods Hole Oceanographic Institution) and New Bedford (SMAST),
and more recently the Woods Hole Oceanographic Institution Nantucket Harbor Study (Howes
et al. 1997). These data were coupled with the level of diversity (H’) and evenness (E) of the
benthic community and the total number of individuals to determine the infaunal habitat quality
throughout the Cockeast Pond system. This ecological assessment approach is completely
consistent with the benthic infaunal analysis completed for the Westport River under the
Massachusetts Estuaries Project and as such is directly comparable to the MEP findings in the
Westport River Estuary as well as all other estuarine systems evaluated by the MEP across all of
southeastern Massachusetts.

32

Figure 25. Aerial photograph of the Cockeast Pond system showing location of benthic infaunal
sampling stations (blue symbol).

Analysis of the evenness and diversity of the benthic animal communities was also used to
support the density data and the natural history information. The evenness statistic can range
from 0-1 (one being most even), while the diversity index does not have a theoretical upper limit.
The highest quality habitat areas in southeastern Massachusetts estuaries have the highest
diversity (generally >3) and evenness (~0.7). The converse is also true, with poorest habitat
quality found where diversity is <1 and evenness is <0.5.
Two grabs were collected at each site (Figure 25). Samples were analyzed for number of
species and number of individuals to determine species diversity and abundance in Cockeast
Pond. The benthic community in both northern and southern basins is dominated by insect
larvae (Chirinomidae or non-biting flies) with estuarine species of crustaceans, mollusks and
polychaetes. Very low numbers of pollution indicator species were observed (Capitella,
Tubificoides), consistent with impairment through nutrient enrichment. The Chirinomidae and
more marine species serve as prey for a variety of fish species.
Overall, the benthic community indicates nitrogen impaired habitat quality that is in low salinity
brackish waters. The community has very low Diversity and generally low Evenness indicative
of impaired habitat. While the species were generally similar from the north to the south basin,
the number of individuals in the north basin was very low, less than 1/10th of the southern basin.
This difference may be related to the distribution of macroalgal accumulations within the Pond,
based on preliminary field observations. Restoration of benthic habitat will require a lowering of
the current level of nitrogen enrichment throughout the pond waters.
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Table 10. Summary of benthic infaunal community data in Cockeast Pond (November 2015).
Estimates of the number of species adjusted to the number of individuals and diversity (H’) and
Evenness (E) of the community allow comparison between locations (Samples represent
surface area of 0.0625 m2). Stations refer to map in Figure VII-8, duplicate samples were
obtained for each site.

SubTotal Actual
Embayment
Species
COCKEAST POND
Northern Basin

3.6

Total Actual
Individuals

Species
Calculated
@75 Indiv.

Weiner
Diversity
(H')

61

4

0.99

0.58

1,2,3,4

3

0.49

0.30

5,6,7,8

Southern Basin
3.4
675
* Station i.d.'s refer to stations shown in Figure 25
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Evenness Sta. i.d.
(E)
CP-#
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