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Key Observations for 2019





I.

Emergent beds were larger earlier in the season at all monitored beds than in previous
years of monitoring.
An abundance of juvenile herring was observed throughout the summer in the Ebey's
Landing (Admiralty Inlet) bed.
Kelp crab were observed only in the Possession Sound bed.
Surface temperatures exceeded 17°C at all beds at least once during the survey
period.

Introduction

Kelp forests represent significant habitat for a wide variety of invertebrate and vertebrate
animals, and may also influence other submerged aquatic vegetation (Mann 2000; Graham et
al 2007). In addition to providing structural habitat, primary productivities of kelp forests
match or exceed those of tropical rain forests, marine reefs and estuaries, and warm
temperate forests (Mann 1972a; Mann 1972b). In Washington State, two species of kelp are
dominant: giant kelp (Macrocystis integrifolia) and bull kelp (Nereocystis leutkeana). While
both species occur along Washington's outer coast and coastal Strait of Juan de Fuca, bull
kelp is the species found along shorelines of the inner Salish Sea (Mumford 2007).
Following a state-wide moratorium of commercial harvest of wild kelp and seaweeds in
1988, Washington State Department of Natural Resources (WDNR) initiated annual aerial
surveys of coastal aquatic vegetation from Port Townsend Bay to the Columbia River. These
surveys have continued for nearly every year, and in 2010, surveys were extended to include
the resources of the Smith and Minor Island Aquatic Reserve (SMIAR), which is contained
entirely within Island County. In the latest analysis of coastal kelp from 2013 to 2014
(excluding SMIAR), decline in planimeter area of bull kelp around Port Townsend was
~14%, and range-wide decline in planimeter area of both kelps was 38% (Van Wagenen
2015).
Focused in situ surveys of bull kelp beds in South Puget Sound have uncovered disturbing
trends of progressive shrinkage of bed areas (Berry, 2017; Berry, 2019). In addition to loss
of canopy area, maximum depth for beds decreased and condition of individual kelp
appeared poor, with an abundance of epiphytes, endophytes, and kelp crab. Whether these
disturbing patterns occur in other parts of Puget Sound is unknown, but does raise concerns
about the status of bull kelp throughout the region.
The earliest comprehensive evaluation of kelp resources was conducted in 1911, where over
half of the total tonnage of bull kelp in the American portion of the Salish Sea was estimated
to be located within the jurisdiction of modern Island County (Rigg 1915). Uncertainty about
the distribution of bull kelp in areas not monitored by WDNR overlaid by anticipated
changes in marine conditions attributable to climate are motivations to conduct an inventory
and assessment of this resource in Island County. The Island County Marine Resources
Committee (MRC) considered this to be an important activity to conduct under its
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sponsorship. Efforts were initiated in 2015 to select kelp beds and test a kayak-based survey
protocol. These efforts were expanded in 2016, and have continued through 2019.
II.

Scope of Project and Objectives

This report reports on the project period from fall 2018 through summer 2019. Boat-based
surveys and aerial imaging occur from early to late summer, often through September. Due
to the close co-incidence of the end of the field season and the report deadline, not all of the
2019 data is included in this report.
Objectives for 2019 included:
1. Collect data from previously surveyed kelp beds by boat-based surveys to extend
observations from 2015, 2016, 2017, and 2018.
2. Conduct aerial imaging of the Island County coastline for detecting kelp beds.
3. Test temperature loggers for measuring temperatures at multiple depths.
4. Collect images of animals and plants within the kelp beds.
5. Trial an infrared camera method for quantifying bulb density.

III. Project Progress in 2018 - 2019
Objective 1. Collect data from previously surveyed kelp beds by boat-based surveys.
The two beds that were surveyed in 2016 - 2018 were also surveyed in 2019: Ebey's Landing
and Polnell Point (Figure 1). The Ebey's Landing bed is located in Admiralty Inlet and
receives full marine influence from the Strait of Juan de Fuca. The Polnell Point bed is
located at the head of Saratoga Passage between Whidbey and Camano Islands, and it
receives strong freshwater influence from the Skagit River. A third bed, Possession Point,
was surveyed in 2017 - 2018. It is located at the confluence of Admiralty Inlet, Possession
Sound, and the Central Basin of Puget Sound, and it receives both marine and riverine
influences, as well as potential anthropogenic effects from the Central Basin.
Objective 2: Conduct aerial imaging of the Island County coastline for detecting kelp beds.
Much of the flight protocol had already been developed by Gregg Ridder for the MRC's
eelgrass surveys. For kelp imaging, two major adjustments to the eelgrass protocol were
made. First, flights are conducted in August or September, when beds achieve maximum
area for the year. Second, a paired near infra-red (IR) camera was added to the visible light
(RGB) camera to allow discrimination of surface vs submerged kelp, and to improve
accuracy of identification.
Objective 3: Test temperature loggers for measuring temperatures at multiple depths.
Previous experience indicated that inexpensive alcohol-based thermometers had variable
accuracy, could be difficult to read, and only surface temperature data could be collected.
Although handheld electronic thermometers, such as a YSI instrument, could be used, these
instruments are expensive (> $1,000) and vulnerable to being lost overboard from a kayak.
As an affordable alternative, Onset programmable temperature loggers were tested at all
three bed locations for collection of surface, midwater, and demersal temperatures. A
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deployable system with three (3) loggers was developed, and the protocol was used by two
separate field teams. In addition, replicate loggers that were deployed in the Possession Bed
in June 2018 were successfully retrieved in June 2019, providing the first full year of bottom
temperatures in a kelp bed.

Figure 1. Approximate locations of kelp beds and names of beds surveyed in 2019.

Objective 4: Collect images of animals and plants within kelp beds.
In 2017, we first collected images of submerged aquatic vegetation (SAV) with a small-scale
drop camera rig using a GoPro which was deployed from a kayak. Although knowledgeable
WA Department of Natural Resources staff indicated the quality was sufficient for SAV
identification, no trained or qualified individuals are available for reviewing. Subsequently,
we discontinued drop-camera image collection and returned to using a pole-mounted camera
for underwater imaging.
Objective 5: Develop an infrared camera method for quantifying bulb density
The initial version of the survey protocol attempted to include bulb density quantification,
but was discontinued due to unreliable results. A kayak-based method using a near-infrared
camera was developed and tested.
III.
Results: Due to the deadline for this report (September 30, 2019), this short
report does not include all information for the 2019 field season.
A. Collect data from previously surveyed kelp beds by boat-based surveys.
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Ebey’s Landing
This bed is located outside of entrance to Admiralty Inlet, and it has been surveyed for four
consecutive years (2015, 2016, 2017, 2018). As expected for a site with strong marine
influence, surface salinities narrowly fluctuated between 32.5 and 34 ppt. Composite visible
(red-green-blue or RGB) and near infra-red (NIR) images taken on September 6, 2018, show
that much of the kelp that is visible at low tide is actually at the surface (Figure 2).

Figure 2. Ebey's Landing bull kelp bed on September 6, 2018, contrasting appearance in
visible light (left) with near infra-red (right). Note that most of the kelp is visible at the
surface in the near infra-red image. Photos by Gregg Ridder and Vernon Brisley; composite
by Gregg Ridder.

Bed area increased consistently from June through August, with a progressive expansion of
the bed margin (Figure 3A). Compared to previous years, this bed was much larger at the
same time of year in 2019 (Figure 3B). The dramatic increase in size at the last survey in
2019 was due to the merger of the usually surveyed bed with another bed located to the
southeast. In the five years of surveys, this was the first time this merger occurred.
A.

B.
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Figure 3. Ebey's Landing kelp bed survey areas. (A) Monthly perimeters of the surveyed bed
at a zero-foot tidal height in 2019. (B) Comparison of bed areas from 2015 - 2019 across the
survey dates.
Surface temperatures and salinities at the Ebey's Landing bed are relatively stable across the
months, probably due to the strong marine influence from the Strait of Juan de Fuca. Surface
temperatures increase during the summer, typically peaking in August (Figure 4A). In 2016,
the first (June) temperature was unusually high, possibly a residual effect of "The Blob",
although subsequent temperatures that year were closer to those observed in other years.
Salinity was also very similar across the season and years, except for 2019, which exhibited
lower salinity than in previous years (Figure 4B).
A.

B.

Figure 4. Ebey's Landing kelp bed mean surface temperatures and salinities. (A) Mean
surface temperatures for the five years of surveys. The red dotted line at 17°C indicates a
potential threshold temperature for detrimental effects on bull kelp physiology. (B) Mean
surface salinities for the last four years of surveys.

Polnell Point
This bed is located at the eastern end of Crescent Harbor, and approximately 13 km from the
south fork of the Skagit River. The bed is within the influence of this large freshwater influx.
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Comparison of visible light and near infrared images of this bed shows that by September 6,
2018, most of the bed is strongly expressed at the surface (Figure 5).

Figure 5. Polnell Point bull kelp bed on September 6, 2018, showing the large area of the
bed. Photos by Gregg Ridder and Vernon Brisley; composite by Gregg Ridder.
Earlier in the season, bull kelp shows along the southwest margin of the point, expanding
south and north throughout the summer (Figure 6A). The majority of the bed at Polnell Point
emerges at the surface relatively late in the season, relative to Ebey's Landing, sometimes
with rapid expansion late in the summer (Figure 6B). In 2019, the bed appeared slightly
earlier and was larger than in the previous three years of surveys (Figure 6B).
A.

B.

Figure 6. Polnell Point kelp bed survey areas. (A) Monthly perimeters of the surveyed bed at
a zero-foot tidal height in 2019. (B) Comparison of bed areas from 2016 - 2019 across the
survey dates.
Because this bed is close to the south fork of the Skagit River, higher temperatures and lower
salinities in surface waters were expected. Surface temperature maxima can occur at
different times during the summer, and in 2019 it occurred in mid-August (Figure 7A).
However, surface temperatures in June and July of 2019 were much lower than observed in
previous years, such as in 2016, where all survey temperatures were close to or exceeded a
potential threshold temperature for physiological impact for bull kelp (Figure 7A). Mean
surface salinities can fluctuate widely, depending on water movements. But in 2019, surface
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salinity remained between 20 and 25 parts per thousand (ppt) throughout the summer (Figure
7B).
A.

B.

Figure 7. Polnell Point kelp bed mean surface temperatures and salinities. (A) Mean surface
temperatures for the four years of surveys. The red dotted line at 17°C indicates a potential
threshold temperature for detrimental effects on bull kelp physiology. (B) Mean surface
salinities for the four years of surveys.

Possession Point
This bed is located south of Possession Point and at the convergence of Admiralty Inlet,
Central Puget Sound, and Possession Sound. As a result, it is likely to receive fluctuating
influences of marine waters and river inputs. Possession Point is an extremely popular
fishing location and diving area, which may be due in part to its kelp bed. Although aerial
assessment has identified kelp beds on either side of the Cultus Bay outflow, the surveyed
bed is located to the east of the outflow and bounded by a stationary aid to navigation (Figure
8).

Figure 8. Possession Point bull kelp bed on August 31, 2018, contrasting appearance in
visible light (left) with near infra-red (right). Note that nearly all of the kelp is visible at the
surface in the near infra-red image. Photos by Gregg Ridder and Vernon Brisley.
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Possession Point has been surveyed since 2017, when a single survey in August was
conducted. Bed growth begins at the eastern end and expands westward through the summer
(Figure 9A). In 2019, the bed emerged larger and remained larger than in 2017 and 2018
(Figure 9B).
A.

B.

Figure 9. Possession Point kelp bed survey areas. (A) Monthly perimeters of the surveyed
bed at a zero-foot tidal height in 2019. (B) Comparison of bed areas from 2017 - 2019 across
the survey dates.
Surface temperatures at the Possession Point bed were higher and salinities were slightly
lower than at the Ebey's Landing bed (compare Figure 10 with Figure 4). This pattern is
consistent with Possession Point receiving waters from both marine and river sources.
Although surface temperatures peaked in August in both 2018 and 2019, they did not exceed
the putative physiological threshold of 17°C (Figure 10A).
A.

B.

Figure 10. Possession Point kelp bed mean surface temperatures and salinities. (A) Mean
surface temperatures for the past three years of surveys. The red dotted line at 17°C indicates
a potential threshold temperature for detrimental effects on bull kelp physiology. (B) Mean
surface salinities for the past three years of surveys.
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B. Aerial Imaging
Aerial imaging analysis lags by one year, so results for 2018 are reported here. In 2019,
aerial imaging from a small private airplane was conducted on August 28, 2019, but
images have not yet been analyzed.
Aerial imaging from a small private airplane was conducted on August 27 - 28, 2018 and on
September 6, 2018. The Island County shoreline was simultaneously photographed using a
visible light (RGB) camera and a near infra-red (NIR) camera. A total of 1,986 images were
collected and georeferenced to the airplane's GPS data. These images were reviewed
independently by two people using the same criteria for identifying images containing bull
kelp. After independent assessment, the reviewers discussed and resolved discrepancies, and
a map displaying shoreline with associated bull kelp beds was constructed (Figure 11).
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Figure 11. Map of Island County showing the amount of shoreline (red) with associated bull
kelp beds in 2018.
The estimate of the amount of shoreline with associated bull kelp was ~ 17.3 miles, which is
approximately 9% of Island County's shoreline.
C. Test temperature loggers for measuring temperatures at multiple depths
A system of Onset temperature loggers that could be deployed from a kayak or small boat
was created (Figure 12). Among the 3 loggers, one is positioned at ~ 1 foot from the surface,
one at ~ 1 foot from the bottom, and one at ~ halfway of the water depth. This allows a basic
measurement of temperatures in the water column, which are experienced by kelp throughout
the survey season. This system was tested by one of the kayak survey teams (Ebey's
Landing, Polnell Point) and a separate volunteer team conducting strictly temperature logger
tests at Possession Point.
A.

B.

Figure 12. Rig for temperature profile measurements from small boats. (A) Onset
temperature loggers can be moved to any position on the line which is weighted with a rock
in a cotton sock and buoyed with the float. (B) Example of retrieving temperature rig from a
kayak.. Right photo by Rich Yukubousky.
At Ebey's Landing, mean temperatures exhibited little variation across the months and little
variation in the water column (Figure 13). At Polnell Point, mean surface temperatures
ranged > 5°C, progressively increasing from June through August. Midwater and bottom
temperatures were similar within each month, suggesting mixing in the lower portion of the
water column (Figure 13). At both sites, only one measurement exceeded 17°C, a potential
threshold for a physiologically detrimental temperature to bull kelp.
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Figure 13. Mean water column temperatures collected by Onset temperature loggers during
the zero-tide surveys at Ebey's Landing (left) and Polnell Point (right). Loggers are deployed
near the surface, near the bottom, and at approximately half of the water depth.
At Possession Point, a dedicated temperature logger team collected measurements
independent of the kayak surveys, and were able to collect data at a higher frequency. Mean
surface temperatures exceeded 17°C in early August and mid-September (Figure 14).
Midwater and bottom temperatures were similar across all the timepoints, except for
September 15, when the midwater temperatures were within 1-2°C of the surface temperature
(Figure 14).

Figure 14. Mean water column temperatures collected by Onset temperature loggers at
Possession Point throughout the survey season. Loggers are deployed near the surface, near
the bottom, and at approximately half of the water depth.
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In addition to testing Onset temperature loggers for water column temperature measurements,
NOAA divers from Northwest Fisheries Science Center (Kelly Andrews, Nick Tolimeri)
deployed four (4) loggers on the bottom in the Possession Point kelp bed on June 25, 2018.
The loggers were retrieved on July 3, 2019. All 4 loggers had excellent concordance of
measurement until ~ 11 months into the deployment (Figure 13). Although there were a few
temperature spikes exceeding 16°C in July 2018 and May 2019, nearly all measurements
remained within the range of 8 - 14°C (Figure 15). These data represent the first, full year of
benthic temperature measurement in a bull kelp bed in Puget Sound.
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Figure 15. Maximum and minimum temperatures measured by Onset temperature loggers
deployed in the Possession Point kelp bed from June 25, 2018 through July 3, 2019.
D. Collect images of animals and plants within kelp beds
The cumulative reports (2015 - 2019) of animals & plants observed in beds are contained
Appendix 2. In addition to noting organisms above & below the water during the boat-based
surveys, 3 sets of qualitative estimates of abundance were routinely made at each survey
(reported in Appendix 1):
 Sori
 Bryozoans on kelp
 Kelp crab
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Sori were abundant at all beds, at nearly each monthly survey. Kelp crab were observed only
at Possession Point, with highest abundances during the July and August surveys. Bryozoan
abundance had different temporal patterns among the beds. At Ebey's Landing, bryozoan
abundance appeared to decline through the season. At Polnell Point and Possession Point,
bryozoans were absent or in low abundance in June and July but increased through the
season (Appendix 1).
E. Trial an infrared camera method for quantifying bulb density
The original protocol for boat-based surveys included a method for estimating bulb density,
but the method was not feasible for a wide range of reasons. However, even semiquantitative estimates of bulb density can be a valuable parameter in characterizing kelp
beds. A method utilizing a near-infrared camera on a pole was explored. Briefly, the camera
is mounted on top of an 8-foot pole at a fixed angle. On land, the field of view is measured
and the area captured in a photograph is calculated (Figure 16A). On the boat, the same pole,
fixed angle, and camera with lens is used to capture 4 quadrats around the boat (Figure 16B).
A.

B.

Figure 16. Prospective method of imaging to estimate bulb densities with a near infrared
camera. A. Sketch of camera mounted on pole at a fixed angle, with a measured area on
land. B. Image of prospective method on the water. Photo by Rich Yukubousky.
A comparison of sample images shows that counting bulbs can be done from photographs
(Figure 17). Even with a high density of bulbs (left side of Figure 15), counting is relatively
straightforward. Although visible (RGB) images could be used (lower photos in Figure 17),
the near infrared images allow unequivocal identification of bulbs at the surface (upper
photos in Figure 17). Although this approach has potential, it has several requirements.
Water conditions need to be calm, without chop or shorter interval swells. The pole must be
held as vertical as possible throughout the rotation. And, of course, there is a risk of water
damage to the camera, unless it is waterproof/water-resistant.
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Higher density

Lower density

Figure 17. Photographs taken from a kayak with a camera mounted at a fixed angle on an 8foot pole, showing both higher density (left) and lower density (right) beds. Images with a
near infrared camera (upper images) show only bulbs at the surface, while images with a
visible light camera (lower images) show both surface and subsurface bulbs.
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