UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
National Marine Fisheries Service

P.O. Box 21668

Juneau, Alaska 99802-1668

December 4, 2002

Mr. Dale Kanen

District Ranger

Tongass National Forest
Craig Ranger District
P.0O. Box 500

Craig, Alaska 99921

ATTN: Mr. Chad Van Ormer

RE: Baker Island Trail Environmental Assessment (EA)
Scoping Comments

Dear Mr. Kanen:

Thank you for the opportunity to provide scoping comments for
the referenced project. The Tongass National Forest, Craig
Ranger District (Forest Service), is proposing to construct a
trail from south Port San Antonio to Little Veta Bay on Baker
Island. The project would include construction of a
recreation cabin and placement of a dock for public use in
south Port San Antonio. We have reviewed the scoping
information packet and offer the following comments.

We were provided with photographs of south Port San Antonio by
Alaska Department of Fish and Game personnel (Mr. Mark
Minillo) that show an extensive eelgrass bed (Zostera marina)
in the area proposed for the public dock. Eelgrass is
considered a special aquatic site under the Clean Water Act
404 (b) (1) guidelines. According to these guidelines, special
aquatic sites are “generally recognized as significantly
influencing or positively contributing to the overall health
or vitality of the entire ecosystem or region.” Eelgrass
provides nesting, spawning, nursery, cover and forage habitats
for numerous species of fish and invertebrates, contributes to
primary and secondary productivity of marine food chains, and
protects shorelines from erosion and wave action (Fonseca et
al., 1998).

In Alaska, eelgrass provides Essential Fish Habitat (EFH), as
defined by the Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), for a number of commercially
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important species, including rockfish, Pacific cod and salmon
(Murphy et al., 2000; Byerly, pers. comm., 2000). A pink
salmon spawning stream, cataloged by the Alaska Department of
Fish and Game (USGS Quad Craig, C-5, #104-30-10550), is
located at the head of south Port San Antonio, in the area of
the proposed dock. Adult and juvenile pink salmon will
therefore be present in the eelgrass bed when spawning and
outmigrating in the summer/fall and spring, respectively.
Several other valuable Alaskan species may be present in this
eelgrass bed, including Dungeness crab and herring, which use
eelgrass for spawning, sheltering, feeding and rearing of
young (Phillips, 1984; Stevens and Armstrong,1984).

Construction of the proposed dock would introduce both direct
and indirect adverse impacts within the eelgrass bed in south
Port San Antonio. Direct displacement of eelgrass habitat
would result from placement of piles. Indirect impacts would
include shading from the dock structure, sedimentation from
boat prop wash, and introduction of hydrocarbons from boat
engines. Hydrocarbons have shown to be extremely toxic to
early life history stages of salmon and herring (Marty et al.,
1997; Carls et al., 1997).

The EA should include a map showing the extent of the eelgrass
bed in south Port San Antonio and the exact location of the
proposed dock. Alternatives to placing the dock in the
eelgrass bed to completely avoid impacts should be considered
and analyzed. Alternative designs of the dock and its
placement within the eelgrass bed should also be considered
and analyzed to minimize adverse impacts. We have enclosed
several documents that address placement of docks in eelgrass
beds to minimize impacts. During informal discussions with
scientists from the Battelle Marine Science Laboratory, we
were informed that models are available to customize dock
designs to minimize light impacts. We encourage the Forest
Service to investigate these options. Finally, if a dock is
placed in the eelgrass bed, a monitoring program should be
used to assess long-term impacts of the dock, with corrective
action, if necessary.

To meet EFH requirements of the MSFCMA, the EA should include
an EFH Assessment. EFH 1s present in south Port San Antonio
for all five species of Pacific salmon and the following
species of groundfish: flathead sole, rock sole, sablefish,
and walleye pollock. The EFH Assessment should be labeled asg
a section of the EA and include : 1) a description of the



action; 2) an analysis of the potential adverse effects of the
action on EFH and the managed species; 3) the Forest Services’
conclusions regarding the effects of the action on EFH and 4)
proposed mitigation, if applicable.

Within 30 days of receiving the EFH Assessment, NMFS will
develop EFH conservation recommendations for the project which
if implemented will reduce adverse effects on EFH from the
project. Upon receipt of the EFH Conservation
Recommendations, the MSFCMA requires the Forest Service to
respond to NMFS within 30 days informing us of the agency’s
decision to implement these recommendations.

Sincerely,

G| ¢
siger

James W. B
Administrator, Alaska Region
// g

cc: Mark Minnillo, ADF&G, Klawock
Mark Jen, EPA, Anchorage
ADEC, AADGC, ADNR, USFWS, Juneau
Jon Kurland, NMFS

Enclosures:

“The Effects of Boat Docks on Eelgrass Beds in Coastal Waters
of Massachusetts” by D.M. Burdick and F.T. Short.

“Evaluation of Mehods to Increase Light Under Large Overwater
Structures: Improving Salmon Habitat Functions” by S.
Sargeant, Battelle, with attached reference list.
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The Effects of Boat Docks on Eelgrass Beds
in Coastal Waters of Massachusetts

DAVID M. BURDICK*

FREDERICK T. SHORT

Department of Natural Resources
Jackson Estuarine Laboratory

Center for Marine Biology

University of New Hampshirg

Durham, New Hampshirg 03824, USA

ABSTRACT / The effects of docks on eelgrass beds werg
measured using plant population characteristics (shoot den-
sity. canopy height. and growth rates), light levels, and an
ssessment of eelgrass bed quality in Massachusetts estu-
arics. Eelgrass populations ware 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 Waquaoit Bay.
Impacts were fewer under docks supported by piers than
under floating docks. and taller piers resulted in fewer im-
pacls. Based on this investigation, we conclude that docks
should be grealer than 3 m in height above the bottomn in
areas wilh tidal ranges less than 1 m to altfow encugh light
to sustain eslgrass beds under the docks In addition to
dock height, origntation and width were also found 1o

be important faclors affecting eelgrass Narrow docks
with a north-south origntalion can best ensure lhe
long-term survival of eglgrass under and near the

dock.

Eelgrass is 2 submerged flowering plant that forms
extensive underwater beds, providing a marine hubitat
of great ecological and economic value (Thayer and
others 1984, Short and others 199%). Currently, the
health of eclgrass habitats along the entire coastal
Unired States is in decline. In larger estuaries, alaruing
reductions in the distribution of celgrass have been
studied intensively (Orth and Moore 1989, Short and
others 1986, 1993, Dennison and others 199%) and have
been primarily auributed to excess nutrient pollution
(eumrophication) or wasting disease. However, there
have been few investigations of the overall impact of
commercial and recreational Loating aclivities on eel-
grass. This impact includes the effects of docks, moor-
ings, and boating itself. Although they occur at smaller
scales than disease or poltution cflects, 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-
don. Walker and others (1989) reported losses of
seagrasses from boat moorings in Cockburn Sound,
Australia. They found that although the direct damage
to seaprass 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 habirat was

KEY WORDS. Docks, Shade, Eelgrass beds: Zostara manna,
Scagrass

*Author to whom correspondence should be addressed.

Envirormental Management Vol. 23, No. 2, pp. 231-240

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

We investigated the direct impacts of docks on
celgrass, focusing on two Massachusetts cstuarics: Wa-
quoit Bay, Falmouth, and Nantucket Harbor, Nantwucket
(Figure 1). The goals of the study were twolold. The first
was 1o measure the direct physical effects of docks and
piers on individual beds, including direct displacement
of eclgrass and reduction of available light, We exam-
incd dimensions and structural characteristics of dacks
running through or adjacent o eelgrass beds, physical
characteristics of the sites (water depth and light penctra-
tion), and cclgruss populution characreristics (shoot
density, canopy height, and growth rate) 10 interpret
the shading effects of docks. Using the ficld daty, we
modeled eelgrass bed quality and light availability o
establish a scientific basis for minimizing mpacts to
scagrasses through improved dock desigi.

The sccond goal of the project was to assess the
overdll arca of beds thut have been fost 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 Fsmarine Rescarch
Reserve and a Nailonal Science Foundation Land
Margin Ecosystem Research site, surrounded by residen-
tal 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 cstuary-wide impact of docks
on the distribution and arca of cclgrass habitats was
produced.

@ 1999 Springer-Verlag New York Inc
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Materials and Methods

Study Sites

‘The sampling desigu included investigation of sev-
eral types of docks and tides that ranged from 0.3 10 0.9
m (mcan tdal 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 1o
estuarics where substantial eclgrass beds currently coex-
ist with docks, was conducted primarily in Nantucket
Harbor and Waquoit Bay, Massachusctts (Figure 1). In
addition, one dock was examined in Woods Hole
Harbor, Massachusetrs, and onc was examined in Nini-
grel Pond, Rhode Island.

Dock Descriptions and Measurements

In the eswarics studicd, boat docks are uscd as
permanent walkways from shorelines to relatively deep
water where bioats are kept. Docks are usually wooden,
with their walkways supported by piers: whole or milled

logical Survey 1976.)

posts diiven into the marine scediments. Vessels are
often ted onto flogting portiens of docks that rise and
fall with the tides. Dock orientation is usually shore
normal, with e fong axis perpendicular to the shore-
linc. 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 celgrass
beds were measured. Dock otientation was taken with a
compass while standing on the dock, fucing seaward
parallel to the long axis of the dock. Whether the dock
was permancnt or seasonal, and whether it was elevated
on fixed picrs or floating were noted. Age of the structure
was cstimmated or obtained through local inquiries.

Collection of Biological and Light Data

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

10/20/99 WED 16:20 [TX/RX NO 5502]
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Figure 2. Typical dock showing fixed and floating portions in
relation to associaled eclgrass beds and stations aloug two

transects from the fived dock. Stations are coded; 1 =
UNDER. 2 = ADJACENT, $ = MID, 4 = FAR.

and others 1993), but before iusolation was significantly
reduced. Transects were established at cach dock (Fig-
ure 2); cach transect included one station under the
dock (UNDER = 1) and extended perpendicular to the
long axis of the dock to a starion away from possible
dock impacts (FAR = 4). For each uranscct, up to two
other stations were samplec: if there wus no cclgrass
under the dock, a station was sampled in the first
eelgrass bed encountered (Al)]/\(JE}NT = 23, or if there
was cclgrass under the dock, the ADJACENT station was
located within 2 m of the dock. Somelimes another
staton (MID = 3) was located between the ADJACGENT
station and the FAR stadon of the wansect. Eelgrass
heds were characterized by shoot density, canopy height
(height of 80% of the blades from the bouom), and
growth wsing mcthods developed in previous studies
(Short 1987, Fonscca 1990), as well as by canapy
structure, the product of canopy height and shoot
density. The portions of the celgrass 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 qualicy when compared
to nearby eelgrass beds removed from dock cHects. 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 1f not visibly different from the
surrounding beds, interpolating o the neuarcest whole
number for intermediate conditions.

Light was measured with a spherical quantum sensor
(Li-Cor 41r; 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.

FAX NO. 18072714584
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Light dasa was recorded on a Li-Cor L1000 d:a logyer
and s 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 triplicare
measurements,

Relative light levels under docks (measured bemween
10:00 and 16:00 h) declined from 10:30 h 1o 12:00 h,
when the shadow fcll most direcdy under the dock,
increased until 15:00 h, and declined alter 15:00 h duc
o low sun angle. To explain the variadon 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 1o 12:00 h the minima (—3),
producing a varable with an approximatcly linear
response to light. A third-order polynomial curve fit to
the percentage of light under docks supported the
scaling procedure (P < 0.0001).

Al four docks in Waquoit Bay, eelgrass was marked
with a pinhole just above the meristem to mcasure
growth (Short 1987) using three to six stations per dock
site (up to len shoots at cach sation, as available), The
stations were ADJACENT to docks, beyond the shade
cffccs of the docks (FAR), and in between (MID),
Plants were harvested seven days after marking; all
surviving plants were collected (two to nine planis 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 Fest), and
for corrclations. Residual plots using ficted Y values
were exanined for regression and ANOVA analyses 1o
¢nsurc assumptions of normality and variance homoge-
neity were met and to inspect the duta for outliers.
Descriptive equadons for eelgrass bed quality and avail-
able light under docks were developed from muliple
regressions wsing dock characteristics and ume of sam-
pling with StatView (Abacus Concepts 1992), To build
and interpret the regression models, Pearson correla-
ton coeflicients were calculated for dock characteris-
tics, eelgrass beds quality, and the average percentage of
light under the docks.

Eelgrass population characterisdcs (shoot density,
canopy beight, and canopy structure) and growth were
analyzed sepurately by stadon (UNDER, ADJACENT,
MID, and FAR) using ANOVA (Super ANOVA, Abacus
Conceprts 1989). Data from ninc sampling stations that
were classified as ADJACENT or MID smtions were
omitted becausc the eelyrass appeured o be eliminated
by stress not direcdy caused by docks (c.g., boat propel-
lers). Shoot density was ransformed with the natural
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WAQUOIT BAY

Hamblin Pond
Avguat 11, 1987 b

>

500 m

Sage Lot Pond

Vinyard Scund

é? Off Shora

WAQUOIT BAY 1D 4amblian Pond

July 31,1992

Centrat

Flgure 3. Waquoit Bay cclgrass disuibution for 1987 and
1992, from Short and Purdick (1996).

logarithin to improve homogeneity of crror variance
and was analyzed using water depth as a covarrate
(ANCOVA). Similarly, canopy structure (transformed
to 11§ SqUAre root) was regressed on available light and
stations were compared using ANCOVA,

Mapping and Methods for Estuary-Wide

Assessment

Cumuladve dock impacts in Waquoit Bay were as-
sewsed using cclgrass diswibution maps that were devel-
oped from acnial photography of Waguoit Bay taken in
1987 and 1992 (Figure 3) (Short and Burdick 1996).
Maps were coupled with exteruive ground truthing of
beds, especially around docks, in the summer of 1993.
The maximuin area of eclgrass beds that could be lost
because the beds were dircetly under fixed and Houating
docks and boats tied to the docks was quantuficd. For

FAX NO. 18072714584 P. 06

the cstuary-wide assessment, we were not able to distin-
guish the impacts of boat shading on cclgrass from
impacts due to shading and direct displacement by
docks, Thus, these effects are taken together in our
assesstuent of estuarywide dock impacws, The area of
cclgrass impacted by docks was measwred in four
subbasins of the Waquoit Bay Fatnuary: Jehu Pond, Great
River, Hambling Pond, and Fel Pond (Figure 3).

Results

Dock Characteristics

Approximatcly 20 dock structures that were associ-
ated with eclgrass beds were examined (Table 1).
Oricntations of the docks included all quarters of the
compass, with half baving a northern aspect and half
having a southern aspect. Nine werce in an estuary witha
mean tidal range of 0.92 m, and the remainder were in
esluaries with smaller ranges (0.50 to 0.55 m). Most
docks had a floating pordon to which boats were tied.
Four floating docks and onc 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 considerubly (0.7-6.9 m), as did
the length (3.5-100 m), hcight above the marine
bottom (0.77-3.40 m), and estimated dock age (2-20+
years).

Shading Impacts Under Docks

Bed quality. Although two thirds of the docks that
were surrounded by celgrass had no eclgrass directy
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 celgrass under all docks was assigned (sce
Marterials and Methods). Physical characteristics of the
docks were compared to the bed quality using correla-
tions (Table 2) and muliiple regression (Table 5 beclow).
When compared with fixed docks, floating docks were
found 1o have scvere impacts to celgrass, and three of
the four floats cxamined quantitatively had no rooted
celprass 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=12.1, £~ 0.0006, /& = 0.75, N=16). Of
these, height of the dock above the bottomn was most
important (£ < 0.0002), with greater dock height posi-
dvely related to bed quality (Table 5 below). Dock
hcight was positively corretated with udal range
(r= +0.6%; Table 2). Tharefore, the cffect of dock
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Table 1. Characteristics of docks sampled in Nantucket Harbor, Waguoit Bay, and Woods Hole | larbor,
Massachusetts, and Ninigret Pond, Rhiode Islang

Dock Deck Dock
Dock height lengih
Tidad Thick- orienta- Peormunent/ Floatng/ above along Bed
range Width Length ness Age  Aspect ton seasonal fAxed  botrem  bed  quality
Estuary Sitc (cm)  (m) (m)  (cm) (y) ofshore (degrees) (P/S) (F/X) (czm)  {(m) (0-9)
Nantucket Hrbr 1 92 6.9 58 28 20 south 20 P X UG 29 1
Nantucket Hrbr 2 92 135 21 34 16 south 0 P X 221 8.7 7
Nantucket Trbr 5 92 125 18.5 32 5 south 60 P X 184 10 0
Nanrucket Hybr 4 92 1.3 18.5 35 5 south 60 P X 128 8 0
Nantucket Hrbr 5 92 242 100 30 8 north 20 p X 340 70 3
Nantuckee [Trbr 6 92 48 3.6 71 3 north 90 § F 157 3.6 1
Nantucket Hrbr 7 92 20 91.5 30 2  north 60 P X 394 49 5
Nantucker Firbr B 92 1.8 933 35 20 north 60 r x 283 70 9
Nuntucket Hrbr 9 92 152 30 28 20 north 20 P X 244 12 9
Ninigret Pond 10 30 076 5.0 50 5 north 30 S F 119 37 0
Waquoit Bay 11 55 1.8 16.2 22 15 north 30 P x 202 12 0
Waquoit Bay 12 55 145 136 88 5 north 85 P X 218 3.6 0
Waquoit Bay 13 S5 25 50 100 10 north 85 s F 77 4 0
Wagquoit Bay 14 55 0.7% 7.9 16 8 north 70 P X 134 4 0
Wagquort Bay 15 55 1.87 9.4 27 5 south 40 P X 109 5.6 0
Waquoit Bay 16 55 85 418 50 5 south 10 S F &2 1.8 0
Wagquoit Bay 17 55 1.21 18,7 27 3 south 85 P X 149 4.8 0
Waquoit Bay 18 55 122 10.6 23 I8  south 40 r X 128 6 0
Waquoit Bay 19 55 1.02 3.5 16 18 sourh 40 S X 161 3.5 0
Waquoit Buy 20 55 1.83 37 34 18 south 40 S F 112 1.8 2
Wood's Holc Hrbr 21 55 1.24 41.9 60 10 south 10 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
Table 2. Correlation matrix of dock characleristics
Deck
base
Tidal Fixed/  above
Variable range  Width Depith  Agc  Aspect  Axis  floating  bouom
A. Corrcladon of dock characteristics with eclgruss bed
quality (N = 21)?
Width 0.39
Depth ‘ —0.12 0.26
Age 0.10 0.07 -0.26
Aspect 002 0.05 --020 0.16
Axis —0.00 —0.01 0924 -031 -049
Fixed/Floaling -038 025 069 =017 -0611 ooy
Deck base height above botlom 0.63 020 —0.387 017 -034 -002 =052
Bed quality 051 —-0.09 - 0.07 041 -—022 -0.37 -0.26 0.59
B. Coriclation of dock characteristics with percentage of
available light under docks (N = 17)"
Widih 0.44
Depth -0.01 035
Agge 0.22 -0.08 —-0.30
Axis . -0.81 -0.03 033 —057
Fixed,/Floating -0.12 042 070 =031 0.24
Deck base height above bottom _073 013 -036 028 ~0.19  -0.04
% Light 048 --0.30 -—0.28 0.43 -0.22 -056 Qéé

3Corrclutions greater than 0.43 or less thian —0.43 are significant aca = 0.05 and are undarlined.

PCorrelations greater than 0,48 or less than —0.48 are significant ata = 0,05 and ure undedined.
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height subsumes any porentally important effects of
udal range, and we found tidal range to be significantly
correlated with bed quality (r= +0.51), all within the
relatively small ddal ranges of the systems we examined.

Docks running cast-west supporied less eelgrass
than those running north-south (P < 0.0015). Because
the Sun’s path is east to west, cast-westoriented dacks
shude any eelgrass divectdy under them all day, resulting
in poorer bed quality than under north-south docks,
which shade cclgrass for only part of the day (Table 5
below). Similarly, wider docks resulted in poorer bed
quality (£ << 0.0053). Dock height, width, and orienta-
tion were not corrclated (Table 2), suggesiing all these
factors are important to celgrass bed quality and sur-
vival.

Light. Light is considered the primary facror limit
ing eelgrass survival and disuibution (Dennison and
others 1993). Light and bed quality under the docks
were positively correlated (r = 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= 7.57, P<0.0035, I? = 0.636,
N=17). The higher the dock over the bouom, the
more diffuse the shadow, resuling 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 cffects on the
relauve amount of light under docks (Table 2), but
these cffects were hidden by the cffect of dock height
In addition 10 dock height, other important factors
affecting light measorements under docks were dock
width (P < 0.0360), and timc of day (£<0.0{98). As
dock width increased, less light could reach eelgrass
growing under the dock.

Thus, both light and eclgrass 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 cclgrass bed quality, which reflects light
levels reaching the canopy over weeks to months, was
influenced by dock oricntation and width.

Additional Dock Impacts

Both eclgrass shoot density and canopy height were
affected by docks, bur exhibited different patterns of
response along the sampling transects. Shoot demsity
was very low under docks (in most cases cclgruss was
absent), and increased with distance from the dock
(Figure 4A). Eclgrass canopy heighrwas lowest adjucent
o docks and increased away from docks. However, in
the few instances where celprass was found under docks,
canopy height was similar to beds unaffecied by docks
(Figure 1B).

FAX NO. 18072714584 P.08
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SHOOT DENSITY (#/»?)

ADJACENT MID FAR

CANOPY HEIGHT (cm)

ADJACENT MID FAR
STATION RELATIVE TO DOCK

UNDER

Figure 4. Eclgrass population characteristics of shoot density
and canopy height in retation to distance from docks. Bars
represent mean values SE of 13 to 47 replicates at 21 sites.
Bars with the same letters are not significanty different using
Fischer's prolecied F test for post hoc comparisons. (A) Shoot
density; (B) canopy height.

Shoot density and canopy height may be combined
into one variable (canopy structure) to describe the
structure of the threedimensional habitat created by
eelgrass beds. The most imporant variable affecting
canopy structure was relative light level, which resules
from a combination of dock vaniables such as heighc
and width (Figure 5A). After variation duc to light was
accounted for, sampling station was the most important
variable explaining differences in canopy structure. The
cffects of both light and station on canopy structure
were highly significant (P < 0.0001), and resulted in a
mode} with R? = 0.572. Station comparisons indicated
the canopy structure was severely impacted in beds
under and adjacent to docks (Figure 5B). The model of
canopy stucture as well as the short stature of eclgrass
adjacent to docks (Figure 4B) suggests that not only
shading under docks, but shading and/or disturbance
from boat activitics impacts eclgrass beds ncar docks.
The strongest impact that we observed adjacent o
docks was disturbance o the bouom sediments from
prop dredging by bout propellers. Boat propellers can
generate great turbulence that erodes the bottom
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Figure 5. Eclgrass canopy stracture as a function of light
levels and distance from docks (F= 35.7; P < 0.0001; R? = 0.52,
(A) Synopric light levels and canopy swucuire; (B) canopy
structure of eclgrass beds shown by station. Bars arc the
means T SE of 13 to 47 replicates at 21 sires. Bars labeled with
the same lettars are not significandy different according 10
Fischer's protecied Frest,

scdiments, including rooted eelgrass, when operated in
the shallow water ofien found around docks.

In contiast o the strong patterns of ¢elgrass popula-
ton characteristics in relation o docks, the data on leaf
growth (growth per shoot, growth per square meter
bascd on density measurcinents, and specific growth)
showed no diffcrences with respect o 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 1o the shoreline o
be direcdy impacted by docks in three ponds (Jehu,
tHamblins, and Fel) and in Great River (Figurc 3). All
docks in these four subbasing of Waquoit Bay wcre
measured using vertical aerial photography obtained in
1992. A scaling cocflicient w calculate dock arca from
the photography was developed from dock measure-

FAX NO. 18072714584

Effects of Boat Docks on Eelgrass Beds 237

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

Shoot growth
(em/shoot/  Relative growth Areal growth

Station N day) {em/om/dayy  (g/mb/day)
UNDER 0 e — e

ADJACENT 7 295 %039 00199 = 0.0014 1.98 = 0.70
MID 3 20647010 0.0198 7 00022 1383 062
FAR 7 256=019 0.0[75 = 0.0009 2.07 = 0.60

*Values are means = standard errors of N replicaie groups of mo to
nine shoow pey group ar four sitcs (89 shoots torah). No significant
station effects were found.

Table 4. Direct dock impacis to eelgrass beds
in Waguoit Bay, Massachusetts?

Eelgrass area Dockarea  Percentage of

Subhasin (m?) . (mY) bed shaded
Jehu Pond 119,600 9 0.079
Great River 146,000 165 0.113
Hamblins Pond 174,000 1 0.006
Eel Pond 145,000 92 0.0G3

Total 581,000 362 0.062

*Area of ecelgrass beds, area of docks that overlaps with eelgrass
disuibudon, and percentzage of bed arca covered by docks in e
Waquoit Bay Furaary. Belgmss distribntion it based on the 1937 mup
(Fignire 3) and docks were meuasured from 1992 acrial photography.

meits in the held and on the photographs. The arces of
the docks that would cover eelgrass beds based on the
distribulion of eelgrass in 1987 were summed (Table 4).
Only abour 360 m?® of eelgrass beds were covered by
docks out of a rotal coverage of 384,000 m*® of eelgrass
beds in thesc subbasins. In relative terms, docks covered
less than 19% of the bed arca in 1987. However, most of
the docks were associated with boat scars that showed
damage 1o 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 inportant variable for predicling the
rcladve light reaching the eelgrass and for predicting
eelgrass bed quality under the docks. With increased
dock hcight, 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 eclgrass canopy. Siruilarly, light levels arc
greater under the centers of narrow docks than wide
docks. The effect of dock orientation on eelgrass hed

P. 03
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Table 5. Dock heights needed to support eelgrass
based on bed qualily?

FAX NO. 19072714584 P. 10

Table 8. Dock heighls needed to support eclgrass
based on available light®

Compass bearing of
the dock long axis

Eclgrass bed -~

quality 0 (N) 30 60 90 (E) 120
9 (cqual) 2.7 3.3 39 45 3.9
7 22 73 3.4 1.0 3.4
5(1/2) 17 i3 29 8.5 29
3 T3 T8 53 3.0 74
0 (none) 035 11 7 23 1__Z

i

H

aNock heights thit are needed to support celgrass as predicied by the
modcl: relgrass bed quality = 1.0 + 4.0 (dock height) — 0.081
(compass beuring) = 1.4 (dock width). Dock height and width ure in
meters; compass beiring is in degrees. Estimates are for a rypical dock
fixed on pilings that is 2 m wide. Underlined values are estimates
within the rapge ol observed data, others are extrapolatons.

quality can also be ¢xplained 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-wesl orientadon, the shadow falls under the
dock the entire day. Thus, docks with a north—south
orientation admit more light and can beuer support
celgrass.

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

In order w connect these field results with previous
investigations of the light effects on eelgrass within
mesocosms (meso-scale model ecosystems) (Short und
others 1995), descriptive equadons developed from
mesocosm data were used to predict the light levels
needed to support cclgrass under docks of different
heights and widths, regardless of orienradon. For 20%
of ambient light levels to reach the canopy under a
l-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 requircment to sustain eelgrass
is in the range of 10%-20% surface light (Kenworthy
and Haupert 1991, Dennison and others 1993, Short
and others 1993). In our previous mesocosin studies,
we found that any reduction of light impacied 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 fur production
in the mesocosms was developed: Production (g/m?/
day) = —2.85 + 3.18 * log(% lighy with ¥ = 0.856.

Dock width (m)

Light under dock 0.75 1.0 15 3.0
50% 48 4.9 51 5.7
30% 29 3.0 3.2 3.8
20% 19 2.0 22 2.8
10% 05 Jo 13 I8

|

Pock helghts and widihs needed for culgrass as predicied by the
model; % light = 24.7 + 10.27 (dock height) ~ 6.97 (hour fram 15:00)
— 4.14 (dock width). Dock height is reported in meters from base of
deck to the marine bottom. AvaiJable light is the percentage of surface
light that rcaches 2¢ ¢m above the hottom under dorks at noon.
Height estimates arc for a typical dock fixed on pilings. Underlined
values ate cstimales within the ringe of observed data; others are
extrapolutjons. Light Jovels under 20% are not likely w0 support
eclgrass; 30% Nght supported 50% of norural celgrass prodiuctdon
during summer in celgriss mesocosms (Shortand others 1995),

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

Mesocosm studics with eelgrass have also found
important effects of cutrophication on plant produc-
tion and success. The inwoduction of excess nutrients
into mesvcosms stimulated various forms and species of
algae that outcompeted eclgrass for light and space,
and thus severcly reduced production and standing
crop (Short and others 1893, 1995). Unfortunatcly,
much of the Waquoit Bay Eswary is impacted by
cutrophication (Valiela and others 1992); this problem
is increasing, and it conuibules 0 eelgrass loss (Short
and Burdick 1996). The cffccts of docks on eelgrass
beds are exaccrbated by the reduced water clarity
accompanying cuwophication. In addition, eclgrass
beds in Waquoil Bay have some wasting disease, but the
low level of discase activity here suggests wasting disease
is not a primary agent reducing celgrass distribution
(Short and others 1993),

The results from celgrass growlh measurements,
which showed no significant differences with respect o
distance from the dock, are difficult to interpret. Eel-
grass plants are composcd of onc 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 onc shoot, with the result that growth of individual
shoots is relatively stable across the station transccts.
This idca is supported by the changing relationship
between canopy height and shoot density. Normally,
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eclgrass canopy height is negatively related to shoot
density (r= —0.52, N = 36 for Waquolt Bay: data from
Short and others 1983), but was positve for stations
under and adjacent to docks (P << 0.0001). Further
work should quantify shoot production and include
measurements under docks to obwin a better picture of
shading effects on growth.

Large-Scale Impacis

Docks and related structures (floats, ramps, and
boats tied to docks) covered only 360 m?, or 0.06%, of
the cclgrass beds in subbasins of Waquoit Bay based on
1987 eelgrass disuributions. The area of cclgrass im-
pacted by these siructures is potentially much greater
than the arcas 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.
Bewween 1987 and 1992, scvere reductions in eclgrass
bed area have occurred in Waquoit Bay (Figure 3), but
these declines in cclgrass do not appear to be primarily
caused by dock and boating acrtiviry, More likely, the
declines are primarily caused by the effects of eutrophi-
cation, as described above. However, the cffects of docks
and boatng actvities do have a mujor role in the
documented fragmentation of eeclgrass beds in Waquoit
Bay (Costa and others 1992, Short and Burdick 1956),
and Fragmentation may destabilize thesc valuable habi-
fats,

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 arca was relatively small compared to the
size of the scagrass beds, but Walker and others (1989)
suggest these impacts might make the entire habitat
more susceptible (o damage from other stresses, such as
storms. In Waquoit Bay, stresses to cclgrass habitats
from eutrophication, disease, docks, and boating activi-
ties are leading o the large scale declines in eelgrass
disnibution 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 prunary
factor conwolling light levels and eelgrass bed quality
under docks. Dock orientation is morc important 1o
celgrass than dock width. Poor orientation (cust-west)
can double the dock height required to support eel-
grass, from 1.7 w0 3.5 m (Table 5), whercas ncreasing
the dock width from 1 1o 2 m only increases the needed
height by an estimated 0.4 m (Table 6). The indepen-
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dence of dock height, width, and oriemation within our
survey (i.e, they were not correlated, Table 2) strength-
ens our conclusions that all three factors must be
considered in future rescarch and in recommendations
regarding dock design, Our overall recommendation is
for fixed docks <2 m wide and oriented within 10° ot
north-south with the base of the dock decking at least
2.7 m above the marine bouom. If the orientation is
beyond the 10" limit, then dock height needs to be 0.2
m greater for cvery additional 10° increment, Docks
wider than 2 m nced to add 0.4 m to their height far
every meter increment in width.

The myjority of docks we sampled had a floating
portion o which boats were tied. Floating docks have
scvere impacts to eelgrass, and usually climinate all
shoows growing under them. Thus, floating portions
should only be placed in water depths beyond the lower
depth Limit for cclgrass in a pardcular system. This
arrangement also teuds 10 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
rccomnmend docks be shared or jointly occupiced. Con-
sideration of seasonal docks that have removable deck-
ing on fixed pilings is suggested, since cclgrass beds
with reduced productivity during a few summer months
may recover substantially when the decking is abscnt.

Conclusions

Docks and their associated fAoats and boarts 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 climination of eelgrass under and around
many docks. Impacts under floating docks gencrally
result in conmiplete eclgrass loss. Less severe impacts
[rom shading were found for 1all dacks, especially those
with long axis orientations running north-south. Shad-
ing and physical damage to eelgrass associated with
docks dre widespread in Waquoir Bay, and although
small relative to the Lowl area of the bay's eelgrass beds,
these inipacts may be an Important stress that contrib-
uted to the rapid cclgriss dechnes.

This is the first study to examine the effects of docks
on eelgrass and suggest designs based on meodcls of
dock tmpacts to celgrass 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 orentation that extends to the cdge of a
navigable channel. Here a boat or a float muy be kept
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with minimal damage to eelgrass if the channel is
normally too deep to support cclgrass. The models of
dock impacts to cclgrass reported here should be tested
at more sites and in estuaries with greater tidal ranges,
since covariation between dock height and tdal range
occurred in the duta set. Our work focused on the
impacts of docks on eelgrass; in considering dock
rcgulations, other issucs 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 suess to
celgrass beds in estuaries like Waquoit Bay, dock regula-
tions that minimize impacts to cclgrass beds must be
adopted and enforced.

Acknowledgments

We thank Brad Barr of the Massuchusetts Marinc
Sancluaries Program, Rick Crawford of the Waquoit Bay
National Estuarine Research Reserve, and the swff of
the Nantucket Biological Laboratory for their help.
Roel Boumans participated in helpful discussions;
Catherine Short provided field assistance and edited
the manuscript. This research was supported by NOAR
grants from the Massachusetts Office of Coastal Zone
Management, Reference number SCENV 1000 3180114
and the Coastal Occan Program, NA36R(04970. Jack-
son Estuarine Laboratory contibution number 337,

Literature Cited

Abacus Conceprs. 1985, SuperANOVA. Abacus Concepts, Inc,,
Berkeley, California, 316 pp.

Abacus Conceprs. 1992, StatView. Abacus Concepts, Inc,
Berkeley, California, 466 pp.

Costa, J. E., B. L. Howes, A. E. Giblin, and I Valiela. 1992.
Monitoring niuwogen and indicators of nitrogen loading to
support management action in Buzzards Bay, Pages 499-531
in McKkenzie and others (eds.), Feological indicators. Flsevier
Applied Science, New York.

Dennison, W. C.. R J. Orth, K. A. Moore, J. C, Stevenson, V.
Carter, S. Kollar, P. W. Bergsirom, and R. A Batiuk. 1993.
Asscssing waler quality with submersed aquatic vegetation.
Bioscience $3:86-94.

Fonseca, M. §. 1990, Regionul analysis of the creation and
restoration of seagrass systems. Pages 171-193 in Kusler and

FAX NO. 19072714584

Kentula (e¢ds.), Wedand creadon and restoration. Island
Press, Washington, DC,

Kenworthy, W, ], and D. E. Haunert (eds.). 1991. The light
requirements of seagrasscs: Proceedings of a workshop to
examine the capability of water quality criteria, standards
and monitoring programns 1o profect scagiasses, NOAA
Technical Memorandunm NMFS-SERC-287,

Orth, R ], and K A. Moore. 1983, Chesapeake Bay: An
unprecedented decline in submerged aquatic vegetation.
Science 22:51-52.

Short, F. T. 1987. Effects of sediment nutrients on scagrasses:
Literature review aind mesocosm experiment, Aguatic Botary
27:41-57.

Short, F. T, and D. M. Burdick. 1996. Quantifying cclgrass
habitat loss in relation to housing development and nitre-
gen loading in Waquoit Bay, Massachuselis. Estuarizs 19:730-
739.

Short, F. T, A. C. Mathicson, und J. I. Nclson. 1986, Recur
rence of an eelgrass wastng discase on the bordcr of New
Hampshire and Maine, Marine Ecology Frogress Series 29:89-
92.

Short, F. T, D. M. Burdick, J. S. Wolf, and G. E. Jones 1993,
Eclgrass In estuarine reseurch rescyves along the east coast,
USA, Part I: declines [rom polhition and discase, and Part 1L
management of eclgrass meadows. NOAA Coastal Occan
Program Publ., 108 pp.

Short, F. T, D. M. Burdick, and J. E. Kaldy 11]. 1995. Examining
the cfects of coastal eutrophication on eelgrass, Zosira
marina L., through light reduction and nutrient enrichment
in mesocosm systems. Limnology and Oreanography 40:740-
749.

Thayer, G. W., D. A, Wolff, aud R. B. Williams. 1975, The
impact of inan on seagrass, American Scientist $3:288-296.

Thayer, G. W., W. J. Kenworthy, and M. S. Fonseca. 1984, The
ccology of the cclgrass meadows of the Atlantic coast: a
communiry profile. US Fish and Wildlife Scrics Research
Report FWS/OBS-84/02, 147 pp.

US Deparunent of the Interior/Geological Survey. 19786,
Geologic history of Cape Cod, Massachusets. US Govern-
ment Printing Office, Stock Number 024-001-02869-7.

Valiela, L, K. Foreman, M. LaMontgne, D, Hersh, J. Costa, P.
Pcckol, B. DeMco-Anderson, C. D'Avanzo, M. Babione, C.
Sham, ]. Brawley, and K [ajtha. 1992, Couplings of water-
sheds and coastal waters: Sources and consequcnces of
nutrient enrichment in Waquoic Bay, Massachusetis. Estwar-
ies 15:443-157.

Walker, D. L, R. J. Lukatelich, G. Bastyan, and A. J. McComb.
1989. Effect of boat moorings on scagrass beds near Perth,
Western Australiu, Aguatic Botany 36:69~77.

1020799 WED 16:20 [TX/RX NO 5502]




