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ABSTRACT / The effects of docks on eelgrass beds were
measured using plant population characteristics (shoot den-
sity, canopy height, and growth rates), light levels, and an
assessment of eelgrass bed quality in Massachusetts estu-
aries. Eelgrass populations were impacted under and di-
rectly adjacent to docks, as shown by depressed shoot

density and canopy structure. Severe impacts can cause
fragmentation of eelgrass beds, thus contributing to
large-scale declines in estuaries such as Waquoit Bay.
Impacts were fewer under docks supported by piers than
under floating docks, and taller piers resulted in fewer im-
pacts. Based on this investigation, we conclude that docks
should be greater than 3 m in height above the bottom in
areas with tidal ranges less than 1 m to allow enough light
to sustain eelgrass beds under the docks. In addition to
dock height, orientation and width were also found to
be important factors affecting eelgrass. Narrow docks
with a north–south orientation can best ensure the
long-term survival of eelgrass under and near the
dock.

Eelgrass is a submerged flowering plant that forms
extensive underwater beds, providing a marine habitat
of great ecological and economic value (Thayer and
others 1984, Short and others 1993). Currently, the
health of eelgrass habitats along the entire coastal
United States is in decline. In larger estuaries, alarming
reductions in the distribution of eelgrass have been
studied intensively (Orth and Moore 1982, Short and
others 1986, 1993, Dennison and others 1993) and have
been primarily attributed to excess nutrient pollution
(eutrophication) or wasting disease. However, there
have been few investigations of the overall impact of
commercial and recreational boating activities on eel-
grass. This impact includes the effects of docks, moor-
ings, and boating itself. Although they occur at smaller
scales than disease or pollution effects, marine boating
activities may have significant impacts and should be
assessed (Thayer and others 1975) so that these effects
may be minimized through management and educa-
tion. Walker and others (1989) reported losses of
seagrasses from boat moorings in Cockburn Sound,
Australia. They found that although the direct damage
to seagrass beds was small relative to the entire area of
the beds (1.6% of the seagrass bed area was damaged),
the physical integrity of the remaining habitat was

compromised, leaving it more susceptible to other types
of damage.

We investigated the direct impacts of docks on
eelgrass, focusing on two Massachusetts estuaries: Wa-
quoit Bay, Falmouth, and Nantucket Harbor, Nantucket
(Figure 1). The goals of the study were twofold. The first
was to measure the direct physical effects of docks and
piers on individual beds, including direct displacement
of eelgrass and reduction of available light. We exam-
ined dimensions and structural characteristics of docks
running through or adjacent to eelgrass beds, physical
characteristics of the sites (water depth and light penetra-
tion), and eelgrass population characteristics (shoot
density, canopy height, and growth rate) to interpret
the shading effects of docks. Using the field data, we
modeled eelgrass bed quality and light availability to
establish a scientific basis for minimizing impacts to
seagrasses through improved dock design.

The second goal of the project was to assess the
overall area of beds that have been lost on a bay-wide
scale through displacement and shading by docks in
Waquoit Bay. Waquoit Bay is an intensively studied
estuary, being both a National Estuarine Research
Reserve and a National Science Foundation Land
Margin Ecosystem Research site, surrounded by residen-
tial development on the south shore of Cape Cod.
Using an eelgrass distribution map of Waquoit Bay
based on 1987 aerial photography (Short and others
1993), an estimate of the estuary-wide impact of docks
on the distribution and area of eelgrass habitats was
produced.*Author to whom correspondence should be addressed.
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Materials and Methods

Study Sites

The sampling design included investigation of sev-
eral types of docks and tides that ranged from 0.3 to 0.9
m (mean tidal range). We included both seasonal and
permanent docks, and docks with structural extremes
(wide and narrow decks various heights above the water,
floating and fixed on piers). Our study, limited to
estuaries where substantial eelgrass beds currently coex-
ist with docks, was conducted primarily in Nantucket
Harbor and Waquoit Bay, Massachusetts (Figure 1). In
addition, one dock was examined in Woods Hole
Harbor, Massachusetts, and one was examined in Nini-
gret Pond, Rhode Island.

Dock Descriptions and Measurements

In the estuaries studied, boat docks are used as
permanent walkways from shorelines to relatively deep
water where boats are kept. Docks are usually wooden,
with their walkways supported by piers: whole or milled

posts driven into the marine sediments. Vessels are
often tied onto floating portions of docks that rise and
fall with the tides. Dock orientation is usually shore
normal, with the long axis perpendicular to the shore-
line. Most of the docks we examined were privately
owned and maintained for seasonal recreational use.

Using rulers and tape measures, dock length, width,
and thickness (from the top of the walkway deck to the
base of the beams that connect the horizontal deck with
the vertical piers), dock height above water, height
above marine bottom, and dock length along eelgrass
beds were measured. Dock orientation was taken with a
compass while standing on the dock, facing seaward
parallel to the long axis of the dock. Whether the dock
was permanent or seasonal, and whether it was elevated
on fixed piers or floating were noted. Age of the structure
was estimated or obtained through local inquiries.

Collection of Biological and Light Data

Sampling was performed in August, at the time of
maximum eelgrass standing stock, or biomass (Short

Figure 1. Map of southeastern Massachu-
setts, showing the two main study areas:
Waquoit Bay and Nantucket Harbor, as
well as Woods Hole. Ninigret Pond in
Rhode Island is not shown. (Map modified
from US Department of the Interior/Geo-
logical Survey 1976.)
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and others 1993), but before insolation was significantly
reduced. Transects were established at each dock (Fig-
ure 2); each transect included one station under the
dock (UNDER 5 1) and extended perpendicular to the
long axis of the dock to a station away from possible
dock impacts (FAR 5 4). For each transect, up to two
other stations were sampled: if there was no eelgrass
under the dock, a station was sampled in the first
eelgrass bed encountered (ADJACENT 5 2), or if there
was eelgrass under the dock, the ADJACENT station was
located within 2 m of the dock. Sometimes another
station (MID 5 3) was located between the ADJACENT
station and the FAR station of the transect. Eelgrass
beds were characterized by shoot density, canopy height
(height of 80% of the blades from the bottom), and
growth using methods developed in previous studies
(Short 1987, Fonseca 1990), as well as by canopy
structure, the product of canopy height and shoot
density. The portions of the eelgrass beds found directly
under the docks were rated to characterize eelgrass bed
quality. Eelgrass beds under docks were assigned a
number (0–9) representing bed quality when compared
to nearby eelgrass beds removed from dock effects. The
ratings were: 0 for no eelgrass under the dock, 5 if
eelgrass under the dock was half of that found in
surrounding beds, 9 if not visibly different from the
surrounding beds, interpolating to the nearest whole
number for intermediate conditions.

Light was measured with a spherical quantum sensor
(Li-Cor 4p; Li-Cor, Inc. Lincoln, Nebraska 68504, USA)
that was held 24 cm from the bottom at all transect
stations, namely UNDER, ADJACENT, MID, and FAR.

Light data was recorded on a Li-Cor LI-1000 data logger
and is presented as a percentage of surface light using a
comparison to simultaneous surface light measure-
ments from a flat quantum sensor held above the water.
Light values used for analyses are means of triplicate
measurements.

Relative light levels under docks (measured between
10:00 and 16:00 h) declined from 10:30 h to 12:00 h,
when the shadow fell most directly under the dock,
increased until 15:00 h, and declined after 15:00 h due
to low sun angle. To explain the variation in synoptic
light levels under docks, the time of measurement was
scaled to the nearest half hour, with 14:30 to 15:00 h the
maxima (0) and 11:30 to 12:00 h the minima (23),
producing a variable with an approximately linear
response to light. A third-order polynomial curve fit to
the percentage of light under docks supported the
scaling procedure (P , 0.0001).

At four docks in Waquoit Bay, eelgrass was marked
with a pinhole just above the meristem to measure
growth (Short 1987) using three to six stations per dock
site (up to ten shoots at each station, as available). The
stations were ADJACENT to docks, beyond the shade
effects of the docks (FAR), and in between (MID).
Plants were harvested seven days after marking; all
surviving plants were collected (two to nine plants per
station).

Statistical Analyses

In general, an alpha level of 0.05 was chosen for main
and interactive effects in the models, for post hoc tests
used to compare means (Fischer’s protected F test), and
for correlations. Residual plots using fitted Y values
were examined for regression and ANOVA analyses to
ensure assumptions of normality and variance homoge-
neity were met and to inspect the data for outliers.
Descriptive equations for eelgrass bed quality and avail-
able light under docks were developed from multiple
regressions using dock characteristics and time of sam-
pling with StatView (Abacus Concepts 1992). To build
and interpret the regression models, Pearson correla-
tion coefficients were calculated for dock characteris-
tics, eelgrass beds quality, and the average percentage of
light under the docks.

Eelgrass population characteristics (shoot density,
canopy height, and canopy structure) and growth were
analyzed separately by station (UNDER, ADJACENT,
MID, and FAR) using ANOVA (Super ANOVA, Abacus
Concepts 1989). Data from nine sampling stations that
were classified as ADJACENT or MID stations were
omitted because the eelgrass appeared to be eliminated
by stress not directly caused by docks (e.g., boat propel-
lers). Shoot density was transformed with the natural

Figure 2. Typical dock showing fixed and floating portions in
relation to associated eelgrass beds and stations along two
transects from the fixed dock. Stations are coded: 1 5

UNDER, 2 5 ADJACENT, 3 5 MID, 4 5 FAR.
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logarithm to improve homogeneity of error variance
and was analyzed using water depth as a covariate
(ANCOVA). Similarly, canopy structure (transformed
to its square root) was regressed on available light and
stations were compared using ANCOVA.

Mapping and Methods for Estuary-Wide
Assessment

Cumulative dock impacts in Waquoit Bay were as-
sessed using eelgrass distribution maps that were devel-
oped from aerial photography of Waquoit Bay taken in
1987 and 1992 (Figure 3) (Short and Burdick 1996).
Maps were coupled with extensive ground truthing of
beds, especially around docks, in the summer of 1993.
The maximum area of eelgrass beds that could be lost
because the beds were directly under fixed and floating
docks and boats tied to the docks was quantified. For

the estuary-wide assessment, we were not able to distin-
guish the impacts of boat shading on eelgrass from
impacts due to shading and direct displacement by
docks. Thus, these effects are taken together in our
assessment of estuary-wide dock impacts. The area of
eelgrass impacted by docks was measured in four
subbasins of the Waquoit Bay Estuary: Jehu Pond, Great
River, Hamblins Pond, and Eel Pond (Figure 3).

Results

Dock Characteristics

Approximately 20 dock structures that were associ-
ated with eelgrass beds were examined (Table 1).
Orientations of the docks included all quarters of the
compass, with half having a northern aspect and half
having a southern aspect. Nine were in an estuary with a
mean tidal range of 0.92 m, and the remainder were in
estuaries with smaller ranges (0.30 to 0.55 m). Most
docks had a floating portion to which boats were tied.
Four floating docks and one boat were examined for
shading impacts, but the majority of sampling sites were
fixed docks. Although most of the docks were 1–2 m
wide, deck width varied considerably (0.7–6.9 m), as did
the length (3.5–100 m), height above the marine
bottom (0.77–3.40 m), and estimated dock age (2–201

years).

Shading Impacts Under Docks

Bed quality. Although two thirds of the docks that
were surrounded by eelgrass had no eelgrass directly
under them (14 of 21), several docks had patches of
eelgrass under them, and three were located over fairly
well-developed eelgrass beds. A number for bed quality
of the eelgrass under all docks was assigned (see
Materials and Methods). Physical characteristics of the
docks were compared to the bed quality using correla-
tions (Table 2) and multiple regression (Table 5 below).
When compared with fixed docks, floating docks were
found to have severe impacts to eelgrass, and three of
the four floats examined quantitatively had no rooted
eelgrass under them (Table 1). For fixed docks, the
regression model showed that the most important
variables determining bed quality were height of the
dock above the marine bottom, dock orientation, and
width (F 5 12.1, P , 0.0006, R2 5 0.75, N 5 16). Of
these, height of the dock above the bottom was most
important (P , 0.0002), with greater dock height posi-
tively related to bed quality (Table 5 below). Dock
height was positively correlated with tidal range
(r 5 10.63; Table 2). Therefore, the effect of dock

Figure 3. Waquoit Bay eelgrass distribution for 1987 and
1992, from Short and Burdick (1996).
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Table 2. Correlation matrix of dock characteristics

Variable
Tidal
range Width Depth Age Aspect Axis

Fixed/
floating

Deck
base

above
bottom

A. Correlation of dock characteristics with eelgrass bed
quality (N 5 21)a

Width 0.39
Depth 20.12 0.26
Age 0.10 0.07 20.26
Aspect 0.02 0.05 20.20 0.16
Axis 20.00 20.01 0.24 20.54 20.49
Fixed/Floating 20.38 0.25 0.69 20.17 20.14 0.07
Deck base height above bottom 0.63 0.20 20.37 0.17 20.34 20.02 20.52
Bed quality 0.51 20.09 20.07 0.41 20.22 20.37 20.26 0.59

B. Correlation of dock characteristics with percentage of
available light under docks (N 5 17)b

Width 0.44
Depth 20.01 0.35
Age 0.22 20.03 20.30
Axis 20.31 20.03 0.33 20.57
Fixed/Floating 20.12 0.42 0.70 20.21 0.24
Deck base height above bottom 0.73 0.13 20.36 0.28 20.19 20.54
% Light 0.48 20.30 20.28 0.43 20.22 20.56 0.55

aCorrelations greater than 0.43 or less than 20.43 are significant at a 5 0.05 and are underlined.
bCorrelations greater than 0.48 or less than 20.48 are significant at a 5 0.05 and are underlined.

Table 1. Characteristics of docks sampled in Nantucket Harbor, Waquoit Bay, and Woods Hole Harbor,
Massachusetts, and Ninigret Pond, Rhode Island

Estuary Site

Tidal
range
(cm)

Dock

Aspect
of shore

Dock
orienta-

tion
(degrees)

Permanent/
seasonal

(P/S)

Floating/
fixed

(F/X)

Deck
height
above

bottom
(cm)

Dock
length
along
bed
(m)

Bed
quality
(0–9)

Width
(m)

Length
(m)

Thick-
ness
(cm)

Age
(y)

Nantucket Hrbr 1 92 6.9 58 28 20 south 20 P X 286 29 1
Nantucket Hrbr 2 92 1.35 21 34 16 south 0 P X 221 8.7 7
Nantucket Hrbr 3 92 1.25 18.5 32 5 south 60 P X 184 10 0
Nantucket Hrbr 4 92 1.8 18.5 35 5 south 60 P X 128 8 0
Nantucket Hrbr 5 92 2.42 100 30 3 north 90 P X 340 70 3
Nantucket Hrbr 6 92 4.8 3.6 71 3 north 90 S F 157 3.6 1
Nantucket Hrbr 7 92 2.0 91.5 30 2 north 60 P X 324 49 5
Nantucket Hrbr 8 92 1.8 93.3 35 20 north 60 P X 288 70 9
Nantucket Hrbr 9 92 1.52 30 23 20 north 20 P X 244 12 9
Ninigret Pond 10 30 0.76 5.0 50 5 north 30 S F 119 37 0
Waquoit Bay 11 55 1.8 16.2 22 15 north 80 P X 222 12 0
Waquoit Bay 12 55 1.45 13.6 33 5 north 85 P X 218 3.6 0
Waquoit Bay 13 55 2.5 5.0 100 10 north 85 S F 77 4 0
Waquoit Bay 14 55 0.73 7.9 16 8 north 70 P X 134 4 0
Waquoit Bay 15 55 1.87 9.4 27 5 south 40 P X 109 5.6 0
Waquoit Bay 16 55 3.5 4.8 50 5 south 40 S F 82 4.8 0
Waquoit Bay 17 55 1.21 18.7 27 3 south 85 P X 149 4.8 0
Waquoit Bay 18 55 1.22 10.6 23 18 south 40 P X 128 6 0
Waquoit Bay 19 55 1.02 3.5 16 18 south 40 S X 161 3.5 0
Waquoit Bay 20 55 1.83 3.7 34 18 south 40 S F 142 1.8 2
Wood’s Hole Hrbr 21 55 1.24 41.9 60 10 south 40 P X 179 35 5
Minimum 30 0.7 3.5 16 2 0 77 1.8 0
Maximum 92 6.9 100 100 20 90 340 70 9
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height subsumes any potentially important effects of
tidal range, and we found tidal range to be significantly
correlated with bed quality (r 5 10.51), all within the
relatively small tidal ranges of the systems we examined.

Docks running east–west supported less eelgrass
than those running north–south (P , 0.0015). Because
the Sun’s path is east to west, east–west-oriented docks
shade any eelgrass directly under them all day, resulting
in poorer bed quality than under north–south docks,
which shade eelgrass for only part of the day (Table 5
below). Similarly, wider docks resulted in poorer bed
quality (P , 0.0053). Dock height, width, and orienta-
tion were not correlated (Table 2), suggesting all these
factors are important to eelgrass bed quality and sur-
vival.

Light. Light is considered the primary factor limit-
ing eelgrass survival and distribution (Dennison and
others 1993). Light and bed quality under the docks
were positively correlated (r 5 0.59, P , 0.05). Like bed
quality, light levels under the docks were primarily
controlled by dock height (P , 0.0117) as indicated by
regression analysis (F 5 7.57, P , 0.0035, R2 5 0.636,
N 5 17). The higher the dock over the bottom, the
more diffuse the shadow, resulting in greater light
under the dock. As was true for eelgrass bed quality,
variables strongly correlated with dock height (i.e., tidal
range, dock type) may have important effects on the
relative amount of light under docks (Table 2), but
these effects were hidden by the effect of dock height.
In addition to dock height, other important factors
affecting light measurements under docks were dock
width (P , 0.0360), and time of day (P , 0.0198). As
dock width increased, less light could reach eelgrass
growing under the dock.

Thus, both light and eelgrass bed quality under the
docks were primarily dependent upon dock height.
After the effects of dock height were accounted for,
light levels were dependent upon dock width and time
of day, whereas eelgrass bed quality, which reflects light
levels reaching the canopy over weeks to months, was
influenced by dock orientation and width.

Additional Dock Impacts

Both eelgrass shoot density and canopy height were
affected by docks, but exhibited different patterns of
response along the sampling transects. Shoot density
was very low under docks (in most cases eelgrass was
absent), and increased with distance from the dock
(Figure 4A). Eelgrass canopy height was lowest adjacent
to docks and increased away from docks. However, in
the few instances where eelgrass was found under docks,
canopy height was similar to beds unaffected by docks
(Figure 4B).

Shoot density and canopy height may be combined
into one variable (canopy structure) to describe the
structure of the three-dimensional habitat created by
eelgrass beds. The most important variable affecting
canopy structure was relative light level, which results
from a combination of dock variables such as height
and width (Figure 5A). After variation due to light was
accounted for, sampling station was the most important
variable explaining differences in canopy structure. The
effects of both light and station on canopy structure
were highly significant (P , 0.0001), and resulted in a
model with R2 5 0.572. Station comparisons indicated
the canopy structure was severely impacted in beds
under and adjacent to docks (Figure 5B). The model of
canopy structure as well as the short stature of eelgrass
adjacent to docks (Figure 4B) suggests that not only
shading under docks, but shading and/or disturbance
from boat activities impacts eelgrass beds near docks.
The strongest impact that we observed adjacent to
docks was disturbance to the bottom sediments from
prop dredging by boat propellers. Boat propellers can
generate great turbulence that erodes the bottom

Figure 4. Eelgrass population characteristics of shoot density
and canopy height in relation to distance from docks. Bars
represent mean values 6SE of 13 to 47 replicates at 21 sites.
Bars with the same letters are not significantly different using
Fischer’s protected F test for post hoc comparisons. (A) Shoot
density; (B) canopy height.
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sediments, including rooted eelgrass, when operated in
the shallow water often found around docks.

In contrast to the strong patterns of eelgrass popula-
tion characteristics in relation to docks, the data on leaf
growth (growth per shoot, growth per square meter
based on density measurements, and specific growth)
showed no differences with respect to distance from the
dock (Table 3). Growth measurements were performed
in Waquoit Bay and included no stations directly under
docks.

Estuary-Wide Impacts of Docks in Waquoit Bay

Using a map of eelgrass distribution for 1987, eel-
grass beds were found close enough to the shoreline to
be directly impacted by docks in three ponds ( Jehu,
Hamblins, and Eel) and in Great River (Figure 3). All
docks in these four subbasins of Waquoit Bay were
measured using vertical aerial photography obtained in
1992. A scaling coefficient to calculate dock area from
the photography was developed from dock measure-

ments in the field and on the photographs. The areas of
the docks that would cover eelgrass beds based on the
distribution of eelgrass in 1987 were summed (Table 4).
Only about 360 m2 of eelgrass beds were covered by
docks out of a total coverage of 584,000 m2 of eelgrass
beds in these subbasins. In relative terms, docks covered
less than 1% of the bed area in 1987. However, most of
the docks were associated with boat scars that showed
damage to eelgrass beds from boats approaching and
leaving the docks.

Discussion

Impacts from Individual Docks

The height of the dock over the marine bottom was
clearly the most important variable for predicting the
relative light reaching the eelgrass and for predicting
eelgrass bed quality under the docks. With increased
dock height, the intensity of shading from a dock
diminishes because sunlight has a greater distance to
diffuse and refract around the dock surface before it
reaches the eelgrass canopy. Similarly, light levels are
greater under the centers of narrow docks than wide
docks. The effect of dock orientation on eelgrass bed

Figure 5. Eelgrass canopy structure as a function of light
levels and distance from docks (F 5 35.7; P , 0.0001; R2 5 0.52.
(A) Synoptic light levels and canopy structure; (B) canopy
structure of eelgrass beds shown by station. Bars are the
means 6 SE of 13 to 47 replicates at 21 sites. Bars labeled with
the same letters are not significantly different according to
Fischer’s protected F test.

Table 3. Growth of eelgrass by station on a per
shoot basis, specific or relative growth, and growth
on an areal basisa

Station N

Shoot growth
(cm/shoot/

day)
Relative growth
(cm/cm/day)

Areal growth
(g/m2/day)

UNDER 0 — — —
ADJACENT 7 2.95 6 0.39 0.0199 6 0.0014 1.98 6 0.70
MID 3 2.64 6 0.10 0.0198 6 0.0022 1.33 6 0.62
FAR 7 2.56 6 0.19 0.0175 6 0.0009 2.07 6 0.60

aValues are means 6 standard errors of N replicate groups of two to
nine shoots per group at four sites (89 shoots total). No significant
station effects were found.

Table 4. Direct dock impacts to eelgrass beds
in Waquoit Bay, Massachusettsa

Subbasin
Eelgrass area

(m2)
Dock area

(m2)
Percentage of
bed shaded

Jehu Pond 119,000 94 0.079
Great River 146,000 165 0.113
Hamblins Pond 174,000 11 0.006
Eel Pond 145,000 92 0.063
Total 584,000 362 0.062

aArea of eelgrass beds, area of docks that overlaps with eelgrass
distribution, and percentage of bed area covered by docks in the
Waquoit Bay Estuary. Eelgrass distribution is based on the 1987 map
(Figure 3) and docks were measured from 1992 aerial photography.
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quality can also be explained in terms of light. If the
dock is oriented north–south, its shadow falls directly
under the dock for a few hours around solar noon; with
an east–west orientation, the shadow falls under the
dock the entire day. Thus, docks with a north–south
orientation admit more light and can better support
eelgrass.

The descriptive equations for eelgrass bed quality
developed from the field data suggest that a typical
fixed dock running north–south will support half the
eelgrass of surrounding beds if it is 1.7 m above the
bottom (Table 5). Our model indicates the same dock
running east–west would have to be 1.8 m taller
(Table 5). Since we sampled no docks greater than 3.4
m in height, estimates of impacts at greater heights are
based on modeling alone and are speculative.

In order to connect these field results with previous
investigations of the light effects on eelgrass within
mesocosms (meso-scale model ecosystems) (Short and
others 1995), descriptive equations developed from
mesocosm data were used to predict the light levels
needed to support eelgrass under docks of different
heights and widths, regardless of orientation. For 20%
of ambient light levels to reach the canopy under a
1-m-wide dock at noon, the dock must be 2.0 m above
the bottom (Table 6). Several studies have suggested
that the minimum light requirement to sustain eelgrass
is in the range of 10%–20% surface light (Kenworthy
and Haunert 1991, Dennison and others 1993, Short
and others 1993). In our previous mesocosm studies,
we found that any reduction of light impacted produc-
tion, and in mesocosms with 10% of available light, no
net growth was found over one growing season (Short
and others 1993). A predictive equation for production
in the mesocosms was developed: Production (g/m2/
day) 5 22.85 1 3.18 p log(% light) with r2 5 0.856.

Using this equation, half of the eelgrass production
relative to full light would be obtained at 30% light.
Applying 30% light as a desirable minimum light level
for support of eelgrass under docks, our model for light
(Table 6) predicts a 1-m-wide dock must be 3.0 m above
the bottom to achieve 50% production.

Mesocosm studies with eelgrass have also found
important effects of eutrophication on plant produc-
tion and success. The introduction of excess nutrients
into mesocosms stimulated various forms and species of
algae that outcompeted eelgrass for light and space,
and thus severely reduced production and standing
crop (Short and others 1993, 1995). Unfortunately,
much of the Waquoit Bay Estuary is impacted by
eutrophication (Valiela and others 1992); this problem
is increasing, and it contributes to eelgrass loss (Short
and Burdick 1996). The effects of docks on eelgrass
beds are exacerbated by the reduced water clarity
accompanying eutrophication. In addition, eelgrass
beds in Waquoit Bay have some wasting disease, but the
low level of disease activity here suggests wasting disease
is not a primary agent reducing eelgrass distribution
(Short and others 1993).

The results from eelgrass growth measurements,
which showed no significant differences with respect to
distance from the dock, are difficult to interpret. Eel-
grass plants are composed of one or more shoots that
propagate vegetatively by adding shoots as the rhizome
grows. Plants growing adjacent to docks possibly curtail
new shoot production rather than reduce the growth of
any one shoot, with the result that growth of individual
shoots is relatively stable across the station transects.
This idea is supported by the changing relationship
between canopy height and shoot density. Normally,

Table 5. Dock heights needed to support eelgrass
based on bed qualitya

Eelgrass bed
quality

Compass bearing of
the dock long axis

0 (N) 30 60 90 (E) 120

9 (equal) 2.7 3.3 3.9 4.5 3.9
7 2.2 2.8 3.4 4.0 3.4
5 (1/2) 1.7 2.3 2.9 3.5 2.9
3 1.2 1.8 2.4 3.0 2.4
0 (none) 0.5 1.1 1.7 2.2 1.7

aDock heights that are needed to support eelgrass as predicted by the
model: eelgrass bed quality 5 1.0 1 4.0 (dock height) 2 0.081
(compass bearing) 2 1.4 (dock width). Dock height and width are in
meters; compass bearing is in degrees. Estimates are for a typical dock
fixed on pilings that is 2 m wide. Underlined values are estimates
within the range of observed data, others are extrapolations.

Table 6. Dock heights needed to support eelgrass
based on available lighta

Light under dock

Dock width (m)

0.75 1.0 1.5 3.0

50% 4.8 4.9 5.1 5.7
30% 2.9 3.0 3.2 3.8
20% 1.9 2.0 2.2 2.8
10% 0.9 1.0 1.2 1.8

aDock heights and widths needed for eelgrass as predicted by the
model: % light 5 24.7 1 10.27 (dock height) 2 6.97 (hour from 15:00)
2 4.14 (dock width). Dock height is reported in meters from base of
deck to the marine bottom. Available light is the percentage of surface
light that reaches 24 cm above the bottom under docks at noon.
Height estimates are for a typical dock fixed on pilings. Underlined
values are estimates within the range of observed data; others are
extrapolations. Light levels under 20% are not likely to support
eelgrass; 30% light supported 50% of normal eelgrass production
during summer in eelgrass mesocosms (Short and others 1995).
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eelgrass canopy height is negatively related to shoot
density (r 5 20.52, N 5 36 for Waquoit Bay; data from
Short and others 1993), but was positive for stations
under and adjacent to docks (P , 0.0001). Further
work should quantify shoot production and include
measurements under docks to obtain a better picture of
shading effects on growth.

Large-Scale Impacts

Docks and related structures (floats, ramps, and
boats tied to docks) covered only 360 m2, or 0.06%, of
the eelgrass beds in subbasins of Waquoit Bay based on
1987 eelgrass distributions. The area of eelgrass im-
pacted by these structures is potentially much greater
than the areas directly under the docks because shading
effects were important adjacent to docks and because
beds associated with docks have been damaged by boats,
as indicated by prop dredging effects and boat scars.
Between 1987 and 1992, severe reductions in eelgrass
bed area have occurred in Waquoit Bay (Figure 3), but
these declines in eelgrass do not appear to be primarily
caused by dock and boating activity. More likely, the
declines are primarily caused by the effects of eutrophi-
cation, as described above. However, the effects of docks
and boating activities do have a major role in the
documented fragmentation of eelgrass beds in Waquoit
Bay (Costa and others 1992, Short and Burdick 1996),
and fragmentation may destabilize these valuable habi-
tats.

A study of boat moorings in Western Australia
showed that mooring chains and boats have severely
impacted 1.6% of the seagrass area within the study sites
(Walker and others 1989). As we found for Waquoit Bay,
the impacted area was relatively small compared to the
size of the seagrass beds, but Walker and others (1989)
suggest these impacts might make the entire habitat
more susceptible to damage from other stresses, such as
storms. In Waquoit Bay, stresses to eelgrass habitats
from eutrophication, disease, docks, and boating activi-
ties are leading to the large scale declines in eelgrass
distribution recently observed (Costa and others 1992,
Short and Burdick 1996).

Dock Design Considerations

Our descriptive models (Tables 5 and 6) indicate
dock height above the marine bottom is the primary
factor controlling light levels and eelgrass bed quality
under docks. Dock orientation is more important to
eelgrass than dock width. Poor orientation (east–west)
can double the dock height required to support eel-
grass, from 1.7 to 3.5 m (Table 5), whereas increasing
the dock width from 1 to 2 m only increases the needed
height by an estimated 0.4 m (Table 6). The indepen-

dence of dock height, width, and orientation within our
survey (i.e., they were not correlated, Table 2) strength-
ens our conclusions that all three factors must be
considered in future research and in recommendations
regarding dock design. Our overall recommendation is
for fixed docks ,2 m wide and oriented within 10° of
north–south with the base of the dock decking at least
2.7 m above the marine bottom. If the orientation is
beyond the 10° limit, then dock height needs to be 0.2
m greater for every additional 10° increment. Docks
wider than 2 m need to add 0.4 m to their height for
every meter increment in width.

The majority of docks we sampled had a floating
portion to which boats were tied. Floating docks have
severe impacts to eelgrass, and usually eliminate all
shoots growing under them. Thus, floating portions
should only be placed in water depths beyond the lower
depth limit for eelgrass in a particular system. This
arrangement also tends to reduce or eliminate boat
damage to beds adjacent to the dock. If it is not
practicable to extend the dock to a deep channel, a
dingy kept at the dock could be used to access larger
boats moored in a nonvegetated area. Additionally, we
recommend docks be shared or jointly occupied. Con-
sideration of seasonal docks that have removable deck-
ing on fixed pilings is suggested, since eelgrass beds
with reduced productivity during a few summer months
may recover substantially when the decking is absent.

Conclusions

Docks and their associated floats and boats placed
over eelgrass beds can cause severe localized impacts to
eelgrass. Impacts occur through shading from docks as
well as boats, and prop dredging by boat motors,
leading to the elimination of eelgrass under and around
many docks. Impacts under floating docks generally
result in complete eelgrass loss. Less severe impacts
from shading were found for tall docks, especially those
with long axis orientations running north–south. Shad-
ing and physical damage to eelgrass associated with
docks are widespread in Waquoit Bay, and although
small relative to the total area of the bay’s eelgrass beds,
these impacts may be an important stress that contrib-
uted to the rapid eelgrass declines.

This is the first study to examine the effects of docks
on eelgrass and suggest designs based on models of
dock impacts to eelgrass beds. We found that narrow
docks greater than 3 m over the marine bottom and
oriented north–south had the least amount of impact to
eelgrass beds. The best dock design is a high dock with
north–south orientation that extends to the edge of a
navigable channel. Here a boat or a float may be kept
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with minimal damage to eelgrass if the channel is
normally too deep to support eelgrass. The models of
dock impacts to eelgrass reported here should be tested
at more sites and in estuaries with greater tidal ranges,
since covariation between dock height and tidal range
occurred in the data set. Our work focused on the
impacts of docks on eelgrass; in considering dock
regulations, other issues include boat effects on eelgrass
and impacts of docks on other marine habitats and
resources, as well as aesthetic considerations (e.g.,
scenic vistas). To reduce fragmentation and stress to
eelgrass beds in estuaries like Waquoit Bay, dock regula-
tions that minimize impacts to eelgrass beds must be
adopted and enforced.
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