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DNR monitors abundance and depth distribution of native seagrasses to determine status and trends in
greater Puget Sound through the Submerged Vegetation Monitoring Program (SVMP)
(https://www.dnr.wa.gov/programs-and-services/aquatics/aguatic-science/nearshore-habitat-eelgrass-

monitoring).

The Submerged Vegetation Monitoring Program is a component of the Puget Sound Ecosystem Monitoring
Program (PSEMP) (https://sites.google.com/a/psemp.org/psemp/home).
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Executive summary

The Washington State Department of Natural Resources (DNR) manages 2.6 million acres
of State-Owned Aquatic Lands for the benefit of current and future residents of
Washington State. DNR’s stewardship responsibilities include protection of native
seagrasses and algae, important components of nearshore ecosystems in the southern
Salish Sea.

Since 2000, DNR has monitored abundance and depth distribution of native seagrasses to
determine status and trends in the southern Salish Sea through the Submerged Vegetation
Monitoring Program (SVMP). This monitoring program is based on towed underwater
videography. Soundwide monitoring was initiated in 2000. The monitoring results are used
by DNR for the management of State-Owned Aquatic Lands, and by the Puget Sound
Partnership as a Vital Sign indicator to track progress in the restoration and recovery of
Puget Sound.

In April 2023, DNR entered into a research agreement with King County to complete a
Supplemental Environmental Project (SEP), resulting from a settlement agreement
between King County and the Suquamish Tribe, executed on October 20, 2022. Task 1 of
this agreement is a comprehensive assessment of understory kelp and other marine
vegetation in the central basin of Puget Sound, based on footage collected for the SVMP as
part a series of interagency agreements and grants with the Suquamish Tribe, King County,
the city of Bainbridge Island, Snohomish County, and the Puget Sound Partnership.

This report fulfills Deliverable 1.2 of Agreement 93-104790 that states: WA-DNR will
provide the County with a final report, including GIS data, that summarizes the area and
depth distribution of the marine vegetation in the Central Basin of Puget Sound based on
approximately 1500 transects spread across 150 sites by June 30, 2025.

This report represents the first comprehensive assessment of marine vegetation in the
central basin of Puget Sound and serves as a baseline for future monitoring efforts of
understory kelp.

Key findings:

e Marine vegetation was ubiquitous. Between 0 and -6m (MLLW), approximately ~ 75%
of the study area had medium to high % cover marine vegetation present. Between 0
and -15m approximately 44% of available substrate was covered by medium to high %
cover marine vegetation.

e We estimate that there were between 1,024 and 1,321 ha of understory kelp in the
study area (95% confidence interval, cover class > 2, between 0 to -15m MLLW). The
majority of understory kelp were prostrate kelp species, including sugar kelp, 5-ribbed
kelp and sieve kelps.

e There was a North to South pattern in the dominant vegetation type. Along the northem
parts of the study area, marine vegetation was dominated by seagrass. Towards the
southern portion of the study area, marine vegetation was dominated by green algae.

Executive Summary = DNR 93-104790 — Task 1.2 1



Green algae were the most abundant vegetation type in the central basin of Puget
Sound. We estimate that between 1,320 and 1,754 ha of substrate had medium to high
% cover green algae (95% confidence interval, cover class > 2, between 0 to -15m
MLLW). Note that this estimate represents a ‘snapshot’ in time, during the summer
field season, when green algae blooms are most likely to occur.

There was a clear pattern in % cover between the vegetation types. Understory kelp,
green algae and other red-brown algae were most abundant in the lower cover classes.
Seagrass occurred more frequently in high cover classes.

There was also a clear difference in depth distribution between marine vegetation
types. Seagrass and green algae occur most frequently at depth shallower than -6 m
(MLLW). Understory kelp and other red-brown algae had a higher relative abundance
at greater depths.

The non-native Sargassum muticum was not abundant in the study area. Note that this
may be due to the timing of our surveys, which occurred in late summer, after the peak
growing season for this species.

Washington State Department of Natural Resources



1 Introduction

1.1 Seagrass and kelp

Washington State is home to a wide variety of marine plants and algae, including 6 species
of seagrass and 22 species of kelp (Gabrielson & Lindstrom, 2018). This highly diverse
community of marine vegetation forms the base of the food web in nearshore ecosystems
and provides critical habitat for a wide range of vertebrate and invertebrate species.

Eelgrass is the predominant seagrass species in Puget Sound. This species forms dense
meadows throughout the intertidal and shallow subtidal. These meadows are highly
productive and fuel local and adjacent food webs through the production of detritus, the
export of organic matter, and the movement of fauna across habitat borders (Heck et al.
2008, Thormar et al. 2016, Chalifour et al. 2019, Krause et al. 2022). Eelgrass beds
improve the habitat in which they grow. They have dense canopies that slow water
currents, limit the resuspension of soft sediments (de Boer 2007, van der Heide et al.
2007), and filter particles and harmful bacteria from the water column (Lamb et al. 2017,
Inabaetal. 2017, Jacobs-Palmer etal. 2020, Prystay et al. 2023). In the Pacific Northwest,
they provide food, shelter, nursery habitat and spawning substrate for Dungeness crab
(Stevens and Armstrong 1984), Pacific herring (Pentilla 2007) and juvenile salmonids
(Semmens et al. 2008, Rubin et al. 2018, Kennedy et al. 2018).

Kelp are large brown algae, belonging to the order Laminariales. These algae are often
split into 3 categories based on their morphology: floating kelp, prostrate kelp, and stipitate
kelp. Prostrate kelps and stipitate kelps are often referred to as understory kelp, as they
grow below the surface of the water column (Mumford 2007). Kelp forests represent one
of the most complex biotopes in coastal waters. They alter hydrodynamic flow which
increases the deposition rates of small particles beneath their canopies (Eckman et al.
1989) and generate large amounts of organic matter, which can be exported to adjacent
ecosystems (Krumhansl & Scheibling 2012). Kelp beds provide 3-dimensional habitat for
numerous species, including juvenile rockfish and salmonids (Mathews 1990, Murphy et
al. 2000, Johnson et al. 2003) and provide microhabitats to large numbers of highly
specialized organisms (Leclerq et al. 2016).

It is increasingly recognized that eelgrass and kelp are part of an interconnected seascape,
where different habitat patches are linked through exchange of dissolved organic
carbon, detrital matter, and movement of fauna across habitat borders (Heck et al. 2008,
Bostrom et al. 2011, Hyndes et al. 2012, Chalifour et al. 2019, Prentice et al. 2019,
Swadling et al. 2024).
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Spatial patterns in habitat distribution have functional implications. For example,
proximity to kelp beds improves the nursery function of seagrass beds for juvenile
rockfish, as they have access to higher quality prey (Olsen etal. 2019). Subsidies from bull
kelp beds are also important to the diets of mesograzers in eelgrass beds. Amphipods show
a feeding preference for kelp tissue, and their biomass is positively influenced by
adjacency to kelp at seagrass edges (Olsen et al. 2022). Meadow/kelp bed size and edge
habitat heterogeneity also plays a role, as species richness and abundance tend to increase
near the edges of habitats (Macreadie et al. 2010, Proudfoot at al. 2023). Understanding the
causes and consequences of spatial patterns in nearshore marine environments can yield
valuable information for managing these important habitats.

1.2 Available data in Central Puget Sound

The central basin of Puget Sound includes some of the most developed shorelines in the
region, such as the Seattle waterfront. While it is understood that high levels of
urbanization can influence coastal marine habitats, the actual impact of human activities on
marine vegetation in the nearshore of Puget Sound remains unclear. As such it is important
to establish baselines and monitor marine vegetation for potential change over time.

Between 2014 and 2021, the nearshore of the central basin was comprehensively surveyed
using towed underwater videography as part of a series of collaborations between DNR,
King County, the Suquamish Tribe, Snohomish County and the City of Bainbridge Island.
This footage was used to assess the area and depth distribution of eelgrass in the study area
(Christiaen et al. 2020, Christiaen et al. 2021, Christiaen et al. 2023a). In recent years,
DNR has increased the frequency of kayak-based surveys of floating kelp beds, as well as
UAS surveys of kelp canopy throughout the central basin of Puget Sound (Cowdrey &
Claar 2024, Ledbetter & Berry 2024, McClure et al., in prep.).

There is substantial evidence of long-term declines in the canopy cover of bull kelp
(Nereocystis luetkeana) in South and Central Puget Sound (Berry et al. 2021). Concerns
also exist about potential losses to other kelp species, but trends are unknown. Data on
understory kelp is sparse in the Central Basin of Puget Sound, as the most recent
comprehensive survey was the ShoreZone Inventory (Berry et al. 2001).

1.3 IAA 93-104790 between DNR and King County

In March 2023, the Washington Department of Natural Resources and King County signed
an Interagency Agreement (DNR 93-104790) to complete a Supplemental Environmental
Project (SEP) to assess understory kelp in the Central Puget Sound, resurvey certain sites
in the central basin to measure change in understory vegetation, and measure
environmental parameters along maximum depth of eelgrass occurrence.

As part of Task 1.2 of this agreement, DNR will provide the County with a final report,
including GIS data, that summarizes the area and depth distribution of the marine
vegetation in the Central Basin of Puget Sound based on approximately 1500 transects
spread across 150 sites. This report fulfills the Deliverable of Task 1.2.

4 Washington State Department of Natural Resources



1.4 Data use and accessibility

All data are archived at DNR’s headquarters in Olympia, Washington, and available to the
general public. Eelgrass data are accessible through an online data viewer on DNR’s
website and a downloadable distribution dataset. Other data is available on request but will
be made available through an online data viewer in the near future. These resources are
available on the following webpages:

https://www.dnr.wa.gov/programs-and-services/aguatics/agquatic-science

https://www.dnr.wa.gov/programs-and-services/aguatics/aguatic-science/puget-sound-
eelgrass-monitoring-data-viewer

http://data-wadnr.opendata.arcgis.com
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2 Methods

2.1 Overview

In March 2023, the Washington Department of Natural Resources and King County signed an
Inter-Agency Agreement (DNR 93-104790). The scope of work for this agreement consists of
3 sets of tasks and deliverables, the first of which is to provide a comprehensive assessment of
understory kelp and other marine vegetation based on footage collected between 2014 and
2021 at sites that DNR sampled along the entire shoreline of the Central Basin of Puget Sound
from Foulweather Bluff to Gig Harbor, and from Mukilteo to Dash Point, including
Bainbridge Island, Vashon-Maury Islands and Blake Island.

Field sampling for this project was conducted using the methods of DNR’s Submerged
Vegetation Monitoring Program (SVMP). The SVMP is a regional monitoring program,
initiated in 2000, designed to provide information on both the status and trends in native
seagrass area in greater Puget Sound. This program uses towed underwater videography in
combination with a modified line-intercept technique (Norris et al, 1997) as the main data
collection methodology to provide reliable estimates of eelgrass area for subtidal seagrass
beds in places where airborne remote sensing cannot detect the deep edge of the bed.

The video was later reviewed and classified with respect to the presence of Zostera marina
and Nanozostera japonica at one-second intervals. This data was used to generate estimates of
eelgrass area and depth distribution at individual sites and in the study area as a whole
(Christiaen et al. 2020, Christiaen et al. 2021). A portion of the sampled sites were post-
processed for % cover of 9 different marine vegetation types (including understory kelp). This
analysis was not completed at the time.

For this project, we reclassified video footage from 431 transects spread over 42 sites sampled
in 2016, 2018, 2019 and 2020 based on methods from Rubin et al. (2017). Ateach 5 second
interval we classified a video frame to determine the % cover of several types of marine
vegetation, including prostrate kelp, stalked kelp, Sargassum, other brown/red algae, green
algae, and seagrass. Each frame has associated geospatial and depth information. We then
combined this data with results from an existing analysis on footage from 1227 transects at
115 sites in Central Puget Sound, based on the same methodology, to estimate the area and
depth distribution of each vegetation type in the study area.
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2.2 Study area and site selection

The project focuseson the nearshore marine habitats along the central basin of Puget Sound,
as well as Port Madison, Sinclair Inlet, Rich Passage, Agate Passage, Colvos Passage, the
outer Parts of Elliott Bay, and the outer Parts of Quartermaster Harbor (Figure 1). We defined
6 subbasins of varying size based on general differences in environmental and shoreline
characteristics: North, Central, South, Inlets, Colvos and Quartermaster Harbor.

Figure 1: Study areafor IAA 93-
104790. SVMP sites (n = 353)
are indicated by the smaller
dots, which denote site
endpoints. The larger size dots
are the 157 sites where we
reclassified towed underwater
video footage for %cover of
different marine vegetation
types. Sites are colored by
subbasin.

sites per subbasin
® central

colvos

inlets

north

quartermaster

south
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The study area contains 3531 potential sample sites that were typically 1000m in length
(measured along the -6.1m bathymetry line). At each site, DNR collected video data along
~10 stratified random transects that were oriented perpendicular to shore. We selected a total
of 157 sites, evenly distributed throughout the study area, to assess areaand depth distribution
of different marine vegetation types (Figure 1). Every site was sampled with on average 10
stratified random transects, oriented perpendicular to shore. At all sites, these transects extend
to -6m relative to Mean Lower Low Water (MLLW). Out of these 157 sites, 95 have transects
that extend to greater depth (down to -15m, MLLW). All but one of these sites were sampled
between 2018 and 2021. Table 1 shows the distribution of sample sites over the different
subbasins. Note that we do not have a representative sample of sites with footage down to -
15m in subbasins ‘Inlets’ and ‘Quartermaster Harbor’.

Table 1: Sites classified by subregion to -6m and -15m (MLLW)

Subbasin # sites | # sites Fraction # sites Fraction

classified | classified | classified | classified

(to -6m) | (to -6m) (to -15m) | (to -15m)
North 48 21 0.44 13 0.27
Central 105 46 0.44 27 0.26
South 61 29 0.48 29 0.48
Inlets 71 29 0.41 3 0.04
Colvos 49 24 0.49 22 0.45
Quartermaster | 19 8 0.42 1 0.05
Total 353 157 95

At each site we delineated a macroalgae sample polygon that encompasses the entire depth
range sampled at that location (Figure 2). The shallow edge of the sample polygon was
determined by how close to shore the survey vessel could safely navigate. This value differs
from site to site, depending on the tides at the time of sampling, and the presence of
navigational hazards such as submerged boulders at the low-tide line. Generally, these values
are between 0 and +1m (MLLW). The deep edge of the sample polygonwas clipped to either
the -6m or the -15m bathymetry line, derived from a bathymetric digital elevation model
based on the 1887 — 2017 USGS CoNED Topobathy DEM (OCM Partners. 2022a; modified
by Cowdrey, T. 2024). The lateral dimensions of the macroalgae sample polygon are the same
as the corresponding SVMP site (so the stratified random sample of transects remains valid
for both).

! Between 2014 and 2021 DNR sampled 397 sites in the central basin of Puget Sound. For this project, we
excluded part of the Snohomish shoreline (North of Picnic Point) as those sites are more closely associated with
Possession Sound. We also excludedsites in Dyes Inlet, Liberty Bay, theinner part of Elliott Bay and the inner
part of Quartermaster Harbor, as we do nothave footage of sufficient image quality to classify differenttypes of
marine vegetation in those areas.
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Figure 2: Macroalgae polygons to-6m (MLLW)at a number of sites in Rich Passage. Beige/green lines represent
stratified random transects perpendicular to shore, sampled using towed underwater videography. Different shades
of green indicate the %cover of green algae along thetransects, classified at 5 second intervals. Both the depth
contours and the clipped bathymetry data (in blue) are derived fromthe 1887 —2017 USGS CoNED Topobathy DEM
(OCM Partners. 2022a; modified by Cowdrey, T. 2024).

2.3 Data collection

Field sampling occurred between May and October from 2014 to 2021, by an 11 m (36 ft.)
research vessel, the R/V Brendan D Il, operated by Marine Resources Consultants (Figure 3).
During sampling, the vessel deployed a weighted towfish with an underwater video camera
mounted in a downward-looking orientation (Figure 4). The towfish was deployed directly off
the stern of the vessel using a cargo boom and winch. During transect sampling, the position
of the towfish is adjusted using the hydraulic winch to fly the camera above the substrate.
Parallel lasers mounted 10 cm apart on the towfish provided a scaling reference in the video
image. A 500-Watt underwater light provided illumination when needed.
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Survey equipment (Table 2) simultaneously recorded the presence/absence of native seagrass,
position, depth and time of day. Time and position data were acquired using a differential
global positioning system (DGPS) with ability to utilize satellite-based augmentation services
(SBAS). The antenna was located on top of the cargo boom directly above the towfish and
camera, ensuring that the position data reflect the geographic location of the camera (Figure
4).

Depth was measured using a BioSonics MX habitat echo sounder, linked to the differential
global positioning system (DGPS), so that collected depth data was location and time specific.
A laptop computer equipped with a video overlay controller and data logger software
integrated DGPS data, user supplied transect information (transect number and site code), and
the video signal at one second intervals. Video images with overlain DGPS data and transect
information were simultaneously recorded duplicate D/V hard drives. Date, time, position,
and transect information were stored on the computer at one-second intervals. A real-time
plotting system integrated National Marine Electronics Association 0132 standard sentences
produced by the DGPS, two depth sounders, and a user-controlled toggle switch to indicate
the presence of marine vegetation.

All observations were recorded to corresponding spatial and depth data. Measured depths
were corrected to the MLLW datum by adding the transducer offset, subtracting the predicted
tidal height for the site and adding the tide prediction error (calculated using measured tide
data from the National Oceanic and Atmospheric Administration website http://co-
ops.nos.noaa.gov/data res.html). The end result was a geodatabase with all observations and
their associated date/time, position and depth measurements corrected to MLLW datum.

Figure 3: All data were collected from
the R/VBrendan D Il, using towed
underwater videography and depth
sounding instrumentation.
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Figure 4: The R/VBrendan D Il is equipped with a weighted towfish that contains an underwater video camera
mounted in a downward looking orientation, dual lasers for scaling reference, and underwater lights for night work
(A). The towfishis deployed directlybeneath the DGPS antenna attached to the A-frame cargo boom, ensuring
accurate geographic location of the camera (B).

Table 2: Survey equipment details

Equipment

Manufacturer/Model

Differential GPS Unit

Hemisphere VS330 with Satellite Based Augmentation System (SBAS, sub-
meter accuracy)

Echosounders

Primary: BioSonics Mx Habitat Echosounder
Secondary: Garmin Fishfinder 250, 200 KHz 11° single-beam transducer

Underwater Camera

Ocean Systems Deep Blue SD (downward facing)
Ocean Systems Deep Blue HD (forward facing)

Underwater Light

Deep Sea Power and Light Led Sealite

Lasers

Deep Sea Power & Light (10 cm spread, red)

DVD Recorder

Sony RDR-GX7 + Intuitive Circuits TimeFrame Video Overlay Controller

Image Recording

3 Atomos Ninja 2 Digital Video Recorders, ProRes format + VideoLogix
Proteus Il Video Overlay Controller

Computer systems

Rugged laptop with Microsoft Office and Hypack Max hydrographic software
(capable of accepting ESRI ArcGlIS files). HP 4480 Color printer
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2.4 Video footage classification

We estimated a cover class for 9 broad vegetation types (all vegetation, all kelp, prostrate
kelp, stipitate kelp, floating kelp, Sargassum, other red-brown algae, green algae, seagrass)
usinga modified Braun-Blanquet scale at one video frame every 5 seconds (Figure 6). Note
that the floating kelp category has limited use. During sampling, we actively avoid floating
kelp canopies to avoid damaging this vulnerable habitat. The floating kelp category is mainly
used to note the presence of juvenile sporophytes of bull kelp in the understory canopy. The
‘all kelp” category reflects the entire understory kelp canopy in the frame, and includes
prostrate kelps, stipitate kelp and juvenile sporophytes of floating kelp. The other red-brown
category summarizes all red algae as well as brown algae that are not kelp. There is some
overlap between the understory kelp and other red-brown algae categories, as it is sometimes
difficult to distinguish between prostrate kelps and acid weed (Desmatrestia ligulata) based on
towed underwater videography. However, in the vast majority of frames, we were able to
correctly distinguish between these groups.

To estimate the percent cover in an individual video frame, we overlaid a 2 by 3 grid on top of
the video footage, and recorded each vegetation type as one of 8 cover classes (Figure 5):
absent (class 0), less than 5% cover (class 1), between 5 and 16% cover (class 2), between 16
and 33% cover (class 3), between 33 and 66% cover (class 4), between 66 and 85% cover
(class 5) between 85 and 95% cover (class 6) and over 95% cover (class 7). Note that
different vegetation types can overlap (for example red algae epiphytes on seagrass), so the
sum of all vegetation types does not necessarily add up to 100%.

SEP 08 -ABOEO Cover classes

e Absent (0)
e <5% (1)
e 5-15% (2)
e 16-32% (3)
e 33-66% (4)
e 67-85% (5)
e 86-95% (6)
e >95% (7)

. ©P52PR3
TRACRAGY

L Aar . ’J

Figure 5: Screenshot ofthe grid overlaid ontowed underwater video footage to estimate the %cover of different
vegetation types in towed underwater video footage. The 8 cover classes with the corresponding percent of the
frame covered by vegetation are listed on theright. Here the frame is dominated by prostrate kelp (cover class 7).
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Figure 6: Differentvegetationtypes in greater Puget Sound: (1) seagrass (eelgrass, Z. marina), (2) prostrate kelp &
otherred-brown algae, (3) prostrate kelp, (4) green algae (Ulva sp.), (5) other red-brown algae, (6) Sargassum
muticum.
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2.5 Bathymetry data

Measured depth data were related to depth estimates derived from the 1887 — 2017 USGS

CoNED Topobathy DEM (OCM Partners. 2022a; modified by Cowdrey, T. 2024). We used
the ‘Extract Values to Points’ tool in the spatial analyst package in ArcGIS Pro to generate a
corresponding depth estimate relative to MLLW from the modified CONED dataset for each
observed depth value at 5second intervals along each transect sampled. We then calculated
the offset at each pointand visualized the data using histograms for individual sites, subbasins
as well as the entire study area.

We used the ‘Zonal Histogram tool’ in the spatial analyst package in ArcGIS Pro to estimate
the available substrate per 1m depth bins within different macroalgae sample polygons at each
site, as well as the total available substrate per 1m depth bin for each subbasin in the study
area (Table 3). These values are used to generate estimates of vegetated area per site and per
subbasin (see sections 2.6.3 and 2.6.4).

Table 3: Total available substrate (ha) per Imdepth binfor each subbasins in the study area. Values are based on
data from the modified 1887 — 2017 USGS CoNED Topobathy DEM(OCMPartners. 2022a; modified by Cowdrey, T.
2024), and are relative to Mean Lower Low Water (MLLW).

depth bins central inlets colvos quartermaster south north
-15 to -14m 134 167 29 60 39 70
-14to -13m 139 158 28 103 38 73
-13to-12m 145 150 29 84 38 70
-12to-11m 168 148 29 85 37 66
-11 to -10m 160 165 30 52 37 63
-10 to -9m 146 148 29 50 37 62
-9 to -8m 150 155 28 48 37 61
-8to-7m 153 142 27 33 36 62
-7 to -6m 155 125 24 27 36 64
-6 to -5m 164 106 23 21 38 70
-5to -4m 172 98 25 18 49 73
-4 to-3m 187 93 31 22 65 81
-3to-2m 193 102 39 26 84 83
-2to-1m 246 126 51 32 130 114
-1toOm 377 194 85 51 218 240

total (-15 to Om) 2690 2077 510 711 918 1252
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2.6 Data analysis

Data was analyzed with ArcGIS Pro and R. We used several R-packages, including “dplyr”
(Wickam et al. 2018), “ggplot2” (Wickam 2016), and “tidyr” (Wickam and Henry 2018).

2.6.1 Site depth distribution

At each site with data down to -15m (MLLW), we calculated a depth distribution for the
different marine vegetation types. We first simplified the cover class into low (less than 15%),
medium (15 to 66%) or high (66 to 100%) cover. We then binned observations according to
their depth relative to MLLW in 1m bins. For each vegetation type, we calculate the vegetated
fraction per cover class and per depth bin as the number of observations with vegetation per
depth bin k & cover class i (pijx) divided by the total number of points sampled per depth bin k
(gjk) at the site j as:

5 Dijk
dijg= —— 1
ijk ajk ( )
Where dijk is an estimate of the fraction of vegetated area at cover class i in depth bin k for
site j.

2.6.2 Overall depth distribution

To calculate overall depth distributions for different vegetation types, divide sum the number
of observations with vegetation per depth bin k & cover class ‘i’ for all sites ‘j° by the sum of
the total number of points sampled per depth bin ‘k’ for all sites sampled down to -15m
(MLLW).

Yic1Pijk

di =
tk 21 qjk

()

Where ci-k is an estimate of the average vegetated fraction for cover class ‘i’ in depth bin ‘k’
throughout the region, and n =95 (the number of sites with data down to -15m).

2.6.3 Site area estimates

For each vegetation type, we estimate the fraction of points with medium to high % cover per
depth bin and vegetation type using a ratio estimator of the form (3). This ratio has an
approximate variance of (4)

= LIZ1Dijki
o= 2i=17ukl 3
flk] ?:llqjkl ( )
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- 2

S (piesi fiks )
Var: = —
fikj (m-1) mQjx

(4)

Where:

o fi-ki is the weighted average of the transect vegetated fraction for cover class i, depth
bin k at site j where the average transect is weighted by transect length

e i is the number of vegetated points for cover classi, depth bin k, site j and transect
I

* g, is the total number of points sampled in depth bin k, site j and transect |

e m s the number of transects sampled at site

o Var]:ikj is an estimate of the variance for fy;

o ij is the average number of points sampled per transect at site j and depth bin k

We estimate the vegetated area )?l-jk for each combination of site, depth bin and cover class by

multiplying the average vegetated fraction by the total area per site and depth bin (Djk). These
values were derived from the modified CoNED bathymetry, using the Zonal Histogram tool
in ArcGIS Pro (see Section 2.5). We estimate the associated variance as (6).

Xijr = fikj Djy %)

Varg,, = Djkz Varg,. (6)

The total area per site for each vegetation type is then calculated as the sum of the vegetated
areas per depth bin. Note that for individual site area estimates, we sum over the entire depth
range sampled at the site. For the extrapolation per subbasin, we excluded the shallowest
depth bin from these calculations, as the shallow edge of the macroalgae sample polygons
differs between sites.

Xij = Zi=1Xiji ()

Where )?l-j is an estimate of the area covered by vegetation with cover class i at site j, and r is
the number of depth bins considered in the calculation (either 6 or 15). We estimate the
variance for X;; as:

Varg, = XiVarg,, (8)
This method is an improvement over the simplified calculation used to estimate the vegetated

area per cover class at individual sites for the interim progressreport (DNR 93-104790 — Task
1.1).
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2.6.4 Regional area estimates

To generate regional area estimates for the different vegetation types, as well as associated
uncertainty, we estimate the vegetated area in discrete depth bins and extrapolate these values
over the entire ‘area within these depth bins’ per subbasin. We use an extrapolation that is
area-based, derived from the formulas for the ‘flats stratum’ of the SVMP (Dowty et al.
2022). This method assumes that we have a reasonable accurate bathymetry dataset that spans
the entire study area. We are using the 1887 — 2017 USGS CoNED Topobathy DEM (OCM
Partners. 2022a; modified by Cowdrey, T. 2024). Based on this dataset, we estimate that there
is approximately 8,158 ha of available substrate between 0 and -15 m (MLLW) in the study
area (Table 3).

We first calculate for each vegetation type the total area with medium to high % cover (cover
class i > 2) per depth bin k for all (n) sites sampled in each of the 5 subbasins of Central Puget
Sound:

Xk = ZZ=3Z?=1)?ijk (9)

We then estimate the total sampled area per depth bin k for all (n) sites sampled in each of the
5 subbasins as:

Ek = Z?:lﬁjk (10)
To estimate the total vegetated area per depth bin k in each of the subbasins, we calculate the

ratio of X, over D, and then multiply this ratio by the total substrate area per depth bin for
each subbasin Zy, derived from the CONED topobathymetric models (Table 3) as:

B = 3]z (11)

The total vegetated area per subbasin (between 0 and 15 m MLLW) is calculated as the sum
of all area-estimates per depth bin.

We can estimate the variance for this modified area estimator using the following formulas:
Var(B) = X7 Var(By) (13)

YjaXjk=DjkR) N

Var(B,) = (N) 2 (1 - 2) foqVarg,, (14)

N n(n-1)
Varg, = XiZ3Varg, (15)
p— X
R= 2 (16)
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Where:

e B, is the estimate of regional vegetated area in depth bin k (k =1,...,m),

e 7, is the total substrate area for depth bin k in the sub-region (derived from CoNED),
e N is the total number of fringe sites in the sub-region,

e n is the number of sites sampled in the sub-region,

o X’jk is the estimate of vegetated area at depth bin k for site j (cover class i > 2),
o 5jk is the total area at depth bin k for site j.

e Varg,, is the variance estimate for Xk

Note that formula for variance of subbasin area estimates has two components: one term for
the variance contribution due to differences in area estimates between the sites, and one term
for the contribution of variance at the site level. In the original framework of the SVMP, the
first term accounts for the majority of uncertainty around the regional area estimates.
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3 Results

3.1 Site area estimates

For each site, we estimated the vegetated area and associated uncertainty for different %
cover vegetation each of the vegetation types, with a focus on all vegetation, all
(understory) kelp, other red-brown algae, green algae, seagrass and Sargassum. At all 157
sites we generated estimates for vegetation down to -6m (MLLW). At 95 sites we also
generated estimates down to -15m (MLLW). Area estimates for individual sites are
included in Appendix 1, Table 5 and Table 6.
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Figure 7: Example of a ‘vegetation fingerprint’ at a site (cps2907, sampledin 2018). TheY-axis shows estimates
of vegetated area between+1 and -6m (MLLW)for 6 vegetation types, partitioned over 7 different cover classes
(ordered from low to high %cover along the X-axis).
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We used the area estimates to generate a ‘vegetation fingerprint’ at each site. Figure 7

shows an example output for one of the sites: cps2907, immediately north of Dumas Bay.
On this figure, the y-axis shows estimates of vegetated area for 6 vegetation types while
the x-axis represents 7 cover classes, from low (less than 5% cover) to high (>95% cover).

For each vegetation type, you canadd the area estimates per cover class to generate overall
area estimates. For example, at cps2907 there was 9.3 ha with vegetation, 7.7 ha with green
algae, 2.2 ha with understory kelp, 3.7 ha with other red-brown algae, 3.3 ha with seagrass
and no Sargassum. It is not possible to add up area estimates across vegetation types
because vegetation types often overlap.

All vegetation Seagrass Green algae
®
3 i [ ]
° $
[ ]
: :
® 8
- L L ]
2 p 1 g o 8 o Z °
[ 1 P a
L] .
N vegetation type
E All vegetation
0 E Seagrass
Understory kelp Red-brown algae Sargassum E Green algae

E Understory kelp
E Red-brown algae

E Sargassum

w
1

®
e o

¢ °

[

log vegetated area (ha) + 1

N
Il

L]

o@» o
o® ®ee o
000 @

[ ]

[ ]

i T
&iii | ééiii +ii;~f‘~%+
4 6 7 1 2 3 4 5 6 7

5 1 2 3 4 5 6 7

gl

Figure 8: Boxplots of vegetated area between +1 and -6m (MLLW)for 157 sites in the study area. Area estimates
are foreach vegetationtype are partitioned over 7 cover classes (ordered from low to high % cover). The y-axis
is log-transformed to accommodate the different sizes of these sites.

Vegetation cover class

Figure 8 summarizes area estimates per cover class and vegetation type for 157 sites
analyzed as part of this project. The y-axis of this figure is on a log scale, to accommodate
the differences in size between the sites. This figure shows distinct patterns in vegetation
cover. Green algae and other red-brown algae tend to be most abundant in the lower cover
classes (especially cover class 1, less than 5% cover). Seagrass and understory kelp are
also abundant, but seagrass tends to occur more often in the higher cover classes, while
understory kelp is more evenly spread over the different cover classes as compared to the
other marine vegetation types. The non-native Sargassum muticum was relatively sparse
compared to other vegetation types.
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3.2 Spatial patterns in marine vegetation

We calculated the total area with medium to high cover vegetation at each site and plotted
the values on a map to explore spatial patterns. Figure 9, Figure 10 and Figure 11 show
area estimates for all vegetation, seagrass, green algae, understory kelp, other red-brown
algae and Sargassum at all sites sampled between +1 and -6m (MLLW)2. These figures
reveal clear spatial patterns throughout the study area.

Throughout the entire study area, 71% of the available substrate was covered by medium
to high cover vegetation. At individual sites cover ranges from less than 2% (at some sites
within Quartermaster Harber) to almost 100% of available substrate between +1 and -6m
(for example at Wing Point). The predominant vegetation type differs among sites.

Seagrass3 (mostly Zostera marina) was widespread in the main basin and in Colvos
Passage, but less abundant in Quartermaster Harbor, Sinclair Inlet, Rich Passage and Agate
Passage. Out of the 157 sites sampled, there were 131 with medium to high % cover
eelgrass present. Overall, sites in the northern part of the study area had larger eelgrass
beds as compared to sites in the southern part of the study area. The largest eelgrass beds
were found in Skunk Bay (cps2227), Magnolia Bluff (cps1689), and immediately north of
Point Wells (cps1667). Sites without eelgrass or with very small eelgrass beds were mainly
located in Sinclair inlet, Yukon Harbor, the southern extent of Colvos Passage and the
inner part of Quartermaster Harbor.

Green algae (Ulva spp.) were present at all sites sampled, but they were more abundant in
the southern part of the study area (especially in the central and south subbasins). Large
accumulations of green algae were found near Port Orchard (cps2121 & cps2123), Clam
Bay (cps2112), Yukon Harbor (cps2103 & cps2105), Tramp Harbor (cps1159 & cps1161),
Wing Point (flats37), Murden Cove (cps1069), South of Point Beals (cps1155), Seahurst
(cps1739), Normandy Park (cps1745), and North of Lowman Beach Park (cps1729).

For this study, we only count algae that appear attached to the substrate. However, it is
sometimes hard to differentiate between attached and ‘free-flowing’ green algae when
there is a thick layer of Ulva covering the substrate. This could have skewed our numbers
higher at individual sites.

Understory kelp and other red-brown algae follow broadly similar patterns. Both
vegetation types were found at the majority of sites and often grew interspersed with
seagrass and green algae. They were not as abundant as seagrass or green algae in the
shallow subtidal but became the predominant vegetation types as greater depths.
Understory kelps were predominantly sugar kelps (Saccharina latissima), with some 5-
ribbed kelp (Costaria costata) and sieve kelps (Agarum/Neoagarum) at greater depths.

2 Our area estimates based ondata from +1 to -6m (MLLW) arerepresentative of the totalamount of eelgrass
present atthesesites, but they underestimate the actual area covered by green algae, kelp and other red -
brown algae, asthese vegetation types grow to greater depths (see section 3.1). Maps based on vegetation
data down to -15m (n = 95 sites) are included in Appendix 1

® We did not differentiate between Z. marina and Nz. japonica when estimating the % cover of seagrass
alongtransects, so area estimates include both. Note that Nz. japonica does not grow belowthe Mean Lower
Low Water line in the central basin of Puget Sound, so its contribution to total seagrass area estimates is
likely low.
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Figure 9: Estimates ofthearea with mediumto high cover % seagrass (left)and green algae (right) for all sites
surveyed from + 1 to -6m (MLLW). Darker colors and larger symbols indicate a larger area covered by

vegetation.

Bull kelp (Nereocystis luetkeana) is the only species of canopy forming kelp in the central
basin of Puget Sound. We documented the presence of stipes in the towed underwater
video footage, but did not generate area estimates for floating kelp. We did not survey
through dense bull kelp beds to avoid damaging this sensitive habitat.

The largest understory kelp beds were found near Foulweather Bluff (cps2227), Point
Jefferson (cps2198), Wing Point (flats37), Shilshole Bay (cps1685), Magnolia (cps1689),
south of Alki Point (cps1727), north of Saltwater State Park (cps1753), and at the northern
end of Vashon Island (cps1145). These are all locations where floating kelp beds are
present (or used to occur). Understory kelp was virtually absent at sites in Sinclair inlet and
the inner parts of Quartermaster Harbor.

22 Washington State Department of Natural Resources



Other red-brown algae were less abundant than understory kelps down to -6m (MLLW).
Most sites had fairly low area estimates for medium to high cover other red-brown algae.
Sites with the largest area estimates for this vegetation type were clustered near Bainbridge
Island. Other red-brown algae were mostly absent from video footage collected at sites in
Quartermaster Harbor.

The non-native Sargassum muticum was not abundant in the study area. Note that this may
be due to the timing of our surveys, which occurred in late summer, after the peak growing
season for this species.

+1 to -6m (MLLW) +1 to -6m (MLLW)

Red/brown algae
e <0.1ha
O <25ha O <25ha
® 2.5-75ha © 2.5-7.5ha
@ 75-15ha @® 7.5-15ha
@® >15ha ® >15ha

Figure 10: Estimates of the area with mediumto high % cover understory kelp (left) and other red-brown algae
(right) for all sites surveyedfrom+1to -6m (MLLW). Darker colors and larger symbols indicate a larger area
covered by vegetation.
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Figure 11: Estimates of the area with mediumto high % cover vegetation (left) and Sargassum (right) for all sites
surveyed from + 1 to -6m (MLLW). Darker colors and larger symbols indicate a larger area covered by

vegetation.
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3.3 Depth distribution

Figure 12 shows the overall depth distributions of medium to high cover vegetation*
throughout the study area, calculated as the average fraction of substrate with vegetation
per 1m depth bins. This figure is based on data from 95 sites throughout the central basin
that were sampled to -15m (MLLW). Two subbasins (Inlets and Quartermaster Harbor) are
underrepresented in this sample, as we only have a few sites in these subbasins that were
sampled down -15m depth. Marine vegetation was present throughout the entire depth
range of the study area (+1 to -15 m, MLLW). The majority of high % cover marine
vegetation was found between 0 and -6m (MLLW).
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Figure 12: Overall depth distribution of mediumto high % cover vegetation in the study area, calculated as the
weighted average fraction of substrate with vegetation, splitby vegetation type, cover class and 1m depth bin.
Note that the scale of the x-axis varies between vegetation types.

* We exclude the low cover class to highlight the predominant vegetation types
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The two seagrass species in the central basin, Zostera marina and Nanozostera japonica,
were most abundant at relatively shallow depths. Seagrass became sparse below -5 m
(MLLW), butindividual seagrass shoots were observed down to down to -14 m (MLLW).
While we did not ‘formally’ differentiate between the Zostera and Nanozostera, we did
observe a clear difference in depth distribution between the two species. Nanozostera
japonica usually grows higher in the intertidal as compared to Zostera marina. There was
sometimes a small band where both species overlap, but Zostera marina always became
the dominant species below 0 m (MLLW).

High and medium cover green algae were most abundant above -6m (MLLW), but medium
cover green algae were present throughout the entire depth range in the study area. At a lot
of sites, low cover green algae intermixed in eelgrass and understory kelp beds. It was
unclear if these were fragments of green algae floating throughout the water column, or if
these green algae used the other vegetation as substrate.

Understory kelp and other red-brown algae outperform seagrass and green algae in lower
light conditions. This is reflected in their depth distributions which skew deeper than
seagrass and green algae. Medium and high cover understory kelp had the highest relative
abundance between -3 and -6m (MLLW) but were found down to -15m and -10m
respectively. Understory kelp was virtually absent above the Mean Lower Low Water line.

There were few sites with substantial high % cover other red-brown algae in the study area,
but its relative abundance increased with depth. Most algae in the ‘other red-brown’
category occurred at low and medium % cover. At shallow depths, red algae were
sometimes found as epiphytes on eelgrass blades. At deeper beds they were mostly found
attached to boulders, rocks, gravel or other hard substrates.

The non-native Sargassum was found at 30 sites in medium to high %cover, but at most of
those locations the site area estimates were less than 0.1 ha. Sargassum was found most
frequently at depths shallower than -3 m (MLLW), regardless of the cover class.

To explore regional patterns for different vegetation types, we calculated the depth of the
‘deep edge’ at each of the 95 sites with data down to -15m as the 5t percentile of the depth
values for points with medium to high % cover. We then used this data to create boxplots
of the deep edge at individual sites, grouped per vegetation type and per subbasin (Figure
13). We excluded Quartermaster Harbor as only one site was sampled down to -15m
(MLLW) in this subbasin.

There appears to be a regional pattern in the deep edge of marine vegetation in the study
area. Marine vegetation does not grow as deep in ‘Inlets’ (Sinclair Inlet, Rich Passage and
Agate Passage) as compared to the other subbasins in central Puget Sound. Based on field
observations, the same was true for Quartermaster Harbor. Seagrass tends to grow to
greater depths in the north subbasin (though there are a few sites with deep eelgrass in the
central and south subbasins). Green algae and understory kelp grew deepest in the central
and south subbasins. Other red-brown algae grew deepest in the central subbasin and
Colvos Passage. Sargassum was mostly restricted to very shallow depths, exceptin Colvos
Passage where it was found down to -5m (MLLW).

26 Washington State Department of Natural Resources



All vegetation Seagrass Green algae
®
0-
L4 ®
|
L]
5
® L ]
-10 4 : —
—
o L
- L
—
£ = -151 =:+ » $
E’j 8 [] ®
S £ £ £ & 2 £ B £ 8 2 £ T £ § =
= E = b= S > © = = S > © = + S > ©
g8 g2 § g © © 2 § § © == 2 © 9 B =
qJC = S 7] o = c o @ o = c S a 3] =
ES
8 :@ Understory kelp red/brown algae Sargassum
o @
28 o-
o > = ==
&
8 ®
®
L]
3 .
.5 4
L ]
®
— o
®
[ ]
-10 4
-15 4 |
T T T T T T T T T T T T T T T
£ 8 £ ¢ 2 £ &8 £ & 2 £ 8 £ 8 =
= e > > ()] = = 3 > (V] = = 3 > 8]
S c = = o c = = o = = =
s 8§ & g E = g & § E € g & 3§ =

Vegetation type:

E All vegetation
E Seagrass

E Green algae
E Understory kelp
E red/brown algae
E Sargassum

Figure 13: Boxplot of the deep edge of different marine vegetation types at individual sites, grouped by

subbasin.
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3.4 Regional area estimates

We extrapolated the site level results over the available substrate between 0 and -6m>
(MLLW) and between 0 and-15m (MLLW) to generate subbasin-wide estimates of
substrate area with medium/high cover of marine vegetation for 5 types of marine
vegetation: seagrass, green algae, understory kelp, other red-brown algae and Sargassum
(Figure 14). Values were summed to estimate the total area covered by each vegetation
type in the central basin of Puget Sound (Table 4).

According to our estimates, there was ~ 2,793 ha of medium-high %cover marine
vegetation between 0 and -6m (MLLW) in the study area (n = 157). This suggests that in
the study area ~ 75% of available substrate had some type of marine vegetation present at
cover class 3 or higher (>32% cover). The most abundant vegetation types between 0 and -
6m were green algae (1,388 ha) and seagrass (1,162 ha), followed by understory kelp (769
ha) and other red-brown algae (486 ha). We only detected ~ 11 ha of Sargassum (which
corresponds to 0.3% of available substrate).

A similar calculation based on data from the 95 sites sampled down to -15m indicates that
there was ~3,626 ha of medium-high %cover marine vegetation between 0 and -15m (see
(MLLW) in the study area (Appendix 1, Table 7). This corresponds to ~ 44% of the
available substrate in this depth range. The most abundant vegetation types between 0 and
-15m were green algae (1,537 ha) and seagrass (1,326 ha)s, followed by understory kelp
(1173 ha) and other red-brown algae (721 ha).

Table 4: Area estimates (ha) for different vegetation types(cover class > 2) between 0 and -6m (MLLW) in the
study area, the estimated 95% Confidence Interval, and the vegetated area as % of available substrate.

0 to -6m (MLLW) Vegetated area (ha) 95% ClI % of available substrate
All vegetation 2,793 2,737-2,848 75%
Green algae 1,388 1,317-1,460 37%
Seagrass 1,162 1,103-1,222 31%
Understory kelp 769 717-822 21%
Red-brown 486 449-524 13%
Sargassum 10.9 5.56-16.2 0.3%

Figure 14 shows area estimates of medium to high % cover vegetation between 0 and -6m
(MLLW) in each of the 6 subbasins of central Puget Sound. These subbasin estimates
support the regional patterns in vegetation abundance seen in Figure 9, Figure 10 and
Figure 11.

Green algae were the dominant vegetation type in 4 out of the 6 subbasins (both in the data
from 0 to -6m, and the data from 0 to -15m). They had the highest relative abundance in
the southern part of the study area. Green algae were dominant in the shallow parts of the
‘inlets’ subbasin but appear less abundant at greater depths (Appendix 1, Figure 18).

® Note thatwe did not includethe 0 to +1mdepthbin for the subbasin and regional estimates. We are not able
to get good estimates for this shallow depth bin as not all sites were consistently sampled to +1m MLLW.

® Note thatthis value is very similarto our bestestimate of the area covered by eelgrass in the study area
(1315 +/- 13 ha, Christiaen et al. 2021)
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Seagrass is the second most abundant vegetation type in the study area. It has the highest
relative abundance in the ‘north’ subbasin where it is almost twice as abundant as either
understory kelp or green algae (regardless of the depth range used in the estimations).
Eelgrass was also the predominant vegetation type in Quartermaster Harbor. Note that
there is a relatively small amount of eelgrass in this subbasin, but there is even fewer area
covered by the other vegetation types.

Understory kelp and other red-brown algae are not as abundant from 0 to -6m but become
the dominant vegetation types at greater depths. As such, the area estimates from 0 to -15m
(Appendix 1, Figure 18) are more accurate than the estimates in Figure 14 for abundance
of these vegetation types. Based on those data, understory kelp and other red-brown algae
have their highest relative abundance in Colvos Passage. Overall abundance was highestin
the ‘central’ subbasin.
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Figure 14: Subbasin estimates of vegetated area (cover class 3 and up) for 5 different groups of marine
vegetationin different subbasins of central Puget Sound (0 to -6m, MLLW). The vertical extent of each result
represents the 95% confidence interval of vegetated area (ha).
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4 Discussion

4.1 Spatial pattens in area and depth distribution

4.1.1 Area distribution

This report presents a comprehensive estimate of the area of substrate covered by different
marine vegetation types in the central basin of Puget Sound.

Green algae was the most abundant vegetation type in the study area. Our regional
estimates suggest that there was between 1,317 & 1,460 ha of medium to high cover green
algae between 0 and -6m and between 1,320 & 1,754 ha between 0 and -15m in the study
area. Green algae were present at all sites, but there was a lot of variability in site level
estimates. The highest area estimates were found at sites in the southern part of the central
basin, as well as in Sinclair Inlet and Yukon Harbor.

High abundance of green algae could point to localized eutrophication, as green algae
blooms are often associated with high nutrient loads. (Burkholder et al. 2007). Large
accumulations could also result from patterns in currents and tides. Note that our data
represents a ‘snapshot’ in time during the summer field season, when green algae blooms
are most likely to occur. Green algae accumulations can be highly variable over time.
Resampling these sites will probably yield different area estimates.

Seagrass (predominantly eelgrass) was widely distributed throughout the study area.
Based on the analysis there was between 1,103 & 1,222 ha of medium to high % cover
eelgrass between 0 and -6m (n = 157) or between 1,125 & 1,528 of medium to high%
cover seagrass between 0 and -15m (n =95). These estimates overlap with the 1315 +/- 13
ha of eelgrass reported in Christiaen etal. (2021), which is more precise as it was based on
a comprehensive survey of eelgrass generated from presence/absence classifications at 1-
second intervals at 378 sites in the central basin of Puget Sound. This suggests that the
extrapolation method for this report is sound, and that estimates for other vegetation types
are accurate.

Seagrass was the predominant vegetation type in the northern part of the study area, but is
fairly sparse in Sinclair Inlet, Rich Passage, Yukon Harbor, and the inner parts of
Quartermaster Harbor. At some of these locations, have multiple years of observations of
large accumulations of green algae. This could have negatively impacted local seagrass
beds through shading and the release of toxic compounds (Nelson and Lee 2001,

4. Discussion =DNR 93-104790 — Task 1.2 30



Burkholder et al. 2007, Van Alstyne et al. 2015). The latitudinal pattern in seagrass and
green algae abundance fits a larger North to South pattern in dominant vegetation type in
greater Puget Sound with eelgrass being the dominant vegetation type in Admiralty Inlet,
and green algae becoming more abundant in South Puget Sound (Christiaen et al. 2023b).

During the 1997 ShoreZone survey (Berry et al. 2001), continuous understory kelp was
found at ~2.4% of the shoreline of the central basin’, and patchy understory kelp was
found at ~26% of the shoreline. While not directly comparable, these values are low
compared to the results of our surveys, where almost half of sites sampled had over 1 ha of
medium to high% cover understory kelp. This discrepancy is likely due to the nature of the
ShoreZone surveys, which were based on aerial observation of marine vegetation in the
intertidal and shallow subtidal. In the study area the majority of understory kelp grows
between -3 and -6m (MLLW). These algae would be hard to distinguish from other marine
vegetation based on aerial observations. The difference in estimates between the current
study and ShoreZone does not suggest any increase over the last 20 years.

Based on our dataset there is between 717 and 822 ha of medium to high % cover
understory kelp between 0 and -6m and between 1,024 to 1,321 habetween 0 and -15m in
the study area. As a comparison: preliminary results from a recent comprehensive survey
in the Central Basin of Puget Sound suggest that there is ~56 ha of floating kelp (bed area)
in the same study area, and ~ 226 ha of floating kelp if you include the shorelines of
Whidbey Island (up to Double Bluff). This indicates that understory kelp is an important
component of nearshore ecosystems, and that the footprint of understory kelp beds is a lot
larger than those of floating kelp beds.

While we have not classified our video footage to the level of individual species, the
majority of understory kelp in the study area appears to be sugar kelp (Saccharina spp.),
with some sieve kelps (Agarum/ Neoagarum) and 5-ribbed kelp (Costaria costata) at
greater depths. Sugar kelp was often found growing inside seagrass beds or on mixed
substrates. Sugar kelp has previously been reported to grow attached to sparse gravel,
pebbles, or even tubeworms (Diehl at al. 2024). This gives it the ability to grow in areas
that are not traditionally considered kelp habitat, which explains the abundance of
understory kelp in the central basin of Puget Sound.

Other red-brown algae were less abundant than understory kelp in most subbasins of
Central Puget Sound, except for Sinclair Inlet and Colvos Passage. We estimate that there
was between 449 & 524 ha of medium to high % cover other red-brown algae between 0
and -6m, and between 598 & 845 ha between 0 and -15m. The largest area estimates were
recorded at sites near Bainbridge Island. A lot of these sites have relatively hard substrates
and are locations where floating kelp beds were formerly present. Note that other red-
brown algae were often present in low cover classes throughout the entire study area.

The non-native Sargassum muticum is a species of concern because it can outcompete
native kelp and it is less palatable to grazers (Britton-Simmons 2004). The area estimates
for Sargassum in the central basin were low. Medium to high % cover Sargassum was
found at ~20% of sites sampled, but at most of those locations the site area estimates were
less than 0.1 ha. This estimate is in line with previous estimates from the ShoreZone
dataset, where continuous Sargassum was found at ~6.6% of the shoreline and patchy

" Clipped to the study area for this project
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Sargassum was found at ~ 25% of the shoreline. Note that site area estimates may be an
underestimate for this species, as most of the vegetation surveys were conducted in late
summer, when Sargassum typically dies back.

4.1.2 Depth distribution

Primary producers only grow down to a depth where enough light penetrates for
photosynthesis to exceed respiration (Hurdetal. 2014). This depth varies based on several
factors, such as day length, temperature, tidal range, and water clarity. It also depends on
the individual characteristics of the vegetation, such as their light harvesting ability,
quantum efficiency and respiration (Sand-Jensen 1988).

Seagrasses tend to have relatively high light-requirements because they support a large
biomass of non-photosynthetic tissue (roots and rhizomes) relative to their size (Lee et al.
2007, Thom etal. 2008). This is reflected in the relatively shallows depths at which they
grow. In our study area the majority of medium to high cover was found between 0 and -
5m. Individual plants were found at deeper depths, but usually at lower density. There was
a spatial pattern throughout the study area, with eelgrass growing less deep inside Sinclair
Inlet and Quartermaster, which may be related to higher water residence times.

Green algae have lower light requirements than seagrass and can survive at greater depths
(Sand-Jensen 1988). In our dataset, high % cover green algae were most abundant at
relatively shallow depths, but medium % cover green algae were found down to -15m.
Understory kelps and other red-brown algae physiological adaptations to low light
environments and are better competitors at greater depths (Hurd atal. 2014). Medium and
high cover understory kelp had the highest relative abundance between -3 and -6m but
were found down to -15m. Medium % cover other red-brown algae had the highest relative
abundance below -10m. High % cover of other red-brown algae was not commonly found
but generally increased in abundance with depth. These patterns probably reflect both
varying levels of shade tolerance, as well as competitive interactions between the different
marine vegetation types.

4.2 Methodological limitations

This study presents a first comprehensive assessment of the area and depth distribution for
different types of marine vegetation in the central basin of Puget Sound. However, there
are some inherent limitations, as data were originally collected to monitor eelgrass
populations.

The first is that not all sites were sampled to equal depth. Most sites in the Sinclair inlet,
Rich Passage, Agate Passage and Quartermaster Harbor were sampled before 2018, with
transects that extended to the deep edge of the eelgrass beds. As such we have few sites
sampled to -15m in the ‘inlets subbasin, and only 1 site sampled to -15m in Quartermaster
Harbor. As a result, the vegetated area estimates down to -15m for the ‘inlets’ subbasin
have very wide confidence intervals. We were not able to generate estimates downto -15m
for Quartermaster Harbor. Given the observed depth pattern of the different vegetation
types, we do not believe this limitation would qualitatively alter the overall patterns
observed.
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Another issue is that sites were sampled up to the shallow edge of eelgrass beds, which
usually coincided with the minimum depth our survey vessel could safely navigate during
sampling. At most sites, the shallowest depth sampled is between 0 and +1m (MLLW).
Site area estimates cover the entire area sampled at a site. Our regional estimates were
limited to the Mean Lower Low Water line, to ensure consistency. Some vegetation types,
in particular green algae and seagrass, can grow above Mean Lower Low Water. Our
regional area estimates may be an underestimation for these vegetation types. The
magnitude of this discrepancy is probably small.

Areas with floating kelp were excluded to avoid the entanglement of the video towfish.
Because floating kelp is always found in association with other algae, this methodological
limitation results in an underestimation of vegetation abundance and distribution of

understory kelp and other red-brown algae. However, this effect is fairly minimal in the
central basin of Puget Sound, given the low abundance of floating kelp in the study area.

Finally, we used data from the CONED bathymetry dataset for calculating site area
estimates and regional extrapolations in this report. These data correspond very well to our
measured depthsand provide better “depth bin area estimates” at individual sites. Based on
the histogram of 79,627 individual depth observations, the median offset for individual
data points was ~0.14m between both datasets. The 95% confidence interval for the offset
was between 1.12 and -0.95m. Despite these slight differences, both data sources provide
similar site area estimates. Any deviations were well within the margin of error of our
methodology.

Despite these methodological limitations, this study vastly improves on previous estimates
of understory kelp and represents a first estimate for the abundance of green algae and
other red-brown algae in the central basin of Puget Sound. As such, this study represents a
baseline for future monitoring efforts.

4.3 Data use and availability

This project has generated a large area profile for eelgrass, understory kelp, and other
vegetation types for the central basin of Puget Sound. Eelgrass and kelp abundance,
distribution and depth data identify sensitive habitat areas for consideration in land -use
planning. Given the recognized ecological importance of these habitats, planning should
explicitly consider the location of eelgrass and kelp beds, their environmental requirements
and potential habitat.

All data presented in this report will be made available online. For more information, visit
http://www.dnr.wa.qgov/programs-and-services/aquatics/aquatic-science
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6 Appendix 1: additional data

6.1 Vegetated area between +1 and -6m (MLLW)

Table 5: Estimates of vegetated area (ha) ofmediumto high % cover marine vegetation (cover class 3 and up)
for 157 sites sampled down to -6m (MLLW).

site_code | All vegetation Understory Other red- Sargassum Green algae Seagrass
kelp brown algae
cps1023 4.72 0.00 0.19 0.00 4.39 0.46
cps1025 4.33 0.78 3.72 0.00 2.27 0.24
cps1026 8.94 2.88 5.35 0.00 4.06 0.00
cps1028 7.18 1.48 2.64 0.00 4.02 1.24
cps1030 7.84 2.45 3.65 0.00 3.31 1.27
cps1033 10.03 2.04 4.78 0.06 5.59 1.52
cps1035 11.31 4.77 4.05 0.03 5.85 0.00
cps1036 3.71 0.42 2.24 0.00 1.85 0.00
cps1038 2.97 0.00 0.65 0.00 2.49 0.00
cps1040 4.89 0.00 1.28 0.00 3.63 0.00
cps1042 3.42 0.00 1.08 0.00 3.00 0.00
cps1046 5.91 0.09 1.22 0.00 3.11 0.96
cps1053 12.89 0.95 0.63 0.18 2.37 9.60
cps1055 5.55 1.05 2.35 0.00 2.06 0.85
cps1056 7.90 1.45 2.35 0.00 2.36 2.70
cps1061 11.52 0.85 0.00 0.00 8.79 4.94
cps1063 7.95 0.32 0.35 0.00 0.88 6.94
cps1065 19.50 6.29 1.08 0.00 10.81 8.70
cps1068 16.01 4.35 7.51 0.04 7.61 0.95
cps1069 31.72 1.40 0.69 0.00 21.24 12.99
cps1071 4.24 0.04 0.65 0.00 1.67 3.20
cps1077 4.05 0.05 0.65 0.00 3.30 0.00
cps1079 3.33 0.04 0.72 0.00 2.50 0.00
cps1082 16.55 2.31 4.41 0.10 11.95 7.62
cps1084 5.28 0.61 1.71 0.00 5.13 0.00
cps1109 7.71 0.55 0.83 0.00 5.84 5.91
cps1112 7.23 1.60 0.94 0.00 2.73 6.04
cps1113 10.81 2.75 1.67 0.04 5.83 5.09
cpsl116 2.94 0.14 0.00 0.00 0.42 241
cps1118 6.32 0.50 0.27 0.00 1.79 3.68
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Understory

Otherred-

site_code | Allvegetation kelp brown algae Sargassum Green algae Seagrass
cpsliz1 6.96 2.72 1.53 0.03 4.02 0.03
cpsliz4 2.74 0.75 0.27 0.00 1.96 0.00
cpsl126 2.75 0.79 0.37 0.00 167 0.52
cps1129 2.56 0.84 0.40 0.00 0.77 0.83
cps1130 8.60 0.98 2.26 0.00 3.56 4.40
cps1133 4.44 0.15 1.25 0.00 1.94 2.15
cps1135 4.77 0.43 1.50 0.00 2.07 1.96
cps1137 7.21 0.06 0.10 0.00 4.93 3.05
cps1139 7.88 0.35 2.22 0.00 4.09 2.88
cpsligl 10.65 0.95 2.00 0.00 9.03 2.73
cps1143 3.80 0.00 0.08 0.00 1.86 2.52
cpsl145 18.62 14.47 7.21 0.00 3.73 6.16
cpsli47 5.81 1.22 1.98 0.00 1.93 3.18
cps1149 11.45 5.68 0.82 0.00 10.05 292
cps11s1 10.93 291 1.32 0.00 3.58 5.73
cps1153 9.63 2.69 0.20 0.07 5.21 5.57
cps1155 19.23 2.07 0.02 0.00 15.98 15.17
cpslis7 9.79 1.69 0.14 0.00 5.77 6.10
cps1159 16.06 0.46 0.00 0.00 15.87 0.39
cpsliel 22.07 0.93 0.00 0.00 18.83 6.64
cps1163 11.50 5.91 0.38 0.09 7.70 6.47
cps1l165 5.82 1.32 0.16 0.02 1.95 3.57
cpslie? 3.91 0.39 0.22 0.00 3.41 0.90
cps1169 4.11 0.45 0.20 0.00 2.02 2.31
cps1171 3.22 0.02 0.02 0.00 2.87 0.88
cps1173 6.25 0.34 0.17 0.00 3.32 3.27
cps1175 8.16 0.07 0.24 0.00 4.56 4.06
cpsli8l 1.40 0.00 0.00 0.00 0.05 1.35
cps1183 0.55 0.00 0.05 0.00 0.46 0.04
cps1186 0.12 0.00 0.00 0.00 0.08 0.04
cps1188 5.47 0.00 0.00 0.00 0.48 4.99
cps1190 1.78 0.00 0.00 0.00 0.52 1.22
cps1656 12.54 2.83 0.03 0.00 9.47 10.23
cps1658 7.52 1.60 0.20 0.00 4.13 477
cps1660 8.03 5.59 0.55 0.19 2.60 3.26
cps1662 11.90 5.31 0.67 0.03 3.35 6.96
cpsle64 2.52 1.17 0.20 0.10 1.18 0.79
cpsle67 2451 7.04 0.00 0.05 12.47 21.57
cps1669 8.90 2.86 0.13 0.00 2.23 7.21
cpsle71 6.29 1.49 0.34 0.00 2.10 3.84
cps1673 4.73 0.24 0.30 0.00 0.89 3.90
cps1675 9.02 0.13 0.00 0.00 1.40 8.22
cps1677 9.12 0.23 0.00 0.00 154 8.58
cps1679 8.93 0.05 0.00 0.00 0.87 8.11
cps1681 2.92 1.09 0.65 0.00 0.73 1.70
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Understory

Otherred-

site_code | Allvegetation kelp brown algae Sargassum Green algae Seagrass
cps1685 27.54 18.10 5.14 0.00 14.29 8.11
cps1687 5.36 0.67 3.59 0.00 1.96 3.38
cps1689 38.27 11.90 0.93 0.00 10.62 27.83
cps1691 13.30 6.28 1.57 0.13 10.16 6.43
cps1693 4.77 2.14 0.99 0.00 2.57 0.46
cps1695 2.33 1.20 0.49 0.00 161 0.00
cps1697 1.50 0.77 0.99 0.01 0.88 0.00
cps1720 1.46 0.52 0.15 0.00 1.16 0.00
cpsl721 2.40 1.33 0.67 0.09 1.49 0.54
cps1723 10.81 1.70 0.81 0.00 4.97 9.15
cps1725 6.61 0.35 0.36 0.00 2.06 5.77
cps1727 18.95 7.65 0.76 0.00 14.50 11.37
cps1729 16.61 2.35 0.37 0.05 15.27 4.35
cps1731 7.98 4.42 1.86 0.13 5.63 244
cps1733 14.09 5.55 1.14 0.00 6.25 8.25
cps1735 5.90 0.36 0.04 0.02 2.80 3.79
cps1737 16.97 0.47 0.13 0.00 11.38 10.51
cps1739 16.61 0.00 0.04 0.00 15.53 4.38
cpsl741 12.93 0.56 0.07 0.00 9.52 7.33
cps1743 3.17 1.01 1.71 0.11 2.57 0.74
cps1745 19.44 1.87 0.27 0.00 17.76 6.46
cps1747 5.00 2.12 0.17 0.00 2.15 2.64
cps1749 7.34 0.60 0.05 0.00 4.84 5.45
cps1751 9.68 0.37 0.83 0.00 4.31 6.51
cps1753 13.82 7.79 1.22 0.45 8.39 4.63
cps1755 7.81 3.85 0.30 0.25 3.33 1.47
cps1757 8.63 1.56 0.97 0.00 5.92 2.69
cps1759 8.56 2.85 0.09 0.00 5.78 5.58
cpsl764 10.04 148 1.05 0.00 492 4.84
cps2076 3.81 1.72 1.06 0.04 1.94 0.00
cps2078 2.01 1.24 0.04 0.00 0.64 0.00
cps2080 2.96 1.08 0.56 0.00 1.55 0.30
cps2082 3.25 0.72 0.68 0.00 1.11 1.22
cps2084 2.10 0.30 0.28 0.00 1.00 0.62
cps2086 3.17 0.32 0.66 0.00 0.72 1.74
cps2088 5.39 1.39 0.15 0.00 3.21 0.89
cps2090 2.38 0.66 0.75 0.00 1.14 0.31
cps2092 7.76 0.27 0.17 0.00 3.97 3.95
cps2094 12.39 0.86 1.17 0.00 8.19 5.48
cps2096 4.92 0.54 0.38 0.00 2.70 1.82
cps2098 5.13 1.19 0.42 0.00 3.38 1.05
cps2100 8.84 2.25 1.25 0.00 5.03 3.52
cps2103 21.87 2.69 0.79 0.00 20.74 0.04
cps2105 26.09 3.37 1.29 0.00 23.06 0.02
cps2107 9.30 0.49 0.00 0.00 9.22 0.00
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Understory

Otherred-

site_code | Allvegetation kelp brown algae Sargassum Green algae Seagrass
cps2110 5.59 0.92 0.93 0.02 4.89 1.23
cps2112 21.93 1.65 0.97 0.00 20.52 1.03
cps2114 6.87 3.48 3.36 0.00 3.29 0.32
cps2116 6.96 0.49 443 0.00 3.59 0.08
cps2119 9.30 0.20 4.40 0.00 6.55 0.24
cps2121 20.41 0.00 2.32 0.00 18.79 0.00
cps2123 29.91 0.00 240 0.00 29.12 0.00
cps2125 2.78 0.00 0.75 0.00 2.00 0.00
cps2158 6.75 1.38 3.55 0.00 3.92 0.00
cps2161 7.07 0.00 0.53 0.00 6.78 0.00
cps2163 4.14 0.00 0.00 0.00 3.74 0.00
cps2165 0.54 0.00 0.12 0.00 0.39 0.00
cps2169 3.46 0.00 0.96 0.00 0.37 2.17
cps2171 8.18 0.00 1.50 0.00 2.15 4.65
cps2174 0.77 0.00 0.41 0.00 0.54 0.00
cps2182 6.45 0.00 3.45 0.00 3.10 0.00
cps2184 18.81 2.08 8.39 0.00 11.40 1.25
cps2187 23.10 6.56 3.84 0.03 8.22 10.46
cps2190 6.59 0.48 3.38 0.00 2.26 0.58
cps2192 9.02 2.07 0.10 0.00 7.02 1.75
cps2194 14.80 0.00 0.00 0.00 5.74 12.01
cps2198 20.57 9.61 9.76 0.03 4.13 0.00
cps2201 11.65 3.15 0.13 0.00 3.33 8.60
cps2204 9.11 2.82 0.15 0.00 261 5.74
cps2207 19.11 2.38 3.56 0.00 12.17 6.17
cps2209 7.37 0.14 0.33 0.00 2.34 5.29
cps2211 6.18 0.38 0.12 0.00 0.25 5.44
cps2214 13.66 0.08 0.23 0.00 3.37 12.88
cps2216 16.05 4.28 4.85 0.00 3.63 9.48
cps2218 6.29 0.04 0.62 0.00 1.32 4.95
cps2221 8.83 0.42 1.59 0.00 2.74 5.19
cps2223 6.54 0.07 0.64 0.00 222 453
Ccps2226 12.54 6.94 2.15 0.06 0.52 8.68
cps2227 21.18 11.47 0.69 0.00 0.94 17.42
cps2230 5.86 4.68 261 0.09 0.65 0.20
cps2907 8.33 1.59 0.86 0.00 5.67 2.98
flats37 43.43 32.25 16.02 2.34 15.10 11.35
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6.2 Vegetated area between +1 and -15m (MLLW)

Table 6: Estimates of vegetated area (ha) of mediumto high % cover marine vegetation (cover class 3 and up)
for 95 sites sampled down to -15m (MLLW).

site_code | Allvegetation Undkeerlsl:ory b?:‘:ir: g(::l-e Sargassum | Greenalgae | Seagrass
cps1061 11.69 0.96 0.00 0.00 8.82 494
cps1063 7.98 0.31 0.37 0.00 0.88 6.94
cps1069 33.21 2.32 1.01 0.00 21.63 12.98
cps1082 19.26 2.47 5.47 0.10 13.22 7.62
cps1113 22.07 6.71 9.28 0.04 9.14 5.09
cpsli21 11.18 5.88 2.05 0.03 4.06 0.03
cpsli24 4.95 1.27 1.43 0.00 2.18 0.00
cps1126 4.69 1.44 1.67 0.00 1.85 0.52
cps1129 5.23 1.82 241 0.00 0.77 0.85
cps1130 11.90 1.59 4.34 0.00 3.60 4.40
cps1133 4.90 0.23 1.48 0.00 1.96 2.15
cps1135 7.39 1.29 3.19 0.00 2.18 1.96
cps1137 9.50 0.79 0.47 0.00 5.89 3.05
cps1139 8.81 0.57 2.65 0.00 4.17 2.88
cpsl141 18.16 2.26 6.27 0.00 9.93 2.75
cps1143 4.39 0.09 0.40 0.00 2.01 2.52
cps1145 26.72 16.78 14.52 0.00 4.19 6.16
cps1147 8.83 1.75 4.13 0.00 2.58 3.18
cps1149 19.61 10.92 4.75 0.00 14.84 2.92
cps1151 14.76 3.62 3.54 0.00 4.13 5.73
cps1153 12.42 3.10 0.20 0.07 7.04 5.57
cps1155 20.24 2.34 0.02 0.00 16.87 15.17
cps1157 10.52 1.77 0.14 0.00 6.42 6.10
cps1159 21.19 1.18 0.02 0.00 20.54 0.39
cpsliel 30.00 3.24 0.28 0.00 26.40 6.66
cps1163 13.14 6.77 0.38 0.09 8.59 6.47
cps1165 6.75 1.66 0.23 0.02 2.42 3.57
cpsl167 4.34 0.58 0.22 0.00 3.61 0.90
cps1169 4.47 0.64 0.25 0.00 2.09 2.31
cpslii71 3.93 0.17 0.02 0.00 3.39 0.88
cps1173 7.25 0.69 0.20 0.00 3.88 3.27
cps1175 8.97 0.17 0.24 0.00 5.28 4.06
cps1656 12.85 2.86 0.03 0.00 9.60 10.24
cps1658 8.01 1.59 0.22 0.00 4.46 4.77
cps1660 8.80 6.08 0.63 0.19 2.77 3.26
cps1662 13.58 6.46 0.81 0.03 3.38 6.96
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site_code | Allvegetation Undk(zrls;)tory b(r)otvltlir:gi—e Sargassum | Greenalgae | Seagrass
cps1667 24.62 7.06 0.00 0.05 12.47 21.62
cps1669 9.68 3.03 0.18 0.00 2.73 7.25
cps1671 6.41 1.51 0.36 0.00 2.12 3.84
cps1673 5.27 0.31 0.30 0.00 1.26 3.90
cps1675 9.11 0.13 0.05 0.00 1.44 8.22
cps1677 9.25 0.23 0.00 0.00 1.67 8.58
cps1679 9.11 0.05 0.00 0.00 0.99 8.11
cps1681 5.52 2.22 2.05 0.00 1.09 1.72
cps1685 33.77 20.43 9.24 0.00 14.34 8.11
cps1687 7.68 1.05 3.95 0.00 3.93 3.38
cps1689 38.70 12.11 0.95 0.00 10.62 27.98
cps1691 15.83 6.62 1.72 0.13 11.73 6.45
cps1695 4.62 2.35 0.93 0.00 2.19 0.00
cps1697 5.90 4.02 4.23 0.03 1.26 0.00
cps1720 3.70 1.81 0.28 0.00 2.41 0.00
cpsl721 4.44 3.04 0.82 0.09 2.58 0.54
cps1723 15.30 2.94 0.94 0.00 8.20 9.14
cps1725 7.14 0.37 0.36 0.00 2.56 5.77
cpsl727 19.53 8.04 0.76 0.00 14.74 11.37
cps1729 21.19 4.03 1.66 0.05 18.51 4.35
cps1731 11.29 5.79 3.08 0.13 7.71 2.44
cps1733 18.80 7.45 3.58 0.00 8.26 8.25
cps1735 7.33 0.53 0.24 0.02 3.73 3.78
cps1737 17.62 0.55 0.13 0.00 11.91 10.51
cps1739 17.53 0.03 0.04 0.00 16.40 4.38
cpsl741 16.55 0.63 0.07 0.00 13.07 7.33
cps1743 471 2.05 1.87 0.11 3.26 0.74
cps1745 21.72 2.30 0.29 0.00 19.74 6.46
cpsl1747 6.37 291 0.17 0.00 2.30 2.66
cps1749 8.42 0.69 0.05 0.00 5.79 5.45
cps1751 13.94 0.52 0.86 0.00 8.57 6.51
cps1753 16.24 9.30 1.27 0.45 9.64 4.63
cps1755 10.62 5.07 0.30 0.25 4.46 1.47
cps1757 10.46 1.92 1.02 0.00 7.30 2.69
cps1759 9.54 3.14 0.09 0.00 6.34 5.58
cpsl764 10.77 1.51 1.05 0.00 5.63 4.84
cps2080 461 2.04 1.19 0.00 1.63 0.30
cps2082 6.26 3.04 1.64 0.00 1.11 1.22
cps2084 3.18 0.76 0.49 0.00 1.00 0.62
cps2086 5.70 1.77 2.24 0.00 0.72 1.74
cps2088 7.42 3.25 0.40 0.00 3.29 0.89
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Understory

Otherred-

site_code | Allvegetation kelp brown algae Sargassum | Greenalgae | Seagrass
cps2090 3.83 1.59 1.08 0.00 1.37 0.31
cps2092 8.73 0.90 0.24 0.00 4.05 3.95
cps2094 16.53 2.36 4.49 0.00 8.96 5.48
cps2096 6.61 1.16 1.05 0.00 3.02 1.82
cps2098 6.99 2.27 0.58 0.00 3.82 1.05
cps2100 11.82 3.66 2.84 0.03 5.49 3.52
cps2105 53.85 27.25 3.54 0.00 24.45 0.02
cps2169 3.46 0.00 0.96 0.00 0.37 2.17
cps2184 18.96 2.16 8.39 0.00 11.47 1.25
cps2187 27.76 7.08 4.21 0.03 10.57 10.46
cps2192 11.55 2.45 0.10 0.00 9.20 1.75
cps2211 6.37 0.43 0.17 0.00 0.31 5.44
cps2218 6.32 0.04 0.64 0.00 1.32 4.96
cps2221 10.72 0.98 2.66 0.00 2.74 5.19
cps2223 11.23 0.69 3.57 0.00 3.50 4.58
cps2226 22.09 9.75 10.56 0.06 0.52 8.67
cps2227 30.44 13.89 8.70 0.00 1.02 17.47
cps2907 10.53 3.02 1.04 0.00 6.37 2.98
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6.3 Site vegetated area maps (+1 and -15m, MLLW)

+1 to -15m (MLLW)

+1 to -15m (MLLW)

Seagrass Green algae
e <0.1ha e <0.1lha
O <25ha O <25ha
© 2.5-75ha O 2.5-75ha
© 75-15ha © 7.5-15ha
@ >15ha @ >15ha

Figure 15: Estimates of the area with mediumto high % cover seagrass (left)and green algae (right) for all sites
surveyed from + 1 to -15m (MLLW). Darker colors and larger symbols indicate a larger area covered by

vegetation.
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+1 to -15m (MLLW)

+1 to -15m (MLLW)

Other red-brown
<0.1ha e <0.lha
O <25ha O <25ha
® 2.5-75ha © 25-75ha
® 75-15ha @® 75-15ha
® >15ha ® >15ha

Figure 16: Estimates of the area with mediumto high % cover understory kelp (left) and other red-brown algae
(right) for all sites surveyed from+ 1 to -15m (MLLW). Darker colors and larger symbols indicate a larger area
covered by vegetation.
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+1 to -15m (MLLW)

+1 to -15m (MLLW)

All vegetation Sargassum
e <0.1ha e <0.lha
O <5ha O <25ha
© 5-10ha O 25-75ha
@ 10-25ha O 75-15ha
® >25ha @ >15ha

Figure 17: Estimates of the area with mediumto high cover % vegetation (left) and Sargassum (right) for all sites
surveyed from + 1 to -15m (MLLW). Darker colors and larger symbols indicate a larger area covered by
vegetation.
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6.4 Regional estimates between 0 and -15m (MLLW)

Table 7: area estimates (ha)for different vegetationtypes (cover class > 2) between 0 and -15m (MLLW) in the
study area, the estimated 95% Confidence Interval, and the vegetated area as % of available substrate.

0to-15m (MLLW) Vegetated area (ha) 95% ClI % of available substrate
All vegetation 3,626 3,461-3,790 44%
Green algae 1,537 1,320-1,754 19%
Seagrass 1,326 1,125-1,528 16%
Understory kelp 1,173 1,024-1,321 14%
Red-brown 721 598-845 9%
Sargassum 541 2.75-8.06 0.1%
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Figure 18: Subbasin estimates of vegetated area (cover class 3 and up) for 5 different groups of marine
vegetationin different subbasins of central Puget Sound (0 to -15m, MLLW). The vertical extent of each result
representsthe 95% confidence interval of vegetated area (ha). We did not calculate data for Quartermaster
Harbor, as only 1 site was sampled down to -15m in this subbasin.
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6.5 ShoreZone Inventory data (2001)

Understory kelp ; Sargassum

—— Continuous | b —— Continuous
-~ Patchy € S ~ Patchy

Figure 19: Shoreline segments with Understory kelp (soft-brown algae)and Sargassum in the central basin of
Puget Sound in the 1997 ShoreZone survey (Berry et al. 2001).
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