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1.0 INTRODUCTION

Naval Base Kitsap Bangor (NAVBASE Kitsap Bangor) is located on the eastern shoreline of 
Hood Canal, approximately 20 miles west of Seattle, Washington, and provides berthing and 
support services to United States Navy (Navy) submarines and other Fleet assets (Figure 1).  The 
entirety of NAVBASE Kitsap Bangor, including the land and adjacent water areas in Hood 
Canal, is restricted from general public access and separated from the waterway by a network of 
floating barriers to prevent accidental and deliberate incursion.  The NAVBASE Kitsap Bangor 
waterfront occupies approximately 4.3 miles of the Kitsap Peninsula shoreline within Upper 
Hood Canal (Figure 2).  A number of security enhancements and infrastructure improvement 
projects have been proposed for the waterfront restricted area (WRA) that would require changes 
to the current configuration of the base.

1.1 Background

Hood Canal is a long, narrow fjordal basin formed by the advance and retreat of the Cordilleran 
Ice Sheet approximately 14,000 to 16,000 years ago (Waitt and Thorson 1983).  Oriented 
northeast to southwest, the canal is 45 nautical miles (nmi) long from Admiralty Inlet to a large 
bend, called the Great Bend, at Skokomish, Washington.  East of the Great Bend, the canal 
extends an additional 13 nmi to the headwaters at Belfair (Figure 1).  Although no official 
boundaries exist along the waterway, the northeastern section of the canal extending from the 
mouth of the canal at Admiralty Inlet to the southern tip of Toandos Peninsula is referred to as 
Upper Hood Canal, while the region from Anderson Cove south to Great Bend is considered 
Mid-Hood Canal, and the reach from Great Bend to Lynch Cove is referred to as Lower Hood 
Canal.  Throughout its 58 nmi length, the width of Hood Canal varies from 1 to 2 nmi and 
exhibits strong depth/elevation gradients and irregular seafloor topography in many areas. 

Similar to the rugged terrain of the adjacent Olympic Mountain Range, the bathymetry of Hood 
Canal as a whole is complex in nature.  Water depths at the entrance of the canal are 
approximately 400 feet deep, but become relatively shallow (150 feet) over a moraine deposit, or 
sill feature, located approximately 2 nmi northeast of NAVBASE Kitsap Bangor.  Southwest of 
this sill, water depths in the center of Hood Canal range between 420 and 600 feet.  As a result, 
this feature creates deep water flow restrictions, reducing the exchange volume associated with 
normal tidal flux between Hood Canal and Puget Sound, as well as increasing the residence time 
of water within the canal. 

Hood Canal is influenced by the tidal exchange of seawater from Puget Sound, as well as a 
sizable freshwater input from melt water from the Olympic Mountain Range and other terrestrial 
runoff from several rivers that make up the Hood Canal Watershed (Figure 1).  The limitations 
applied to deep circulation and seawater exchange, protected nature of the canal, and direct input 
of fresh water from multiple tributaries that line the banks of the canal promote the development 
of a stratified water column, the severity of which varies throughout the course of the year.
Eutrophication from a wide variety of terrestrial sources has resulted in significant degradation 
of water quality and low dissolved oxygen concentrations (hypoxia) within the Mid- and Lower 
Hood Canal, which lie several miles to the southeast of NAVBASE Kitsap Bangor. 
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Science Applications International Corporation (SAIC) conducted a number of ecological 
assessments within various impact areas for the planned expansion/improvement of several 
existing waterfront security systems.  In the summer of 2007, a marine habitat survey was 
performed to verify and document the presence of native eelgrass (Zostera marina), as well as 
invasive eelgrass (Zostera japonica) in the lower intertidal and shallow subtidal zones along the 
shoreline.

All varieties of submerged aquatic vegetation (SAV) serve essential functions in the 
developmental life history of fish and shellfish and thus are ecologically and economically 
important resources.  This broad classification of vegetation includes eelgrass (Zostera spp.), as 
well as kelp (Order Laminariales) and various intertidal wetland vascular plants, with the 
exception of noxious weeds (Washington Administrative Code [WAC] 220-110-250).  Eelgrass 
is considered a keystone species since there is a disproportionate effect on its environment 
relative to its abundance, which has a flow-down impact on many other organisms in an 
ecosystem (Paine 1995).  In fact, the Seagrass Conservation Working Group states that 
approximately 80 percent of all commercial and shellfish species depend on eelgrass habitat for 
at least a portion of their life cycle (Gerrits 2007).   

Eelgrass differs from macroalgae or common seaweed because it possesses characteristics of 
terrestrial plants including a well-defined root and rhizome system and a complex vascular 
system, as well as flower and seed production (Figure 3).  Eelgrass inhabits the shallow subtidal 
areas within marine and estuarine systems, preferring cool waters within protected, lower energy 
environments (bays and estuaries).  Z. marina is native to Hood Canal with a range that extends 
from the Gulf of Alaska south to Baja.  A related species, Z. japonica is commonly found on the 
North Pacific coast of Asia.  However, it began to populate the Pacific Northwest in the 1950s, 
when its seed was introduced in North America as contaminants within shipments of Japanese 
oyster seed.  Since arriving in North America, Z. japonica has spread north into British Columbia 
and south into Oregon (Harrison and Bigley 1982).  Even though Z. japonica is considered a 
non-native or invasive species, Washington State does not distinguish between the two types of 
eelgrass when discerning habitats of special concern.

Both Z. marina and Z. japonica serve as foundations to ecosystems and contribute to the overall 
health of coastal environments by producing oxygen and absorbing nutrients and pollutants, 
resulting in overall improved water quality.  Pacific herring and other fish species use eelgrass as 
spawning anchorage for eggs (Stout et al. 2001), while various salmonid species fry and smelt 
use eelgrass as a nursery ground prior to migrating to the open ocean (Merkel and 
Associates 2001).  In addition, eelgrass serves as substrate to many important microbes, bacteria, 
and algae that inhabit the blades and rhizomes of the plant and along with eelgrass form the base 
of the food chain.  These species in turn support a range of larval species, as well as various 
invertebrates, specifically the commercially important Dungeness crab.   

On a monthly basis, the long eelgrass blades detach from their base root and rhizome system to 
be replaced by shorter growth that sustains the plant (Figure 3).  A percentage of this flotsam 
mixes with dead or dying macroalgae and is washed onto shore to form wrack.  Wrack is 
essential habitat on the shoreline composed of decaying vegetation that supports the insects and 
amphipods that are forage for various waterfowl, shorebirds, and migratory birds.  As the 
eelgrass blades continue to decompose over time, they constitute a major percentage of the 
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organic detritus that is carried offshore to supplement growth and species richness in pelagic 
habitats.

Eelgrass has a greater need of light than most macroalgae, and therefore has a more limited 
habitat.  Both species of eelgrass form beds and inhabit intertidal and subtidal zones of marine 
environments as individual plants, clusters of plants, or extensive beds. Z. japonica inhabits the 
upper to mid-intertidal zone, while Z. marina resides in the lower intertidal and subtidal zones.
In general, eelgrass can populate high-energy environments with sediments of cobble and sand; 
however, eelgrass is more commonly found in calm embayments with softer sediments of silt 
and sand.  Specifically in Puget Sound, eelgrass occurs in “shallow bays and flats, as well as 
fringe habitat beds along steeper gradient shorelines in narrow bands” (Bargmann 1998; 
Hitchcock and Cronquist 2001). 

Eelgrass is generally limited shoreward by desiccation stress at low tides and by the penetration 
of light along its deeper margins of the bed (Merkel and Associates 2001).  This 
photocompensation depth is directly dependent on water clarity at a particular location and is 
directly related to water quality at the various sites of interest.  The availability of light is the 
primary factor limiting depth distribution, density, and productivity of eelgrass beds or meadows 
within their salinity and temperature ranges (Wright 2002). 

1.2 Study Area 

The eelgrass survey area included the entire 4.3 nmi of NAVBASE Kitsap Bangor shoreline, 
extending out to a depth of approximately 50 feet at mean lower low water (MLLW) (Figure 4).  
Multiple sets of survey transects were established both parallel and perpendicular to the shoreline 
and occupied using remote sensors to determine the areal extent of eelgrass habitat and substrate 
types.  Both acoustic and optical remote sensing equipment were employed as part of this survey.  
The survey findings will provide sufficient information to assist in the planning, design, and 
construction of the proposed security enhancements and infrastructure improvements within the 
confines of NAVBASE Kitsap Bangor. 

1.3 Survey Objectives 

The specific goals and objectives of the marine habitat study were to characterize and document 
substrate type, as well as determine the presence and relative abundance of marine vegetation 
within the confines of NAVBASE Kitsap Bangor.  Due to its ecological value, special attention 
focused on areas where eelgrass was known or was suspected to occur.  This document 
summarizes the findings of that marine habitat survey and provides comprehensive maps of the 
intertidal and subtidal habitat for native eelgrass (Z. marina) and invasive eelgrass (Z. japonica).
The results will assist in the development of NEPA and Endangered Species Act compliance 
documents with impact determinations based on current conditions along the NAVBASE Kitsap 
Bangor shoreline.
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2.0 METHODOLOGY

The eelgrass survey activity was performed along the NAVBASE Kitsap Bangor shoreline from 
June 1 to June 25, 2007.  Due to the need to obtain data in shallow water, all survey activity was 
conducted using SAIC’s 20-foot, aluminum-hulled Wooldridge Sport Offshore work skiff 
(Figure 5).  This shallow draft work platform was powered by a 115 horse-power outboard motor 
and provided sufficient deck space and protected area to conduct all of the required data 
collection operations for this comprehensive eelgrass survey.  

Both high frequency acoustics and underwater video were employed to characterize the seafloor 
in terms of substrate type (i.e., sand, gravel, mud), fauna, macroalgae, and eelgrass habitat.  The 
acoustic data were collected using a 600 kHz side scan sonar system that was used to interrogate 
the water column and seafloor over a relatively wide swath to determine the presence and 
relative abundance of SAV.  The video images were collected along discrete, narrow lines to 
supplement the acoustic data using an underwater color video camera mounted in a tow sled and 
positioned in a downward-looking orientation.  The recorded observations from both systems 
were used to evaluate the presence/absence and relative density of eelgrass plants, as well as aid 
in evaluating the types of invertebrate and fish species present.  Data were imported to 
Geographic Information System (GIS) for creating maps of the various habitat types identified. 

In addition to the acoustic and video techniques described above, SAIC employed a secondary 
acoustic seafloor characterization system as part of the June 2007 survey effort in order to 
evaluate its effectiveness at discerning various forms of SAV and benthic habitat mapping.  The 
acoustic characterization data were obtained concurrently with both the side scan sonar and 
underwater video data using a down-looking transducer array mounted to the SAIC survey 
vessel.  Due to the density of information and substantial level of effort required to process and 
analyze these data, the activities that would be necessary to provide meaningful results were 
determined to be beyond the original scope of the study and not performed.  Therefore, with the 
exception of bathymetry, these data have not been included within this report, but retained in raw 
form and will be made available to support future characterization efforts or consulted prior to 
conducting high-resolution, site specific surveys. 

2.1 Survey Areas 

Based on research performed during survey planning, it was determined that eelgrass would be 
limited to depths shallower than 50 feet below MLLW, with the actual distribution limit 
determined based upon conditions (sediment type, water clarity, shadowing, etc.) within the 
various survey areas.  To be certain that all possible eelgrass beds were imaged, side scan sonar 
and underwater video lanes were established between the intertidal zone out to the 60-foot depth 
contour.  Due to the relatively large size of the study area and location of various security 
structures within the NAVBASE Kitsap Bangor waterfront, the survey was divided into five 
smaller areas (Figure 4).  In some instances, all planned lines could not be completely occupied 
due to either insufficient water depth or the presence of naval assets or facility operations, which 
did not permit survey vessel operations in the immediate proximity. 
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2.1.1 Area 1 

Area 1 represented the northernmost limit of the study area and was bounded by the northern end 
of the NAVBASE Kitsap Bangor and Floral Point to the south.  A total of 28 side scan sonar 
survey lines oriented parallel to the shoreline and 13 video transects lines oriented perpendicular 
to shore were established within this survey area (Figure 6).  

2.1.2 Area 2 

Area 2 was defined as the segment of NAVBASE Kitsap Bangor shoreline extending from Floral 
Point south to the northern limits of the WRA.  A total of 10 side scan sonar survey lines, and 16 
video transect lines were established within this survey area (Figure 7).

2.1.3 Area 3 

Area 3 encompassed the northern region within the WRA.  A total of 15 side scan sonar and 9 
video transect lines were established within this survey area (Figure 8).

2.1.4 Area 4 

Overlapping slightly with Area 3 to the north, Area 4 covered much of the central portion of the 
WRA.  A total of 38 side scan sonar and 21 video transects were established within this survey 
area (Figure 9).

2.1.5 Area 5 

This area encompassed the southern limits of the WRA and extended south to the limits of the 
NAVBASE Kitsap Bangor shoreline just north of King Spit.  To provide adequate coverage of 
the area, 32 side scan sonar lines and 27 video transects were established (Figure 10).

2.2 Navigation and Positioning 

Each data point obtained during the comprehensive eelgrass survey had a geographic location 
associated with it to facilitate database entry and display within a GIS frame work.  As a result, 
precision positioning and navigation was achieved through the use of Trimble DSM212L 
Differential Global Positioning System (DGPS) receivers.  Because of its proximity to the survey 
area, the U.S. Coast Guard differential beacon (323 kHz) broadcasting from Robinson Point, 
Washington, was utilized for generating the real-time differential corrections for the DGPS 
positions.  During survey operations, the vessel-based navigation system output real-time 
navigation data at a rate of once per second to an accuracy of �3 meters in the horizontal control 
of North American Datum of 1983 (NAD 83-Latitude and Longitude).  Prior to departure from 
the dock on each field survey day, the proper operation of the navigation system was confirmed 
by comparing the output DGPS position with the known position of a point on the dock.
Whenever possible the Global Positioning System (GPS) antenna was located to minimize 
potential positional offsets.  During survey operations, the GPS antenna was mounted directly 
above the various transducers or tow points utilized during the survey.
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In addition, the navigation system on the survey vessel utilized Coastal Oceanographic’s 
HYPACK® Max survey and data acquisition software to provide real-time data display, as well 
as logging of the vessel position and associated data.  Prior to field operations, HYPACK® Max 
was employed to establish the planned survey lines and stations that were occupied as part of 
various survey elements.  HYPACK® Max utilized an X/Y grid system based on Washington 
State Plane Coordinates (WA State Plane North-feet).  During the survey operations, the 
incoming navigation data were translated into state plane coordinates, time-tagged, and stored 
within HYPACK® Max.  Depending on the type of field operations being conducted, the real-
time navigation information could be displayed in a variety of user-defined modes within 
HYPACK® Max. 

2.3 Side Scan Sonar 

2.3.1 Data Collection 

Side scan sonar systems provide an acoustic representation of the seafloor composition, sediment 
texture, and objects (or targets) on the bottom by recording and displaying the acoustic 
backscatter from pulses emitted from a towed transducer housed in a towfish (Figure 11).  The 
side scan transducers operate similarly to a conventional depth-sounding transducer except that 
the towfish has a pair of opposing transducers aimed perpendicular to and directed on either side 
of the vessel track, yielding a swath of data. The transducers emit and receive sound waves at a 
specific frequency and within a specified range or distance from each transducer.  The 
backscattered sound that is reflected by the seafloor, as well as objects on the bottom and within 
the water column are received by the side scan system then electronically amplified, recorded, 
and geographically referenced to create an acoustic image of the seafloor.  Dense objects (e.g., 
metal, rocks, and hard substrate) yield strong reflections and appear as dark areas in the records 
presented in this report.  Conversely, areas characterized by soft features (e.g., silt or mud 
sediments), which absorb sonar energy and are depicted as lighter areas in the sonar records.   

A Marine Sonics Centurion SeaScan, PC-based side scan sonar system was used for acquisition 
of digital side scan sonar data.  The sonar data were logged electronically aboard the survey 
vessel to provide individual lines of high-resolution data in the survey areas.  The side scan sonar 
towfish was towed behind the SAIC research vessel by a high-strength Kevlar signal cable that 
provided power to the towfish and two-way communication with the topside data acquisition 
system.  The topside data acquisition system recorded acoustic data from the towfish and 
position information from the HYPACK® Max navigation system, and it displayed side scan 
sonar imagery on a PC monitor in real-time.  A horizontal corrector was applied to the side scan 
sonar data within the Marine Sonics program to account for the 2-meter horizontal offset 
between the GPS antennae and the side scan tow point.  The layback between the navigation 
system and the towfish was computed based on the amount of cable deployed and the depth of 
the towfish; this layback value was applied during the data processing phase to properly geo-
reference the sonar imagery.   

During the eelgrass survey at NAVBASE Kitsap Bangor, side scan sonar data were obtained 
along a total of 124 individual survey lines of various lengths and orientations (Figures 4 and 6 
through 10).  These lines were established at intervals of 75 feet (22.8 meters) to efficiently 
cover the entire area of interest along the shoreline in a swath that extends from the low-tide line 
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to a water depth of 50 feet (MLLW).  The side scan sonar system was configured at an 82-foot 
(25-meter) range setting in order to record the acoustic returns from objects up to 82 feet (25 
meters) away from either side of the towfish.   

Being a swath data type, the combination of 75-foot line spacing and an 82-foot range setting 
resulted in planned bottom coverage of slightly over 200 percent in the complete sonar data set.
The use of greater than or equal to 200 percent sonar coverage allows each point on the seafloor 
to be interrogated with acoustic pulses from two sides and yields completely overlapping 
coverage from two different swaths of data.  Due to the effects of acoustic shadowing associated 
with strong reflectors, the information available from a 200 percent coverage survey is 
oftentimes quite valuable, providing more detailed information on the size, shape and height 
above the seafloor of any particular object of interest (i.e., hard target, eelgrass bed, etc.), relative 
to 100 percent survey coverage.  Furthermore, 200 percent coverage also provides a measure of 
quality assurance for geo-referencing of the acoustic returns by permitting direct comparison of 
the geographic position assigned to a known object in one sonar record to the position of that 
same object in an overlapping sonar record.   

Two different frequency towfish were used as part of the eelgrass survey activity.  The primary 
towfish for the eelgrass survey utilized a 600 kHz acoustic pulse to interrogate the seafloor, 
while a secondary 300 kHz system was used on several of the outermost survey lines.  In 
general, the use of the higher frequency, 600 kHz sonar provided better resolution over the 
300 kHz system, permitting the detailed imagery of smaller objects on the seafloor (such as 
distinguishing eelgrass blades over a coarse substrate).  The results from previous SAV surveys 
have shown that although low frequency acoustics are capable of detecting the presence of 
eelgrass beds, 600 kHz side scan sonar remains the preferred tool in eelgrass detection (Merkel 
and Associates 2001; Lissner et al. 2003).  However, increased levels of signal attenuation 
associated with use of the 600 kHz towfish required that the several of the survey lines located in 
deeper water (> 40 feet) be reoccupied using the 300 kHz system at wider range setting (60 
meters) to provide complete coverage of the survey area.  In these deeper lines, the lower 
resolution of the 300 kHz did not compromise the data collection effort, as no eelgrass was 
expected or present.   

2.3.2 Data Analysis 

The side scan sonar data recorded by the Marine Sonics system were imported into Chesapeake 
Technology’s SonarWizMap® software and processed as individual survey lines.  The raw 
acoustic records from the individual lines were reviewed and the first sonar return from the 
seafloor was digitized in a process known as bottom tracking. Once completed, the bottom track 
from each survey line was used to remove the water column artifact from the raw data associated 
with the altitude of the tow fish over the course of the survey.  In addition, layback corrections to 
account for changes in cable scope and linear distance of the tow fish from the DGPS antenna 
over the course of the survey.  Upon compiling all necessary corrections, the data were then 
compiled in the form of a detailed mosaic of the survey area.  This process produces a geo-
referenced, raster image that is compatible with a variety of SAIC software programs for analysis 
within GIS-based spatial mapping systems.   
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A comprehensive mosaic was created to represent the seafloor within each of the five survey 
areas established along the NAVBASE Kitsap Bangor shoreline to illustrate the spatial extent of 
side scan survey coverage.  However, the individual line data were analyzed in detail to evaluate 
surficial sediment texture, identification/location of objects (targets) on the seafloor, and 
presence/density of SAV.  Both the mosaics and individual lines were ported into a GIS 
relational database so the actual location of the area(s) of interest and acoustic imagery could be 
correlated.

With respect to eelgrass distribution, it was anticipated that clumps or patches of SAV would be 
of sufficient size and density to yield differences in high-frequency acoustic return relative to the 
seafloor.  The images were then used in combination with the underwater video and available 
aerial photography to determine relative density of eelgrass within each bed, as well as total 
acreage of eelgrass habitat along the shoreline.  A project-specific, standardized overlay template 
was developed using the side scan returns and applied to the individual survey lines to estimate 
the density of eelgrass coverage (absent, sparse, moderate, or dense) within a particular area 
(Figure 12).  This information was then incorporated into the GIS framework to produce 
coverage maps from which total acreage of eelgrass within each survey area was determined. 

2.4 Video Transects 

2.4.1 Data Collection 

Video transects were conducted to classify the substrate type and identify flora and fauna and 
supplement the swath acoustic data collected by the side scan sonar system.  The down-looking 
SeaCam 2060 underwater color video camera was mounted vertically in a PVC frame to serve as 
a protective tow body and known (0.5 by 0.5 meter) frame of reference, or (0.25 m2) quadrat.
The camera was lowered from a vessel mounted davit and suspended at a height above the 
substrate that permitted a clear view of the seafloor with minimal bottom contact.  One 250-watt 
Sealite underwater light source was mounted on the frame to illuminate the field of view.  A 
dimmer switch was installed on the light to minimize under- or over-saturation of the field of 
view.  Periodically, the video sled and camera assembly was set down on the substrate to verify 
the field of view, including the size and relative density of the SAV.

Video imagery was monitored onboard the survey vessel and digitally recorded directly to DVD 
as well as on VHS videotapes, for analysis following completion of the survey.  A Seatracker 
video-overlay device merged positioning data (date, time, latitude, longitude, and vessel 
heading) from the DGPS into the video data stream to facilitate time stamping and geo-
referencing necessary for post processing.  All video data were reviewed following the survey 
day to ensure adequate seafloor coverage.  In addition, digital still images were acquired during 
post-processing to aid in the display of the video data, as well as provide information to aid in 
interpreting the data acquired via side scan sonar. 

A total of 87 video transect lines, spaced at 300-foot (91-meter) interval, were established within 
the study area (Figures 6 through 9).  The lines were arranged to minimize interference with 
activity along existing piers, docks, and security structures.  Each line was oriented perpendicular 
to the shoreline (shore-normal) and provided a cross-section of the side scan sonar lines occupied 
to acoustically characterize the seafloor.  Data were continually recorded while the survey vessel 
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occupied each shore-normal survey line, with notable features in seafloor composition, benthic 
community, or SAV coverage noted in handwritten logs. 

2.4.2 Data Analysis 

Prior to data analysis, determinations of eelgrass coverage were established using previously 
utilized percentages in the survey area.  In 2002, Washington State Department of 
Transportation, along with other organizations, mapped subtidal and intertidal habitats along 
500 meters on either side of the Hood Canal floating bridge, which lies to the north of 
NAVBASE Kitsap Bangor (Woodruff et al. 2002).  As part of that effort, underwater video was 
collected and eelgrass coverage was processed utilizing a more detailed Crown Density Scale 
(Paine 1981).  For the Hood Canal bridge survey, eelgrass density determinations were as 
follows: 

� Absent – No eelgrass detectable 

� Sparse – up to 10 percent coverage 

� Moderate – 10 to 50 percent coverage 

� Dense – greater than 50 percent coverage 

Since the above classifications were already established in close proximity to the study location, 
these density determinations were adopted for the analysis of eelgrass coverage.  Specifically, 
absent, sparse, moderate, and dense with the above definitions were utilized to classify eelgrass 
and macroalgae coverage (Figure 13).   

The continuous video data were reduced to half-second intervals to match update rate for the 
positioning data provided by the DGPS.  The digitally recorded video captured during the field 
survey was then reviewed and analyzed to classify bottom type and texture, identify benthic flora 
and fauna, and make determinations on the relative density of eelgrass, other SAV types, and 
macroalgae in the area (i.e., absent, sparse, moderate, or dense).  Bottom type or sediment 
composition was categorized to complement the information provided by the side scan sonar 
imagery.  To ensure that the eelgrass density and seafloor classifications derived from the video 
and acoustic data are consistent, the results from the video analysis were then imported into a 
GIS relational database represented as vessel track line and overlaid on the side scan sonar 
mosaic.

2.5 BioSonics Seafloor Characterization 

BioSonics acoustic seafloor characterization data were obtained concurrently with the side scan 
sonar and underwater video to serve as a supplemental source of benthic habitat information, and 
to evaluate the efficacy of this developing sensor versus the other techniques.  As a result, 
BioSonics data were acquired along the same 124 individual survey lines that were established 
for the side scan sonar survey element, as well as many of the 87 video transects.  However, due 
to the substantial level of effort required to extract meaningful and accurate data from these 
acoustic records, the raw data pertaining to substrate and submerged vegetation data were not 
fully processed or analyzed for the purposes of this report, and only the bathymetric data output 
have been incorporated into this broad-scale habitat assessment.  The vegetation and sediment 
classification data were retained and may be a useful source of information prior to conducting 
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any future fine-scale eelgrass assessments or diver-based surveys within specific areas of 
interest.  

2.5.1 Data Collection 

During the eelgrass survey, SAIC utilized a BioSonics DT-X digital bottom classification 
system.  Consisting of a specialized echo sounder and transducer array, the DT-X interrogates 
the water column and seafloor with high frequency (420 kHz) acoustic pulses and processes the 
return signals through a series of algorithms to isolate the type and density of SAV coverage, as 
well as classify the sediment type.  The BioSonics transducer array was vessel-mounted in a 
down-looking orientation, with the acoustic echo sounder data.  These acoustic data were 
recorded and geo-referenced via a BioSonics topside data acquisition system, which displays raw 
data in real time and facilitates post processing to determine bathymetry, vegetation coverage, 
and sediment type. 

Due to the acoustic properties of the data collection, sound velocity within the water column 
throughout the survey period was documented with the use of a Seabird Electronics SBE-19®

conductivity-temperature-depth (CTD) profiler.  The CTD was used to acquire sound velocity 
profiles from the waters of Hood Canal at the beginning, mid-point, and end of each survey day.  
These data were then averaged to develop a single sound velocity profile for each survey day that 
was then applied to correct the raw bathymetric soundings during post-survey processing. 

2.5.2 Bathymetric Data Analysis 

During survey data acquisition, estimated water temperature and salinity values were entered 
into the BioSonics software and water-column sound velocity was calculated and applied.  In 
order to account for the variable speed of sound through the water column, CTD profile data 
obtained during each survey day were utilized to determine water-column sound velocity to 
correct the raw data.  The daily casts were utilized to create an average sound velocity based on a 
composite of each of the casts obtained on a particular day.  Based on the assumed sound 
velocity entered during data acquisition and the observed averaged sound velocity, the BioSonics 
software computed and applied the required sound-velocity corrections to all of the sounding 
records.  The raw data were then processed by confirming the seabed return in the acoustic 
record and adjusting outliers or questionable data.  This bottom record was then extracted from 
the BioSonics acoustic record and classified as raw depth sounding data.  To correct the depth 
soundings to MLLW, observed water level data from the National Oceanic and Atmospheric 
Administration (NOAA) primary tide station at Seattle, Washington (9447130) were obtained 
through the National Water Level Observation Network.  The raw 6-minute tide data were 
downloaded from the website and the appropriate range and phase offsets were applied to 
transfer these data to the NAVBASE Kitsap Bangor study area. Based on calculations made as 
part of the 2006 hydrodynamic survey, a time corrector of +18 minutes and height multiplier of 
0.95 were applied to the raw bathymetric data in order to reduce all of the depth soundings to the 
MLLW vertical datum (SAIC 2007).  
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After the bathymetric data were fully edited and reduced to MLLW, the trackline data were
imported to ArcGIS® 9.1 for gridding into a continuous raster surface to represent seafloor 
topography within each survey area.  The Spatial Analyst extension for ArcGIS® was used to 
explore the variance of the bathymetric trackline data and determine the optimal gridding 
parameters.  The fully processed data were then used to produce bathymetric contours of the 
survey area that have been used as a base map image for many of the graphics provided in 
Section 3. 
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3.0 RESULTS

3.1 Area 1 

3.1.1 Bathymetry 

Water depths within Area 1 ranged from 6 feet above MLLW along the shoreline to a depth of 
95 feet below MLLW towards the northern survey boundary (Figure 14).  The shallow draft of 
the survey vessel and large tidal range during the survey day allowed the section of shoreline 
above the MLLW line to be occupied.  A notable feature displayed in the bathymetry within 
Area 1 was a relatively broad intertidal beach face seaward of Cattail Lake.  This expanded 
beach or delta feature is most likely due to an accumulation of sediment expelled from the 
drainage channels associated with Cattail Lake visible in the aerial photograph (Figure 14).
Directly offshore of Floral Point, there is a steep gradient in seafloor topography and associated 
sharp increase in water depth relatively close to shore.  This 70-foot change in water depth across 
the approximately 250-foot wide area of seafloor, roughly equates to a 28 percent grade or 16° 
slope along the bottom (Figure 14).  This is relatively steep grade in a subaqueous environment, 
suggesting the seafloor is composed of a material with an ability to maintain a high angle of 
repose (i.e., coarse sand or gravel).

3.1.2 Side Scan Sonar 

Side scan sonar data were collected for each planned line established in the confines of Area 1.  
However, due to increased water depth and absence of eelgrass, side scan sonar data collected in 
water depths deeper than approximately 30 feet were not displayed in the results (Figure 15).  In 
general, side scan sonar images from Area 1 displayed a predominantly sandy bottom with some 
shell and patches of gravel in the shoal area in proximity to the shoreline.  Areas of greater water 
depths were characterized by silty sand with lower acoustic returns (Figure 15).  However, some 
patches of gravel and shell substrate were also detected at depth near the steep seafloor gradient 
associated with Floral Point.  Pier pilings and smaller features (individual rocks) were clearly 
imaged in the record and provide confirmation of proper operation of the system (Figure 16).  In 
the southern portion of Area 1, side scan sonar data were not collected on planned lines due to 
the presence of a moored debris boom, which impeded data collection along individual survey 
lines.  In order to fully capture the entire seabed in this area, the planned lines were re-oriented in 
the field to form concentric arcs that followed the shoreline. 

In general, eelgrass was detected in defined beds at water depths extending from the MLLW line 
to a depth of approximately 15 feet below MLLW within the northern half of Area 1.  Also in 
this area, side scan data revealed some linear features in the seabed, which were likely associated 
with naval operations (Figure 16).  Dense eelgrass was present in the acoustic record obtained in 
the southern half of Area 1 at depths of 10 feet or less, extending to Floral Point (Figure 16).

3.1.3 Video Transects 

Of the 12 shore-normal video transects occupied in Area 1, nine of these transects displayed the 
presence of eelgrass.  An additional, 13th survey line, tracing the shoreline in the southern half of 
Area 1, was occupied during the data collection effort to assist in characterizing the shoreline 
region.  Besides eelgrass, the video transect data also provided insight into a number of other 
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habitat features, such as substrate type, macroalgae coverage, and presence of bivalves based on 
visual observations of siphons at the sediment-water interface. 

The video transect data aided in classifying the sediment types in Area 1 as either silty sand, hard 
packed sand, and gravel.  As would be expected, the coarser sand and gravel substrates tended to 
be associated with shallower areas (< 20 feet) within Area 1, while silty sand material was often 
detected within deeper waters (> 20 feet; Figure 17).  While gravel was noted as being present, 
its distribution was limited to the strong bathymetric profile or steeply sloping seafloor areas in 
proximity to Floral Point.  Similar to gravel, oyster shell was present only in one location within 
Area 1, as a single transect bisected an approximately 50-foot wide oyster bed in shallow waters 
located in the northern half of Area 1.  This bed was situated in a region above the MLLW line, 
where a drainage stream from Cattail Lake introduces fresh water into Hood Canal (Figure 17).
The resulting brackish water likely promoted conditions suitable for growth of oysters in the 
vicinity of this stream.   

Five of the eight transects in the area northern half of Area 1 displayed evidence of eelgrass beds 
along a relatively narrow swath of shoreline bounded by the MLLW mark and water depths of 
15 feet below MLLW.  The density of the eelgrass beds ranged from sparse to dense, with often 
sharp transitions between patches of sparse and dense eelgrass coverage along each survey line 
(Figures 18 and 19).  Three of these transects exhibited eelgrass beds less than 70 feet wide, 
while two transects located on opposite ends of the Navy pier facility displayed at least 200 feet 
of eelgrass coverage.  However, the largest extent of dense eelgrass coverage was found just 
north of the pier (Figure 18).  A continuous band of eelgrass was detected along the shoreline in 
the southern portion of Area 1 extending from the MLLW line to a depth of approximately 
10 feet below MLLW.  All four transects, as well as the entire shoreline trace, displayed 
evidence of eelgrass coverage at a range of densities, but the predominant density classification 
was moderate for this region (Figure 18).   

Macroalgae were present along every occupied transect within Area 1.  Based on the frequency of 
occurrence along each line and widespread distribution within the overall survey area, Ulva
(green) and Laminaria (brown) were the predominant macroalgae types identified (Figures 20 and 
21).  The majority of the occupied transects displayed sparse to moderate macroalgae coverage 
(Figure 20).  Moderate and moderate to sparse classifications were primarily detected in the 
segments located in water less than 30 feet deep, but some locations as deep as 55 feet displayed 
moderate coverage as well.  Sparse coverage was common along the deeper segments of the 
survey transects (as deep as 70 feet), especially along transects in the northern half of Area 1.

Video transect data displayed bivalves being more abundant in the deeper, silty sand 
environment of Area 1, relative to the gravel substrate along the shallow subtidal and strong 
profile of Floral Point (Figure 22).  Bivalve siphons were detected in nine of the 13 transects, 
primarily in water depths greater than 15 feet where softer, unconsolidated sediments tended to 
occur (Figure 22).  Exceptions to this finding were recorded on three small segments of transects 
in the northern portion of Area 1, where bivalves were detected in areas at or just above MLLW 
mark.  Just north of Floral Point, an elevated number of bivalves were present along the entire 
transect.  Based on the size and shape of the siphons at the sediment–water interface, the bivalves 
present at depth are most likely geoduck clams (Panopea abrupta) (Figure 21B).  However, this 
cannot be confirmed without actual benthic sampling.
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3.2 Area 2 

3.2.1 Bathymetry 

Water depths within Area 2 ranged from 4 feet above MLLW in areas along the shoreline to a 
depth of 100 feet in the southwest corner of the survey area (Figure 23).  The bottom topography 
within Area 2 was generally characterized as gently sloped throughout most of Area 2, with a 
relatively consistent 12 percent grade or 7° bottom slope.  However, a stronger gradient 
associated with Floral Point was detected in the bathymetry data collected in the northern portion 
of Area 2.  This region was also discussed in Area 1 and serves as an indication of consistency 
within the two data sets.  In addition, a slightly broader beach face was noted near the floating 
security barrier at the southern end of the Area 2.  Water depths ranged from 4 feet above 
MLLW to 10 feet below MLLW over a 300-foot wide section of beach (5 percent grade), before 
assuming a bottom slope similar to the gradient observed in the majority of the survey area 
(Figure 23). 

3.2.2 Side Scan Sonar 

Side scan sonar data were collected for each of the planned lines within the confines of Area 2.  
However, due to increased water depth and absence of eelgrass in water depths below 20 feet 
MLLW, side scan sonar data collected in water depths deeper than approximately 30 feet are not 
displayed in the results.  Side scan sonar images in Area 2 were characterized by hard sand in 
shallow water and less consolidated silty sand with weaker acoustic returns in deeper water 
(Figure 24).  Overall, eelgrass beds were noted along the majority of the Area 2 shoreline and 
tended to be concentrated in water depths ranging from 5 to 10 feet below MLLW (Figures 24 
and 25).  Dense eelgrass was visible in the side scan record at the southern end of the survey 
area, while moderate and sparse eelgrass was detected to the north (Figure 25).  Small, isolated 
pockets of debris were also visible in the data record in several locations.

The steep slope associated with Floral Point in the north was problematic for sonar operations, as 
continuous adjustment of the tow cable scope was required to maintain a constant towfish 
altitude above the sloping seafloor.  Furthermore, the steep slope affected the appearance of the 
acoustic return as the gravel armored shoreline yielded a much higher return signal relative to the 
seafloor located in deeper water.  This resulted in the side scan data that were much darker on the 
shoreward facing channels and much lighter in the deeper water facing channels, which likely 
obscured imagery from some eelgrass habitat (Figure 24).  Review of these data indicated a 
relatively narrow band swath (approximately 40 to 60 feet wide) of viable eelgrass habitat in 
proximity to this steeper slope.  Eelgrass density ranged from sparse to dense within the narrow 
suitable habitat.   

3.2.3 Video Transects 

All of the 16 transects occupied within Area 2 contained eelgrass at a density classification of 
sparse, moderate, or dense.  In addition, the video transect data characterized sediment types 
within Area 2 as silt and hard packed sand.  Sand substrate tended to be more correlated with 
shallow depths, while silt tended to be associated with deeper waters (Figure 26 and 27).  Oyster 
beds and shells were present on four of the 16 transect lines occupied in Area 2.  The widest bed 
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of oysters along an individual transect (200 feet) was noted at Floral Point (Figure 26).
However, two parallel transect lines in the center of the survey area displayed evidence of oyster 
beds at approximately the same distance from the MLLW line and water depth, suggesting that 
the bed could be continuous and extend the entire distance between the transects. 

Eelgrass beds were present along the eastern margin of each occupied transect, forming a narrow 
band along the entire shoreline within Area 2 (Figure 28).  The eelgrass that was detected along 
the shoreline was typically classified as moderate to dense and was most prevalent in water 
depths 10 feet below MLLW or less (Figures 28 and 29).  These findings suggest the presence of 
a continuous bed along the Area 2 shoreline ranging in width from 25 feet within the northern 
most transect (Floral Point) to approximately 100 feet within the remaining transects.  However, 
the full extent of eelgrass coverage may not have been surveyed in this region since many 
transects ended below the MLLW line due to insufficient water depth for the survey vessel 
(Figure 28).  In addition to the large nearshore bed, an isolated bed of sparse eelgrass was also 
detected at a depth of 25 feet below MLLW toward the southern end of Area 2, but was not of 
major significance or indicative of a larger bed residing in deeper waters.

While viable eelgrass beds were primarily restricted to the shoreline and water depths below 
10 feet MLLW, macroalgae were detected throughout Area 2 and in water depths up to 75 feet 
below the MLLW line (Figure 30).  Various types of macroalgae were detected on all transects 
occupied, but Ulva (green) was primarily detected and was often accompanied by kelp 
Laminaria (brown) and Gracilaria (red) (Figures 27A, and 29).  Sparse macroalgae coverage 
was the predominant characterization for much of the seafloor surveyed, especially within the 
deeper waters of Area 2.  Moderate coverage was common in the majority of the shallower 
inshore regions (Figures 29B and 30).  Dense macroalgae coverage was detected in four transect 
lines located in the center of the survey area.  

Similar to the macroalgae, bivalve siphons were primarily detected in deeper waters within Area 2.
Bivalve siphons were observed on all but two transects, with water depth or sediment type at the 
farthest north and farthest south transects the likely reason the habitat was unsuitable for large 
bivalves (geoduck clams; Figure 31).  Of all the transects displaying siphons at the sediment-water 
interface, only one transect displayed bivalve siphons in water depths above 10 feet MLLW, while 
in the majority of transects siphons were generally restricted to water depths in excess of 15 feet 
MLLW (Figure 31).   

3.3 Area 3 

3.3.1 Bathymetry 

Water depths within Area 3 ranged from 7 feet above MLLW in the upper intertidal zone to 
110 feet towards the center of the WRA (Figure 32).  In general, the depth contours for the 
surveyed portions of Area 3 were quite similar to those developed for the bathymetry data 
obtained over Area 2 to the north.  The seafloor topography displayed a consistent 7° slope 
(12 percent grade) from the MLLW line out to a depth of 100 feet.  In the southern half of Area 
3, the seafloor gradient decreased slightly at a depth of 65 feet, visible in the wider spacing of the 
contour lines.  This slight change in seafloor topography is likely the product of a change in 
depositional characteristics of the basin and an associated change in the type of material detected 
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at the sediment-water interface or surficial sediment type sediment (transitioning from coarse to 
fine-grained sediments).

3.3.2 Side Scan Sonar 

Side scan sonar data were collected for the majority of the planned survey lines established 
within the confines of Area 3.  However, due to diminished return associated with the increased 
water depth and absence of eelgrass, side scan sonar data collected in water depths deeper than 
approximately 25 feet are not displayed in the results.   

In waters shallower than 25 feet, side scan sonar images displayed strong acoustic returns 
indicative of a firm sand or gravel substrate, while the diminished returns from the lines 
established in deeper water suggest these sediments were relatively soft in nature (silt and fine 
sand; Figure 33).  Eelgrass was detected within the inshore survey lines at water depths ranging 
from the MLLW line to 5 feet below MLLW (Figures 33 and 34).  Eelgrass densities as 
determined by side scan sonar ranged from sparse to dense throughout the inshore region of the 
survey area (Figure 34).  The width of the eelgrass bed was estimated at 90 feet and was 
continuous from the southern extent of a Navy pier facility to the limits of side scan sonar 
coverage (Figures 33 and 34).

In addition to eelgrass beds, schools of fish were visible in the water column.  Numerous 
mooring blocks, lengths of chain, and other features were detected on the seafloor in both the 
shallow and deeper areas.  Specifically, a large mooring block approximately eight feet in width 
with ground tackle was detected toward the northwestern corner of the side scan sonar coverage 
area (Figure 34).

3.3.3 Video Transects 

Video transect data were collected over much of Area 3.  Similar to the findings within Areas 1 
and 2, the sediment type within Area 3 displayed a strong correlation to depth with sand 
substrate identified in waters shallower than 25 feet.  Silt and fine sand were common at depths 
greater than 25 feet (Figure 35).  The sediment type detected inshore of the northern pier facility 
was classified as sand, with two small patches of coarse sand and gravel also identified.  A single 
possible oyster bed was imaged in the video transect immediately south of the pier at a water 
depth of approximately 55 feet below MLLW (Figure 35).  This bed was located in waters 
deeper than those occupied by the other beds identified in the June 2007 survey areas.  Given the 
water depth and location relative to a nearby Navy pier, this bed is more likely to be a shell 
deposit resulting from historic construction activity rather than a viable oyster bed. 

Video transect data documented the presence of eelgrass in all but two occupied survey lines 
(Figure 36).  These two transects were located in the northern half of Area 3 and limited to water 
depths ranging from 15 feet MLLW to approximately 65 feet MLLW, which was likely deeper 
than the photocompensation depth for eelgrass in this portion of Hood Canal.  
Photocompensation depth is site specific characteristic that varies based on local conditions (i.e., 
light regime, tidal amplitude, water clarity, shading, etc.) and represents the maximum depth of 
water below MLLW that allows sufficient sunlight to penetrate the water column and support the 
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minimum amount of photosynthesis and metabolic functions to sustain individual eelgrass plants 
(Merkel and Associates 2001). 

The transects in the middle and southern portions of Area 3 covered more of the inshore area and 
identified two eelgrass beds that were classified as either moderate or dense (Figures 36 and 
37A).  The area inshore of the pier structure displayed approximately 200 feet of dense coverage, 
bordered by small segments of moderate to sparse coverage.  Given the density of coverage and 
its location, this eelgrass bed is likely the southern terminus of the large, continuous bed 
identified in Area 2 that extends along the shoreline east of the WRA.  In addition, the bed ended 
at the location of a freshwater drainage channel associated with a nearby wetland area.  This 
freshwater discharge may be of sufficient volume to decrease the salinity of the water column in 
the immediate vicinity and establish conditions that are not conducive for eelgrass growth.
Eelgrass was detectable once again south of the Navy pier at a range of densities within a narrow 
swath (50 to 125 feet) along the NAVBASE Kitsap Bangor shoreline.  This long, continuous 
eelgrass bed was located below the MLLW line to a maximum depth of approximately 10 feet 
MLLW (Figure 36).   

While eelgrass was located in only a narrow depth band, macroalgae resided in a wide depth 
range from above MLLW to a depth of 60 feet below MLLW and were quite common within the 
eelgrass beds as well (Figures 37B and 38).  The dominant species of macroalgae in Area 3 was 
Ulva (green), often accompanied by larger bodied kelp Laminaria (brown) and Gracilaria (red) 
(Figures 37B and 39).  While predominant density coverage of macroalgae within Area 3 was 
classified as sparse, pockets of dense and moderate coverage were also identified in the inshore 
regions of the survey area (Figure 38). Moderate and moderate/sparse were the common 
coverage determinations within the small survey area inshore of the Navy pier.  Similar to the 
eelgrass coverage map, the northern portion of this survey area displayed a higher density of 
algae coverage (moderate and moderate/sparse) relative to the southern portion (sparse) 
(Figure 38).  In the southern portion of Area 3, a wide variety of coverage determinations 
ranging from sparse to dense were identified at depths greater than 55 to 60 feet MLLW.  Below 
60 to 65 feet, macroalgae were generally absent.   

Similar to macroalgae, bivalve siphons were detected throughout the survey area in a wide range 
of water depths, but tended to be more concentrated in the silty sand substrate present below 
25 feet water depth (Figures 39B and 40).  Again, due to the overall size and morphology, it is 
assumed that these siphons are associated with the presence of geoduck clams.  Small, isolated 
pockets of large bivalve siphons were detected in the shallow water in proximity to the Navy pier 
facility (Figure 40).  Despite the firmer, sand substrate, the increased number of bivalve siphons 
suggests a difference in water quality or circulation patterns within this immediate area to 
promote the establishment of these large bodied bivalves in proximity to the shoreline.  In 
addition to bivalves, an increased number of frilled anemones (Metridium senile) were noted in 
Area 3 relative to Areas 1 and 2 (Figure 39).  Although these organisms are of no major 
significance from a regulatory perspective, their increased presence may serve as an indicator of 
localized variation in flow dynamics, water quality, plankton abundance, etc.
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3.4 Area 4 

3.4.1 Bathymetry 

Water depths in this region ranged from 1 foot above MLLW to a maximum depth of 102 feet at 
the western limits of the survey area (Figure 41).  A small area of data overlap between Areas 3 
and 4 was identified at the northern end of Area 4 and served as a convenient bathymetric data 
cross-check comparison element between areas.  These data from Areas 3 and 4 were in strong 
agreement and bolstered the overall confidence in the acoustic measurements.  

Similar to Areas 2 and 3, the majority of the seafloor characterized within Area 4 as part of the 
June 2007 survey effort displayed a 7° slope (12.5 percent grade), although some areas with a 
sharper seafloor gradient were also documented (Figure 41).  The area inshore of the Navy pier 
in the northern portion of Area 4 was inaccessible during the acoustic survey.  However, the area 
shoreward of the larger pier to the south was accessible, and depths within this protected area 
ranged in depth from 0 to 20 feet with a gradual bottom slope.   

3.4.2 Side Scan Sonar 

Side scan sonar data were collected for every planned line in the confines of Area 4.  However, 
due to increased water depth and absence of eelgrass in deeper water, side scan sonar data 
collected in water depths shallower than approximately 30 feet were prioritized in the results 
(Figure 42).  Side scan sonar images in Area 4 indicated the seafloor was primarily composed of 
sand, with some areas of shell and gravel in the shallower water depths.  Similar to the 
bathymetric data results, an area of overlap existed between Survey Areas 3 and 4.  The side scan 
sonar data in this region matched closely, displaying sandy substrate with a narrow band of 
eelgrass in water depths ranging from 0 to 10 feet MLLW (Figure 42).  In addition to the 
eelgrass, mooring blocks and scattered debris were detected within Area 4 (Figure 43).   

A sand bottom was detected within the inshore waters, extending to a water depth of 
approximately 30 feet before transitioning over to a softer substrate (silt) with a lower intensity 
in the acoustic return (Figure 42).  Eelgrass was detected within Area 4, but tended to be 
restricted to water depths less than 10 feet MLLW (Figures 42 and 43).  Various types of debris 
were also detected within the shallow water and in an area of dense eelgrass (Figure 43).  The 
majority of the lines occupied inshore of the large pier facility displayed a uniform sand bottom.  
However, a small area exhibited a harder acoustic return suggesting shell or gravel mixed in with 
the sand.  Sheet metal bulkheads and pilings of pier facilities were also distinct features in the 
sonar data obtained from this area (Figure 43).

3.4.3 Video Transects 

Video transect data were collected throughout Area 4, including the area inshore of the nay piers.
Substrate types within the deeper waters (35 to 40 feet) of Area 4 were characterized as being 
silt, while the seafloor closer to shore tended to be more associated with hard packed sand and 
gravel (Figure 44).  While gravel was detected, it had a very low visual occurrence in the video 
and limited to small segments of several transects in proximity to the pier structures.  Similar to 
gravel substrate, oyster shells were identified in several transects within Area 4.  In the northern 
portion of the of the survey area, a small section of shell bed, approximately 40 feet wide, was 
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identified (Figure 44).  Additional evidence of shell beds was detected in the video obtained 
between the two pier structures, as three of the four transects contained oyster shells over silt 
substrate at approximately the same distance from the shoreline (Figure 44 and 45A).  The oyster 
shells seem to be concentrated at the 40-foot contour line, but it cannot be determined from the 
video whether these shell deposits are part of a viable bed or an exposed historic bed.  A known 
viable oyster bed was present along the section of shoreline corresponding to those four shore-
normal transects.  Inshore of the larger pier structure, approximately 80 feet of one transect 
displayed oyster bed above the MLLW line (Figures 44 and 45B).  No oyster beds were 
identified in transects occupied in the southern end of Area 4, most likely due to deeper water 
depths.

Eelgrass was present on nine of the 15 video transects occupied within Area 4, with relative 
seafloor coverage ranging from sparse to dense (Figure 46).  On the four transect lines located 
within the northern portion of Area 4, eelgrass was visible along the immediate shoreline, in a 
variety of densities but limited to shallow waters between the MLLW line and 10 feet below 
MLLW.  Eelgrass coverage ranging from sparse to moderate was present along 40- to 60-foot 
sections of each transect and displayed little or no impact associated with the small boat 
operations that are regularly conducted behind the Navy pier (Figure 47).

Of the four transect lines completed between in the central portion of Area 4, only two transects 
contained visual confirmation of the presence of eelgrass.  Data from these transects suggest a 
120- to 160-foot wide bed of sparse to dense eelgrass exists along the shoreline at water depths 
ranging from the MLLW line to 15 feet below MLLW (Figures 46 and 47B).  This bed likely 
continues along the shoreline as an 80-foot wide swath of eelgrass coverage ranging from sparse 
to dense, terminating behind the Navy pier structure.  The majority of the eelgrass present 
inshore of the pier structure was detected at depths shallower than 10 feet MLLW.  The final 
three lines assigned to Area 4 showed no sign of eelgrass but were restricted to water depths 
ranging from 35 to 75 feet, which was likely deeper than the photocompensation depth in this 
section of Upper Hood Canal.

While eelgrass was present predominantly at water depths less than 15 feet, macroalgae were 
detected at depths of up to 75 feet in some sections of Area 4 (Figure 48).  The predominant 
macroalgae species documented within Area 4 were Ulva (green) and Laminaria (brown).  Red 
algae Gracilaria were also identified in the video acquired over 12 of the 15 transects, while 
Sargassum muticum (brown) were only encountered in a few instances (Figures 45 and 47).
Generally, the predominant macroalgae coverage in the shallower inshore regions (depths < 20 
feet) was classified as moderate and moderate to sparse, while at the deeper depths sparse 
coverage was common (Figure 48).  The exception to this trend was found along the 
northernmost transect where macroalgae densities of moderate and moderate/sparse were present 
at depths of 35 feet below MLLW, for approximately 250 linear feet of the transect, before 
decreasing to sparse then absent (Figure 48). 

In the northern portion of the survey area, three of the four transects that extended to depths 
surpassing 50 feet MLLW displayed macroalgae coverage for the entire distance except for a 
small band of approximately 40 feet at that depth, where macroalgae were absent.  This finding 
was consistent with data obtained from the central portion of Area 4, where macroalgae were not 
present below a depth of 50 feet MLLW.  At depths shallower than 50 feet, density 
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classifications for macroalgae ranged from small patches of dense coverage to pockets with no 
macroalgae present (Figure 48).  Within the shallow waters (< 20 feet) inshore of the Navy pier 
structure, macroalgae were continuously present throughout, ranging from dense to sparse.
Transects occupied in the southern region of Area 4 displayed water depths of 40 to 75 feet, with 
macroalgae present only in sparse patches (Figure 48).   

Bivalve siphons, indicative of the presence of geoduck clams, were documented primarily in 
regions where macroalgae were absent or identified as sparse coverage.  In addition, these 
regions were also located in deeper water (> 20 feet below MLLW) and characterized as silt or 
silty sand substrate (Figures 44 and 49).  In the northern portion of Area 4, three of the four 
transects contained bivalve siphons, but these siphons were more abundant in silty sediments and 
at water depths greater than 40 feet (Figure 49).  In the central portion of Area 4, clam siphons 
were primarily found in the deeper water than 40 feet, with the exception of a small pocket of 
clams at a depth of approximately 20 feet below MLLW.  Inshore of the Navy pier, clam siphons 
were identified in small segments on two transects at a depth of approximately 15 feet (MLLW).  
In transects occupied toward the southern end of Area 4, clam siphons were present on the 
majority of each transect in water depths of 40 to 80 feet (Figure 49).   

Similar to Area 3, the occurrence of frilled anemones was higher relative to Areas 1 and 2.
Given the reproductive and feeding strategy of this organism, their increased presence is an 
indication of favorable flow dynamics to concentrate their zooplankton food source, as well as 
the larvae of these broadcast spawners. 

3.5 Area 5 

Area 5 included the southern extents of the WRA, as well as a substantial amount of shoreline 
region outside the WRA, extending beyond Carlson Spit and ending at the limits of NAVBASE 
Kitsap Bangor waters north of King Spit.  In some cases, not all planned lines could be occupied 
within Area 5 due to insufficient water depth or naval operations that did not permit survey 
vessel access.  In these instances, the inshore areas with an increased likelihood of eelgrass 
presence were prioritized, while most of the deeper regions were readily occupied as survey 
operations did not interfere with naval activity.   

3.5.1 Bathymetry 

Water depths within Area 5 ranged from 0 feet at the MLLW line along the shore to a depth of 
132 feet near the center of the WRA (Figure 50).  In the area of Hood Canal corresponding to the 
location of Devils Hole, an inland freshwater pond and wetland area, a relatively flat and shallow 
inshore region was present.  This large subtidal flat was located in proximity to the drainage 
creek for the freshwater body and likely represents the accumulation of sediment discharged via 
the channel (Figure 50).  Offshore of the tidal flat, the seafloor gently slopes (4° slope or 7 
percent grade) to a depth of 60 feet below MLLW before transitioning to a steeper grade and 
deepening to a water depth of 85 feet further out in the WRA (Figure 50).  Southwest of the tidal 
flat and in proximity to KB Point, the seabed slopes steeply, with depths of 10 feet increasing to 
130 feet in a span of approximately 500 feet resulting in a 24 percent grade or 13.5° slope. 
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Only a small portion of the survey grid established between KB Point and Carlson Spit could be 
occupied due to naval operations.  In the small inshore region, the depths ranged from 0 to 
50 feet, while the offshore area occupied displayed depths from 90 to 130 feet (Figure 50).  At 
Carlson Spit, the bottom topography was very steeply sloped, similar to KB Point, suggesting 
similar hydrodynamic conditions at the two locations.  Along a linear distance of 250 feet, water 
depths decreased from 5 to 85 feet, representing a 32 percent grade or 18° slope.  South of 
Carlson Spit, the seafloor displayed a smoother gradient analogous to that displayed in Area 2, as 
water depths increased from 10 feet below MLLW to 100 feet along a 7° slope (Figure 50).   

3.5.2 Side Scan Sonar 

As previously mentioned, side scan sonar data were not collected for every planned line in the 
confines of Area 5 due to naval operations (Figure 51).  In the regions where side scan sonar was 
obtained, the seafloor was characterized as sand in shallow areas and silty sand in the deeper 
regions.  In addition, some shallow areas exhibited strong acoustic returns indicative of shell bed 
or gravel.  The tidal flat associated with Devils Hole was composed of sand with some areas of 
shell debris and small rocks in water depths of approximately 20 feet.   

Within the shallow water in this northern region of Area 5, an approximately 270-foot wide bed 
of eelgrass was imaged in the side scan sonar (Figure 51).  Representing the largest area of 
eelgrass in Area 5, the bed occupied a sandy bottom within water depths that ranged between 10 
and 20 feet below MLLW.  In addition to the eelgrass, some small pockets of dense Sargassum
were identified (Figure 52).  The gas bladders or vesicles of Sargassum obstruct the acoustic 
signal of the side scan sonar and create a distinctive acoustic return and shadow in the data 
record.  Since this macrophyte can grow to heights of 4 to 6 feet above the seafloor, this distinct 
acoustic signature often appears in the water column portion of the side scan record as a distinct 
dark return similar to schools of fish. 

The shallow basin just north of Carlson Spit served as a protected area where eelgrass was 
detected (Figures 51 and 52).  This area is regularly utilized for small boat operations, which 
appeared to have little impact on the eelgrass.  Although eelgrass was detected north of Carlson 
Spit, the high energy, steeply sloped environment south of Carlson Spit was not an optimal 
habitat for eelgrass, as no beds were detected in the sonar data record.  However, numerous 
schools of fish were identified in the water column in the deeper water south of Carlson Spit, as 
well as various types of manmade debris (Figure 52).  The steep bottom topography required 
rapid adjustment of the tow cable when utilizing the 600 kHz towfish and resulted in a poor side 
scan record.  Therefore, the outer lines were re-occupied utilizing a 300 kHz towfish at wider 
(40-meter) range setting to image the region immediately west of Carlson Spit and the deeper 
waters to the south.
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3.5.3 Video Transects 

Video transect data were collected throughout Area 5, including some of the inshore areas 
lacking side scan sonar and bathymetric survey data.  Substrate types in Area 5 were defined as 
primarily being hard packed sand with isolated pockets of silty sand (Figure 53).  Comparisons 
with the other survey areas indicated that sand was much more widespread and did not directly 
correlate to water depth, suggesting the hydrodynamics within Area 5 were less depositional than 
the other areas surveyed in June 2007.  Only one small oyster bed was identified within the Area 
5, which was located north of Carlson Point adjacent to a small freshwater runoff source (Figures 
53 and 54A).  No bathymetry data were obtained in this area.  However, by extrapolating from 
the available data from adjacent areas, the oyster bed was likely located at or slightly above the 
MLLW line. 

Of the 24 video transects occupied in Area 5, eelgrass was identified in only 12 transects (Figure 
55).  The coverage classifications of sparse, moderate, and dense were evenly represented in the 
data set.  The majority the eelgrass detected within Area 5 was located north of KB Point, in the 
northern section of the survey area.  Eelgrass was recorded in eight out of nine transects, with 
densities ranging from sparse to dense within a continuous bed of eelgrass ranging in width from 
60 to 250 feet (Figures 54B and 55).  Water depths over this eelgrass bed were no deeper than 20 
feet MLLW, with an abrupt change in eelgrass density noted off of KB Point, where the seafloor 
topography transitioned from a broad sand flat to a strong slope.

Smaller beds of eelgrass were documented in several transects completed south of KB Point as 
well (Figure 55).  Each transect contained approximately 60 feet of eelgrass with densities 
ranging from dense to moderate, and located in water depths less than 10 feet MLLW.  Another 
small eelgrass bed was mapped outside the WRA and in proximity to Carlson Spit, recorded on 
two transects, ranging from dense to sparse.  An eelgrass bed was detected along an 
approximately 125-foot long segment of a transect located in proximity to the boat ramp at 
Carlson Spit.  This likely continued along the northern shoreline of the spit, terminating at the 
apex of Carlson Spit as an approximately 60-foot wide bed (Figure 55).  No eelgrass was 
detected on any of the transects occupied south of Carlson Spit. 

Unlike eelgrass, macroalgae were present on all transects occupied within Area 5 (Figure 56).  
All except 125 feet of transect line occupied contained macroalgae coverage.  The predominant 
macroalgae species documented within Area 5 were Ulva (green), Laminaria (brown), and 
Gracilaria (brown), while Sargassum muticum (brown) was identified in the majority of the lines 
where other macroalgae were present (Figures 56 and 57).  There was no one density distinction 
that dominated the region, as sparse, moderate, and dense classifications were evenly represented 
(Figure 56).  Due to the shallower water depths and increased light availability, transects in the 
northern portion of the survey area contained the majority of dense macroalgae coverage.  All 
dense macroalgae coverage was detected in water with depths less than 15 feet below MLLW. 

Dense macroalgae coverage was also found in the vicinity of the various Navy pier structures 
(Figure 55).  Dense/moderate, moderate, and moderate/sparse coverage distinctions dominated 
the inshore region between KB Point and Carlson Spit, despite a substantial amount of vessel 
activity in this area.  South of the Carlson Spit, the predominant macroalgae density 
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classification was sparse, as below a depth of 25 feet MLLW only sparse macroalgae were 
present (Figure 55).  The shallow water areas inshore were dominated by moderate coverage.   

Similar to macroalgae, bivalve siphons (geoduck clams) were present within all depth ranges, but 
were not present on all transects occupied (Figure 58).  In the northern region of the survey area, 
bivalve siphons were recorded primarily in water depths deeper than 20 feet MLLW, with a small 
section of the northern most transect containing bivalve siphons in the vicinity of the MLLW line.  
Bivalve siphons were also visually identified between KB Point and Carlson Spit, both in shallow, 
inshore waters and at depths exceeding the bathymetry depth contours (30 feet), while south of 
Carlson Spit only four transects displayed evidence of large bivalves (Figure 58).

The large survey region of Area 5 did not prove to have favorable conditions for the frilled 
anemone (M. senile), as its abundance was decreased relative to Areas 3 and 4.  The flow 
dynamics of Area 5 may not concentrate its zooplankton food source or the larvae of these 
broadcast spawners as observed in Areas 3 and 4. 
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4.0 EELGRASS DATA SYNTHESIS 

Several types of optical and acoustic remote sensor data were acquired during the June 2007 
survey at NAVBASE Kitsap Bangor, with the overall goal of characterizing the nearshore 
benthic habitat and determining the relative density and extent of eelgrass growth.  Particular 
attention was focused on the location and morphology of the eelgrass beds in order to completely 
delineate the eelgrass footprint within the confines of the base, as well as aid in the calculation of 
total acreage of viable eelgrass habitat that could be impacted by future infrastructure 
improvement projects.  By overlaying the available survey data onto existing aerial photography 
within a GIS environment, the edges of the eelgrass beds in each of the five survey areas were 
easily defined and graphically represented.  Once the areal extents of the beds were delineated, 
the available sonar and video results were re-examined to develop qualitative density 
assessments of the eelgrass residing in each survey area.  Through careful evaluation of the side 
scan sonar imagery in combination with the ground-truth data provided by the towed video, the 
eelgrass coverage within the footprint detected in June 2007 was then classified as sparse, 
moderate, or dense.

4.1 Area 1 

The side scan sonar and video data confirm that the substrate present within the shallow, inshore 
portions of Area 1 was composed of homogeneous sand and favorable to supporting eelgrass.
The narrow band of eelgrass beds, which are typical of those found in Puget Sound, were 
detected in strong acoustic returns and visually identified in the video data recorded in water 
depths ranging from the MLLW line to 15 feet below the line.  Overlaying the video results with 
the side scan sonar mosaic and aerial photographs corresponding to Area 1, the data suggested 
the presence of two independent eelgrass beds, separated by the Navy pier that existed within 
Area 1 (Figure 59).  The larger bed was located in the northern portion of Area 1, spanning five 
video transects and totaling 4.54 acres in size, while the smaller bed, of 2.34 acres was detected 
in four transects located in the southern portion of Area 1.

The relative density of the eelgrass within the identified beds was predominantly classified as 
sparse, especially along the edges of each bed where water depth, substrate, and light conditions 
gradually become unfavorable for eelgrass growth (Figure 60).  Many isolated pockets of 
moderate and dense coverage were also detected in the survey area.  Increased eelgrass 
abundance was consistently found within the interior portions of each bed, suggesting a 
relatively gradual transition from unfavorable to favorable conditions necessary to support 
growth as perennial.  The largest pocket of dense eelgrass growth was located just north of the 
pier, while moderate coverage was common in the nearshore waters south of the structure.  

The lack of high quality acoustic and video data directly under the pier feature injects some 
uncertainty in regards to whether the shading effects of the narrow structure would be sufficient 
to hinder the growth of eelgrass.  The presence of dense and moderate eelgrass beds directly to 
the north and the south of the structure suggests the limited shadowing effect of this over-water 
structure does not significantly inhibit the growth of the eelgrass in this region.  Rather, the 
eelgrass beds were only restricted by their exposure during low tide on the shoreward side and by 
the photocompensation depth in this area of Hood Canal (15 feet below MLLW; Merkel and 
Associates 2001).  As a result, it is a valid assumption to expect sparse to moderate growth of 
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eelgrass under the pier.  This growth would connect the two observed eelgrass beds on either 
side of the span and result in an overall bed slightly larger than 6.88 acres within Area 1.

In addition, when comparisons between the shape and location of the eelgrass beds relative to the 
NAVBASE Kitsap Bangor shoreline were made, the eelgrass bed located in the northern portion 
of Area 1 did not closely follow the shoreline as noted in many of the other eelgrass beds 
documented during the June 2007 survey.  When mapped relative to shore, much of the eelgrass 
bed was deflected northwest toward open water (Figures 59 and 60).  The bathymetry data 
indicated an expanded beach and shoal area was present and likely represents an outwash plain 
or delta feature associated with sediment discharged from Cattail Lake occupying much of that 
area.  Besides sediment, this lake also discharges fresh water into this shallow area.  This 
freshwater discharge gradually mixes with the saline Hood Canal water creating a mixing zone 
of brackish water along the immediate coast that likely decreases the salinity over the subtidal 
flat to a concentration too low to support eelgrass growth.  As a result, the direct input of fresh 
water may have a role in preventing the eelgrass bed from expanding inshore and exploiting 
most of the shallow, subtidal beach face.   

4.2 Area 2 

The presence of eelgrass in all Area 2 video transects and several of the inshore side scan sonar 
lines indicated a continuous, narrow eelgrass bed of 12.45 acres existed along the shoreline of 
Area 2 (Figure 61).  This narrow band of eelgrass occurred along the steep bathymetric gradient 
within a homogeneous sand substrate.  The upper limits of the eelgrass bed in Area 2 
corresponded to the MLLW line and extended out to water depths of 10 feet below MLLW.  The 
relative density of eelgrass within this continuous bed was primarily characterized by moderate 
coverage with a substantial portion of this bed classified as dense coverage (Figure 62).  Given 
the limitations of viable eelgrass habitat to the zone between the MLLW line and the 
photocompensation depth, the limited width of this eelgrass bed was essentially a function of the 
steep profile of the coastline in this area.

The steep gradient of the beach face within Area 2 resulted in only a small swath of the subtidal 
beach face offering suitable conditions for eelgrass to exploit.  As a result, there was typically a 
strong contrast in eelgrass densities with depth, often rapidly transitioning from absent to 
moderate or dense coverage then back to absent once again.  This finding was quite evident in 
the northernmost portion of Area 2 where the steep gradient of the shoreline associated with 
Floral Point resulted in a sharp increase in water depth from 10 to 70 feet below MLLW.  The 
eelgrass bed within Area 2 extended into this higher energy environment but existed as a very 
narrow band (25 feet) of vegetated seafloor characterized as moderate coverage.  The continuous 
bed extended south from Floral Point where it broadened to occupy the suitable substrate and 
establish a large area of dense coverage where the physical conditions (light, substrate type, etc.) 
could support many large-bladed plants.  As the eelgrass bed continued south toward the WRA, 
it assumed a morphology more consistent with the beds typical of Hood Canal, by occupying a 
narrow swath but displaying moderate or dense coverage (Figure 62).
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4.3 Area 3 

Two distinct eelgrass beds were delineated in Area 3 through the use of side scan sonar, 
underwater video, and aerial photography (Figure 63).  One eelgrass bed, located inshore of a 
pier facility, covered a 0.48-acre area of seafloor within Area 3.  However, this bed probably 
represents the southern terminus of the long continuous eelgrass bed delineated within Area 2 
(Figures 61 and 62).  Similar to the findings in Area 1, the narrow span connecting the pier to the 
shoreline likely has some shading impacts on the bed, but it can be assumed that sunlight of 
sufficient intensity is regularly available to sustain a sparse to moderate density bed directly 
beneath the structure.  This assumption is supported by the moderate and dense classifications of 
the eelgrass directly south of the pier feature that were based on visual observations (Figure 64).

The second eelgrass bed within Area 3 covered a 3.27-acre area in the southern portion of Area 3 
(Figure 63).  This bed was limited to water depths between the MLLW line and approximately 
10 feet below MLLW and displayed a variety of densities within a relatively narrow swath of the 
subtidal zone.  Video data combined with side scan sonar data characterized the relative density 
of this continuous eelgrass bed as primarily moderate coverage with substantial areas of dense 
coverage just below the MLLW line (Figure 64).  The larger areas of dense eelgrass coverage 
tended to be concentrated to the north, but moderate coverage was common up to the southern 
terminus of Area 3. 

4.4 Area 4 

The data obtained over Area 4 indicated that eelgrass existed in two distinct beds, separated by a 
Navy pier which lies relatively close to shore (Figure 65).  Within the northern portion of the 
survey area, 1.91 acres of seafloor were classified as eelgrass habitat, exhibiting sparse to 
moderate coverage.  Although present in Area 4, this bed actually represents the southern 
terminus of a larger bed that originated in Area 3 (Figures 63 and 64).  The narrow eelgrass bed 
that extended out of Area 3 began to diminish in width and relative density as it progressed 
south, displaying sparse coverage and eventually terminating at the small boat basin inshore of a 
pier structure (Figure 66).  Side scan sonar could not be efficiently collected within this inshore 
area due to water depth and the confined space issues; however, the video data obtained in this 
location confirmed moderate eelgrass coverage in the shallow, yet active area within the boat 
basin, indicating vessel operations were not impeding the growth of eelgrass or integrity of the 
bed.

A larger bed of eelgrass occupying a 2.98-acre area of seafloor was detected along the shoreline 
within the southern portion of Area 4 (Figure 65).  Bathymetric data indicated viable eelgrass 
habitat extended from the MLLW line to 20 feet below MLLW.  Both side scan sonar and 
underwater video records indicated moderate to dense eelgrass towards the center of this bed 
with sparse eelgrass existing on the landward and seaward periphery (Figure 66).

4.5 Area 5 

The data from Area 5 indicated the presence of four distinct eelgrass beds within this large 
survey area (Figure 67).  The largest bed existed in the shallow waters located in the northern 
portion of Area 5, covering an area of 7.6 acres, but was restricted to water depths ranging from 
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the MLLW line to 10 feet below MLLW.  The video and side scan sonar data confirmed that the 
interior region of the bed was composed of pockets of moderate and dense eelgrass, while the 
periphery tended to be primarily classified as sparse (Figure 68).  Similar to the findings for the 
eelgrass bed detected in Area 1, the nearshore and offshore limits for this particular bed did not 
closely follow the shoreline, but was deflected northwest toward open water (Figure 67).  The 
bathymetry data indicated the presence of a large subtidal flat (0 to 5 feet below MLLW) that 
likely represents an outwash plain associated with sediment discharged from Devil’s Hole 
occupying much of that area.  Besides sediment, this inland pond and wetland also discharges 
freshwater into this shallow area.  This freshwater discharge gradually mixes with the saline 
Hood Canal water creating a mixing zone of brackish water along the immediate coast that likely 
decreases the salinity over the subtidal flat to a concentration too low to support eelgrass growth.
As a result, the direct input of fresh water may have a role in preventing the eelgrass bed from 
expanding inshore and exploiting most of the shallow, subtidal seabed. 

A second, smaller eelgrass bed was located on the north side of KB Point, approximately 
200 feet southwest of the large bed described above (Figure 67). This isolated bed covered an 
area of 0.98 acres and supported eelgrass densities ranging from sparse to dense (Figure 68).
Given the location of this second bed relative to the larger bed to the northeast, it is quite likely 
that it once represented the southern terminus of one large bed.  Bathymetry within the 200-foot 
swath of nearshore habitat separating the beds showed a gentle slope offering ample area for 
eelgrass to thrive.  However, examinations of both the side scan sonar and video data indicated 
no evidence of eelgrass within that area during the June 2007 survey.  The results for the 
distribution and density of various forms of macroalgae offer some explanation based on the 
widespread presence of the invasive Sargassum muticum.  It is possible that Sargassum
colonization was sufficiently dense in this area to displace the eelgrass in that one area via 
competition for available sunlight, or it has simply obscured a patch of sparse eelgrass bed due to 
its distinct acoustic signature and increased height in the water column.   

The two remaining eelgrass beds are of lesser size and significance overall, as they represent 
isolated beds interspersed between waterfront facilities (Figure 67).  One small eelgrass bed 
covering 0.48 acre of seafloor was detected in the shallow water south of KB Point.  Both 
moderate and dense coverage was documented within this bed, but outside the primary vessel 
traffic area (Figure 68).  Side scan sonar and video also confirmed the presence of a 0.69-acre 
eelgrass bed within the vessel traffic area just north of Carlson Spit and south of the WRA.
Small and moderate size craft associated with floating security barrier maintenance and patrols 
regularly transit over this bed of eelgrass in order to access mooring facilities behind the service 
pier or the boat ramp at Carlson Spit.  Showing no signs of impact related to the increased vessel 
traffic, the densities within this southernmost bed range from sparse at the photocompensation 
depth at MLLW line to dense in the center of the bed and apex of Carlson Spit (Figure 68). 
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5.0 DISCUSSION 

The results of this comprehensive eelgrass habitat survey provided a qualitative assessment of 
eelgrass beds along the NAVBASE Kitsap Bangor shoreline, as well as a substantial amount of 
insight into other physical and biological aspects of the nearshore environment.  The use of 
remote sensors provided less resolution and accuracy in comparison to the traditional 
quantitative eelgrass survey techniques.  However, the use of remote sensors was ultimately a 
more efficient method of mapping the nearshore habitat and determining the relative density of 
eelgrass growth and ecological significance of the beds along the 4.3 nmi of shoreline occupied 
by the submarine base.  As areas for infrastructure improvement projects are identified, it will be 
necessary to quantify potential losses of eelgrass habitat associated with the development of a 
structure along the shoreline by conducting high-resolution, site specific surveys which utilize 
divers to perform individual shoot counts, similar to the methodology employed by Washington 
State (Woodruff et al. 2002).  

Multiple acoustic and optical sensors were necessary to adequately characterize the density of 
eelgrass growth and determine the areal extents of the beds located along the NAVBASE Kitsap 
Bangor shoreline.  The swath coverage provided by the 600 kHz side scan sonar system was 
quite useful in determining the broader scale coverage of eelgrass, as well as some of the larger 
bodied macroalgae.  In addition, these sonar data were quite useful in providing first order 
characterization of the sediment type and texture within the nearshore environment.  The video 
transect data proved to be most valuable in confirming the findings within the acoustic data 
record but also provided supplemental information regarding distribution and occurrence of 
macro flora and epifauna.  As a result, the database of information derived from the June 2007 
eelgrass habitat survey was much broader than SAV-related parameters and deemed valuable in 
assessing potential impacts to the number of marine resources from currently planned and future 
infrastructure improvement projects. 

5.1 Eelgrass

In general, the primary production of glucose (photosynthesis) occurs in the single blade of each 
eelgrass plant and must meet a saturation point during daylight hours in order to support the 
respiration that occurs throughout the thallus at night.  When photosynthesis exceeds respiration, 
the plant will develop food stores in the rhizome and roots in the form of starch in order to 
develop an energy reserve.  Eelgrass has been found to be quite efficient at storing excess 
carbohydrates when environmental conditions favor photosynthesis (Smith et al. 1988; 
Zimmerman et al. 1989; Burke et al. 1996).  This reserve will support growth of the plant, 
promote lateral shoot formation, and sustain the plant for brief periods when photosynthesis 
levels fall below respiration.  As a result, individual eelgrass plants rooted in an area of seafloor 
that provides the proper physical and chemical conditions, as well as sufficient light levels, will 
grow and thrive as a perennial. Conversely, eelgrass seeds that settle on an area of seafloor that 
does not offer the optimum conditions for eelgrass will likely not germinate or will yield a plant 
with poor overall growth. 

Well-established eelgrass beds were documented in all five survey areas established along the 
shoreline in shallow water depths ranging from 0 to 20 feet below the MLLW line.  When 
examined at a broad scale, the distribution of eelgrass suggests a nearly continuous bed or 
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meadow exists from the subtidal apron feature or delta associated with Cattail Lake to the north, 
extending to Carlson Spit to the south (Figure 64).  However, there were several isolated 
locations within the WRA where eelgrass was not detected in either the video or sonar data.
When these areas corresponded to the location of base infrastructure, it suggested that operations 
conducted or the structures existing at these locations were an impediment to eelgrass growth 
through increased shading or physical disturbance (propeller wash, seafloor scour/contact, etc.).
In other instances, natural changes in substrate, water column characteristics, or increased 
competition for sunlight from macroalgae was the basis for the apparent absence of eelgrass. 

The eelgrass beds within NAVBASE Kitsap Bangor were primarily associated with a 
homogeneous sand substrate in all five survey areas, but instances did arise where eelgrass 
occurred within a sandy gravel mixture.  Other seagrass habitat studies have shown that eelgrass 
is capable of surviving and thriving in a range of substrates, including softer, silty sediments 
(<20 percent fines) that offer the proper concentrations of acid volatile sulfides, nutrients 
(nitrogen, phosphorous, potassium), and salinity (Koch 2001; Bradley and Stolt 2005).
However, eelgrass along the shoreline was excluded from the silty sediments since silt deposits 
occurred at water depths that exceeded the minimum light threshold to support plant growth.
These results were confirmed by the findings of a sediment quality investigation performed in 
the summer of 2007, which indicated that sand dominated the seafloor in water depths less than 
30 feet below MLLW.  Fine-grained material (silt and clay) became a larger component of the 
surface sediments as water depths exceeded 30 feet below MLLW (SAIC 2009).   

Apart from very specific areas within the WRA, the strong topographical gradient of the 
NAVBASE Kitsap Bangor coastline was likely the primary factor limiting eelgrass growth, and 
in turn, the overall morphology of the beds.  As is common in much of Hood Canal, the majority 
of the nearshore eelgrass habitat surveyed within the confines of the base could be classified as 
narrow fringe strata in accordance with the definitions provided by the Washington State 
Department of Natural Resources (Berry et al. 2003).  The steep slopes of the littoral and 
sublittoral zones surveyed provided a relatively narrow band of substrate offering the 
environmental conditions appropriate to support eelgrass.  Although sediment type played a role 
in defining these areas of the intertidal and shallow subtidal in which an eelgrass bed could 
inhabit, the light regime and tidal amplitude are likely the more critical parameters in controlling 
the photocompensation depth, as well as eelgrass distribution and abundance within specific 
areas.

The term “light regime” is a general descriptor used to characterize both duration and intensity of 
sunlight penetrating the water column and reaching the individual plants to support 
photosynthesis.  The light regime is a variable that is directly dependent on region, time of year, 
meteorological conditions, and water clarity (Dennison and Alberte 1982).  Studies conducted on 
both the east and west coasts of the United States have confirmed that eelgrass plants growing at 
the deep margin of a bed, or maximum depth of distribution, represent the minimum light regime 
for growth and survival (Dennison and Alberte 1985; Dennison 1987; Kaldy and Lee 2007).
Therefore, photosynthesis and respiration within the individual plants at the maximum depth of 
distribution are essentially at equilibrium, and slow or minimal growth would be expected over 
time. 
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In addition to the light regime, tidal amplitude within a specific area significantly influences the 
photocompensation depth for eelgrass.  Physical oceanographic and hydrodynamic studies 
performed in 2006 and 2007 have demonstrated that mixed diurnal-semidiurnal tidal range at 
NAVBASE Kitsap Bangor can vary between 1.2 and 14.3 feet, depending upon the phase of the 
tide and lunar cycle (SAIC 2007).  Since eelgrass was detected at depths between 0 and 20 feet 
below the MLLW mark, there are brief periods during the tidal cycle when up to 34 feet of 
seawater exists over eelgrass plants present at the maximum depth of distribution.  Without 
recording the amount of photosynthetically active radiation available at the deep margin of a bed 
over a period of time, it is difficult to accurately determine the efficiency of photosynthesis at the 
maximum depth of distribution.  However, since plants were present at the time of the survey 
(late June), sufficient energy was reaching the maximum depth of distribution to consistently 
support modest plants and sparse seafloor coverage.  Since growth within the individual plants at 
the maximum depth of distribution tends to be inhibited, the eelgrass at the deep margin of the 
bed often exhibit short, narrow leaves, limiting the amount of thallus that must be sustained 
through photosynthesis.

In contrast, the shallow subtidal zone along the shoreline offered an ideal set of environmental 
conditions for eelgrass.  Overall, the seafloor within the depth range from 3 to 10 feet below the 
MLLW line was often dominated by eelgrass beds.  Many of these beds were classified as 
moderate to dense coverage and were composed of plants exhibiting long, wide blades indicative 
of a strongly positive photosynthesis-respiration balance.  The abundance of energy within each 
plant promotes horizontal rhizome growth and lateral shoot formation, resulting in increased 
density and higher primary productivity within the bed.

Eelgrass plants were rarely detected in very shallow water (0 to 1 foot below MLLW) or above 
the MLLW line.  The photosynthetic blades of eelgrass are intolerant of desiccation and tend to 
be damaged when exposed to direct sunlight for extended periods without the filtering effects of 
overlying water (Boese et al. 2005).  Damaged blades typically detach from the main or primary 
shoot resulting in the development of modest plants and sparse seafloor coverage at the 
minimum depth of distribution.  Although these blades are eventually replaced, cyclical exposure 
to direct sunlight and desiccation result in plants displaying narrow leaves comprising sparse 
beds.  These conditions are analogous to the density of plants at the maximum depth of 
distribution but caused by reduced light intensity.  As a result, the plants in proximity to the 
MLLW mark displayed and comprising the minimum depth of distribution support less efficient 
photosynthesis relative to the plants present near the center of the bed.  Therefore the same 
photosynthesis-respiration balance becomes a factor in the success of the individual plants and 
plant densities at the landward and seaward fringes of the various beds.

According to the data obtained during the June 2007 survey, eelgrass inhabited most of the 
available substrate along the steep slopes of the littoral zone along the NAVBASE Kitsap Bangor 
shoreline that offered the appropriate depth and sediment type to support growth.  However, two 
locations along the shoreline corresponding to Devils Hole and Cattail Lake were not fully 
colonized by eelgrass despite offering a broad, gently sloping seafloor within the appropriate 
depth range of 3 to 10 feet below MLLW and a fine sand substrate (Figures 18 and 55).  Both 
Devils Hole and Cattail Lake were former small, tidal estuaries that have become freshwater 
impoundments due to development of service roadways along the NAVBASE Kitsap Bangor 
shoreline in the late 1940s and mid 1950s (Volkhardt et al. 2000; Pearman et al. 2008).  Seawater 
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exchange between the estuaries and Hood Canal was eliminated with the use of earthen dams 
and culverts under the roadway to permit controlled discharge of fresh water from each lake.   

Over the past 50 years, the discharge of fresh water and sediments from each lake has resulted in 
the formation of two independent, subtidal deltas in Upper Hood Canal, as well as multiple 
discharge channels that bisect the intertidal beach face.  The presence of the sediment apron or 
delta features has modified the bathymetry seaward of the lakes, decreasing the slope of the 
shoreline and broadening the seafloor within the 0- to 20-foot depth range that is suitable to 
support eelgrass.  However, the shape of the eelgrass bed relative to the bathymetry suggests one 
or more factors are inhibiting eelgrass growth over these shallow seafloor features (Figures 59 
and 63).  In addition, the video and acoustic data show abrupt changes in eelgrass coverage (from 
dense or moderate to absent) indicating a sharp change in environmental conditions. 

Although eelgrass has been known to grow in a wide range of salinities, the direct input of fresh 
water and sediment into the shallow subtidal is likely lowering the salinity and changing the 
nutrient balance within the sediments, which may be an impediment to eelgrass colonization on 
both of these delta features (Thayer et al. 1984).  Several studies have shown that decreased 
salinity of the sediments associated with groundwater influx can retard the growth of the root and 
rhizome structure of the eelgrass plants (Bradley and Stolt 2005).  However, when eelgrass 
coverage was compared to that of macroalgae, green algae (i.e., Ulva) were able to thrive over 
this subtidal delta, while brown (kelp) and red algae (Gracilaria) were predominantly absent and 
displayed a distribution similar to eelgrass (Figures 65 through 67).  Since Ulva has been known 
to thrive in eutrophic waterways, the increased presence of these green algae in areas that were 
essentially devoid of eelgrass and other macroalgae suggests that the fresh water may also be 
introducing primary nutrients (water and sediment borne) at concentrations that impede eelgrass 
growth.  As this influx of fresh water mixes with the saline waters of Hood Canal, suspended 
sediments are deposited within the delta and the dissolved nutrient concentrations are diluted, 
decreasing with distance from the input source.   

Regardless of the reasons for the current distribution of eelgrass in proximity to Cattail Lake and 
Devils Hole, the Navy is evaluating the feasibility of re-establishing both bodies of water as 
coastal estuaries to promote anadromous fish (salmonids) production (Pearman et al. 2008).  This 
will be accomplished by reconfiguring the roadway and removing the obstructions to flow 
between the terrestrial freshwater sources and Hood Canal.  If this estuary restoration occurs, it is 
anticipated that environmental conditions over the delta would eventually be more comparable to 
those found along the remainder of the NAVBASE Kitsap Bangor shoreline.  As a result, it 
would be anticipated that eelgrass would colonize and fully exploit the subtidal flats, as well as 
the entrances to the newly established coastal estuaries, promoting wide fringe stratum 
communities at both locations (Berry et al. 2003).  

5.2 Eelgrass/Macroalgae Competition 

Numerous studies have shown resource competition occurs between eelgrass and other types of 
SAV and macroalgae (Coffaro and Bocci 1997; Van et al. 1998).  Since these organisms are 
autotrophic with various sensitivities to organic loading and nutrient input, the primary resources 
subject to competition along the shoreline are suitable substrate and light to drive photosynthesis.  
Due to its reproductive and growth strategies, eelgrass will generally out-compete most other 
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forms of SAV when in highly favorable conditions, which consist of a soft granular substrate 
with modest amounts of available nutrients and organics (Coffaro and Bocci 1997; Van et al. 
1998).  However, the limitations associated with the physical and chemical characteristics of the 
water column and substrate in which eelgrass can inhabit results in a much narrower niche 
relative to macroalgae.  Given its reduced sensitivity to environmental parameters, macroalgae 
can occupy a wider niche, exploit more area within the intertidal and subtidal zones, and 
consistently produce more overall biomass than eelgrass.  However, most macroalgae are less 
ecologically valuable and of a reduced importance in regulatory decision matrices.  Therefore, 
they are not actively protected through management and aquaculture practices, while eelgrass 
habitat remains protected under several federal and Washington State laws.   

The Magnuson-Stevens Fisheries Conservation and Management Act (MSA) (16 USC § 1801-
1881 et seq.), through the Essential Fish Habitat (EFH) provision, protects waters and substrate 
necessary for federally managed (commercially harvested) fisheries in Washington waters.  As a 
result, federal agencies are required to consult with the National Marine fisheries Service 
(NMFS) regarding activities that may affect any EFH for species protected under the MSA.  .

NMFS specifically considers the habitat value of eelgrass when designating critical habitat for 
ESA-listed salmonid species.  Eelgrass is designated critical habitat for ESA-listed Hood Canal 
summer-run chum salmon and Puget Sound Chinook salmon.  Critical habitat at NAVBASE 
Kitsap Bangor extends from the line of extreme high tide to MLLW (70 Federal Register [FR] 
52685).  Under the provisions of Section 404 of the Clean Water Act (CWA) implemented by 
the U.S. Army Corps of Engineers (USACE) and U.S. Environmental Protection Agency 
(USEPA), eelgrass beds are considered Special Aquatic Sites that receive special protection.

Section 404 pertains to the discharge of dredged or fill material into waters of the United States, 
which include shallow areas suitable for supporting eelgrass.  Section 404 activities in the waters 
of Washington State permitted by USACE require Section 401 water quality certification be 
issued or waived by the Washington State Department of Ecology (WDOE).  Therefore both 
Section 404 and Section 401 certification requires preparation of a Washington State Joint 
Aquatic Resources Permit Application (JARPA) for review by USACE and state agencies.  
Section 10 of the Rivers and Harbors Act of 1899 also requires an evaluation of project impacts 
on eelgrass beds.  While not subject to the presumptions of the CWA 404(b)(1) guidelines, 
USACE would consider impacts to eelgrass in their evaluation of permit applications for 
structures or work in navigable waters pursuant to Section 10.  This would apply to non-fill 
activities such as pile-supported structures, moorings, floats, dredging, and other structures or 
work conducted beyond mean high water in tidal waters.   

Furthermore, eelgrass is considered a saltwater habitat of special concern within the state waters 
of Washington (WAC 220-110-250(3)(a)) and remains regulated by WDOE and the Washington 
Department of Fish and Wildlife (WDFW).  These agencies regulate non-federal in-water 
construction actions through the State Hydraulic Code (RCW 75.04.160) and specifically 
protects eelgrass, as well as kelp (Laminaria sp.) resources through WAC 220-110, which 
requires “no net-loss of productive capacity of the habitat of food fish and shellfish resources of 
the state.”  Under Kitsap County’s Shoreline Management Program, Section 22.28.030, General 
Policies (which is applicable under the Coastal Zone Management Act [CZMA]), development 
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activities are directed to avoid eelgrass, kelp, and estuarine ecosystems because of their high 
ecological value.   

In general, macroalgae occupied much of the waters surveyed along the NAVBASE Kitsap 
Bangor shoreline (Figures 65 through 67).  The video data indicated sparse coverage of 
macroalgae at water depths in excess of 70 feet below MLLW, indicating that certain types of 
macroalgae (usually Ulva) were capable of existing in low light environments (Figure 65).
Macroalgae density and species diversity tended to increase with decreasing depth, as red 
(Gracilaria) and brown (Sargassum muticum and Lamineria) algae became more abundant at 
water depths between 10 feet and 25 feet below MLLW.  Most forms of macroalgae were 
documented in the shallow subtidal zone between 0 and 10 feet below MLLW, often growing in 
the direct presence of eelgrass.   

In comparison to eelgrass and other higher-order aquatic plants, all macroalgae display a 
relatively simple thallus or body type that varies in size and complexity with species.  Algae lack 
a true vascular network to distribute moisture and nutrients throughout the thallus.  These non-
vascular thalli are more resistant to desiccation than the eelgrass, allowing various types and 
species of macroalgae to exploit the littoral zone.  In fact, the highest species diversity for 
macroalgae in each of the five survey areas was consistently detected above the minimum depth 
of distribution for eelgrass. 

Macroalgae were typically classified as dense coverage, with relatively large fronds, in the areas 
immediately above and below the eelgrass beds.  However, macroalgae density within the 
eelgrass beds varied from sparse to dense, and the individual organisms usually displayed 
relatively small frond sizes (Figure 68).  Based on these observations, as well as the findings of 
previous research, competition for sunlight was actively occurring between eelgrass and the 
various species of macroalgae within this depth range at the time of the survey.  The relative 
success of the eelgrass plants and associated shading of the resident algae limited the amount of 
light available to the macroalgae within the shallow subtidal zone.  The reduction in available 
light energy for the macroalgae resulted in smaller thalli for the algae in order to maintain a 
favorable photosynthesis-respiration balance.

Sargassum muticum is a larger bodied brown algae that appeared to be the one exception to the 
trend described above.  This invasive species is native to the temperate shoreline of Asia and has 
aggressively invaded the shoreline of the Pacific Northwest, as well as the European shoreline in 
the North Atlantic.  Studies have indicated that S. muticum can rapidly accumulate high biomass 
and can be a strong competitor for space and light with other marine plants (Staehr et al. 2000).  
The individual S. muticum plants produce an average frond size of approximately 3 feet and 
occupy the same ecological niche as eelgrass (lower intertidal and shallow subtidal zones).
However, gas bladders on S. muticum similar in structure to native rockweed (Fucus) make the 
thallus or frond buoyant and give this algae a competitive advantage of collecting sunlight 
relatively high in the water column before it reaches the shorter eelgrass blades.  S. muticum has 
been shown to absorb as much as 95 percent of the light energy within the top 5 cm of the water 
column, effectively shading the plants residing closer to the seafloor (Critchley et al. 1997). 

Through rapid reproduction and ability to exist within a wider range of environmental 
conditions, S. muticum is well suited to out-compete and displace permanent eelgrass beds in the 
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shallow subtidal zone (Den-Hartog 1997).  In fact, it is quite likely that the gap in eelgrass 
coverage that was documented in Area 5, just north of KB Point, was due to competition and 
displacement of eelgrass by a developing population of S. muticum (Figures 57 and 63).
Although this perennial plant is difficult to completely remove from an area once established, 
any future management practices or policies for eelgrass beds within NAVBASE Kitsap Bangor 
should include a strategy for limiting the spread of S. muticum and its potential impact on the 
native eelgrass population in the future.  Resident herbivores (i.e., sea urchins) will not feed on S.
muticum exclusively and may graze on native kelp (Lamineria) more readily; therefore, they may 
not serve as adequate population control.  The use of herbicides has not proven to be an effective 
means to control the spread of S. muticum (Critchley et al. 1997).  Physical removal by 
identifying individual plants and extracting them by hand is labor intensive, but may be the only 
completely effective method.  However, unless the entire plant (including the stipe and holdfast) 
can be removed, S. muticum will rapidly re-grow in the same location if simply cut anywhere 
above the sediment-water interface (Eno et al. 1997).   

5.3 Macrofauna 

Many forms of macrofauna were noted in the video transect data obtained during the June 2007 
eelgrass habitat survey, suggesting high species diversity within the pelagic and epibenthic 
communities.  Oysters, geoduck clams, and sea anemones were of particular interest due to their 
sessile nature, ecological value, or role as indicators of circulation patterns and discussed in 
detail within the subsections below.  Other marine vertebrates and invertebrates detected during 
the course of the survey included: 

� Bryozoan colonies (Class Gymnolaemata); 

� Jellyfish (Class Scyphozoa); 

� Sea whips and sea pens (Order Pennatulacea); 

� Sea stars and sea cucumbers (Genera Pisaster, Solaster, and Parastichopus);

� Crabs (Order Decapoda);

� Sponges (Phylum Porifera); 

� Tunicate colonies (Subphylum Urochordata); and 

� Flat fish (Order Pleuronectiformes). 

5.3.1 Oyster Beds 

Oyster shells were detected in the video transect data collected within all five survey areas.  
Based on the size and density of the shells, it was presumed that the active oyster beds were 
composed of Pacific Oyster (Crassostrea gigas), which is one of several species of oyster 
introduced into Puget Sound (Cohen 2004).  The Olympia or Native Oyster (Ostrea conchaphila
or O. ludia) is the only species native to Puget Sound, but it is smaller in size (rarely reaching 2 
inches in diameter) and slower growing, relative to C. gigas (Couch and Hassler 1989).  As a 
result, if it were present within the beds, the Olympia Oyster would be difficult to detect as part 
of the survey given the methodology employed. 
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Analogous to Sargassum, C. gigas is also considered an invasive species, and was intentionally 
introduced into the Pacific Northwest from Asia in the early 1900s via aquaculture.  This large-
bodied oyster grows rapidly and produces an abundance of edible meat in comparison to the 
native Olympia Oyster (O. conchaphila), and therefore has a significant commercial value 
(Pauley et al. 1988).  Broadcast spawning is the process utilized by sessile invertebrates where 
gametes are discharged into the water column, allowing fertilization to occur and permitting the 
resulting offspring to be transported as plankton for a period of time prior to settlement on an 
appropriate substrate.  This method of reproduction facilitates the widespread distribution of 
many species of invertebrates and has eventually allowed C. gigas to colonize the littoral and 
shallow sublittoral zones in estuaries along the entire west coast of the United States over the 
past century.  Studies conducted on the North American population indicate C. gigas can settle in 
dense aggregations and eventually displace other native intertidal species (Eno et al. 1997).

Shoreline observations made during other studies at NAVBASE Kitsap Bangor have 
documented the presence of several large, active oyster beds in the intertidal zone, extending into 
the shallow subtidal zone (SAIC 2006; Delwiche et al. In Preparation).  Preferring brackish water 
over the full salinity seawater, the larger oyster beds were typically located in proximity to a 
source of freshwater input to Hood Canal that would reduce the salinity in the immediate area by 
several parts per thousand (ppt). Cattail Lake to the north and Devils Hole to the south represent 
the largest and most obvious sources of freshwater input within the confines of the base.  Dense 
oyster beds were documented in the littoral zone along the intertidal beach face and shallow 
subtidal at both locations.  In addition, several smaller beds were also detected along the 
shoreline as part of the June 2007 eelgrass habitat survey and older observations (SAIC 2005).
These smaller beds are also located in proximity to small creeks and streams that drain the many 
pockets of freshwater wetland within the confines of NAVBASE Kitsap Bangor. 

At the northern margin of the submarine base, the dense population of oysters associated with 
Cattail Lake spread along the intertidal zone along the north side of Floral Point.  The active bed 
extended to the shallow subtidal zone in several places but was only documented in one video 
transect completed north of Cattail Lake.  Oyster shell was also detected at the western tip of 
Floral Point, as well as along several transects completed within Area 2.  These oyster shells 
were consistently detected at water depths in excess of 10 feet below MLLW and a fair distance 
away from any sizable sources of fresh water to dilute the full salinity Hood Canal waters.  As a 
result, these shells are likely relics of a bed that once occupied the shoreline or were deposited in 
this location through coastal processes.

The video data detected more relic shell existing as a small pocket in the deeper water (60 feet 
below MLLW) within the northern portion of Area 3.  Located at the sediment water interface 
and overlying a silty bottom, this deposit may have been a product of the seafloor excavation 
associated with the original construction of an adjacent pier structure or represent an armoring 
deposit due to the gradual winnowing of fine-grained sediments by bottom currents.  Similar 
relic deposits were found in the deeper waters (30 to 50 feet below MLLW) in proximity to other 
pier facilities along the Kitsap Peninsula shoreline. 

An active oyster bed was detected in the waters just below the MLLW line (< 5 feet) in Area 5, 
north of KB Point.  This subtidal population is an extension of the larger bed occupying much of 
the intertidal zone in that area.  A small freshwater discharge at the northern limit of Area 5, as 
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well as the fresh water from Devils Hole, may be sufficient to reduce salinity levels along the 
shore and promote the dense aggregation of oysters.  The Devils Hole oyster bed actually 
continues south and west along the shoreline before terminating at KB Point, but there is little 
evidence of shell or oysters below the MLLW mark.   

Although oysters have been documented within the intertidal zone in the southern reaches of the 
submarine base, the southernmost population within the subtidal zone was documented in the 
waters north of Carlson Spit.  Fresh water is discharged to this area via several small drainage 
streams that apparently provide sufficient volume to dilute the Hood Canal waters to suitable 
salinities.  South of Carlson Spit, multiple isolated beds can be seen throughout the intertidal 
zone down to King Spit.  However, no oyster shells or active beds were detected below the 
MLLW line. 

5.3.2 Geoduck Clams 

Geoduck clams (Panopea abrupta) are large burrowing bivalves that exist well below the 
sediment-water interface from the lower intertidal zone to depths in excess of 350 feet (Goodwin 
and Pease 1989).  Large siphons or “necks,” extending up to 1 meter through the sediments, 
allow these organisms to maintain adequate seawater exchange in order to support respiration 
and filter feeding.  These siphons were evident in the video transect data collected in June 2007 
and were the primary indicator of geoduck presence and relative abundance within the survey 
areas.

P. abrupta is native to the coastal waters of the west coast and quite abundant in Puget Sound.  A 
strong market for this species of clam in Asia has promoted a growing fishery and aquaculture 
effort within the Pacific Northwest since the 1970s.  Harvesting of geoduck clams for 
recreational or commercial purposes has become heavily regulated by the State of Washington 
(i.e., the Washington Department of Natural Resources [WDNR] and WDFW).  However, the 16 
Puget Sound Treaty Tribes are not governed under the statues of the state, but manage the 
harvest of wildstock geoducks in cooperation with the state and remain entitled to 50 percent of 
the harvestable surplus of geoducks in a given year (WDNR 2001).  Since the majority of the 
population exists below the MLLW line and at considerable depth in the sediment column, the 
individual clams are difficult to harvest.  With the exception of minor takes by recreational 
harvesters in the lower intertidal zone, the bulk of the harvesting is performed by commercial 
operations utilizing divers in water depths between 18 and 70 feet below MLLW (WDNR 2001). 

To maintain adequate control over the fishery, WDFW has divided the state waters within Puget 
Sound into a series of geoduck management regions.  Within these regions, suitable geoduck 
habitat that could be used for commercial harvest or aquaculture was identified and made 
available for lease.  Hood Canal Bed Number 21150, is a 116-acre plot that is roughly co-located 
with NAVBASE Kitsap Bangor (Floral Point to King Spit; WDFW 2009).  The harvest of clams 
within this bed would be impractical from a logistics and security standpoint.  As a result, no 
geoducks are harvested from the subtidal zone within the confines of the base.  Since this 
resident population remains undisturbed, they serve as an excellent brood stock to replenish the 
clams removed from adjacent beds in Upper Hood Canal through fishing activity. 
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When evaluated in terms of relative density of geoduck clams within each survey area, Areas 1 
and 2 displayed the highest occurrence of P. abrupta, followed by Area 4.  The video acquired 
over Areas 3 and 5 displayed the lowest occurrence, suggesting a lack of suitable substrate 
within these survey areas (Figure 69A).  In general, the siphons associated with geoduck clams 
occurred in both sand and silt substrate, but the occurrence of bivalve siphons was higher in both 
deeper water and silty sediment relative to the sand and gravel material encountered in the 
shallow depths within each survey area.  The video transects completed over Areas 1, 2, and 4 
covered more seafloor composed of silty material relative to Areas 3 and 5.  In fact, the majority 
of the sediments within Area 5 were classified as sand, which could account for the lower 
occurrence of clams in this rather large survey area. 

Since these animals typically burrow into the substrate only once in their life history, the 
substrate type on which the larvae settle and eventually burrow may have some bearing on long-
term survival (Goodwin and Pease 1989).  Preyed upon by fish, crustaceans, echinoderms, and 
gastropods, the rate at which a juvenile clam can burrow into the substrate is likely directly 
proportional to survival rate.  Burrowing within softer sediments (silt and silty sand) can be 
accomplished more readily and may equate to increased survivability to adult/reproductive age.   

5.3.3 Frilled Anemone 

Similar to the geoduck clam, a trend was identified in the occurrence of frilled anemones 
(Metridium senile) within the five survey areas.  M. senile is quite common in the coastal waters 
of the Pacific Northwest, ranging from Alaska to southern California.  The anemones that were 
present on the seafloor within the study area represent the relatively sessile polyp stage within 
the life cycle.  However, these organisms are capable of reproducing both sexually once a year 
(August to September) through broadcast spawning, as well as asexually via fission throughout a 
given year (Kaplan 1983).  In both cases, the ultimate fate of the gametes, zygotes, or clones is 
controlled by circulation patterns in the water column. 

M. senile was more prevalent in video data obtained from Areas 2, 3, and 4, relative to the 
remaining survey areas (Figure 69B).  When relative abundance within the individual survey 
areas was analyzed, distinct differences in the occurrence of the M. senile populations along the 
NAVBASE Kitsap Bangor shoreline were verified, suggesting the presence of larger populations 
near the center of the submarine base.  Given the sexual and asexual reproduction strategies of 
M. senile, it is possible that water column or near bottom circulation patterns are the basis for the 
increased population of adults by concentrating the spawn (gametes), medusa stage (zygote-
sexual reproduction), and/or clones (asexual reproduction).

Recent and past hydrodynamics studies conducted along the waterfront have documented the 
development of eddies between the various spits of land and wharfs during periods of peak flow 
into or out of Upper Hood Canal (SAIC 2007). These eddies may play a significant role in 
limiting the distribution of M. senile and concentrating the population between Floral Point and 
KB Point.  Furthermore, these eddy currents must also be responsible for concentrating a 
planktonic food source of sufficient mass to support the increased population of M. senile on the 
seafloor throughout the year. Since many of the ecologically important species of marine 
vertebrates (salmonids, flat fishes, etc.) and invertebrates (oysters, geoduck clams, Dungeness 
crab, etc.) produce larvae that exist in a planktonic stage for a period of time and may be a prey 
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item for the anemones, it is recommended that a plankton survey be conducted periodically 
between March and October in Survey Areas 2, 3, and 4 to evaluate the planktonic species 
composition and density.  This exercise would primarily serve as a safeguard and verify that the 
impact of any future development (i.e., pier development, seawater intakes or outfalls, sea wall 
construction, etc.) near the center of the base would be minimal and not serve as a major 
detriment to the planktonic stage of development for any ecologically important species. 
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6.0 CONCLUSIONS 

� Eelgrass was present along the majority of the NAVBASE Kitsap Bangor shoreline 
surveyed during the June 2007 field effort. Eelgrass beds occurred primarily in shallow 
water depths ranging from the MLLW line to 20 feet below MLLW, with relative 
densities of eelgrass coverage ranging from sparse to dense. 

� Sediment type along the shoreline was highly correlated with depth.  Sand substrate was 
often predominant in shallow water depths, while sediments of fine material such as silt 
were correlated with deeper water.  Although eelgrass can become established over a 
seafloor composed of coarse-grained sediment, it is more commonly found in relatively 
calm embayments dominated by tidal current flow with a sand or silty sand substrate.

� The profile of the beach face and subtidal bathymetry in proximity to NAVBASE Kitsap 
Bangor was a significant factor in affecting the areal extent of eelgrass beds within the 
study area.  The steep topography of the majority of the shoreline provided a narrow band 
of suitable habitat between the MLLW line and the photocompensation depth for eelgrass 
flourish.  Although present in many areas displaying strong seafloor topography, eelgrass 
beds tended to be broader in regions offering water depths between 0 and 20 feet below 
the MLLW line over a large area, yielding more habitat to exploit. 

� Current flow patterns along the NAVBASE Kitsap Bangor shoreline play a role in the 
presence of eelgrass within the study area.  Currents affect sediment type and texture as 
well as water quality, which are all contributing factors to the productivity of eelgrass 
beds.  The current regime at several points along the base shoreline (i.e., Floral Point, KB 
Point, and Carlson Spit), result in an erosional environment and seafloor composed of 
coarse sand and gravel, as well as strongly sloping bottom topography, which tends to 
limit the eelgrass growth to narrow beds in these areas.  Areas displaying lower current 
velocities and more of a depositional nature often yielded broader eelgrass beds.

� Base operations and structures were not significant impediments to eelgrass growth, or 
grossly affect spatial distribution or density of the eelgrass beds.  However, freshwater 
input from inland ponds and lakes along the NAVBASE Kitsap Bangor shoreline may 
have some influence on the distribution of eelgrass where a discharge creek or channel 
entered Hood Canal. 

� The nearshore habitat survey provided a qualitative assessment of eelgrass beds along the 
NAVBASE Kitsap Bangor shoreline.  Although the use of remote sensors was an 
efficient method of mapping the nearshore habitat and determining the relative density 
and ecological significance of the eelgrass beds within the confines of the submarine 
base, the use of remote sensors provided less resolution and accuracy in comparison to 
the traditional quantitative eelgrass survey techniques.  As specific areas for 
infrastructure improvement projects are identified, it is recommended that further 
investigation using higher-resolution techniques (i.e., diver-based shoot counts) be 
conducted at each site to quantify potential losses of eelgrass habitat associated with the 
development of a structure along the shoreline.  
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