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Executive Summary
Private docks and piers constructed over salt marsh can potentially impact this
important fish habitat through shading. To better understand dock shading impacts,
the Massachusetts Division of Marine Fisheries (MarineFisheries) conducted a field
survey of dock and marsh characteristics at docks (n=211) throughout the
Massachusetts coastline during the 2014 growing season. At each dock site, we
measured basic dock design characteristics (height, width, decking type) and collected
clip plot samples of marsh vegetation under the docks and at adjacent, unshaded control
sites. Additional dock data (age, orientation) were collected from Google Earth imagery.
For all dock sites, stem density and biomass were both significantly lower under docks
than in unshaded areas. Density and biomass loss decreased with increasing dock
height and height to width ratios but did not vary in response to dock orientation or age.
Docks with grated decking had greater underlying marsh biomass than docks with
traditional decking, but stem density did not vary as a function of decking type. Stem
height was significantly greater for Spartina vegetation under docks relative to
unshaded areas. Stem nitrogen content was higher under docks while carbon content
and carbon to nitrogen ratios were lower. Within the high marsh, vegetation under
docks had a higher proportion of S. alterniflora and lower proportion of S. patens than
adjacent unshaded marsh. Overall, dock height was the best predictor of relative stem
density and biomass loss, but much of the observed variability was not accounted for by
any of the variables considered in our analysis. While docks with elevated heights and
height to width ratios generally had less vegetation loss than other docks, reduced
production was observed across all dock designs relative to unshaded marsh.

Introduction
To access bordering estuaries, many docks and piers are constructed over salt marsh.
The proliferation of small docks and piers in coastal states has led to concerns about
cumulative environmental impacts [1]. Previous studies comparing marsh vegetation
under existing docks to unshaded areas have shown reductions in marsh density under
docks, presumably due to light limitation [2,3,4,5]. Salt marsh provides a variety of
ecosystem services, including habitat and energy sources for many fish and invertebrate
species [6,7,8]. Dock shading could reduce these ecological functions, particularly when
considered in terms of the cumulative impacts of dock proliferation across an ecosystem
or interactions with other stressors [9,10]. Several previous studies have explored
marsh shading impacts by assessing various marsh characteristics under existing docks
as well as in unshaded marsh areas. These previous studies were largely focused on
southern coastal areas from the mid-Atlantic to southeast U.S. In Georgia and South
Carolina, marsh stem density was shown to be significantly lower under docks than in
adjacent unshaded areas, but sample size was relatively small (n = 25 and n=32,
respectively), limiting more specific assessment of the impacts of dock characteristics
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[3,4]. Similarly, a recent field study of docks in Maryland [2] found vegetation effects
under docks and found that these effects were significantly correlated with dock width,
but not with other measured variables (height, deck spacing, orientation). However,
this study also had a limited sample size (n=20) given the variety of potential
explanatory variables. A historical study conducted in Connecticut [5] also found a stem
density effect under docks and found dock height to be the only significant variable,
although sampling and statistical methods employed in the study were later challenged
[1]. In New England, the index of cover of all marsh vegetation was significantly lower
under docks than in unshaded sites, and this relationship was significantly correlated
with dock height and height to width ratio [11]. While previous studies [2,3,4,5,11] have
demonstrated a shading effect through opportunistic sampling of existing docks, the
small body of existing literature does not provide a unifying picture of which dock
characteristics influence these shading effects. Differences across studies could be due
to different methodologies, sample sizes, or inherent regional differences in marsh
response to shading. Thus, updated information based on a robust sample size of data
specific to Massachusetts is needed to inform management decisions locally.
In 2013, the Massachusetts Division of Marine Fisheries (MarineFisheries) initiated a
controlled study using experimental docks to evaluate the impact of dock height on
marsh vegetation and abiotic conditions. After the first growing season of shading,
Spartina alterniflora vegetation in low marsh habitat had a significantly lower stem
density and aboveground biomass under docks constructed two feet above the marsh
platform relative to taller (four and six foot height) and unshaded, control marsh plots
in the same area [12]. These preliminary results provided experimental evidence in
support of maintaining at least a 1:1 height to width ratio, as recommended by
permitting guidelines [13].
To complement results from this controlled field experiment, MarineFisheries initiated
a second field sampling program in 2014 that examined marsh vegetation
characteristics under private docks and piers constructed across the Massachusetts
coastline. By sampling a large number of docks with different design characteristics,
potential effects of a broader suite of design variables (e.g., width, orientation, decking
type) could be evaluated. Funding for this project was awarded to MarineFisheries by
the Massachusetts Bays National Estuary Program (MassBays) to provide information
on the influence of dock design characteristics on marsh growth.
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Methods
Study Sites – Docks and Piers
Aerial imagery from Google Earth was used to identify docks and piers in Massachusetts
that were constructed over salt marshes. A survey of Google Earth aerial imagery of the
Massachusetts coastline identified 1,157 potential dock sampling sites. Of these
potential sites, we sampled docks from different site regions that met all of the following
criteria:
1) Accessibility by foot or kayak
2) A continuous stretch of marsh extending ≥ 5 meters laterally on at least one side of
the dock that was undisturbed by other borders (e.g, upland vegetation, creeks, other
docks)
From July 7 to September 26, 2014, a total of 211 docks were sampled in 15 towns
(Figure 1). Sampling broadly covered the regions of the Massachusetts coastline
containing salt marsh including towns in Cape Cod, South Shore, Metro Boston, upper
North Shore, and Buzzards Bay regions. Six of the 211 sites had two sets of samples,
because the dock traversed both high and low marsh vegetation zones (i.e., two dock
samples, each with their own controls and dock measurements), resulting in a total of
217 sets of samples.
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Figure 1. Map of locations of 211 docks sampled from July-September 2014.

Field Sampling
For each dock site, we measured a suite of dock characteristics and also collected
vegetation samples under and adjacent to the dock. Dock characteristics were measured
for the section of a dock found mid-way across a given marsh zone. To avoid potential
impacts of pilings, the sampling location was further centered to the mid-point between
two sets of adjacent pilings nearest the middle of the marsh zone. If the dock only
traversed low marsh or high marsh, the sampling area was simply this adjusted midpoint of the band of marsh grass traversed by the dock. If both high and low marsh
zones were covered by a dock, separate sets of data were collected at the mid-point of
each respective zone. The following dock measurements were taken (See Figure 2):
1) Dock width (red)
2) Decking plank width (green)
3) Spacing between decking planks (pink)
4) Distance from ground to dock support stringer (blue)
5) Distance from ground to decking planks ( yellow)
6) Distance between consecutive pilings (purple)
In addition, the following data were recorded for each dock:
1) Coordinates (WGS84)
2) Presence or absence of cross bracing on dock
3) Dominant vegetation (> 50% cover) of control and dock sample (e.g., Spartina
alterniflora, Spartina patens, or Distichilis spicata)
4) Decking type (traditional decking or alternative grating)
5) Control sample location (left or right side of the dock)
6) Orientation (degrees from North-measured using Google Earth imagery and the
ruler tool – completed post-sampling)
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Figure 2. Measurements taken at each dock location. Dock width (red), decking width (green),
decking spacing (pink), piling spacing (purple), and dock height (blue - to base of support
stringer and yellow - to base of decking).

Vegetation clip plots were taken from random locations underneath each dock and at its
respective control location (Figure 3). A total of eight quadrats (1/16 m2) were clipped at
each location. The locations of individual quadrats were assigned based on a
randomized number system that ensured full representation of the entire dock width
(i.e., quadrat samples could randomly fall under the center or edge of a given dock
structure). Vegetation within each quadrat was clipped at ground level and bundled in
an elastic. Only stems originating within the quadrat surface were sampled.
Overhanging vegetation with stems outside of the quadrat was not sampled.
Another set of eight quadrat samples was collected from a control site located 5 meters
perpendicular to the dock sampling area. This 5 meter buffer distance was based on
methods used in previous dock shading studies [4,14,15] and designed to avoid dock
shading effects while remaining close enough to the dock site to properly characterize
the marsh region where the dock was located. If contiguous marsh was located on both
sides of the dock, the side used for the control was determined based on a coin toss. The
same eight random numbered quadrat positions chosen for the dock site were used as
the control site quadrats.
All vegetation samples were stored frozen at the MarineFisheries South Coast
Laboratory in New Bedford until later analysis (Figure 4).
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Figure 3. Clip plots being collected for a dock sample. Quadrat samples were collected from
locations under the dock that were previously selected based on a randomized number system.
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Figure 4. One dock sample of vegetation clippings consisting of individual bundles for each
quadrat sample (above) and the full collection of marsh samples (below) in frozen storage at the
New Bedford laboratory at the end of the field collection season.

Laboratory Analyses
Each quadrat sample was thawed, rinsed of sediment, and separated into dead biomass and live
biomass. Live biomass was then further separated by species. Every live stem was counted. The
heights of the five tallest stems of either S. alterniflora or S. patens (whichever species was
present in both dock and control samples for a site) were measured (± 0.1 mm). If both species
were present in both dock and control sites, the numerically dominant species was measured.
All vegetation was then dried at 70 degrees Celsius for 48 hours and dried dead stems (all
pooled) and live stems (separated by species) were then weighed (±0.01 g) (Figure 5).

Once dried and weighed, the dominant species of the site, S. alterniflora or S.patens,
was homogenized into a powder using a blender, and a sub-sample of homogenate was
archived in a 20 ml glass scintillation vial. Approximately 6-7 mg of each sub-sample
9

was later weighed (±0.001 mg) and packed into a tin capsule using a microbalance at
the University of Massachusetts - Dartmouth. Packed samples were later analyzed for
percent carbon and percent nitrogen using an elemental analyzer at the Viking
Environmental Stable Isotope Lab (VESIL) at Salem State University. Control site
samples were further analyzed for δ15N at VESIL. All nitrogen isotope data are reported
in δ notation according to the following equation:
 R
 
=
δ X  sample  − 1 *1000
 Rstandard  

where X is 15N and R is the ratio 15N/14N. Atmospheric N2 (AIR) is the standard.
Nitrogen derived from wastewater has higher δ15N values than other major sources (e.g.,
atmospheric deposition, fertilizer runoff) due to microbial activity impacting wastewater
as it travels from source to nearby water bodies. Ammonium and nitrate processing
preferentially releases isotopically light nitrogen, 14N, resulting in an enriched nitrogen
pool that ultimately enters the nearby coastal or estuarine system. Following the
maxim, “you are what you eat,” aquatic plants and animals that assimilate this
isotopically enriched nitrogen will have higher δ15N values than conspecifics in systems
lacking septic-derived nitrogen [16]. A positive linear relationship between S.
alterniflora stem δ15N and percent of nitrogen derived from wastewater has been
demonstrated previously in New England estuaries [17,18,19]. Consequently, marsh
grass δ15N from control sites can be used as a proxy for eutrophication in models
examining the relationship between marsh growth and dock site characteristics.
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Figure 5. Dried subsample of Distichilis spicata before being weighed (left) and vegetation
samples being dried (right).

Statistical Analyses
Analyses of relationships between dock characteristics and marsh vegetation were
performed on two datasets. For all analyses, the full dataset (n=217) was used with
comparisons made in relation to stem density and dry biomass of all live vegetation.
Since species composition varied both among sites and between control and dock
samples, we used a sub-set of data for certain analyses for which S. alterniflora made up
the majority (>65%) of live stems (n=107). The full dataset provided a more robust
sample size and allowed for more detailed comparisons. The data sub-set dominated by
S. alterniflora removed much of the variability associated with species composition (i.e.,
interspecies stem density and biomass variability) but the smaller sample size limited
the scope of analyses for this sub-dataset. A separate analysis using S. patensdominated samples was not performed due to inadequate sample size. All raw stem
counts and dry weights were converted to percent of control values for subsequent
analyses using the equation:
𝑋=

a
∗ 100
b

where x is percent stem density or weight, a is the dock sample stem count or dry stem
biomass, and b is the control sample stem count or dry stem biomass.
Median stem lengths were calculated for each dock and control sample based on the
measured five tallest stems. Dock and control samples were then compared for S.
alterniflora and S. patens using a Wilcoxon Rank Sum Test.
Vegetation carbon and nitrogen content as well as carbon:nitrogen ratios were
compared between control and dock treatments using a Wilcoxon Rank Sum Test or
paired t-test depending on whether the paired differences were normal.
Vegetation community composition for dock and control sites was compared using
analysis of similarities (ANOSIM), multivariate analysis of variance using distance
matrices (adonis), and the similarity percentage technique (SIMPER) in the “vegan”
package in R [20]. ANOSIM and adonis test whether sites within categories are more
similar than sites in different categories. The resulting R statistic provides a correlation
coefficient where values close to zero reflect minimal correlation between groups while
values closer to one or negative one represent strong correlation. For these analyses,
stem counts for each species in a given site were first converted to proportions. These
proportions were then used to calculate a Bray Curtis (BC) dissimilarity index using the
equation:
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𝑑𝑗𝑘 =

∑ni=1�xij − xik �

∑ni=1�xij + xik �

where d is the Bray Curtis dissimilarity distance, j and k are two sample sites, x is the
proportion of stems of species type i in a given site sample, and n is the total number of
site samples. This metric converts all community composition comparisons between
sites to values ranging from zero to one such that sites with no species overlap will have
a value of zero, sites with complete overlap will have values of one, and sites with partial
overlap will have values between zero and one. Bray Curtis metrics were calculated
separately to also generate estimates based only on comparisons within individual dockcontrol pairs. Using this Bray Curtis matrix, ANOSIM and adonis were used to compare
community composition between dock and control sites. SIMPER was then used to
determine the relative contribution of each species to observed differences between dock
and control sites. These analyses were performed for the entire dataset and also for two
subsets of this dataset classified as high and low marsh, respectively. These subsets
were separated based on the dominant vegetation observed in the control sample for a
given site. S. alterniflora was used as an indicator species for “low marsh” habitat while
S. patens, D. spicata, and J. gerardii were used as indicators for “high marsh.” If the
control sample for a given site contained a higher proportion of S. alterniflora stems
than the three high marsh indicators, then the entire site (dock and control) was
classified as “low marsh.” If the control sample instead included a higher proportion of
stems from the three high marsh indicator species than S. alterniflora, then the site was
classified as “high marsh.”
Dock samples were binned into groups for each dock characteristic and analyzed in
relation to percent stem density and dry biomass. Binned comparisons were made
based on all live vegetation for the full dataset (n=217 sites) as well as a subset of sites
(n= 107) for which both the control and dock sample contained Spartina alterniflora as
the dominant species (>65% of live stems). For the dataset consisting of 65% S.
alterniflora, docks were binned into three height groups: group one (< 3 feet), two (3 to
5 feet), and three (> 5 feet). These same groupings were used to compare % stem
density and dry biomass for the complete dock dataset. For this larger sample size,
smaller height bins could be analyzed. A second analysis was conducted using a five
group comparison with groups separated as one (< 2 feet), two (2-3 feet), three (3-4
feet), four (4-5 feet), and five (> 5 feet). Binned comparisons were also made between
docks with traditional and grated decking, docks with a height to width ratio < 1:1 and
docks with ≥ 1:1 height to width ratio, docks set north-northeast, northeast-east, eastsoutheast, and southeast-south, and docks with widths of <3, 3-4, 4-5, and >5 feet.
For each comparison with > 2 binned groups, the data were first assessed for
homogeneity of variance and normality using a Levene’s test and Shapiro-Wilk
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normality test, respectively. Analysis of variance (ANOVA) and a post-hoc Tukey’s test
were applied for datasets that met assumptions of normality and equality of variances.
A Kruskall-Wallis test was applied for cases where equality of variance assumptions
were met but data were non-normal. For cases where both assumptions were violated, a
Welch’s ANOVA and post-hoc Welch’s t-test was applied. For comparisons between two
groups, a Wilcoxon Rank Sum Test was applied. The decking type comparison was only
run for the full dataset due to inadequate sample size for the > 65% S. alterniflora
subset.
Generalized Additive Models (GAMs) were used to evaluate the relationship between
stem density and stem biomass and a suite of dock characteristics. Potential correlation
among covariates was first assessed. Dock height and width were weakly correlated
(correlation =0.39). All other variables had lower correlation values. A set of candidate
models was created that included dock height, width, orientation, age, grass δ15N
(eutrophication proxy), and decking type (traditional or grated) as well as interactions
among these co-variates. Best model(s) were selected by comparing Akaike Information
Criterion (AICc) values. Lower AICc values reflect better model fits and models that are
within 2 units of the best model also have substantial support as best models. Models
with higher (i.e., AICc value > 2 units above “best” model) AICc values have less support
and would not be considered for further usage [21]. GAMs were applied to the full
dataset to assess relationships between dock characteristics and total vegetation. Based
on visual diagnostics and AICc comparisons, a Gamma distribution with a log link was
used for each candidate model. All GAM analyses were performed using the “mgcv”
package in R [20].

Results
Docks vs. Unshaded Control Sites
Overall, dock sites had significantly lower stem density and live biomass relative to
unshaded marsh areas (P<0.001, V=22,387.5; Figs. 6 and 7). Stem density across all
dock sites (23,434 live stems) was only 41% of the observed live stem density
(median=37.8%) at control sites (57,171 live stems). Dock site stem density had a higher
coefficient of variation (CV: 65.8%) than control sites (CV: 47.5%), indicating greater
variability among quadrats within dock sites relative to controls.
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Figure 6. Boxplots of live stem counts for dock and control samples for a) Spartina alterniflora
and b) S. patens. Counts are only reported for stations for which control and/or dock samples
contained the respective Spartina species. The black horizontal line in each boxplot identifies
the median value while the shaded box contains the 25th and 75th percentiles. The dashed lines
(“whiskers”) show values up to 1.5 X the interquartile range. Outlier values that are more than
1.5 X the interquartile range are displayed as individual points.

Live aboveground biomass across all dock sites (6,983.13 g) was significantly lower and
only 61% of the observed biomass (median=58.5%) at control (11,391.13 g) sites
(Wilcoxon Rank Sum Test: P<0.001, V=21,601). Similarly, standing dead biomass at
dock sites (979.35 g) was only 41% of dead biomass at control sites (2,377.37 g). Dock
site live biomass had a higher coefficient of variation (CV: 72.0%) than control sites
(CV: 45.8%).
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Figure 7. Boxplots of live stem biomass for dock and control samples for a) Spartina
alterniflora and b) S. patens. Weights are only reported for stations for which control and/or
dock samples contained the respective Spartina species. The black horizontal line in each
boxplot identifies the median value while the shaded box contains the 25th and 75th percentiles.
The dashed lines (“whiskers”) show values up to 1.5 X the interquartile range. Outlier values
that are more than 1.5 X the interquartile range are displayed as individual points.

Live stems were significantly longer for dock plots than control plots for both S.
alterniflora (Wilcoxon Rank Sum Test: P<0.001; V=1,231.5) and S. patens (P=0.030;
V=67). Median stem lengths were 43.1 cm (controls) and 49.2 cm (docks) for S.
alterniflora and 43.6 (controls) and 48.6 cm (docks) for S. patens.
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Figure 8. Boxplots showing distribution of live stem lengths for control and dock samples of a)
Spartina alterniflora and b) Spartina patens. The black horizontal line in each boxplot
identifies the median value while the shaded box contains the 25th and 75th percentiles. The
dashed lines (“whiskers”) show values up to 1.5 X the interquartile range. Outlier values that are
more than 1.5 X the interquartile range are displayed as individual points.

Significant differences were observed in elemental composition between control and
dock samples (Figs. 9 and 10). Nitrogen content of dock samples was significantly
greater than control samples for both S. alterniflora (Wilcoxon Rank Sum Test: V=502,
P<0.001) and S. patens (Wilcoxon Rank Sum Test: V=16, P<0.001). Carbon content (S.
alterniflora: Wilcoxon Rank Sum Test: V=10,760.5, P<0.001; S. patens: Wilcoxon
Rank Sum Test: V=457.5, P<0.001 ) and C:N ratios (S. alterniflora: Wilcoxon Rank
Sum Test: V=13,700, P<0.001; S. patens: Wilcoxon Rank Sum Test: V=480, P<0.001)
were significantly lower for dock samples than controls.
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Figure 9. Boxplot of a) carbon content, b) nitrogen content, and c) carbon to nitrogen ratio of
live Spartina alterniflora from control and dock stations. Controls and docks significantly
differed for each group (P<0.05). The black horizontal line in each boxplot identifies the
median value while the shaded box contains the 25th and 75th percentiles. The dashed lines
(“whiskers”) show values up to 1.5 X the interquartile range. Outlier values that are more than
1.5 X the interquartile range are displayed as individual points.
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Figure 10. Boxplot of a) carbon content, b) nitrogen content, and c) carbon to nitrogen ratio of
live Spartina patens from control and dock stations. Controls and docks significantly differed
for each group (P<0.05). The black horizontal line in each boxplot identifies the median value
while the shaded box contains the 25th and 75th percentiles. The dashed lines (“whiskers”) show
values up to 1.5 X the interquartile range. Outlier values that are more than 1.5 X the
interquartile range are displayed as individual points.

Community Composition
S. alternflora and S. patens were the dominant species in the low and high marsh
regions, respectively (Table 1). These two species accounted for almost 90 percent of the
live stems observed at dock and control sites across the entire survey. D. spicata was a
secondary species observed mainly in the high marsh.
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Table 1. Mean ± SD proportion of all species observed in dock and control plots based on live
stem density.
Species
All Data
High Marsh
Low Marsh
Control
Dock
Control
Dock
Control
Dock
Smooth cordgrass
0.6 ± 0.4 0.7 ± 0.4 0.1 ± 0.1
0.4 ± 0.4 0.9 ± 0.2 0.9 ± 0.3
(Spartina alterniflora)
Salt meadow cordgrass 0.3 ± 0.4 0.2 ± 0.3 0.7 ± 0.3 0.4 ± 0.4 0.1 ± 0.1
0.1 ± 0.2
(Spartina patens)
Spike grass
0.1 ± 0.1
0.1 ± 0.2 0.1 ± 0.2 0.2 ± 0.2 0.0 ± 0.1 0.0 ± 0.1
(Distichlis spicata)
Common glasswort
0.0 ± 0.1 0.0 ± 0.1 0.0 ± 0.1 0.0 ± 0.2 0.0 ± 0.1 0.0 ± 0.1
(Salicornia spp.)
Black grass
0.0 ± 0.1 0.0 ± 0.1 0.1 ± 0.2 0.0 ± 0.1 0.0 ± 0.0 0.0 ± 0.1
(Juncus gerardii)
Sea lavender
0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
(Limonium nashii)
Salt marsh bulrush
0.0 ± 0.0 0.0 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.1
(Scirpus robustus)
Marsh orach
0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
(Atriplex patula)
Sea blite
0.0 ± 0.1 0.0 ± 0.0 0.0 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
(Sueda maritima)

Community composition significantly differed between dock and control sites (Table 2).
Differences were mainly due to the relative proportions of S. alterniflora and S. patens
observed in each site. S. alterniflora was more prevalent in dock sites while S. patens
made up a higher proportion of control plot live stems. While significant differences in
community composition were observed for the entire dataset as well as the two marsh
zone subsets in the ANOSIM analysis, correlation coefficients for the entire dataset and
low marsh were relatively low. Adonis results were only significant for the full and high
marsh datasets. The most pronounced differences were observed in the high marsh. S.
alterniflora made up over 40 percent of dock live stems and only 10 percent of control
site stems. S. patens in the high marsh instead accounted for about 70 percent of the
stem density at control sites and only about 40% at dock sites. Median Bray-Curtis
dissimilarity index values for the three datasets ranged from 0.03 (low marsh) to 0.48
(high marsh) with the complete dataset having a median Bray-Curtis value of 0.15
(Table 2).
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Table 2. ANOSIM, SIMPER, and adonis results for community composition
analysis.
All Data
High Marsh Low Marsh
Bray-Curtis Median Bray-Curtis Index 0.15
0.48
0.03
ANOSIM
R statistic
0.013
0.168
0.007
P-value
0.007*
0.001*
0.019*
SIMPER
S. alterniflora
0.44
0.32
0.47
S. patens
0.34
0.39
0.25
adonis
R2
0.013
0.124
0.006
P-value
0.004*
0.001*
0.161
F
5.807
21.443
1.774

Binned Comparisons
Height bins significantly differed for stem density for both all vegetation (KruskalWallis: χ2=28.86, df=2, P<0.001) and >65% S. alterniflora (Kruskal-Wallis: χ2=14.06,
df=2, P<0.001). Bins also differed for stem weight (All Vegetation: Kruskal-Wallis:
χ2=28.04, df=2, P<0.001; >65% S. alterniflora: χ2=12.48, df=2, P=0.002). In both
datasets, the low height group (< 3 feet) had significantly lower % density and biomass
than the two taller dock groups (Figs. 11 and 12).
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Figure 11. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks < 3 feet, 3 to 5 feet, and docks > 5 feet tall relative to
unshaded control plots. Symbols with different letter superscripts are significantly different
(P<0.05).
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Figure 12. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks < 3 feet, 3 to 5 feet, and docks > 5 feet tall relative to
unshaded control plots. This comparison only includes sites where both the control and dock
sample contained > 65% S. alterniflora by stem density. Symbols with different letter
superscripts are significantly different (P<0.05).

For the complete dataset, a five group comparison also showed significant differences in
density (Kruskal-Wallis: χ2=33.29, df=4, P<0.001) and biomass (Kruskal-Wallis:
χ2=29.24, df=4, P<0.001) in relation to dock height (Fig. 13). For stem density and
biomass, the two dock groups with heights < 3 feet were statistically indistinguishable.
The shortest group (< 2 feet) had significantly lower density and biomass than all
groups with heights ≥ 3 feet. For stem density, docks ≥ 3 feet tall were statistically
indistinguishable as were dock with heights of 2 to five feet height. Docks with > 5 feet
height had significantly greater % stem density than the 2-3 foot group. For biomass,
there were no significant differences between the 2-3 and 3-4 foot groups or between the
4-5 and > 5 foot groups. These latter two groups had significantly greater biomass than
the 2-3 foot group.
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Figure 13. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks < 2 feet, 2 to 3 feet, 3 to 4 feet, 4 to 5 feet, and docks >
5 feet tall relative to unshaded control plots. This comparison is based on all live vegetation
samples from the complete dock dataset (n=217). Symbols with different letter superscripts are
significantly different (P<0.05).

For height to width ratios, the group that met DEP guidelines (≥ 1:1) had significantly
greater % density (Wilcoxon Rank Sum Test: W=3,938, p<0.001) and biomass
(Wilcoxon Rank Sum Test: W=4,480, p=0.011) for the complete dataset (Fig. 14). The
two groups also significantly differed for density (Welch’s t-test: t=-3.609, p<0.001)
and biomass (Wilcoxon Rank Sum Test: W=1,017, p=0.017) for the subset of stations
with >65% S. alterniflora density (Fig 14).
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Figure 14. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with height to width ratios < 1:1 and ≥ 1:1 relative to
unshaded control plots. Symbols with different letter superscripts are significantly different
(P<0.05).
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Figure 15. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with height to width ratios < 1:1 and ≥ 1:1 relative to
unshaded control plots. This comparison only includes sites where both the control and dock
sample contained > 65% S. alterniflora by stem density. Symbols with different letter
superscripts are significantly different (P<0.05).

Neither stem density (All Vegetation: Kruskal-Wallis: χ2=1.14, df=3, P=0.768; >65% S.
alterniflora: χ2=2.21, df=3, P=0.530) or biomass (All Vegetation: Kruskal-Wallis:
χ2=3.72, df=3, P=0.294; >65% S. alterniflora: χ2=2.25, df=3, P=0.523) differed
significantly among the four dock orientation groups for either dataset (Figs. 16 and 17).
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Figure 16. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with orientations set north-northeast (NNE),
northeast-east (NEE), east-southeast, and southeast-south (SEE) relative to unshaded control
plots. No groups significantly differed (P>0.05).
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Figure 17. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with orientations set north-northeast (NNE),
northeast-east (NEE), east-southeast, and southeast-south (SEE) relative to unshaded control
plots. This comparison only includes sites where both the control and dock sample contained >
65% S. alterniflora by stem density. No groups significantly differed (P>0.05).

For the complete dataset, stem density significantly differed among width bins (KruskalWallis: χ2=11.06, df=3, P=0.011). Docks with < 3 feet width had significantly lower
density than docks with widths of 3-4 feet (P<0.05) (Fig. 18). No differences were
detected among groups for weight (Kruskal-Wallis: χ2=3.88, df=3, P=0.274). For the >
65% S. alternifora dataset, no differences were detected among width groups for density
(Kruskal-Wallis: χ2=1.30, df=3, P=0.729) or weight (Kruskal-Wallis: χ2 =0.49, df=3,
P=0.920) (Fig. 19).
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Figure 18. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with widths of <3, 3-4, 4-5, and > 5 feet relative to
unshaded control plots. Symbols with different letter superscripts are significantly different
(P<0.05).
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Figure 19. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with widths of < 3, 3-4, 4-5, and > 5 feet relative to
unshaded control plots. This comparison only includes sites where both the control and dock
sample contained > 65% S. alterniflora by stem density. No groups significantly differed
(P>0.05).

Grated docks had significantly greater stem biomass relative to traditional docks
(Wilcoxon Rank Sum Test: W=2,881, p=0.023), but did not differ in terms of stem
density (Wilcoxon Rank Sum Test: W=2,392, p=0.573) (Fig. 20). For stem weight,
there was a significant linear relationship with dock height (p<0.05, R2=0.29) (Fig. 21).
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Figure 20. Median ± MAD (median absolute deviation) values of a) stem density and b) stem
weight for all live vegetation under docks with grated and traditional decking relative to
unshaded control plots. This comparison is based on all live vegetation samples from the
complete dock dataset (n=217). Symbols with different letter superscripts are significantly
different (P<0.05).
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Figure 21. Dock height and stem weight (%) for docks with grated decking. Dashed line is best
fit line based on linear regression.

Generalized Additive Models
Stem δ15N was not a significant co-variate in any of the candidate models for the subset
of stations for which δ15N was measured. Consequently, subsequent analyses were
performed on the full dataset and did not include this co-variate.
For all models, height was consistently a significant predictor of % stem density (Table
3). The model with the lowest AICc value included height as well as the interaction of
dock width and orientation (Table 3). Height showed a positive relationship with %
stem density. For the width:orientation interaction, higher stem density percentages
were observed for narrow docks set at a south to southeast orientation (Fig. 22).
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Table 3. Candidate Generalized Additive Models relating salt marsh vegetation stem density (as
a % of control density) to dock characteristics. Model M1 (bold) has the lowest AICc value and is
considered the best model. Deviance (%) reflects the percent of deviance explained by each
candidate model and Δt indicates the difference in AICc values between a given candidate model
and the model with the lowest AICc value. Significant variables are indicated by * (p<0.05), **
(p<0.01), and *** (p<0.001).

Model

Explanatory Variables

AICc

M1

Height*** + Orientation:Width

2096.34

M2

Height:Width*** + Orientation:Width

2097.90

1.56

22.5

M3

Height*** + Orientation

2098.14

1.80

19.0

M4

Height*** + Orientation:Width + Decking
Type

2098.55

2.21

22.7

M5

Height*** + Orientation:Width + Age +
Decking Type

2098.88

2.54

22.9

M6

Height:Width*** + Orientation:Width +
Decking Type

2100.11

3.78

22.6

M7

Height*** + Width + Orientation

2100.34

4.00

18.9

M8

Height:Orientation** + Width + Age + Decking 2101.21
Type

4.87

24.1

M9

Height:Width + Height:Orientation +
Orientation:Width + Decking Type

2101.23

4.89

24.3

M10

Height*** + Width + Age + Orientation

2102.17

5.83

19.1

M11

Height:Orientation + Height:Width
+Orientation:Width

2102.44

6.10

23.7

M12

Height*** + Width + Orientation + Decking
Type

2102.47

6.13

19.0

M13

Height*** + Width + Orientation + Decking
Type + Age

2104.37

8.03

19.1

M14

Height***

2105.98

9.65

14.0

M15

Height:Width*** + Orientation + Age +
Decking Type

2107.13

10.79

19.1

M16

Height*** + Age

2107.62

11.28

14.2
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Δt

Deviance
(%)
22.6

M17

Height*** + Decking Type

2107.93

11.59

14.0

M18

Height** + Width + Age

2109.61

13.27

14.2

M19

Height:Width**

2109.66

13.32

14.4

M20

Height** + Width + Decking Type

2109.95

13.61

14.0

M21

Width

2126.48

30.15

7.5

M22

Orientation

2135.57

39.23

1.44

M23

Age

2137.1

40.76

0.8

M24

Decking Type

2139.0

42.70

0.0

Height (cm)

Figure 22. Output of Generalized Additive Model (GAM) showing effect of a) dock height and b)
the interaction of dock orientation and width on vegetation stem density (% of control). Dashed
lines reflect two standard error limits. Percent stem density increases as a) a function of dock
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height. For b), lighter regions colored yellow correspond to peaks in percent stem density and
darker red coloration indicates troughs. Peaks are observed for b) thinner docks set at a southsoutheast orientation.

For all models, height was consistently a significant predictor of % stem biomass (Table
4). The model with the lowest AICc value included height to width and width to
orientation interactions as well as decking type (Table 4). Highest % biomass was
observed for tall, thin docks. Highest biomass was also observed for thin docks set
southeast to south. Docks with grated decking also showed higher % biomass than
traditional docks (Fig. 23).
Table 4. Candidate Generalized Additive Models (GAMs) relating salt marsh vegetation biomass
(as a % of control biomass) to dock characteristics. Model M1 (bold) has the lowest AICc value
and is considered the best model. Deviance (%) reflects the percent of deviance explained by
each candidate model and Δt indicates the difference in AICc values between a given candidate
model and the model with the lowest AICc value. Significant variables are indicated by *
(p<0.05), ** (p<0.01), and *** (p<0.001).
Model

Explanatory Variables

AICc

M1

Height:Width** + Orientation:Width* +
Decking Type*

2155.40

M2

Height:Width* + Height:Orientation +
Orientation:Width** + Decking Type

2155.86

0.46

24.1

M3

Height*** + Orientation:Width + Age + Decking Type

2161.71

6.30

18.0

M4

Height*** + Orientation:Width

2162.53

7.13

12.6

M5

Height*** + Orientation:Width + Decking Type

2162.61

7.21

16.7

M6

Height:Width*** + Orientation:Width

2163.20

7.80

11.6

M7

Height*** + Width + Orientation + Decking Type +
Age

2163.72

8.32

10.9

M8

Height:Orientation + Height:Width* +
Orientation:Width*

2164.27

8.87

13.5

M9

Height** + Decking Type

2164.45

9.05

6.3

M10

Height*** + Width + Decking Type

2164.64

9.24

7.0

M11

Height*** + Width + Orientation + Decking Type

2164.97

9.57

8.7

M12

Height***

2164.97

9.57

8.7

M13

Height:Width**

2165.10

9.70

6.0
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Δt

Devianc
e (%)
24.4

M14

Height** + Age

2165.64

10.24

5.8

M15

Height*** + Width + Age

2166.19

10.79

6.4

M16

Height:Width** + Orientation + Age + Decking Type

2166.71

11.31

8.8

M17

Height*** + Orientation

2166.97

11.57

5.2

M18

Height*** + Width + Orientation

2167.12

11.72

6.0

M19

Height:Orientation* + Width + Age + Decking Type

2167.69

12.29

13.9

M20

Height** + Width + Age + Orientation

2168.26

12.86

6.4

M21

Decking Type

2173.87

17.70

1.5

M22

Age

2174.14

18.74

1.3

M23

Orientation

2177.24

21.84

0.0

M24

Width

2177.87

21.09

0.0
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Figure 23. Output of Generalized Additive Model (GAM) showing effect of a) decking type, b)
the interaction of dock height and width, and c) the interaction of dock orientation and width on
vegetation stem biomass (% of control). Vegetation biomass was higher for a) grated docks
relative to docks with traditional decking. For b) and c), lighter regions colored yellow
correspond to peaks in percent stem biomass and darker red coloration indicates troughs. Peaks
are observed for b) tall, thin docks and c) thinner docks set in a southeast-south orientation.

Discussion
In general, vegetation under docks was characterized by lower stem density and
biomass, taller stems, lower C:N ratio, and more patchy distribution relative to
unshaded marsh habitat. For the high marsh environment, dock vegetation had a
higher proportion of S. alterniflora and a lower proportion of S. patens. In terms of
total amount of vegetation (density and biomass), shading impacts were significantly
reduced in relation to dock height and height to width ratios. Dock orientation alone
did not influence relative marsh abundance, although an interaction between dock
orientation and width showed higher biomass and density for thinner docks set in a
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south-facing orientation. Dock width surprisingly showed a positive relationship with
stem biomass, but this pattern was most likely driven by the fact that wider docks also
tended to be taller.
The reduction in stem density that we observed under docks in Massachusetts is
consistent with all other studies of dock shading impacts in the U.S. Stem density
reductions of S. alterniflora under docks in the southeast and mid-Atlantic U.S. ranged
from 56% [14] to 65% [22] (as reported in [4]) and 71% [4]. Our median stem density
reduction (62.2%) fell within the range of past findings. The extent of shading impacts
varied with dock designs.

Stem Height
The increase in stem height observed for S. alterniflora and S. patens under docks in
our study is consistent with results from studies of docks in South Carolina [4,15],
Maryland [2], Connecticut [5,11], Rhode Island [11], and Massachusetts [11,12].
Etiolation, the process in which plants elongate more rapidly under reduced light
conditions, has been proposed as a likely explanation for this phenomenon [2,5]. Under
this scenario, marsh plants growing under docks would grow taller in search of available
light and consequently would have weaker, less robust stems. An alternative
explanation for this pattern is that plants growing under docks are exposed to elevated
fertilization as a result of birds feeding and perching on dock platforms [4]. This
explanation was supported by anecdotal observations of aggregations of wading birds on
docks overlying tall stems [4]. This stem length pattern is not uniformly observed
across geographic regions, dock designs, and marsh vegetation species. For example,
studies of traditional docks in South Carolina showed both no stem height difference
[14] and a significant stem height increase under docks [15]. This latter study did not
observe stem height differences for a dock with grated decking [15]. Significant
increases in stem height were observed for S. patens but not S. alterniflora under docks
in the northeast [11].

Elemental Composition
Like Spartina vegetation under experimental docks in Massachusetts [12], Spartina
stems under private docks and piers had different elemental composition than
unshaded stems. Spartina under docks had lower carbon content, higher nitrogen
content, and lower carbon to nitrogen ratios than unshaded stems. These same patterns
have been reported for sea grass under variable light conditions [23]. One explanation
for this pattern is a dilution process in which stored nitrogen resources are gradually
depleted during growth due to faster utilization than uptake [23].
Elemental analysis is inexpensive and only requires a small amount of dried,
homogenized stem material. Given observed changes in elemental composition with
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shading, this technique could potentially be used as a relatively rapid and low cost
approach to assessing potential shading impacts to marsh vegetation. Carbon and
nitrogen content values could also be paired with estimates of biomass loss and dock
area to generate system-level estimates of loss of carbon and nitrogen pools in response
to shading.

Community Composition
Within the high marsh, the relative increase in S. alterniflora and decrease in S. patens
observed in our study was also documented for docks in Maryland [2]. D. spicata also
displaced S. patens in the high marsh in the Maryland study [2], a pattern that was not
detected in our survey. S. alterniflora and S. patens were the dominant species (>90%
stem density) in our study, so any changes in community composition among less
common species were difficult to detect. The increase in S. alterniflora in the high
marsh under docks represents a range expansion for this species into areas where it is
generally outcompeted by S. patens. This shift could be facilitated by a higher shade
tolerance for S. alterniflora within this habitat or possibly a change in abiotic conditions
in the marsh habitat that is less suitable for S. patens survival. For example, the
reduction in stem density under docks could result in erosion. The consequent
reduction in marsh elevation would cause more frequent tidal inundation, conditions
similar to the low marsh environment.

Dock Characteristics
Width
Dock width did not affect stem density for docks in Georgia [14] or the northeast [5,11],
but stem density increased with decreasing dock width in Maryland docks [2]. This
pattern is consistent with an overall shading increase with wider docks. A similar trend
may have been observed in our Massachusetts dock dataset if dock height and width
were not correlated. Instead, we observed a negative relationship between stem
biomass and dock width. This relationship was likely an artifact of correlation between
dock height and width in our study. Given that shading should increase with dock
width, the increases in stem biomass that we observed for docks that were wider but also
taller suggests that dock height had a stronger influence on vegetation than width.
Orientation
Measurements of photosynthetically active radiation (PAR) under docks set at different
orientations in Georgia [15] did show higher PAR levels under north-south oriented
docks than east-west docks, but orientation alone has not been shown to influence
underlying vegetation in Georgia [14] or any other regions [2,4,11]. Our study
demonstrated some interactions between dock width and orientation, but did not detect
any differences in vegetation biomass or stem density as a direct result of orientation.
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Decking Type
Alternative decking designs did not significantly influence stem density but did result in
greater vegetation biomass relative to docks with traditional decking. PAR
measurements under Georgia docks showed minimal variation between docks with
grated and traditional decking [15]. The largest increase in light penetration for grated
docks relative to docks with traditional decking was < 10% additional PAR [15]. S.
alterniflora stem density under Georgia docks was reduced relative to unshaded areas
by 31 to 44% for docks with traditional decking. Docks with ThruFlow® grated decking
actually had higher density reductions of 55-58% [15]. Median stem density for grated
docks in our study was 43.5% of unshaded stem density while vegetation under
traditional decking was slightly, but not significantly lower (37.3%). S. alterniflora
biomass under Georgia ThruFlow® docks was 55-64% reduced relative to unshaded
areas while S. alterniflora under docks with traditional decking showed either a 22%
reduction or no significant reduction, depending on sampling year [15]. We did observe
a significantly lower % stem biomass reduction for docks with grated decking (23.2%)
relative to traditional decking (43.1%) for docks in Massachusetts. Grated decking is not
uniform and light penetration likely varies across designs. Our results also showed that
relative stem biomass varied as a function of dock height for docks with grated decking,
so the high % of vegetation reduction observed for Georgia docks could be partly due to
other design characteristics (e.g., width, height). We were only able to sample a
relatively small number of docks with grated decking (n=23), and these docks
comprised a variety of grated designs so further sampling is required to better
understand the impact of grated decking on marsh growth. Our results do lend some
support for grated decking, but only when coupled with sufficient dock height.
Height
Height was not significantly correlated with stem density for docks sampled in Maryland
[2] or Georgia [14], but docks sampled in the northeast showed reduced impacts to stem
density [5,12], index of cover [11], and biomass [12], consistent with results from our
study. Measurements of PAR and total light showed increases with dock height [12,15]
that support the positive relationships observed between vegetation density and
biomass and dock height observed in the northeast.
Height:Width Ratio
Height to width ratios have also been shown to be positively related to vegetation
density [14] and index of cover [11]. These past results as well as our observations for
docks in Massachusetts provide support for maintaining at least the recommended
minimum 1:1 height to width ratio [13] in docks built over salt marsh. However, of the
docks sampled in our study, <40% met this guideline.
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Age
Our GAM analyses did not show a significant influence of dock age on stem density or
biomass, consistent with previous results for stem density of docks in Georgia [14]. Our
experimental dock matrix showed shading impacts for short docks within the first
growing season post-installation [12], so there is evidence of rapid vegetation response
to shading. Age estimates were based on Google Earth imagery, which is not available
annually for all regions and consequently only provides a general age estimate
(precision dependent on time gap between consecutive aerial images in which a dock
was and was not present). In many cases, this resolution was five years or greater, so
our age estimates may have been too coarse to detect differences between docks that
were only a few years old relative to docks with greater longevity. In addition to
shading, dock construction activity can impact marsh vegetation through trampling by
workers or covering by construction supplies and equipment. Marsh vegetation was
observed to recover from such impacts within 1 to 2 years post-construction at dock sites
in South Carolina [4]. To our knowledge, none of the docks sampled in our study were <
1 year old so such construction impacts were likely no longer detectable. The lack of a
detectable shading effect across an age span of nearly 25 years suggests that marsh
vegetation may respond relatively quickly to the new abiotic conditions created by a
dock and maintain a relatively stable, but reduced, density and biomass over time.
Nitrogen Loading
Our GAM analyses did not show a significant influence of grass δ15N on stem density or
biomass. Nitrogen loading has been shown to negatively affect marsh vegetation in
northeast estuaries [24]. Based on our GAM analyses, such impacts do not appear to be
further exacerbated by shading stress as grass δ15N was not a significant predictor of
vegetation density or biomass in any of our candidate models. Our dataset included a
wide range of stem δ15N values (1.7 to 15.0‰). However, stem δ15N is only a proxy for
nitrogen loading. Variation in δ15N across sites can be caused by a variety of factors
other than septic system-derived nitrogen (e.g., microbial processing, nitrogen fixation)
[16], so nitrogen isotope-based estimates may be somewhat coarse proxies for nitrogen
loading. Alternatively, nitrogen loading may not have a compounding effect on shading
stress.

Caveats
Results from this study should be considered relative to several caveats. For the
alternative decking analysis, our sample size was relatively small (n=23 docks) and
included docks with different grating designs and likely different degrees of shading.
Most of the docks sampled had similar widths (3-5 feet) and so our ability to assess
width effects on marsh vegetation was limited. For both height and width, our sampling
of the shortest, tallest, thinnest, and widest docks was limited.
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While a variety of dock characteristics had some predictive power of relative stem
density and biomass under docks, much of this variability in density and biomass
among docks was not explained by the variables that we considered. This could partly
be a result of missing historical information about individual docks as dock
characteristics measured at the time of sample collection may not have reflected dock
characteristics in previous years. For example, an older dock that had originally been
built with a low height that might have recently been rebuilt with an elevated height
might possess low stem densities and biomass more consistent with the previous design
than the existing design that would have been recorded in our survey. Marsh
environments are also relatively patchy. If the control site landed in an adjacent area
that happened to have particularly low or high stem density or biomass relative to
surrounding unshaded areas, this would also influence relative percent estimates for the
associated dock sites. Observed decreases in marsh vegetation under docks could also
be partly due to impacts other than shading like increased ice scour and wrack
smothering due to trapping of ice and wrack respectively by dock support piles [25].
Such effects would likely be independent of other dock design characteristics (e.g.,
height, decking type, orientation) and so would result in marsh loss across a variety of
dock designs. The relatively weak relationship between dock design characteristics and
relative shading effects may also indicate the influence of factors other than dock design.
While nitrogen loading did not appear to influence susceptibility to shading stress, other
abiotic factors (e.g., elevation, flooding frequency, salinity) may influence marsh
response to shading in ways that were not accounted for in our study.

Conclusions
Results provide support for height-based construction design guidelines as a means of
reducing shading impacts. Docks that met or exceeded the 1:1 height to width ratio
guideline had greater stem density and biomass than docks that failed to meet this
threshold. Dock height was consistently a significant variable in GAMs and the highest
stem densities and weights were observed for docks in the tallest height bins. Width
alone was not a significant GAM predictor and comparisons among width bins only
showed a significant increase in density with dock width, suggesting that height is
mainly driving the observed increases in vegetation with greater height to width ratios.
Height may be a more effective permitting guideline since height to width effects on
light penetration may not scale across all dock dimensions. Based on GAM and binned
comparisons, dock heights of ≥ five feet produced the greatest density and biomass
overall. Our results provided some support for the benefits of grated decking as an
alternative to traditional decking (stem biomass), but grated docks also showed a
sensitivity to height. For this reason, grated decking alone would not provide a reliable
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means of minimizing shading. Instead, grated decking would need to be coupled with
adequate height to minimize shading impacts.
While dock height showed the most consistent relationship with vegetation density and
biomass, even some docks with heights > 5 feet had stem densities < 10% of densities
observed in bordering unshaded regions. The group containing the tallest docks in our
statewide sample (> 5 feet) had a median stem density of only 56% of the unshaded
marsh. Consequently, while dock design can help to minimize shading impacts, even
docks designed to promote light penetration will often result in high levels of salt marsh
loss. Given that over 1,000 docks are currently constructed over salt marsh in
Massachusetts and new docks are continuing to be installed, cumulative impacts to
marsh habitat and production at the system and state levels are worth exploring.

Future Research
Our dock survey would benefit from continued sampling to increase sample sizes of
docks with grated decking. Measurement of light levels under docks with different
design characteristics would also help to understand observed trends in vegetation
responses. Finally, estimates of cumulative impacts would help to place dock shading
impacts in a broader, ecosystem level context.
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Attachment R2
USACE Massachusetts General Permit (excerpt re: moorings)

Attachment R3
Examples of MassBays Peer Reviewed Reports
Hubeny, J.B., Kristiansen, E.*, Danikas, A.*, Zhu, J., Warren, B., and Allen, D., 2016, Multi-century
record of anthropogenic impacts on an urbanized mesotidal estuary: Salem Sound, MA, Estuaries and
Coasts, In Revision.
Hubeny, J.B., Kenney, M., Warren, B., Louisos, J.*, 2017, Multi-faceted monitoring of estuarine turbidity
and particulate matter provenance: Case study from Salem Harbor, USA: Science of the Total
Environment, v. 574, 629-641, http://dx.doi.org/10.1016/j.scitotenv.2016.09.081.
USGS 2016: Potential Effects of Sea Level Rise on the Depth to Saturated Sediments of the Sagamore and
Monomoy Flow Lenses on Cape Cod, Massachusetts. USGS Scientific Investigations Report 2016-5058
(aka USGS study of sea level rise impacts on Cape Cod aquifer).

Attachment R4
Staff seats on state, regional, and national boards and commissions
Boston Staff
Massachusetts Ocean Advisory Commission
Ocean Advisory Commission Science Advisory Council
Gulf of Maine Council, Massachusetts Representative
Northeast Regional Integrated Sentinel Monitoring Network Steering Committee, Pelagic Working Group,
Estuaries Working Group
Northeast Regional Planning Body, Fisheries Working Group, Recreational Uses Working Group
Massachusetts Ocean Plan Fisheries Working Group, Recreational and Cultural Resources Working
Group
Northeast Regional Association of Coastal and Ocean Observing Systems Board of Directors
Association of National Estuary Programs Executive Committee, Program Committee
Merrimack Valley Planning Commission (Upper North Shore Regional Coordinator)
Great Marsh Coalition, North Shore Task Force
Essex National Heritage Commission
Great Marsh Revitalization Task Force
Hydrodynamic Model Oversight Committee
Eight Towns and the Great Marsh Committee
Great Marsh Resiliency Partnership
Parker Ipswich Essex River, River Restoration Executive and Municipal committees
MA/NH/ME Invasives Workgroup
Merrimack River Beach Alliance
Save the Plum Island "Pink House" Committee
Salem Sound Coastwatch (Lower North Shore Regional Coordinator)
Salem State University
Maritime Gloucester
Safer Waters for Massachusetts, Nahant (SWIM)
Salem National Historic Site (NPS)
Endicott College, Beverly
Manchester Coastal Stream Team
Ipswich River Watershed Association
Northeastern University Marine Science Center (Metro Boston Regional Coordinator)
Mystic River Steering Committee
Metropolitan Area Planning Council Boston Climate Preparedness Task Force
New England Ocean Science Education Collaborative, Governing Council
Massachusetts Marine Educators, Marketing and Communications Committee
Outfall Monitoring Science Advisory Panel
North and South Rivers Watershed Association (South Shore Regional Coordinator)
New England Estuarine Research Society (NEERS) Executive Board, Outreach Committee

Coastal and Estuarine Research Federation (CERF) Board, Conference Strategy Committee, Attendee
Experience Committee
Watershed Action Alliance of Southeastern Massachusetts
South Shore Conservation Network Organizing Committee
River Herring Network Steering Committee
Association to Preserve Cape Cod (Cape Cod Regional Coordinator)
Administrator for Barnstable County Coastal Resources Committee
Cape Cod Stormwater Coalition, Steering Committee
The 300 Committee Land Trust of Falmouth, Board of Directors
River Herring Warden Network, Steering Committee

Attachment R5
MassBays National Estuary Program
Science and Technical Advisory Subcommittee (STAC)

Name

Affiliation

Robert Buchsbaum

Mass Audubon

Dan Codiga (Vice Chair)

Massachusetts Water Resources Authority

Todd Callaghan

Massachusetts Office of Coastal Zone Management

Pam DiBona

MassBays National Estuary Program

Kathryn Ford

Massachusetts Division of Marine Fisheries

Sara Grady

North and South Rivers Watershed Association

Kim Groff

Massachusetts Department of Environmental Protection

Jon Kachmar

The Nature Conservancy

Beth Lambert

Massachusetts Division of Ecological Restoration

Regina Lyons

U.S. Environmental Protection Agency (Region 1)

Jo Ann Muramoto

Association to Preserve Cape Cod

Margherita Pryor

U.S. Environmental Protection Agency (Region 1)

Julie Simpson (Chair)

MIT Sea Grant

Geoff Trussell

Northeastern University Marine Science Center

Prassede Vella

MassBays and MA Office of Coastal Zone Management

Barbara Warren

Salem Sound Coastwatch

Samantha Woods

North and South Rivers Watershed Association

Attachment R6
Example of non-technical research description

Attachment R7
MassBays Research and Planning Grant Program Evaluation

MassBays Management Committee Meeting
September 16, 2015

MASSBAYS HEALTHY ESTUARIES
GRANT PROGRAM

Outline
 PART 1: Evaluation of the Research & Planning
Grant Program
 Overview of the R&P grant program

 Scope, evaluation and findings

 PART 2: Development of the Healthy Estuaries
Grant Program
 Ad hoc Committee input
 Description of new/revised program
 Timeline

Research & Planning Grant
Program: Overview
 2010 – 2014
 Research, planning & capacity building projects
 8 strategic actions
 Eligible applicants: non-profits, municipalities,
academia, state agencies

 MassBays planning area (50 communities from
Salisbury to Provincetown)

 26 projects

 >$450k

Scope of program evaluation
1) Evaluate the effectiveness of the existing grant
program structure.
2) Align the program with the priorities of
MassBays.
3) Developed a set of indicators/questions to look
at trends over time.

1) Did the projects address MassBays goals or priorities?

Did they fulfill what they set out to do?
Yes….
5

Research

4.5

Planning
Capacity-building

4
3.5
3
2.5

8 Priority Actions

2

Protect & enhance coastal habitats

1.5

Reduce & prevent SW pollution

1

Protect & enhance shellfish

0.5
0
2011

2012

2013

Number of projects within each category

2014

Manage local land use
Manage municipal wastewater
Manage marine invasive species
Monitor marine waters
Adapt for climate change

2) Did project results (e.g., monitoring data) inform on a
condition (e.g., water quality)? Did results translate to
actions being undertaken to improve conditions?
Yes, for example:
 Findings translated into recommendations for
management action and decision-making , e.g.
 Shading impacts of small docks and piers on salt marsh vegetation in

MA estuaries → informs permitting (DEP/ACOE)
 Assessment of multi-decadal coastal change in Wellfleet → results
used to help inform work on coastal erosion and resilience

 Different steps of some projects were funded over the

years based on the results obtained

3) Were projects successful enough to be funded through
the next phase by other funds for implementation?
Yes, for example:
 Jones River Estuary and Kingston Bay Stormwater
Assessment → 319 and CPR grants → improved water
quality → opening of >300 acres of shellfish beds.
 Determining the nature and causes of turbidity events in

Salem Harbor through estuarine water quality monitoring
→ MET → characterization of the causes and impacts of
turbidity.

4) Has the number of responses changed over time? By
how much?
10

Municipal

9

State Govt

8

NGOs

7

Academia

6
5

Total number of proposals received
by year and category

4
3
2
1
0
2011

2012

2013

2014

4
3.5
3
Municipal

2.5

State Govt

2

NGOs
1.5

Academia

1

Total number of projects funded by 0.5
year and category
0
2011

2012

2013

2014

5) Has the funding available changed over time? By how
much?
Year

Funding available $

Project Cap $

2011

200,000

40,000

2012

125,000

25,000

2013

100,000

20,000

2014

100,000

20,000
3

2.5

2

UNS
Salem Sound/LNS

1.5

Metro Boston

South Shore
1

Cape Cod

0.5

Number of projects in each
subregion per year

0
2011

2012

2013

2014

From
Research and Planning Grants

to
Healthy Estuaries Grants

The new grant program is informed
by:
 Findings of the review of the R&P grant program (2015)
 Input of the Ad Hoc Committee (2015)

 New CCMP (2015)
 Regional priorities and concerns (2013/2014)
 Characterization of 47 embayments (2013)

 Inventory of Plans and Assessments (2013)

Goal of the Healthy Estuaries
Grant Program
 To provide funding and technical support to local

efforts to protect, restore, and enhance estuarine
habitats.

Ad hoc Committee members
 Pam DiBona (MassBays Director, grant writer)

 Joan LeBlanc (previous grantee, nonprofit)
 Regina Lyons* (EPA Region 1 Program Coordinator for







MassBays)
Jane Peirce* (CWA S.319 grant administrator, state
agency)
Judith Simpson* (MIT Sea Grant, academia)
Judith Swift (URI Coastal Institute director, “catalyst and
leveraging grant” program, Narragansett Bay NEP)
Prassede Vella (MassBays, program manager)

Desired outcomes
 Funded projects should:


advance goals and outcomes of new CCMP
 demonstrate transferability across the MassBays region
 include a project evaluation component to help measure success/how
outcomes help inform MassBays’ work in meeting our goals
 take into account climate change preparedness.
 Retain aspects of existing program:
 filling information gaps for which funding is not available
 funding proof-of-concept projects
 providing bases for proposals for other funding
 The grant program should serve to:
 enhance visibility of the MassBays program and its work in the Bays
and the 50 coastal communities
 strengthen MassBays as a hub for information about research and
management work in the Bays

Healthy Estuaries Grant Program
 Grants bridge the gap between concept and implementation.
 Project outcomes will assist in implementation of the CCMP.
 In 2015 RFR will focus on MassBays 47 embayments to support

update of the EDA.
 MassBays encourages proposals that will:
 Generate additional data and information on estuarine condition

especially in lesser-studied embayments
 Propose/apply new or innovative approaches to improve resource
conditions (including restoration efforts)
 Develop management plans that reduce stressors e.g. feasibility
studies and planning for BMPs
 Pre-proposal required

 Eligible applicants: non-profits, municipalities, academia. State

agencies are encouraged to partner with eligible applicants.

Timeline
Task

Tentative Date

Management Committee endorsement September 16
Draft RFR for approval

September 23

Post RFR

October 1

Deadline for pre-proposal

October 16

Invitation for full proposal

October 23

Deadline for proposal

November 20

Review committee
meets/recommendation memo

1st week of December

Thank you to:
The Ad hoc Committee
The Management Committee
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MassBays Science and Technical Advisory Subcommittee
Structural and Operating Procedures

SCIENCE AND TECHNICAL ADVISORY SUBCOMMITTEE
STRUCTURE AND OPERATING PROCEDURES
JANUARY25, 2017
Massachusetts Bays National Estuary Program Mission:
The Massachusetts Bays Program is an EPA National Estuary Program dedicated to
protecting, restoring, and enhancing the estuarine resources of Massachusetts and Cape Cod
Bays. We facilitate partnerships to prompt local, state, and federal action and stewardship,
convening stakeholders on the local and regional level, providing scientific basis for
management decisions, and educating decision makers about problems and solutions.
Article I. Name and Function
Section 1. Name
The name of this organization shall be the Science and Technical Advisory Subcommittee
(STAC). It is one of the advisory subcommittees of the MassBays National Estuary Program
(MassBays). The geographic scope includes Upper North Shore and Ipswich Bay,
Massachusetts Bay, and Cape Cod Bay, extending out to Stellwagen Bank. This makes up the
MassBays planning area and includes 50 communities from Salisbury to Provincetown.
Section 2. Authority
The STAC was created by the MassBays Management Committee in 2013. STAC replaces
the Technical Advisory Committee which was convened by the Management Committee in
1991.
Section 3. Purpose and Function
The STAC will provide advice, guidance, and direction to MassBays in its role of providing a
scientific basis for management decisions under its Comprehensive Conservation and
Management Plan. The STAC shall:
1) Provide a forum for MassBays and its partners to examine, discuss, and exchange
existing and emerging scientific issues to facilitate the integration of sound science into
effective management of the MassBays planning area;
2) Support, review, and advise on the development and implementation of the MassBays
Monitoring Plan and other research and assessment priorities as needed;
3) Support the development and implementation of a framework to track the status and
trends of the ecology and condition of the Bays, set goals and thresholds, and provide
information to assess progress in the implementation of the CCMP;
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4) Provide advice to determine the scope of and contribute content to the State of the Bays
Report;
5) Serve in an advisory capacity for scientific and technical products generated by
MassBays;
6) Assist in the development of requests for proposals and in the evaluation of proposals
submitted, as needed;
7) Assist in identifying funding opportunities, including potential partnerships to enhance
technical and scientific expertise for research and monitoring.
8) Serve in an advisory capacity for other scientific or technical issues.

Article II. Membership and Officers
Section 1. Composition
The STAC shall be composed of committed environmental managers, research scientists,
engineers, and local practitioners associated with academic and private institutions,
industry, and from local, regional, state, and federal government agencies that conduct
environmentally-based scientific and/or policy research or activities in the MassBays
planning area. The MassBays Regional Coordinators may serve on the committee. Members
shall be primarily associated with organizations represented on the Management
Committee. Additional members may be invited to ensure a diversity of disciplines and
local knowledge as needed. Nominations for new members will be approved by the
Management Committee or the Executive Committee. Membership shall be reviewed every
year.
Section 2. Staff Support
Overall staff support for the STAC shall be provided by the MassBays staff scientist. In
coordination with the Chair, the staff scientist shall be responsible for the planning and
substantive work of all STAC meetings, and shall communicate notices, agendas, and
meeting materials to the members prior to the meetings, and shall prepare and distribute a
summary of each meeting.
Section 3. Chairperson and Vice-Chairperson
Officers of the STAC shall be selected by consensus or majority vote of the members. The
officers shall be a Chair and a Vice Chair. The Chair will hold the position for 1 year and
may be renewed for a total of no more than 2 years. The Chairperson shall have the
following responsibilities:
1. Chair STAC meetings;
2. Serve on the Management Committee and attend Management Committee meetings;
3. Define agendas for STAC meetings in coordination with MassBays staff scientist;
4. Receive requests from, and communicate recommendations and concerns of the
STAC to the Management Committee.
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5. Submit nominations for STAC members to the Executive Committee or Management
Committee.
The Vice-Chair shall:
1. Serve as alternate to the Chair in the absence of the Chair.
2. Assist the Chair in the general management of the committee.
3. Help in the development and review of the agenda.
Section 4. Work groups
The STAC shall form ad hoc work groups to focus on specific issues and will involve topicspecific experts. Work groups shall report regularly to the STAC and maintain open
communication throughout the duration of a project. Work groups will be formed to assist
and advise MassBays staff and the STAC on specific issues and review specific products.
Additional experts may be invited to join the work group if specific expertise is needed.
Article III. Meetings and Communication
The STAC will generally convene at least two times a year. Additionally the STAC may meet
virtually through conference calls and/or webinars to discuss specific issues as necessary.
STAC will from time to time be required to review materials and provide input and
feedback as needed. The meeting schedule for the following year shall be established at the
end of each calendar year. Any member of the STAC and Management Committee may
request an item be placed on the STAC agenda by contacting the STAC Chairperson and
MassBays staff scientist. The agenda will be distributed to STAC members at least one week
before a meeting.
Section IV. Policies
Section 1. Conflict of Interest Rules
The Conflict of Interest Rules of the MassBays Management Committee will apply to the
STAC as a Subcommittee.
Section 2. Policies and Amendments
Policies and any amendments shall be effective immediately upon adoption. Amendments
to these Structure and Operating Procedures may be made at a STAC meeting. The
Structure and Operating Procedures and memberships will be reviewed on an annual basis.
Decisions will be made by consensus.
Adopted by the MassBays Science and Technical Advisory Subcommittee: November 25,
2016. Approved by the MassBays Management Committee: January 25, 2017.
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Attachment R9
MassBays Monitoring Plan Work Group
This is an ad hoc Work Group formed by the Science and Technical Advisory Committee specifically to
focus on the development of the MassBays Monitoring Plan. It is mainly made up of members of the
Management Committee (or representative of the organizations that sit on the Committee). Three
members were invited to lend their expertise at specific points of the process.
Name

Affiliation

STAC member

Todd Callaghan

MA Office of Coastal Zone Management

Yes

Dan Codiga

Massachusetts Water Resources Authority

Yes (Vice-Chair)

Nora Conlon

U.S. Environmental Protection Agency

No

Amy Costa

Center for Coastal Studies

No

Sara Grady

North and South Rivers Watershed Association

Yes (RC)

Judith McDowell

Woods Hole Sea Grant/Cape Cod Extension

No

Jo Ann Muramoto

Association to Preserve Cape Cod

Yes (RC)

Margherita Pryor

U.S. Environmental Protection Agency

Yes

Julie Simpson

MIT Sea Grant

Yes (Chair)

Barbara Warren

Salem Sound Coastwatch

Yes (RC)

