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Intraduction

A field study at the location of the proposed North Totten Mussel Farm was undertaken to document
existing macroalgae (kelp and other marine plants) coverage and conditions. The survey site was in the
nartheastern portion of Totten Inlfet, centered at latitude N47°09.5270' and longitude W122°57.7710"
(UTM coordinates: zone 10T, easting 502816m, northing 5222810m). The project location is shown in
Figure 1. .

Survey Methods

A site survey to identify the presence and distribution of macroalgae was made during a high slack to
falling tide on June 30, 2009. This survey was conducted within the lease boundaries and surrounding
bottomlands with a surface area totaling approximately 18.5 ac (6.3 ha) {Figures 1 and 2). Macroalgae
were delineated and relative densities determined with the use of a towed underwater video camera. A
chartplotter was used to maintain a spacing of 20 to 150 ft on towed video transects (Figure 2) parallel
and perpendicular to the shoreline. The boundaries or limits of the lease area were determined from
GPS position points taken off available aerial photography (Figure 1). Position and bottom elevation
data for each transect were obtained by simultaneous recording of position coordinates and depth
readings at 5 second intervals. A differential beacon GPS receiver was used to correct horizontal
coordinates to an estimated precision of 6 feet, Bottom elevations were obtained with a commercial
acoustic sounder, with vertical precision of 0.1 ft. Data from these instruments was streamed to the
chartplotter and overlaid on the video imagery. All video imagery and an audio commentary were
recorded in digital format for later review, processing, and archiving. Bottomn elevations were corrected
to MLLW from tidal elevations calculated with Tides and Currents Pro® for Windows Ver. 2.5i.

Macroalgae densities were quantified on two transects to obtain approximately 30 samples per
transect. These observations were made with a towed “video laser quadrat” where macroalgae was
measured for a fixed interval within a 1/4m wide laser-marked array. Similar laser scaling was
employed for precision measurements in fisheries applications (Pacunski, et al. 2008).

All data were entered on an Excel spreadsheet (Table 1) and Surfer. Mapping software {(Surfer® v-9.0)
was used to generate bathymetric maps and plots of the areal distribution and relative coverage ratings
of macroalgae. Video stills were taken of all key habitat features at the site.

Environmental Conditions

The proposed farm site and surrounding area was surveyed at bottom elevations ranging from -10 ft on
the most shoreward extent to a maximum of -85 ft MLLW at the northern edge of the surveyed area
(Figure 4).

Sediments: throughout the surveyed area bottom sediments were composed of moderately firm sand
with some silt and clay. Sediments graded from firm sandy materials with small amounts of gravel and
broken shell in nearshore areas to, with increasing depth, easily disturbed fines (silt and clay). Fines
appeared to be the dominant grain-size at the lower bottom elevations.

Macroalgae: The coverage or abundance of macroalgae was greatest in the nearshore shallow water
areas elevations above -20 ft (Figures 5, 6 and 8). The macroalgae consisted predominately of the green
algae Ulva or sea lettuce and the brown kelp Laminaria (Figure 3d). Benthic diatoms and scattered
specimens of other macroalgae including the red alga Gracilariopsis sp. {also referred to as Gracilaria)
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were also present. The areal coverage of these plants in the shallow subtidal (-8 to -16 ft) ranged from
10 to 60%. This level of coverage is not unusual, and similar macroalgae growth at comparable bottom
elevations is commonly seen at other Puget Sound locations. Macroalgae growth became progressively
light-limited with increasing depths and in the aphotic (or dark) zone below elevations of -40 ta -50 feet
all macroalgae appeared to be unattached as drifting or broken fragments of plants. The approximate
composition of drift vs fixed macroalgae is shown in Figure 7. Drift plant materials were frequently seen
entangled on sea whips (see below) and bottom debris (Figures 3a and 3b). Coverage of drift algae
varied across the farm site (Figures 5 and 6), and locations of higher coverage probably indicated the
depositional effects of tidal currents. It is important to note that these were plant debris accretions and
not “kelp beds” or areas of macroalgae growth. Significant macroalgae growth could only occur in
shallow water elevations.

Macrofauna: The most dominant large marine fauna seen in this area were sea whips (Stylatulo
elongata), which are colonial cnidarians related to sea anemones, (Figures 3a and 3b) and graceful crabs
(Cancer gracilis) (Figure 3d). A few small sea whips were present beginning at about -30 ft. This
community increased in individual size and density as the sediments became finer in deeper water.
Other bottom dwelling marine animals observed in the video imagery included tubeworm burrows,
scattered (<1 per transect) geoduck (Panopea abrupta) siphons, starfish (Pisaster), anemones, several
moon snail egg cases, and one sidestripe shrimp {Pandalopsis dispar). Few fish were observed
anywhere during the survey ather than several pile surfperch {Rhacochilus vacca) in the shallow
subtidal, and dogfish shark {Squalus acanthias), which were commonly encountered in many of the
deeper transects (Figure 3c).

Summary

There were no concentrations of macroalgae or kelp beds within the farm site. Areas of drift algae
deposition and accumulation were observed in some deeper water locations. The subtidal bottom area
within the project site graded from a sandy and broken shell habitat to a rather featureless muddy plain
in deeper water. These observations were similar to those reported at this site by Brooks (2005).
Macroalgae species and coverage and large marine fauna species were also similar to and consistent
with plant and animal observations made by this author at other south Puget Sound locations.
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Table 1. Video transect coordinates, elevations, substrate and algae cover data. Elevations are in ft
MLLW. Drift algae presence or absence based on presence of holdfasts, bottom elevation and ambient

lighting.

Zne |Easting |Northing |Eleva [Substrate| Algae | Alg % | Algtype| Gther Comment

10T 502850 5222933 -80.9(Silt Lamlnaria 5}Drift Sea whip

o7 502B49| 5222933| -80.8|silt Lam/Ulva 5| brift Sea whip [Shrimp

107 502849 5222932| -80.6/Silt Laminaria 10| Drift Sea whip |Brylozoans

10T 502849 9222932| -79.95ilt 0 Sea whip (Dogfish

T 502850 5222931 -81.5|Sift 0 Sea whip/|Cancer gracil(s

107 502850f 5222931| -80.9(Silt Ulva 5|Drift Sea whip {Tubeworm burrows

htiz) 502850| 5222930 -80.6|Silt 0 Pisaster starfish

107 502854 5222028| -79.8|5ilt Lam/Ulva 10 Drift Sea whip

10T 502857| 5222927| -79.B|Silt Laminaria 5| Drift Sea whip

ar 502858( 5222927 -78.4|5ilt Ulva 2| Drift Seawhip |

07T 502861| 5222925| -78.1|Silt Lam/Ulva 5|Drift Sea whip

107 502864| 5222923 -77.6|Sikt Lam/Ulva 5| Drift Sea whip/iCancer magister

ar 502866 5222920| -76.5|Silt Ulva 2|Drift Seawhip

10T 502868| 5222019 -76.9(5ilt Lam/Ulva 10 Drift Sea whip |Tubeworm burrows

ot 502869| 5222919 -75.9(Sit Lam/Ulva S|Drift Seawhip

107 502871| 5222919 -75.1(Silt Lam/Ulva 5|Drift Sea whip [Large anemone

ar 502875| 5222020{ -75.4(silt tam/Ulva 5(brift Seawhip

aoT 502877 5222920{ -74.2|Sit Lam/Ulva 2|Drift Sea whip/Cancer gracilfs

iar 502881| 5222918 ~74|50lt Seawhip

o7 502941 5222856( -19.7|Sand Laminaria 10{Fixed 50me broken shell debris

ar 502935 5222850 -19.1(Sand Lam/Ulva 5|Fixed

10F 502526 5222848] -22.3{5and o

07 502523| 5222838| -19.6(Sand  [Ulva 5|Fixed Tubewarm burrows

10T 502914] 5222837} -21.5|Sand Lam/Ulva 5(Fixed Some broken shell debris

10T | 502904| 5222810[ -26.3{Sand _ 0 _

107 | 502007 S2228360 -243)sand  |lam/Uva|  2|Fixed o

1ar 502507] 5222811 -18.3{Sand Llam/Ulva 2|Fixed Some broken shell debris

10T | 502906f 5222796 -16.1|Sand Lam/Ulva 15iFixed Scattered Gradlllaria, tubeworm burrows
o7 502506| 52232779| -14.2(Sand lam/Ulva 40|Fixed )

10T | 502906 5222785 -13.1|Sand tam/Ulva 20{Fixed . [Stattered Gracillaria, tubeworm burrows
10T | 502914| 5222763 -1llSand  |Lam/Ullva 30{Fixed

107 5029551 5222867| -18.4/Sand Laminaria 10jFixed

10T | 502946| 5222841  -14{Sand Lam/Ulva _ 25|Fixed

10T | 502940 5222823| -119(Sand  |Lamy/Ulva 35|Fixed

1or 502939| 5222821 -11.7(Sand tam/fUlva 25(Fixed

10T | 5p2926| 5222822 -14.7|sand  |Ulva 15|Fixed o

107 502927| 5222795 -1ifsand  Julva 15|Fixed Sea perch

10T | 502917) 5222767 -104[Sand  |Lam/Ulva 40|Fixed Starflsh

107 | so2e00| 5222743 -124|sand  [Lam/Ulva|  SOlFixed o

107 502890( 5222715 -13.3|Sand Lam/Ulva 40}Fxed Some broken shell debris

10T | 502877 5222690  -15(Sand lLaminaria 30|Fixed

10T [ 502858) 5222667| -1B.7(Sand Lamiparia 10{Fixed ) o

T 502840 5222644| -20.7|Sand Laminaria 5|Fixed  |Seawhip |Small but abundantsea whips AN
10T | 502833| 5222631 -20.4|5and  |[Laminaria 5(Fixed

10T | 502833| 5222629 -20.4iSand 0 o _
10T | 502833| 5222630 -20.41Silty-sand 0 Sea whip [Small but abundant sea whips, and tubeworm burrows
10T | 502834| 5222633 -20.5/Silty-sand

1T 502822| 5222646( -24.7[Silty-sand]

107 | 502807 5222663| -30.2jsllty-sand| ]

07 | 502808 5222672| -32.2)SiMty-sand 0 Seawhip | _

107 | 502807 522267Y -33.2(Silty-sand e 0 Dogfish )

107 502814 52226931 -35.2|slity-sand|Laminaria 2|Drift Sea whip |Small but abundant sea whips, and tubeworm burrows
1ar 502827| 5222699| -32.3|sitty-sand ] Sea whip
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Table 1. Cont.

Zne |Easting |Northing |Eleva [Substrate| Algae Alg % | Alg type | Other Comment
10T 502935 5222978| -75.4/[Silt Larm/Ulva 5| Drift Sea whip [Abundant sea whip
10T 502926 5222968  -76|Silt Lam/Ulva 5| Drift Sea whipACancer gracilis

10T 502001 5222935 -72.3|sit Lam/Ulva 2| Drift Sea whipjAbundant sea whip
10T 5028%5| 5222927| -71.7|Slt Lam/Ulva 2|Drift Sea whip

10T 502834 5222920| -68.9(silt 0 Sea whip

107 S02876| 5222912 -70.2|silt Lam/Ulva 5|Drift Sea whip |Starfish

107 502872| 5222898| -65.7(SIlt Lam/Ulva 5{Drift Sea whip/|Abundant sea whip
10T 502845 5222856f -57.2|5ilt Lam/Ulva 5{Drift Sea whip [Moonsnail egg cae
107 502838| 5222844| -56.6|Sflt Lam/Ulva 10| Drift |Sea whip

107 502830¢ 522283]) -56.3|SIIt Lam/Ulva 10| Drift Sea whip

1ar 502822| 52228241 -57.5|Sllt Lam/Ulva 5|Drift

10T 502816} 5222812 -5B.4(Silt Lam/Ulva 10| Drift Seawhip

107 502813 5222802 -58.1/Siit tam/Ulva 10 Drift Sea whip |Cancercrab

107 502799 5222758|  -B1|Silt Lam/Ulva 5|Drift Sea whipfAbundant sea whip
a7 502838) 5222820( -49.B|Silt 0 Sea whip

1ar 502837 5222817 -49.3Silt tam/Ulva 5{Drift Sea whip

10T S02828] 5222821 -54.1|Sikt Lam/Ulva 16| Drift Sea whip

10T 502824 5222818| -55.5|Silt Lam/Ulva 5|Drift Sea whip |Abundant sea whip
10T 502818| 5222E11| -57.2[Silt Ltam/Ulva 5|Drift Seawhip

10T | 502814 5222803| -57.6|Silt Lam/Ulva 5|DBrift Sea whip [Tall and abundant sea whip
ar 502B06( 5222800 -59.6{Silt Laminaria 2|Drift Seawhip

10T 502801| 5222795 -60|Silt Laminaria 2|brift  |Seawhip [Oyster bags, cancer pracilis
10T 502796 5222790 -60.1)Siit Laminaria 2| Drift Seawhip [Qysterbags

10T 502791 5222785 -60.3|Sit Lam/Ulva 5|Drift Sea whip |Oyster bags

10T 502783 5222796[ -63.5|Silt Lam/Ulva 5|Drift Sea whip |Tall sea whips

o7 502777| 5222792 -63.8[silt Lam/Ulva 2|Drift Sea whip |Tall sea whips

T 502772| 5222786) -63.6(5ilt Lam/Ulva 2|Drift Sea whip jTall sea whips

10T | 502767| Saz2782] -63.1(silt Lam/Ulva 2ot |Seawhip

10T | 502762 5223778} -62.5(Silt Lam/Ulva _ 5|Drift  [Seawhip iStarflsh

o7 502758| 5223773 -6l4|silt Lam/Ulva 5| Drift Sea whip |Cancer gracilis

10T | 502753) 5222769 -6OS[Slt  [LamfUlva 5|Drift  |Seawhip

10T | 502748| 5222764 -60.2[Sllt Lam/Ulva _2lorft jseawhip|

10T | 502744| 5222759 -59.1/Sllt |tam/Ulva 2|Drift  |Seawhip/crab

107 502797( 5222777| -57.2(Silt Laminaria 15/Drift Seawhip]

10T 502814] 5222R0B{ -58.4|Sllt taminaria S{Drift Sea whip

107 | S02798| S222734] -47.4stit Lam/Ulva 15[Drift  |Sea whip |Dogfish

ar 502810 5222746] -46.8(Silt Lam/Ulva 15]Drift Sea whip

10T | 502826| 5222759  -44fsilt Lam/Ulva sloft  |Seawhip

10T | s502842| s222773| -388[Silt  [Lam/Ulva 10orift  |Seawhip

107 | 502856| 5222786( -33.1)Slity-sand|Lam/Ulva 10| Drift Sea whip |5ea whips abundant but short
iar 502870 5222802| -28.4silty-sand|Laminarta 10| Fixed Seawhip | _

T 502884 5222818| -26.1{Silty-sandiUlva 2|Fixed Tubeworms abundant
iar 502932 5222863  -24;Silty-sand|lam/Ulva 2{Fixed |Scattered Gracillaria
1aT | 502845| 5222882 -27.6(Silty-sandlLam/Ulva 2|Fixed

107 | S02s55 5222901 -32.6Silty-sandilam/Ulva gFed |

wr 502568| 5222919| -38.4)Silty-sandiLaminaria 5]Drift Sea whip

ar 502980 5222938|  -43|Silty-sand)Laminaria 5|Drift Seawhip

ar 502827} 5222995 -85.1|Sjlt 0 Sea whip |Sm unid fish -

107 502825 5222992 -85.2|Silt 0

ar 502828| 5222980 -85.3|silt Ulva 2|Drift Sea whip |Scattered large shells
10T | 502813 5222059 -g2alsie al Sea whip

10T | 502808| 5222965 -83.1jsilt o _

ar 502804} 5222062 -83.3(sit Laminaria 2|Drift Sea whip
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Figure 3a. Captured video frame, -70 ft MLLW, at the northwest corner of farm site

with a high density population of sea whips (Stylatula elongata) colonizing fine sedi-
ments between -50 and -90 ft.

N 47 09. 5186 Hdg
Wlge 57.786  Speed

il

Figure 3b. Captured video frame, -60 ft MLLW, near the center of the farm site. Ulva
and Lamninaria (visible in the lower right) occur as drift algae, likely carried down the
bottom slope by tidal currents.
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Figure 3c. Captured video frame, -67 ft MLLW, near center of farm site. Dogfish shark
{(Sgualus acanthias) moving through the beam of the green laser quadrat. This was
the most commaon fish observed at the site.

Figure 3d. Captured video frame, -10 ft MLLW, far southeast margin of farm site.
Mixed sand/silt sediment with a modest cover of Ulva and Lamingria. Graceful crab
{Cancer gracilis), such as this 8 cm wide specimen, were common.
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Figure 8. Percent macroalgae cover plotted against bottom elevation along two
laser grids surveyed from approximately -4 ft to -60 ft MLLW. Macroalgae below
-40 ft was unattached or drift algae (based on light levels and appearance).
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