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RE: Long Pond Floating Wetland Monitoring: YR1 & YR2 summary

I. Background

The Town of Barnstable has prepared an updated Town-wide, State-approved Comprehensive
Wastewater Management Plan (CWMP) in order to restore nutrient impacted estuaries, as well as
addressing USEPA/MassDEP TMDL and 208 compliance. As part of this on-going effort, the
Town Department of Public Works (DPW) began a process to develop a comprehensive town-
wide pond and lake water quality strategy that would complement and integrate with the CWMP
and asked for assistance from Coastal Systems Program at the School for Marine Science and
Technology, University of Massachusetts Dartmouth (CSP/SMAST). CSP/SMAST developed
and reviewed available pond and lake water quality data in 2021! and began the process of
addressing identified data gaps that were necessary to develop pond management plans.

As part of this effort, CSP/SMAST completed a diagnostic assessment and management plan for
Long Pond in Marstons Mill in 2022.2 This Management Plan showed that phosphorus from
wastewater sources was the primary cause of water quality problems in the pond. The Town had
previously included the watershed to Long Pond as a CWMP Phase 3 area for sewering (21-30
years) and the Pond Management Plan recommended that the Town consider alternative
strategies to reduce watershed phosphorus (P) and/or P within the pond water column while
awaiting Phase 3 implementation. In response to the Long Pond Management Plan, the Town
proposed installing and monitoring the impact of one of the experimental, alternative strategies
to remove P within the pond water column: floating wetlands.

! Eichner, E. and B. Howes. 2021. Town of Barnstable Freshwater Ponds, 2021 Water Quality Monitoring Database:
Development and Review. Coastal Systems Program, School for Marine Science and Technology, University of
Massachusetts Dartmouth. New Bedford, MA. 106 pp.

2 Eichner, E., B. Howes, and D. Schlezinger. 2022. Long Pond Management Plan and Diagnostic Assessment. Town of
Barnstable, Massachusetts. Coastal Systems Program, School for Marine Science and Technology, University of
Massachusetts Dartmouth. New Bedford, MA. 110 pp.



II. Long Pond Floating Wetland Design and Installation

Long Pond is an approximately 50-acre Great Pond located in the village of Marston Mills in the
Town of Barnstable with a maximum depth of 7 m. Due to how the pond is situated in the
regional aquifer, most of the watershed groundwater discharge and its accompanying nutrients
flows into the northern portion of the pond. As such, the northern portion was selected for the
deployment of the floating wetland (Figure 1).

Ten floating wetland rafts (plus one control raft) were installed in the northern reaches of Long
Pond on April 24, 2024 in areas with depths of no more than 3 m. Each 2.0 m x 2.1 m raft was
made of a buoyant high-density polyethylene matrix with planting holes for 36 (n =6) or 72 (n =
4) plants per raft®> Floating wetland rafts with plants covered an area of 42 m? (455 ft)
(including the control raft, 46.2 m?, 500.5 ft?). The Town obtained 5 cm plugs of seven native
plant species from New England Wetland Plants, Inc. (Table 1) and these plugs were planted on
the rafts based on a configuration determined by the Town of Barnstable (Figure 2).

CSP/SMAST collected plant and biomass samples twice during both 2024 and 2025. At the
initial raft deployment on April 24, 2024, two to three samples of each plant species on the rafts
were collected to determine the total phosphorus, plant counts, and biomass content. This
process was completed again after the growing season on September 30, 2024. After the
growing season, the floating wetland rafts were moved to a more sheltered cove in Long Pond
for over-wintering from October 2024 to April 2025. Plant counts and plant samples were
collected for the second year on March 27, 2025 and during the final harvest and removal on
October 22, 2025.

The collected subsampled plants were measured by species for plant whole wet weight and
separate weights for above ground (shoots) and below ground (roots) portions. Corresponding
dry weight biomass were also measured. Wet to dry ratios of the shoots and roots were
calculated. Samples were ground and homogenized and approximately 0.1 g of the shoots and
roots of each species were used to measure the total phosphorus (TP) content using hot acid
digestion. The TP concentration (mg TP/g dry weight sub-sample) of the shoots + roots was
multiplied by the corresponding shoot or root dry weight (g) to calculate the total mass of P (mg)
for each species. The mass of TP and the total number of plants per species present in the spring
and fall of 2024 and 2025 were used to determine the total TP within the floating wetland rafts.

During each year of the raft deployments, water quality samples were also collected from the
Long Pond water column. Water quality samples were collected by Town staff at three locations
spanning Long Pond (North, Main, and South), with the North station proximal to the floating
wetland rafts and the Main and South over the deepest and second deepest basin, respectively
(see Figure 1). Samples were previously collected in 2021 at the Main and South sites during
the Long Pond Management Plan sampling. All water column samples were processed by the
Coastal System Program Analytical Facility. Five sampling events were conducted during each
year: 2024: 4/16, 5/21, 6/10, 7/16, 8/20 and 2025: 4/8, 5/13, 6/3, 7/23, 9/15.

3 https://midwestfloatingisland.com/ (accessed 1/27/26)
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Figure 1. Long Pond Floating Wetland Location and Rafts. Aerial image shows the location
of the floating wetland deployment area (left picture), while the right picture shows the 2.0 m X
2.1 m rafts that were deployed (picture is from September 2024). Long Pond is a 7 m deep, 50
acre Great Pond in the Marston Mills village within the Town of Barnstable, MA. Yellow stars
show the location of the 2024-2025 pond water column water quality sampling sites used during
the monitoring of the floating wetland performance: LP-North, LP-Main, and LP-South.



Table 1.

Plant Species installed on Floating Wetland Rafts.
species were installed on the Long Pond floating wetland rafts.

coded to match distribution grids in Figure 2.

Seven native aquatic plant
The listed species are color

Common Name Latin Name Color Type
Lurid Sedge Carex lurida (CL) CL Grass
Common Rush Juncus effusus (JE) Grass
Pickerelweed Pontederia cordata (PC) PC Herb
Sweet Flag Acorus americanus (AA) AA Herb
Swamp Milkweed Asclepias incarnata (Al) Al Herb
Green Bulrush Scirpus atrovirens (SA) Grass
Ironweed Vernonia noveboracensis (VN) VN Herb
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Figure 2. Plant Species Distribution on Floating Wetland Rafts.
native aquatic planting arrangement of the 36-planting hole (left) and 72-planting hole (right)
floating wetland rafts deployed in Long Pond in April 2024. Species color coding matches color
codes in Table 1. A total of 500 plants were installed in the initial April 2024 raft deployment
and then were counted during each subsequent seasonal plant sampling: September 2024, March
2025, and October 2025.

Diagrams showing the



III. Floating Wetland Plant Results

Six of the seven species installed on the floating wetland rafts in 2024 exhibited substantial
average wet weight biomass increases over the first growing season between April and
September (Figure 3). Pickerelweed did not survive through the growing season. Lurid Sedge
showed the greatest net increase in biomass, but all other species showed an increase of at least
5X the initial biomass. Variability in biomass for individual samples at the end of the growing
season was prevalent and was highest for Swamp Milkweed and Lurid Sedge.

After overwintering in a more sheltered section of the pond, the floating wetlands were deployed
again at the same location in 2025. CSP/SMAST collected biomass samples before the growing
season (March 27) and after the growing season (October 22). Initial March 2025 biomass
weight for most species was less than the September 2024 biomass weights with Common Rush
most closely matching the September 2024 biomass (Figure 4). During the 2025 growing
season, most of the species exhibited little or no change in wet weight biomass. Sweet Flag
showed a clear increase in biomass, but all the other species had average decreases between
March and October 2025. Review of variation in individual sample results suggest little or no
change in biomass among most of the species. Ironweed was 10 withered plants in spring 2025
so sub-samples were not collected, but at the end of growing season, displayed moderate
biomass, suggesting establishment after the March sampling.

Overall, the results generally demonstrate large species-specific biomass increases in Year 1
(2024), but little to no biomass development in Year 2 (2025). Common Rush achieved the
highest wet weight biomass at the end of the 2025 season, followed by Lurid Sedge and Sweet
Flag, all of which showed pronounced gains relative to their initial biomass. The highest
variability in individual biomass readings occurred for Common Rush, Lurid Sedge, and
Ironweed, suggesting greater heterogeneity in growth performance among individual plants. In
contrast to these species, Pickerelweed did not survive the first year. The results highlight
species-specific differences in long-term biomass accumulation and species with high growth
potential, but suggest that plants need to be replaced each year to sustain biomass accumulation.

Another measure of prospective species of future floating wetland deployment is plant
abundance. Plant abundance varied among species and across sampling periods during the
project deployment (Figure 5). Common Rush, Sweet Flag, and Lurid Sedge consistently
exhibited the highest plant counts throughout the study, indicating strong establishment and
persistence. Swamp Milkweed had slightly lower counts, but also showed persistence. In
contrast, Green Bulrush and Ironweed experienced pronounced reductions in plant counts
following deployment, suggesting lower survival or thinning during conditions in 2024 and
2025. Pickerelweed was observed only during the initial spring 2024 sampling and was not
present during subsequent sampling periods. On the other hand, Blue Vervain was not planted
on the rafts, but colonized the raft between March and October 2025. Overall, these results
demonstrate clear species-specific differences in survival, persistence, and recruitment within the
floating wetland over the deployment period.



Long Pond Marston Mills Floating Wetland: Plant Biomass Change in Year 1
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Figure 3. 2024 Floating Wetland Biomass. Whole-plant biomass (g wet weight) of floating
wetland plant species at the Long Pond—Marston Mills site from deployment in April 2024 to the
end of the growing season in September 2024. Blue and orange bars represent mean biomass for
each species with error bars indicating variability among samples (n=1-2). Note that
Pickerelweed (P. cordata) did not survive the growing season.

Long Pond Marston Mills Floating Wetland: Plant Biomass Change in Year 2
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Figure 4. 2025 Floating Wetland Biomass. Whole-plant biomass (g wet weight) of floating
wetland plant species at the Long Pond—Marston Mills site was determined in 2025/Year 2 in
March 27 (blue bars) to October 22 (orange bars). Standard error bars indicating variability
among samples (n=2-3). Note there were no samples taken for Ironweed (V. noveboracensis) in
the spring since there were only 10 frail plants from the previous season recorded. Pickerelweed
(P. cordata) was not present at all in Year 2, and Blue Vervain was a new species detected only
in October.
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Long Pond Marston Mills: Floating Wetland Plant Counts During Project Deployment
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Figure 5. Long Pond Floating Wetland Plant Abundance: 2024-2025. Plant abundance
(number of individuals) was measured in the spring and fall of both 2024 and 2025. Common
Rush, Lurid Sedge, Swamp Milkweed and Sweet Flag were the most persistent species over the
two years. Pickerelweed did not survive the initial deployment and the new occurrence of an
unplanted species, Blue Vervain, was noted during the 2025 monitoring.

Plant dry weights were determined by shoots and roots during each of the plant samplings in
both 2024 and 2025. These weights varied as a function of plant biomass, species, and season
and were used to quantify total phosphorus (TP) content. All species were initially planted as 5-
cm plugs in spring 2024. Following the first growing season, dry weights increased for all
species except Pickerelweed, which did not survive beyond the initial growing season and was
absent by fall 2024 (Figure 6). Average Year 1 weight gain varied with Lurid Sedge and
Ironweed having the largest increases (149 g and 123 g, respectively). Swamp Milkweed had the
lowest average Year 1 weight gain (27 g). Most of the Year 1 weight increase occurred in the
roots (82% to 98% by species). There was high heterogeneity in growth among individuals (see
fall 2024 error bars in Figure 6).

After overwintering, plant dry weights were determined again in the spring 2025 (Year 2). As
would be expected, spring 2025 dry weights were greater than the dry weights of the initial
spring 2024 plantings, but lower than the fall 2024 weights. Comparison of spring 2024 and
2025 weights showed a range of increase by species: Lurid Sedge had the greatest percentage
increase (577%), while Green Bulrush was approximately 50% greater. The largest mass
increase was 40.2 g whole plant weight for Common Rush. In contrast, all species had spring
2025 weights lower than fall 2024 weights. Weight reductions ranged from 24 g whole plant
loss for Swamp Milkweed (85% loss) to 129 g loss for Lurid Sedge (84% loss). Most of the loss
from fall 2024 to spring 2025 was from the root portions of the plants: root weight loss was 86%
to 99% of the dry weight loss.

In October 2025, plant weights were determined again and, while they were greater than spring
2025, they generally were lower than fall 2024. Average fall 2025 total weight across all species
was 41 g compared to 107 g in fall 2024. The average increase from spring to fall 2025 was 19 g
compared to 104 g from spring to fall 2024. Maximum increase in 2025 was 30 g for Common
Rush. It was also notable that a greater proportion of the fall 2025 total weight was shoots
(average 16 g and 36% across all species) compared to 92% in root in the fall 2024 weights
(average 101 g). Overall plant weights were lower in Fall 2025 compared to Fall 2024.
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Long Pond Marston Mills: Floating Wetland Plant Dry Weight - Spring 2024
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Long Pond Marston Mills: Floating Wetland Plant Dry Weight - Spring 2025
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Figure 6. Long Pond Floating Wetland Plant Weights: 2024-2025. Dry weight of shoots, roots, and a whole plant
(g per plant) for plant species were determined prior to and after raft deployment each year. Standard error bars
indicating variability among samples (n=1-3). Note the seasonal change in the y-axes.




It is also noteworthy that Blue Vervain (Verbena hastata) was found on the rafts in fall 2025
even though it was not one of the species planted on the rafts. Blue Vervain is a perennial
wildflower that prefers moist conditions and full to partial sun. It is distributed throughout the
contiguous United States and southern provinces of Canada and is often found in meadows,
riversides, and ditches.* In fall 2025, it had the highest dry weight (84 g) among the noted
species with roots and shoot 53% and 47%, respectively, of the dry weight.

Aside from weights, total phosphorus (TP) concentrations were also determined by assay on the
dry weight fractions of roots and shoots for each species during the spring and fall of 2024 and
2025 (Figure 7). During the initial sampling in spring 2024, Sweet Flag had the highest TP level
(2.8 mg/g) with lowest TP level in Pickerelweed (0.5 mg/g). Shoots generally had higher TP
content than roots, but Ironweed and Swamp Milkweed had higher TP levels in their roots.
Average whole plant TP level was 1.4 mg/g. On average, shoots were 50% of the whole plant
TP with Green Bulrush having the highest percentage of its TP concentration in shoots (65%)
and Swamp Milkweed having the lowest percentage (35%).

After the summer growing season, the fall 2024 roots and shoots TP concentrations decreased
from spring levels in all species except Swamp Milkweed. Shoots TP levels decreased by 0.1 to
1.2 mg/g except for Swamp Milkweed, which increased by 0.3 mg/g. Roots TP decreased in all
species compared to spring 2024 levels with a range of 0.02 mg/g (Swamp Milkweed) to 0.8
mg/g (Ironweed). Whole plant levels decreased on average by 57% with a range of +0.3 mg/g
(Swamp Milkweed) to -1.9 mg/g (Sweet Flag).

Testing of TP concentrations the following spring 2025 showed that TP levels increased for all
species. TP levels were slightly higher than spring 2024 levels (average +0.4 mg/g) and roughly
50% higher than levels in fall 2024 (average +1.1 mg/g). Average total plant TP concentration in
spring 2025 was 1.8 mg/g. Shoots had the highest portion of the whole plant TP concentration
among all of the species and averaged 1.0 mg/g. The range of whole plant TP levels was 1.6
mg/g (Green Bulrush) to 2.4 mg/g (Sweet Flag).

In fall 2025, TP levels again decreased from spring 2025 to levels similar to those measured in
fall 2024. Average whole plant TP concentration was 0.9 mg/g (approximately half of the level
in spring 2025). Shoots had higher TP levels than roots in six of the seven species, only Swamp
Milkweed had a higher TP concentration in its roots than in its shoots. Ironweed, Swamp
Milkweed, Sweet Flag and Blue Vervain all had similar whole plant TP concentrations (1.0-1.1
mg/g) with Common Rush (0.5 mg/g) have the lowest level.

Overall, the TP testing from both years showed that TP concentrations tended to be higher in the
spring and lower in the fall with almost all species having that pattern; only Swamp Milkweed in
2024 had higher TP level in the fall, but did not in 2025. On average, shoots had higher TP
levels than shoots throughout the year with some variation among species. Species with the
highest whole plant TP concentrations were Sweet Flag and Ironweed in spring 2024, Swamp
Milkweed and Sweet Flag in fall 2024, Sweet Flag and Common Rush in spring 2025, and
Swamp Milkweed, Sweet Flag and Blue Vervain in fall 2025.

4 https://plants.usda.gov/DocumentLibrary/factsheet/pdf/fs_veha2.pdf (accessed 1/23/26).
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Long Pond Marston Mills: Floating Wetland Plants Mean Total Phosphorus Concentration - Spring
2024
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Figure 7. Long Pond Floating Wetland Plant TP Concentrations: 2024-2025. TP levels (mg/g) of shoots, roots,
and a whole plant for plant species were determined prior to and after raft deployment each year. Standard error bars
indicating variability among samples (n=1-3). Note the seasonal change in the y-axes.
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The mass of TP in the floating wetland plant species was determined by combining the measured
TP concentrations and dry weights. TP mass varied markedly among species and sampling dates
over the two-year deployment period (Figure 8). In spring 2024, the average initial TP mass
among the planted species was 2.0 mg with a range of 0.2 mg (Ironweed) to 5.3 mg (Common
Rush). An average of 66% of the total plant TP mass was in the root portion, but this varied
between 47% (Green Bulrush) to 83% (Swamp Milkweed). By the fall 2024, the TP mass by
species had increased an average of 32X with a range of 5X (Green Bulrush and Common Rush)
to 136X (Ironweed) with an average whole plant TP mass of 23.1 mg. Range of whole plant TP
mass in the fall 2024 readings was 8.7 mg (Green Bulrush) to 29.6 mg (Ironweed). Pickerelweed
did not survive the summer. An average of 86% of the total plant mass TP in fall 2024 was in
the root portion of the plants.

The rafts overwintered in Long Pond and plant sampling in spring 2025 showed that most plants
had a reduction in TP mass from fall 2024 levels except for Common Rush, which increased
from 23.0 mg in fall 2024 to 43.8 mg in spring 2025. The average decrease among the other
species was 63%. Ironweed did not survive the winter. Most of the TP mass loss was in the root
portion with shoots increasing for three species (Green Bulrush, Common Rush, and Lurid
Sedge) and changing very little for Sweet Flag (-7%). Only Common Rush had an increase in
root TP mass between fall 2024 and spring 2025. On the other hand, all species had higher TP
mass in spring 2025 than in spring 2024. The average spring 2025 whole plant TP mass among
all species was 12.4 mg.

In fall 2025, the TP mass for most species increased from the spring 2025 TP masses, but was
less than the fall 2024 TP masses. The average fall 2025 TP mass among all the species was
19.0 mg with a range of 9.1 mg (Sweet Flag) to 47.1 mg (Blue Vervain). The proportion of the
TP in the roots averaged 60%, which was noticeably less than the 86% in fall 2024. Common
Rush was the only species that had a decrease in TP mass from the spring TP mass readings,
decreasing from 43.8 mg to 23.4 mg; most of this loss (20.8 mg) was from the roots. Most of the
TP increase in the other species was in the roots: average increase of 4.5 mg TP in the roots
without including the Common Rush loss, compared to 0.3 mg TP average growth in the shoots.
The fall 2025 average mass of 19.0 mg was relatively consistent with the fall 2024 average TP
mass (23.0 mg), but an average of 40% of the totals was shoots, as opposed to only 14% of the
totals in fall 2024. Comparison of fall 2024 and fall 2025 whole plant TP mass showed that fall
2025 masses were 17% to 69% lower except for Green Bulrush, which was 32% higher. If not
for the additional recruitment of Blue Vervain on the rafts, the average fall 2025 TP mass would
have been 14.4 mg, which would not have been statistically different from the 12.4 mg TP mass
in the spring.

Overall, the initial growth during the first 2024 season had a notable increase in TP mass
(average 1065% increase among the species) from the spring to fall, followed by an average 30%
decrease during the 2024/2025 winter and then a 54% mass increase that largely occurred
because Blue Vervain began to grow on the rafts. Review of the individual species changes
between the seasonal samplings showed a wide range of responses.
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Long Pond Marston Mills: Floating Wetland Plants Mean Total Phosphorus per Species Spring 2024
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Figure 8. Long Pond Floating Wetland mass TP measured in shoots, roots, and whole plants at the Long Pond-Marston Mills site
in spring and fall in both 2024 and 2025. Note the addition of plant species Blue vervain and the seasonal change in the y-axes.
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The final step in determining the total mass of TP removed by the rafts was determining the total
number of plants of each species on the rafts during each seasonal visit. During the initial April
2024 planting, a total of 500 plants were installed: 50 each of Green Bulrush, Lurid Sedge,
Pickerelweed, and Swamp Milkweed and 100 each of Ironweed, Common Rush, and Sweet Flag
(Figure 9). By September, the total number of plants had been reduced to 303 with a loss of all
the Pickerelweed, almost all the Green Bulrush (4 remained) and Ironweed (14 remained) and a
large portion of the Sweet Flag (63 remained). Common Rush and Swamp Milkweed only lost a
few individuals (3 and 5, respectively), while Lurid Sedge gained 30 individuals. Multiplying
these counts by the total plant TP mass for each species showed there was 1.06 g TP in April and
7.92 g TP in September, a net increase of 6.87 g TP (Figure 10). Based on the 42 m? of the
rafts, the net TP increase was 0.16 g/m?. The largest portions of the net increase were Common
Rush, Lurid Sedge, and Sweet Flag (32%, 31%, and 24%, respectively).

After overwintering, the March 2025 total plant count was similar to the September 2024 count
(320 and 303, respectively). Green Bulrush, Swamp Milkweed, and Sweet Flag all had plant
count increases (7, 17, and 13, respectively), while Ironweed, Common Rush, and Lurid Sedge
plant counts decreased (4, 5 and 11, respectively). The resulting March 2025 total TP mass was
5.91 g, which was 2.02 g less than the September 2024 TP mass. Included in the overall
decrease were increases in the Common Rush and Green Bulrush TP mass (1.28 g and 0.01 g,
respectively).

In October 2025, the total plant count increased to 381 with all of the increase from the March
2025 count occurring due to the addition of Blue Vervain. There was no change in the plant
counts for any of the other species. The resulting October 2025 total TP mass was 7.85 g, which
was 1.94 g TP more than the March 2025 mass (a net TP increase of 0.05 g/m?). The Blue
Vervain was the primary source of the increase (2.87 g TP), while the Common Rush had a
notable decrease (-1.87 g). Comparison of the total October 2025 TP mass to September 2024
TP mass showed that they were essentially the same (7.85 g and 7.92 g, respectively).

Comparison of readings in October 2025 and April 2024 showed the impact of the rafts over the
two year deployment period. The total plant count decreased by 119 plants with a loss of 90 of
the 100 Ironweed that were originally planted, all 50 of the Pickerelweed, 39 of the 50 Green
Bulrush, and 24 of the 50 Sweet Flag. Lurid Sedge gained 19 plants, Swamp Milkweed gained
12, and Blue Vervain, which was not planted in 2024 or 2025 gained 61 (all during the summer
of 2025). Review of the corresponding TP masses showed an overall increase of 6.79 g with the
largest contributors from Blue Vervain (2.87 g), Common Rush (1.63 g), and Lurid Sedge (1.00
g). If the Blue Vervain colonization and its additions to TP mass were not included, the total TP
mass in fall 2025 would have been 4.97 g TP or less than the spring 2025 TP mass. Based on the
42 m? of raft area, the overall areal uptake between April 2024 and October 2025 was 0.16 g/m?.
Comparison of April 2024 to September 2024 had the same overall areal uptake (0.16 g/m?), but
the comparison of March 2025 to October 2025 had a much lower overall areal uptake (0.05
g/m?).
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Long Pond Marston Mills: Floating Wetland Plant Counts During Project Deployment
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Figure 9. Long Pond Marston Mills: Floating Wetland Plant Counts. During the initial
April 2024 planting, a total of 500 plants were installed: 50 each of Green Bulrush, Lurid Sedge,
Pickerelweed, and Swamp Milkweed and 100 each of [ronweed, Common Rush, and Sweet Flag.
Plant counts were completed in September 2024, after the growing season, and again in the
spring and fall of 2025. Plant counts generally decreased for most species, but selected species
(i.e., Lurid Sedge and Swamp Milkweed had increases). Pickerelweed died off by the September
2024 count and Blue Vervain, which was not planted, was found on the rafts in October 2025.

Long Pond Marstons Mills: Floating Wetland Total Phosphorus Mass: 2024-2025
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Figure 10. Long Pond Marston Mills: 2024/2025 Floating Wetland Total Phosphorus
Mass. Plant counts and TP concentrations by species were combined to provide TP mass
measurements for each of the seasonal surveys. During spring 2024, the total TP mass was 1.06
g and this mass increased to 7.92 g in fall 2024 for a net 2024 increase of 6.87 g. During 2025,
the spring mass was 5.91 g TP and this increased to 7.85 g in fall 2025 for a net 2025 increase of
1.94 g. The larger 2024 increase occurred due to rapid fill in of the raft (mostly root growth) and
despite loss of nearly 200 plants. The 2025 increase was largely due to the summer colonization
and growth on the raft of Blue Vervain.
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Water Quality Monitoring Results

As mentioned, water quality samples were collected between April and September in both 2024
and 2025. During previous sampling in 2021 samples were collected at the Main and South
stations, while in 2024 and 2025, samples were collected at the Main and South stations again
and a North station, near the floating wetlands, was also monitored. As previously mentioned,
five sampling events were conducted during each year: 2024: 4/16, 5/21, 6/10, 7/16, 8/20 and
2025: 4/8, 5/13, 6/3, 7/23, 9/15. Maximum depths at the monitoring stations were: 3.7 m North,
6.9 m Main, and 6.2 m South.

All temperature profiles in 2024 and 2025 at the North station had insufficient temperature
differences to create any thermal stratification, but the Main and South stations did have
occasional stratification (Figures 11, 12). Given the North station shallow depth, it would be
expected that temperatures would be relatively isothermal. Profiles at the Main station, which is
much deeper, had stratification at 4 m (6/10) and 5 m (7/16) in 2024, but did not have any
stratification in profiles collected in 2025. The South station had one profile with temperature
stratification in 2024 (6/10), but all the other profiles had insufficient temperature differences to
create stratification. The infrequent stratification was consistent with the April to October 2021
measurements, which had one event in June in both the Main and South basins.>

Corresponding dissolved oxygen (DO) profiles were generally consistent with the well-mixed
water columns (Figures 13, 14). All DO levels at the North station were relatively consistent
throughout the water column with all of the DO readings greater than the MassDEP regulatory
minimum (5 mg/L®. Under these conditions and based on the sediment core incubations
completed in 2021, the sediments would not release phosphorus to the water column. The 2021
incubations showed anoxic conditions (i.e., DO <1 mg/L) would release phosphorus from the
sediments, but aerobic conditions caused the sediments to remove phosphorus from the water
column.” The Main and South stations had lowered DO concentrations in selected 2024 profiles,
but none in 2025 profiles. Main station had deep DO concentrations less than the MassDEP
minimum on 5/21, 6/10, and 8/20, but none of the levels were anoxic (minimum was 2.9 mg/L at
6 m on 6/10). As none of these levels were anoxic, phosphorus release from the sediments
would be minimal.

Review of DO % saturation showed levels tended to be higher in 2024 than 2025, but both years
had persistent excessive levels consistent with high phytoplankton growth. DO levels with well-
mixed water column typically have % saturation levels near 100%, which is equilibrium with
atmospheric oxygen levels. In settings with excessive nutrients, phytoplankton photosynthesis
can add DO to the water column faster than wind mixing can achieve equilibrium, often
achieving saturation levels in excess of 110%. In 2024, DO % saturation levels at the three
monitoring stations were generally at 110% or greater except for the August 20 monitoring when
levels decreased to near 90% (Figure 15). Deeper readings at the Main station were less than
55% in all profiles except the June and July profiles. In 2025, profiles in July and September
were near 110%, but the other samplings generally had levels consistent with atmospheric
equilibrium (i.e., 95%-100%) (Figure 16).

3 Figure IV-2 in Eichner, E., B. Howes, and D. Schlezinger. 2022. Long Pond Management Plan and Diagnostic Assessment.
6314 CMR 4.05(3)(b).
7 Figure IV-27 in Eichner, E., B. Howes, and D. Schlezinger. 2022. Long Pond Management Plan and Diagnostic Assessment.
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Review of water column TP concentrations in 2024 and 2025 showed relatively similar levels in
all shallow stations, as well as at North shallow and deep stations near the floating wetlands
(Figure 17). Average deep TP levels in the Main and South basins had elevated average TP
concentrations, but they were not significantly different from shallow averages (Ttest, p<0.05).
North shallow concentrations averaged 12.9 pg/L in 2024 and 13.2 pug/L in 2025 (no significant
difference, Ttest, p=0.90). Average shallow TP concentrations at the North, Main, and South
stations over both years were 13.0 ug/L, 13.6 pg/L, and 12.5 pg/L, respectively. None of these
averages were significantly different.

Comparison of the 2024/2025 data to the 2021 data showed that the average 2021 and 2024
shallow TP concentrations at the Main station were not significantly different (16.8 pg/L and
13.8 ng/L, respectively), but the 2025 levels were significantly different (16.8 ug/L and 13.4
ug/L, respectively). Combined 2024/2025 shallow average at the Main station was not
significantly different from the 2021 average at the same station. None of the comparisons of the
2021 shallow South station averages to 2024, 2025, and 2024/2025 combined shallow averages
were significantly different.

Secchi water clarity readings also suggested that there were differences between 2024 and 2025,
but statistical review showed there were no differences between 2021, 2024, and 2025 readings.
Clarity readings in 2024 at the Main and South stations were similar until June, when the level at
the South station was >1 m higher than at the Main station (Figure 18). The April North station
readings had sufficient light throughout the water column (i.e., the Secchi disk could be seen on
the bottom), but in May it decreased by ~50% (to 1.9 m) and improved a bit in June (2.7 m). In
July, the clarity again improved to 100% (3.2 m), while the Main station clarity generally
matched the South station clarity (4.2 - 4.3 m; 66% and 83% of the water column, respectively).
In August 2024, the North station clarity decreased to 80% (2.7 m) of the total depth, while the
Main and South station clarities decreased to 2.5 m and 1.8 m, respectively. In 2025, the North
station clarity was 100% in both April and May (3.15 m and 3.1 m, respectively), but decreased
to 73% (2.35 m) in June. It had a similar clarity in July (2.4 m), but decreased to 1.95 m in
September. Clarity at the Main and South station were similar throughout 2025: 4.65 m/4.82 m
in April, 4.4 m/4.15 m in May, 1.3 m/1.57 m in June, 2.5 m/2.5 m in July, and 2.1 m/2.1 m in
September, respectively.

Clarity readings generally decreased from April to August/September, something that also
happened in 2021, with the highest variability in the earlier months of the sampling period.
North station readings, near the floating wetland were often 100% (i.e., the Secchi disk could be
seen on the bottom), but also tended to decrease in later summer samplings. Average Secchi
clarity at the North, Main, and South stations over the 2024 and 2025 seasons were 2.6 m, 3.1 m
and 3.2 m with average respective clarity in 83%, 49% and 58% of the water column at the
stations. North station had a lower average clarity and higher percent clarity because of its
relative shallowness (i.e., the system clarity was deeper than the North Station pond bottom).
Average station depth at the time of Secchi readings were 3.2 m, 6.3 m, and 5.5 m, respectively.
None of the average station 2024/2025 Secchi readings were significantly different (p<0.05).
Average 2024 and 2025 Secchi readings at the Main station were also not significantly different
from those measured in 2021. Higher clarity variability in the spring/early summer would be
consistent with variations in temperature, as many phytoplankton have higher growth rates in
warmer temperatures, but review of temperature profiles also suggest that water column mixing
may have also had an impact (2025 profiles had more isothermic profiles).
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Long Pond MM: 2024 Temperature: North
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Figure 11. Long Pond Marston Mills: 2024 Temperature Profiles. Temperature profiles at
the three stations (North, Main, and South) tended to be isothermic, except for stratification that
occurred at the Main station on 6/10 and 7/16 and the South station on 6/10. Isothermic profiles
indicated well mixed water columns.
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Long Pond MM: 2025 Temperature: North
Temperature (°C)
0 5 10 15 20 25 30
O | | | | |
gL /
S 2
o
0 3
4
——4/8 5/13 —=—6/3 —=-7/23 —-9/15
Long Pond MM: 2025 Temperature: Main
Temperature (°C)
0 5 10 15 20 25 30
O 1 1 1 1 1
;-
=
o4 -
(@]
6
——4/8 5/13 —=—6/3 —=-7/23 —-9/15
Long Pond MM: 2025 Temperature: South
Temperature (°C)
0 5 10 15 20 25 30
O 1 1 1 1 1
£
- 2 a
<
o3
(]
(] 4 -
5
——4/8 5/13 —=—6/3 —=-7/23 —-9/15

Figure 12. Long Pond Marston Mills: 2025 Temperature Profiles. Temperature profiles at
the three stations (North, Main, and South) were all isothermic. Isothermic profiles indicated
well mixed water columns.
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Long Pond MM: 2024 Dissolved Oxygen: North
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Figure 13. Long Pond Marston Mills: 2024 Dissolved Oxygen Profiles. DO profiles at the
three stations (North, Main, and South) showed that all levels at the North and South stations
were greater than the MassDEP 5 mg/L minimum. Profiles at the Main station had DO levels
below the minimum on 5/21, 6/10, and 8/20. None of the DO levels were anoxic.
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Long Pond MM: 2025 Dissolved Oxygen: North
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Figure 14. Long Pond Marston Mills: 2025 Dissolved Oxygen Profiles. DO profiles at the
three stations (North, Main, and South) between April and October showed that all levels at all
three stations were greater than the MassDEP 5 mg/L minimum and none of the DO levels were
anoxic.
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Long Pond MM: 2024 Dissolved Oxygen Saturation: North

Dissolved Oxygen (% saturation)
0% 20% 40% 60% 80% 100% 120% 140% 160%

O 1 1 1 1 1 1 1
E]
£2 1
)
O 3 A

4

—-4/16 —+-5/21 —-6/10 —-7/16 —=—8/20
Long Pond MM: 2024 Dissolved Oxygen Saturation: Main
Dissolved Oxygen (% saturation)
0% 20% 40% 60% 80%  100%  120%  140%  160%

O | | | | | | |
E?]
£4 -
2 ) 5
Q6 - ——

8

——4/16 5/21 —e-6/10 —=-7/16 --8/20

Long Pond MM: 2024 Dissolved Oxygen Saturation: South
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Figure 15. Long Pond Marston Mills: 2024 Dissolved Oxygen % Saturation Profiles. DO
profiles at the three monitoring stations (North, Main, and South) consistently showed the impact
of excessive nutrients with DO % saturation levels >110% except for the August 20 profile,
which was generally 90 to 95% throughout the water column at all three stations.
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Long Pond MM: 2025 Dissolved Oxygen Saturation: North
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Long Pond MM: 2025 Dissolved Oxygen Saturation: South
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Figure 16. Long Pond Marston Mills: 2025 Dissolved Oxygen % Saturation Profiles. DO
profiles at the three monitoring stations (North, Main, and South) were generally consistent with
atmospheric equilibrium except for the July 23 and September 15 profiles, which had excess %
saturation levels consistent with the generally higher 2024 levels.  Saturation levels in 2025
tended to have a smaller range than those in 2024.
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Long Pond MM: South: Water Column Total Phosphorus: 2024-2025
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Figure 17. Long Pond Marstons Mills: 2024 and 2025 Water Column TP Concentrations. Review of water
column TP concentrations in 2024 and 2025 showed relatively similar levels in all shallow stations, as well as at North
shallow and deep stations near the floating wetlands. Average deep TP levels in the Main and South basins had
elevated average TP concentrations, but they were not significantly (p<0.05) different from shallow averages. North
shallow concentrations averaged 12.9 ug/L in 2024 and 13.2 pg/L in 2025. None of the average shallow TP
concentrations at the North, Main, and South stations over both years were significantly different.
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Long Pond MM: Secchi Clarity: 2021, 2024-2025
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Figure 18. Long Pond MM: Secchi Clarity: 2021, 2024, and 2025. Clarity readings at the
Main and South stations in 2024 varied depending on sampling date, but they were almost the
same throughout 2025. North station readings, near the floating wetland were often 100% (i.e.,
the Secchi disk could be seen on the bottom), but also tended to decrease in later summer
samplings. Average Secchi clarity at the North, Main, and South stations over the 2024 and
2025 seasons were 2.6 m, 3.1 m and 3.2 m with average respective clarity in 83%, 49% and 58%
of the water column at the stations. North station had a lower average clarity and higher percent
clarity because of its relative shallowness (i.e., the system clarity was deeper than the North
Station pond bottom). Average station depth at the time of Secchi readings were 3.2 m, 6.3 m,
and 5.5 m, respectively. None of the average station 2024/2025 Secchi readings were
significantly different (p<0.05). Average 2024 and 2025 Secchi readings at the Main station were
also not significantly different from those measured in 2021.
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Discussion/Conclusions

Analysis of 2021 water column data collected for the Long Pond Management Plan showed that
the total mass of phosphorus averaged 13.8 kg® and recommended that acceptable water quality
conditions could be attained if the total mass was reduced to 7.4 kg. Review of the how the pond
ecosystem worked showed that watershed wastewater TP reductions were the most appropriate
management options to attain the recommended mass. The Town had already included sewering
of the key properties in the watershed as part of Phase 3 of the CWMP, but Phase 3 was not
scheduled to be implemented until 21-30 years after the start of the CWMP. As such,
CSP/SMAST evaluated a number of experimental phosphorus reduction options within the
Management Plan. One of those options was floating treatment wetlands (FTWs).

The 2024/2025 FTW deployment in Long Pond resulted in a net removal of 6.87 g TP in 2024
and 1.94 g TP in 2025 (see Figure 10). The higher removal in 2024 occurred largely due to
initial root growth in the plants on the wetland rafts despite the loss of nearly 200 of the 500
plants that were originally installed on the rafts. The total area of the rafts was 42 m? (0.01
acres). Phosphorus uptake varied among the species and among the species from year to year.
The 2025 uptake was also enhanced by a plant (Blue Vervain) that was not planted on the rafts
and was not noted in spring 2025, but was present in fall 2025. The April to September 2024 TP
uptake based on the raft area was 0.16 g/m?, while the March to October 2025 uptake was 0.05
g/m?. If the 0.16 g/m*> TP removal could be maintained, 9.7 acres of FTWs (19% of the pond
surface) would need to be deployed to attain the estimated reduction needed to attain acceptable
TP levels in Long Pond. This area is approximately the same as was estimated in the Long Pond
Management Plan. The lack of significant change in 2024 and 2025 water quality conditions in
Long Pond due to the FTW makes sense given the relatively small TP removal: 6.87 g TP
removed in 2024 was 0.065% of the average total water column mass (10.5 kg).

The 2024 TP removal rate in Long Pond was approximately 10% of the 2 g/m? average TP
removal rate in a three-year pilot study of FTWs in Baltimore, Boston, and Chicago quantified
through harvesting above-ground vegetation.” The Charles River FTW in Boston was 71 m? and
had an average plant biomass density of 1.8 kg dry weight (DW)/m?. In contrast, Long Pond had
plant biomass densities of 0.81 kg DW/m? in September 2024 and 0.31 kg DW/m? in October
2025. If just above-ground biomass was harvested in the Long Pond deployment during fall
2025, 0.08 g/m? TP would have been removed.

Part of the difference between the Long Pond and Charles River FTW was likely the much
higher TP concentrations in the Charles River. The North station water column in Long Pond
averaged 0.42 puM over 2024/2025. In contrast, the average seasonal water column TP
concentration in the Upper Charles River, proximal to the Boston study, was 4X to 6X higher:
1.78 uM and 2.49 uM during May-October of 2020 and 2021, respectively.

One of the potential refinements the Town may want to consider if the FTW continues to be
deployed or is enlarged in Long Pond is refining the selection of plants by season and adopting
refined harvesting techniques to maximize phosphorus removal. In Long Pond, the mean spring

8 Figure IV-16 in Eichner, E., B. Howes, and D. Schlezinger. 2022. Long Pond Management Plan and Diagnostic Assessment.

9 Rome, M.; Happel, A.; Dahlenburg, C.; Nicodemus, P.; Schott, E., Mueller, S.; Lovell, K.; Beighley, E. Application of floating
wetlands for the improvement of degraded urban waters: Findings from three multi-year pilot-scale installations. Science
of the Total Environment. 2023, 877, 162669
https://www.sciencedirect.com/science/article/pii/S0048969723012858#s0140

25




above-ground TP ranged from 0.81 g/kg DW (2024) to 1.11 g/kg DW (2025), while fall averages
were 0.48 g/kg DW (2024) and 0.54 g/kg DW. In contrast, above-ground TP in the harvested
Boston FTW plants averaged 1.4 g’lkg DW. These results show a seasonal pattern with the Long
Pond wetland plants accumulating more TP in spring.

This type of seasonal variability has also been noted in Wu and others (2025) in their synthesis
review of nutrient uptake by wetland plants.!” After reviewing seasonal variations in nitrogen
and phosphorus uptake, Wu and others (2025) categorized commonly used wetland plants into
three distinct groups: spring-summer growth plants (SSPs), spring-summer-autumn growth
plants (SSAPs), and all-year-round growth plants (APs). Wu and others (2025) further proposed
harvesting protocols based on changes in nutrient uptake: harvest SSPs pre-September, SSAPs
by November, and retain APs over winter.

Among the species planted in the Long Pond FTWs, Wu and others (2025) classified Common
Rush (Juncus effusus), Pickerelweed (Pontederia cordata) as SSPs and Sweet Flag (Acorus sp.)
as an AP. The growth period of SSPs extends from spring to summer or early autumn, with the
highest biomass accumulation peaking at the end of spring or the beginning of summer, while
they quickly wither after autumn approaches. Wu and others (2025) further suggested that SSP
harvest should occur before September to maximize nutrient removal. SSAPs store significantly
more N and P during the summer, but can sustain relatively high levels into the fall (average
85% of summer levels). APs exhibit high cold tolerance and maintain biomass throughout the
winter.

Costs associated with the Long Pond FTW project can also help to guide further Town FTW
discussions. The materials for the project (rafts, anchors, soil, bird fencing) cost $27,500 or $655
per square meter of raft. If the FTWs were expanded to 9.7 acres to reduce TP mass to the target
recommended in the Long Pond Management Plan, the cost would be $25.6 million. The
original cost of the plants was $550 or $13 per square meter of raft. If planting and harvesting
continued to be completed as it was in 2024/2025, the cost for plants for 9.7 acres every other
year would be $509,000. Additional costs would be required for water quality monitoring,
which would vary depending on the sampling strategies that were adopted.

CSP/SMAST staff are available to assist the Town with discussion of the details and projected
costs for next steps.

10 Wu, K.; Chen, L.;Wang, Q.; Li, Y.; Zheng, Y.; Ma, Q.; Li, H.; Zhang, Y.; Li, F. Seasonal Dynamics of Nitrogen and Phosphorus in
Wetland Plants: Implications for Efficient Eutrophication Control. Sustainability 2025, 17, 3443.
https://doi.org/10.3390/s5u17083443
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