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PROJECT OVERVIEW
Problem Statement

The original goal of this project was to measure how the buoyancy of bull kelp (Nereocystis
luetkeana) changes throughout its life cycle when cultivated in the Prince William Sound (PWS).
Understanding this progression is important for designing anchoring and mooring systems that
can withstand the increasing upward force that bull kelp exerts as it matures. While this species
shows strong economic potential for the Alaska mariculture industry, its floating pneumatocysts
present unique challenges not well addressed by farms designed when this project was
undertaken in contrast to sinking species like sugar (Saccharina latissima) and ribbon kelp
(Alaria marginata). At the time this project began, there was no published data on the full-
seasonal progression of cultivated bull kelp buoyancy, very little information on how this species
behaves on farms, and few published reports on the oceanographic conditions bull kelp requires
for growth in the wild.

Background/Context

While wild populations occur locally (Hinchinbrook Entrance and southwestern PWS),
cultivated bull kelp in this region often remains small at harvest. This is mainly due to kelp farm
designs as stipe growth stop when pneumatocysts reach the surface. The farming of bull kelp in
PWS has only happened on catenary arrays suspended at the surface without mid-season
adjustments for depth. These thalli lack the typically long and robust stipes sought after by
processors like Barnacle Seafoods (Stephens et al. 2023) but still hold economic value for buyers
with other products in mind.

In the wild, bull kelp’s range is typically from southern California (Foreman 1962) to the
Aleutian Chain of Alaska. The farthest west this species has been documented is Umnak Island
in the Aleutians (Miller and Estes 1989), which is approximately 870 km (470 nm) south of
PWS. PWS appears to be the farthest north this species has been found as no documentation can
be found to indicate wild stands are present in latitudes higher than PWS (60.6367, -146.0076).

The Native Village of Eyak’s (NVE) Sheep Bay research farm (SBRF) site offered an
opportunity to test a novel cultivation method using suspended crab pots while monitoring
growth and buoyancy over time. With oceanographic instrumentation capturing temperature,
nutrients, and current velocity, the project was designed to evaluate oceanographic conditions
alongside kelp development. Due to issues with bull kelp growth, the project shifted its focus to
fill the knowledge gap related to optimal habitat conditions for bull kelp and generate useful
information for others working to grow bull kelp in exposed, northern Gulf of Alaska locations.
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Proposed Solution

The original design of this project focused on growing bull kelp on crab pots (referred to as “kelp
pots”) suspended in the water column, collecting morphometric and buoyancy data throughout a
one-year cycle, and relating those measurements to current, salinity, and temperature. The goal
was to document how upward force increased as the kelp matured and to provide real-world data
that could inform gear design at exposed farm sites. The kelp pots were selected as a way to
isolate small experimental units that could be stationed at a consistent depth and easily
monitored. Further technical details of the project can be found in the DATA & PROJECT
OUTCOMES section.

During the pilot season (2023-2024) seed string was attached four kelp pots and deployed at 6 m
depth. One additional control kelp pot was deployed without seed string. Morphological
measurements followed methods determined by the Bull Kelp Research Squad (BKRS) working
group. Changes in buoyancy of kelp were determined following the methods of Denny et al.
1997 by weighing the kelp pots using crane scales. Oceanographic instruments including
temperature loggers in the surrounding area collected data throughout the study. An acoustic
doppler current profiler (ADCP) was deployed by our partners at the Prince William Sound
Science Center (PWSSC). The Mariculture Research and Reconnaissance project (Mar Recon)
funded by the Exxon Valdez Oil Spill Trustee Council occurred in tandem with this project. As
part of Mar Recon, water samples were collected within 100 m of the kelp pots at 3 m to assess
nutrients including nitrate, nitrite, ammonia, and phosphate.

After minimal growth in the 2023-2024 season and no recruitment in the second season, we
shifted our project focus. Although we could not carry out the original buoyancy measurements,
we had a full record of oceanographic conditions at the site to understand why bull kelp failed to
grow. Rather than abandon the effort, we reframed the work as a case study in oceanographic
constraints on bull kelp cultivation. That shift may offer even more value to other growers
working in similar environments.

Project Objectives, Tasks, and Measures of Success

The original overall objective of this project was to assess temporal variability in bull kelp
buoyancy during a one-year growth cycle. Success under the original project design depended on
collecting consistent morphometric and buoyancy data throughout the growing season. In
practice, bull kelp did not grow to a size that allowed for meaningful buoyancy measurements
during the first season (2023-2024). No growth occurred during the second season in 2024-2025.
As a result, the project did not meet its original objective of quantifying seasonal changes in
buoyancy. These outcomes shifted the measure of success from buoyancy quantification to
identifying constraints on bull kelp cultivation at this site. The project ultimately provided insight
into the environmental and seasonal factors that may limit growth in Prince William Sound and
informed future decisions about outplant timing, site selection, and cultivation methods (see
DATA & PROJECT OUTCOMES).
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Project Outcomes

Over the two growing seasons (2023-2024 and 2024-2025) of this project, our bull kelp did not
grow to a size large enough to effectively measure buoyancy changes. This setback created an
opportunity that lead us to determine best practices for growing bull kelp in PWS and how this
region has unique needs when it comes to outplant timing compared to the rest of the state.
Because we maintained consistent and detailed oceanographic and abiotic monitoring throughout
the study period, we shifted our focus to better understand the environmental conditions that may
have contributed to our cultivation challenges. Our new goal was to help other farmers avoid
similar outcomes by sharing what we observed including what did not work. In doing so, we
provide useful guidance for future farmers and researchers working to grow bull kelp in exposed
sites in Prince William Sound and similar environments.

During the 2023-2024 season, bull kelp established on the seeded kelp pots showed some
growth (see DATA & PROJECT OUTCOMES for full details). The first measurable thalli were
recorded in April 2024 with an average bulb plus stipe length (BSL) of 20.98 mm + 10.29
standard deviation (0.83 =+ 0.40 in) and a density of 104.27 + 47.32 individuals per meter. Peak
average BSL reached 51.71 £ 17.23 mm (2.0 + 0.67 in) in June with a density of 40.15 +22.11
individuals per meter. Growth slowed through the summer. By August 2024, few intact
specimens remained on the pots. The individuals present were just pale yellow stipes with
broken pneumatocysts. One measurable individual had a BSL of 56 mm (2.2 in). Buoyancy
measurements of the kelp pots were collected early in the season, but the contribution of bull
kelp biomass to overall buoyancy remained negligible due to limited growth. As a result, the
project did not produce usable data on the progression of buoyancy through time.

A second outplant took place on December 18, 2024 following a no-cost extension approved by
AFDF. All methods were replicated as in the first year. Sori were collected from the same
location near Shelter Bay. The University of Alaska Southeast Sitka campus hatchery was used
for seed string cultivation. The seed string that was delivered was of better quality than the first
year of outplanting. By April 2024, bull kelp thalli were not observed on kelp pots. No bull kelp
recruitment or growth occurred during this second season. No morphometric or buoyancy data
could be collected. In August, kelp pots and the ADCP were removed by PWSSC.

Published literature for wild bull kelp stands in British Columbia indicate temperature and nitrate
thresholds may not have aligned in PWS during the time of our study based on the
oceanographic data we collected. Pontier et al. (2024) documented optimal growing conditions
as those with nitrate availability above 1 uM/L and water temperature in the range of 9-11°C
(48.2-51.8°F). In the winter and early spring, when nitrate was above 1 uM/L, the water
temperature was too cold and sunlight may have been limiting. When both sunlight and
temperature were optimal in the summer, nitrate was below 1 pM/L. The most optimal
conditions for sporophytes in PWS may be in late September/early October. This indicates that
farmers should plant early in the fall and collaborate with hatchery operators early in the season.
These findings may also be applicable to other brown algae species like sugar and ribbon kelp.
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Successes, Challenges, Lessons Learned

This project produced a detailed record of environmental conditions at an exposed site in PWS
and paired those data with two growing seasons. While the original objective focused on
buoyancy, the project instead identified constraints that affect whether bull kelp will grow at this
site under the methods tested.

The most important lesson relates to outplant timing. Seed string deployed in mid-December did
not lead to successful growth at this site. Observations from other PWS farms, especially Noble
Ocean Farms, indicate that earlier outplanting in October results in significantly stronger growth.
Earlier planting seems to allow kelp to develop before the spring transition when light and
nutrient conditions begin to improve. At SBRF, December outplanting likely delayed
development past this window.

This result contrasts with practices in regions such as Juneau, where December planting has
supported successful bull kelp cultivation. Differences in seasonal light availability and
environmental conditions between regions likely influence these outcomes. Site-specific timing
appears to play a larger role than previously assumed.

Environmental conditions at SBRF did not align consistently with periods that support bull kelp
growth. Temperature, nutrient availability, and light did not overlap in a way that allowed full
development of bull kelp. Short windows of favorable temperature occurred when nutrient
concentrations appeared low, and periods with higher nutrients occurred during reduced light
conditions and cold temperatures. This mismatch likely limited growth throughout the season
(See DATA & PROJECT OUTCOMES section for details).

Current speed and direction did not appear to constrain growth. Measurements fell within ranges
reported for successful bull kelp habitats in other regions. This suggests that factors other than
hydrodynamics drove the observed outcomes.

This work highlights the importance of aligning outplant timing with site-specific environmental
conditions. It also shows that successful methods in one region may not transfer directly to
another. Future efforts at this site should prioritize earlier outplant timing and continued
evaluation of nutrient and light conditions to better match the environmental window required
for growth.

Continuation + Dissemination of Results

Findings from this project have already been shared with the mariculture community at the 2025
Alaska Mariculture Conference. Results will continue to be shared through NVE’s outreach
channels, including written summaries and direct communication with partners, the Mar Recon
program, and other farmers working in Prince William Sound.
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The DATA & PROJECT OUTCOMES section will also be shared with the Bull Kelp Research
Squad (BKRS), a collaborative group focused on understanding the physical and environmental
constraints associated with cultivating buoyant kelp species. The goals of BKRS include
developing standardized methods, improving farm design, and identifying environmental
conditions that influence growth and performance of species such as bull kelp. This project
contributes directly to those efforts by providing a detailed case study from an exposed site at the
northern edge of bull kelp’s range.

While the project did not produce buoyancy data, it provides information on conditions under
which bull kelp growth remained limited or did not occur. These findings complement ongoing
BKRS work by helping define the boundaries of successful cultivation and by highlighting the
importance of site-specific environmental windows and outplant timing. Sharing these results
will support broader efforts to improve cultivation methods and reduce risk for growers working
with bull kelp.

Future work at the Sheep Bay Research Farm will focus on earlier outplant timing and continued
evaluation of environmental conditions that support growth. Additional analysis of nutrient
dynamics and comparison with other sites in Prince William Sound and the Gulf of Alaska will
help refine these observations and guide future cultivation strategies.
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DATA & PROJECT OUTCOMES

Introduction

Bull kelp cultivation in Prince William Sound (PWS) has produced inconsistent results with no
commercial farms in the region producing thalli with long stipes like those seen in the wild or
sought after by buyers. While wild populations occur near the outside exposed coastal areas of
PWS and some farms have reported successful cultivation, growth at sites resembling exposed
natural areas have been unsuccessful. This variability suggests that environmental conditions and
seasonal timing may play a larger role in PWS bull kelp development than currently understood.

This study evaluated bull kelp growth alongside concurrent measurements of temperature,
currents, and nutrient availability at the Sheep Bay Research Farm (SBRF). The original
objective focused on quantifying buoyancy over a growing season, but limited growth shifted the
emphasis toward understanding environmental constraints on cultivation. By pairing biological
measurements with continuous oceanographic monitoring and regional nutrient datasets, this
work examines how conditions at this site compare with those associated with wild bull kelp
growth in other regions.

Methods

Sori Collection, Hatchery Cultivation, and Experimental Design on Kelp Pots

Bull kelp sori were collected from wild populations located approximately 45 km (24.30 NM)
from the SBRF near Shelter Cove (Fig. 1). Collections took place on October 22, 2023 for the
first growing season and November 4, 2024 for the second growing season. Sori tissue was
collected from mature blades from the surface by boat. Only healthy individual bull kelp with
visible sori development were selected. Sori tissue was removed from the blades and placed on
seawater dampened paper towels. Paper towels were then wrapped loosely and kept cool and
moist during transport.

For the 2023-2024 season, sori were shipped to Briana Murphy at the Mothers of Millions
hatchery in Seward, Alaska. For the 20242025 season, sori were shipped to the University of
Alaska Southeast Sitka campus, where cultivation was carried out by Dr. Angela Bowers. In both
cases, hatchery staff induced spore release from sori tissue and seeded culture lines under
controlled conditions to 1000 spores/mL. Standard hatchery protocols for bull kelp were
followed. Seeded lines were maintained in temperature-controlled seawater systems under
regulated light conditions until juvenile sporophytes developed to an appropriate size for
outplanting.

Seeded lines were transported to the SBRF and deployed on December 18, 2023 and December
18, 2024. At the farm, bull kelp was cultivated using modified 1 m % 1 m crab pots (Fig. 2).

Nylon tape (19 mm; 0.75 in) was woven on to the top of each of the five “kelp pots” to provide
sufficient area for holdfast development. Kelp pots were threaded with approximately 10 m (33
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ft) of seeded line attached to nylon webbing on the frame of the pot. Four pots were seeded
during each outplant event. One additional pot remained unseeded as a control to account for
changes in buoyancy associated with biofouling.

Kelp pots were deployed at a site depth of approximately 20-35 m and suspended in the water
column at approximately 6 m (19.7 ft) depth using surface buoys and mooring lines. This
configuration allowed the pots to remain submerged while maintaining a consistent depth
relative to surface conditions. The design also allowed for retrieval of individual pots for
measurement of growth and buoyancy without disturbing adjacent units. All outplanting
activities were conducted under calm weather conditions to ensure accurate placement and
minimize stress on seeded lines.

Currents

Currents adjacent to the SBRF were measured with a RDI Teledyne 300kHz Workhorse Acoustic
Doppler Current Profiler (ADCP; Teledyne Analytical Instruments, Industry, CA). The ADCP
was bottom mounted in an upward looking configuration at a site immediately south of the kelp
moorings at ~47 m (154.2 ft) depth (a bathymetry survey was done prior to deployment to
choose the site) and was set to measure currents in 1-m depth bins every twenty minutes. Those
observations were then binned into one-hour averages. To estimate near surface currents, the
topmost bin was detected by finding the height of maximum acoustic return (i.e. intensity), and
the second-to-last bin was then used as a measure of the “near-surface” current likely
experienced at the depth of the kelp frames. The 2023 deployment was from December 2023 to
July 2024, and the 2024 deployment was from November 2024 to July 2025.

Temperature

Three HOBO TidbiT MX Temperature 400-ft Data Loggers (Onset, Bourne, MA) were deployed
at the SBRF (SBRF) in December 2022 at 1 m, 5 m, and 10 m depth on a 10 m 2" nylon line.
HOBO loggers were programmed to collect temperature data every half hour during deployment.
Temperature at 5 m (16.4 ft) depth is reported here as it is the most relevant to this current
project. Temperature at 10 m was too deep for kelp pots. Bull kelp never reached 1 m depth, so
these data are also excluded for brevity. Daily temperature measurements were combined to
create daily averages.

Nutrients

Nutrient data were collected as part of the Mariculture Research and Restoration Consortium
(Mar Recon) funded by the Exxon Valdez Oil Spill Trustee Council and graciously shared with
this project as NVE is a principal investigator on Mar Recon. The Mar Recon project evaluates
the environmental and ecological effects of kelp and shellfish farming across multiple sites in
Alaska’s oil spill-affected regions. It combines standardized monitoring of water quality,
oceanographic conditions, and biological responses to understand how mariculture interacts with
marine ecosystems and to inform sustainable industry development.
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Water samples from SBRF were collected monthly during 2024 at 3 m (9.8 ft) with a Niskin
bottle sampler and filtered through glass fiber filters (Whatman GF/F). Frozen samples were then
measured for nutrients at the University of Alaska Fairbanks Southeast campus with a Seal
Analytical AA3 autoanalyzer. The most relevant nutrient for this analysis was nitrate (NO3) and
will be the only nutrient discussed below. Individual data points were plotted over time in
micromoles per liter (uM/L).

Historic NOs data collected through the Gulf Watch Alaska program, another EVOSTC funded
long term monitoring program, are included here. These data are public and can be found on the
GWA website (gulfwatchalaska.org [Data Portal]). The exposed Simpson Bay mouth long term
monitoring site was selected as it is near SBRF (8.76 km; 4.73 NM) and may experience similar
oceanographic forces. Water samples were collected using similar methods to the Mar Recon
project. These water samples were collected at 5 m depth at the mouth of Simpson Bay from
2013 to 2021 six to eight times annually (n = 51). Samples were measured for nutrient content at
PWSSC using a similar Seal Analytical AA3 and other spectrophotometers. A generalized
additive models was created as an illustrative exercise to display the broad seasonal pattern of
NO; variation at the mouth of Simpson Bay.

Bull Kelp Morphology and Measurements

Individual plants were measured only on kelp pot #4 on 3 m of the 10 m grow line. This was due
to the destructive sampling that would have occurred for buoyancy measurements if kelp grew to
an appropriate size as initially planned. Removing individuals would have impacted the overall
buoyancy of the kelp pot and compromised the overall experiment if carried out on all kelp pots.
Bull kelp were measured following the methods described by the Bull Kelp Research Squad
(BKRS) working group (Fig. 3). Measurements mainly focused on stipe and pneumatocyst
length and diameter as blades have not been a focus for markets. Monthly measurement and
monitoring trips to the farm began in February of each growing season.

Statistical analyses for ADCP data were analyzed using MATLAB. All other analyses were
carried out using the statistical software R.

Results

All five kelp pots, buoys, and anchoring systems remained intact throughout the two years of the
project. Pots were easily removed from the water to take initial buoyancy measurements and bull
kelp morphometric measurements. The nylon tape was removed for the second season. Instead,
10 m of 13 mm (0.5 in) nylon grow line was used after observing success with this material at
Seaquester Farms in Juneau. As crab pots, they initially came and were deployed with stainless
steel wire webbing. This material deteriorated over time and was also removed for the second
season.

Currents
Current Direction Summaries
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During the 2023 deployment, the surface currents were predominantly directed out of Sheep Bay.
The current rose diagram for 2023 (Fig. 4) indicates that the most frequent and strongest currents
flowed toward the southwest (roughly pointing toward the Gulf of Alaska via Montague Strait or
Hinchinbrook Entrance). This prevailing southwestward orientation suggests that, for much of
the 2023 period, surface waters were moving outward from the Sound. There were also smaller
peaks in the opposite direction (northeastward), reflecting intermittent reversals. These reversals
were likely due to tidal currents or brief wind-driven inflow events, which can momentarily drive
water into the Bay. From May into July surface currents were more bipolar, with transport both
in and out of the Bay.

The 2024 deployment showed a broadly similar directional pattern, with surface currents again
tending toward outflows in autumn/winter. The 2024 current rose (Fig. 5) also reveals a
dominant southwestward flow, implying that, as in 2023, the surface circulation was primarily
carrying water out of the Bay. The secondary northeastward components (opposite to the main
outflow direction) were more pronounced in 2024, suggesting that reversals or variable flows
occurred more frequently or for longer durations that year. In other words, while both years
featured a prevailing outward flow, the 2024 currents had greater directional variability. This
could reflect more oscillatory tidal influence or intermittent inflows in 2024 compared to the
relatively steadier outflow bias seen in 2023.

Seasonal Changes and High Frequency Variability

Each deployment captured the evolution of currents over time (Figs. 6 and 7), revealing clear
seasonal transitions. During autumn of each year, the surface currents were consistently toward
the southwest. By March more northerly currents occurred, and regular diel shifts attributable to
tides began to become more and more prevalent. By June and July northward currents
predominated.

The pattern was also evident in the Progressive Vector Diagrams (PVD; Figs. 8 and 9), with
southwest transport in the autumn and winter months, more tidal variability in spring, and
switching to northeast (or more properly, ENE) in the summer months.

Circulation and Flushing

The results from these two ADCP deployments provide insight into how water circulates and is
exchanged between PWS and Sheep Bay. In both years, the surface currents were predominantly
directed outward to the southwest during winter months and tidal changes were muted, indicating
that transport overwhelmed tidal impacts. That transport may have been due to the wind forcing
characteristic of the winter months. Come spring, particularly in April/May, tidal forcing began
to predominate, indicating that larger scale forcing had relaxed. Moving into the summer months
northeasterly flows became more common and were likely caused by the regular
counterclockwise geostrophic circulation that sets up PWS in summer. At the western side of
Sheep Bay, that transport is likely set up by coastally trapped buoyancy currents from the outputs
of the Rude River in Nelson Bay, and from Simpson Bay to the west, which would then wrap
around Sheep Point and past the farm site.
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Temperature

From December 2022 to August 2024, water temperature at 5 m displayed typical seasonal
variation for PWS (Fig. 10) with the coldest temperatures experienced in the late winter/early
spring (01Mar24: 4.02 °C; 39.24 °F) and warmest in the late summer/early fall (07Aug23: 15.28
°C; 59.50 °F). During the first summer of the SBRF, the farm experienced a cycle of sinking and
rising from July into August when it eventually did not rise back to the surface. Temperature data
during this time was removed as it does not reflect the temperature at 5 m during that time. In
August 2024, the line and HOBO loggers were lost due to storm damage on the farm.

Nutrients

Nine years of nitrate data from the GWA program at the mouth of Simpson Bay collected at 5 m
depth (Fig. 11) showed a clear seasonal pattern of peak nitrate concentrations in the winter
(February) with a quick depletion in a matter of weeks with the onset of the spring productivity
season starting at the end of March and beginning of April. Once NOs is depleted from the top of
the water column by May, it remains low throughout the summer and into early fall. By the end
of September, NOj starts to increase again and steadily rises toward its peak in the winter.

Mar Recon NOj3 data was only available for the 2024 season (Fig. 12). Results from 2025 are
still pending. The 2024 season showed a similar pattern as seen at the mouth of Simpson Bay
with a dramatic decline in NOs3 from mid-March to early April to less than 1 uM/L.

Bull Kelp Morphology and Measurements

During the 2023-2024 season, bull kelp established on the seeded kelp pots showed some
growth. The first measurable thalli (n = 18) were recorded in April 2024 (Tbl. 1) with an average
bulb plus stipe length (BSL) of 20.98 mm + 10.29 standard deviation (0.83 = 0.40 in) and a
density of 104.27 + 47.32 individuals per meter. Peak average BSL reached 51.71 = 17.23 mm
(2.0 £ 0.67 in) in June (Fig. 12) with a density of 40.15 + 22.11 individuals per meter. Growth
slowed through the summer with kelp remaining pale yellow in color (Fig. 13). By August 2024,
few intact specimens remained on the pots. The individuals present were just stipes with broken
pneumatocysts. Only one measurable individual was present.

Conclusions

Our continuous records of current speed and direction, temperature, and regional nutrient data
provide a picture of oceanographic conditions at the SBRF during bull kelp cultivation
specifically for the 2023-2024 season. When paired with growth measurements, these data help
explain why bull kelp did not establish or develop at this site. Growth rates remained below 0.5
mm (0.2 in) per day prior to June and slowed further through the summer. After June, growth
effectively stopped. Peak average size was several orders of magnitude less than the 5 m or
longer thalli that was this project’s goal. The decline in density of individuals present on kelp
pots also indicated fundamental issues with growing conditions (Tbl. 1). During the second
season, no recruitment occurred.
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These growth outcomes contrast with published descriptions for oceanographic conditions. For
example, current speeds and directional patterns at the SBRF fell within ranges reported for
successful bull kelp growth in other regions (Duggins et al. 2001., Ahn et al. 1998, Johnson and
Koehl 1994). Robust wild bull kelp stands have been found in areas with currents measured as
low as 0.27 m/s (0.52 kts; Ahn et al. 1998) and up to 1.7 m/s (3.3 kts; Johnson and Koehl 1994),
well within the range of currents observed at SBKF (Figs. 4 and 5). Seasonal circulation patterns
reflected typical PWS dynamics, including winter outflow, spring tidal variability, and summer
inflow. These observations indicate that current conditions at this site did not limit bull kelp
growth. Instead, currents likely influenced water exchange and nutrient transport but did not
provide a constraint on development.

Other oceanographic conditions directly affecting kelp physiology may have played more
significant role in affecting growth. Pontier et al. (2024) reported growth rates up to 13—14
cm/day when optimal temperature, nitrate, and light conditions aligned. In British Columbia,
where wild stands of bull kelp were studied from May through November 2016-2019, the best
growing conditions were observed when temperatures fell between 9-11 °C (48.2-51.8 °F), NO3
levels were above 1 uM/L, and daily light integrals were 20-40 mol/m?/d. Measuring light at
such a fine scale was outside the scope of this present study, but these three factors most likely
played a significant role in truncating growth in our bull kelp. Other published work has
documented higher temperature thresholds for bull kelp at 11.9 °C (53.4 °F; Supratya et al. 2020)
in BC indicating some phenotypic plasticity. Off the Homer Spit in 2001, bull kelp grew in 8.4-
11.7 °C (41.1-53 °F) water but stands disappeared when NOj levels declined to 0.66 pM. Other
bull kelp stands were observed elsewhere in Kachemak Bay where seawater NO3 was higher
than 1 uM/L.

When looking at the timing of temperature, NOs, and bull kelp grow during the spring of 2024,
there is a clear mismatch among the optimal conditions bull kelp require to grow in the wild.
When planted in December, nitrate may have been on the rise (Fig. 11) and was in abundance in
January and February. However, this was at the time when water temperature at 5 m was at its
lowest. These are also months with the least amount of sunlight. At our latitude, PWS receives
less sunlight during this time than Kodiak or Juneau, which lie 317 km (171 NM) and 260 km
(140 NM) south respectively.

At no time during this study did the reported optimal growing conditions for bull kelp align for
ours. These studies were on mature wild kelp not immature newly growing hatchery raised
sporophytes. It is likely that sporophytes need to be planted during maximum optimal conditions
for mature sporophytes to successfully grow. For this present study, it appears planting in
December is not an optimal time for adult kelp much less for hatchery sporophytes.

When looking at past data trends for temperature and NOs3 at the mouth of Simpson Bay,
potentially optimal conditions for bull kelp may occur at the end of September to beginning of
October. This is a period when water temperatures remain relatively warm and NOj is refreshed
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back into the surface of the water column during the fall storm cycles. Bull kelp planted during
this time or before may have the best opportunity for growth. Noble Ocean Kelp Farms in PWS
has successfully grown bull kelp by planting this crop during this time period. These results may
also be applicable for other species of brown algae like sugar and ribbon kelp. NVE’s attempt to
plant sugar kelp in March 2023 and February 2024 due to statewide hatchery limitations were
also not successful even though success has been reported in other parts of the state when
planting at this time of the year, i.e. Kodiak. This may indicate that PWS should start hatchery
operations earlier (October 1, or earlier plant date) than other regions for all species of brown
algae.
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Tables and Figures

Date Density (ind/m) +SD _BSL (mm) = SD SL+SD  SBD=SD  SHD=SD MSD=SD _ BD=SD GrowthRate
16-Apr-24 104.27+47.32 20.98+10.29  34.33+850 0.87+0.19 1.18+0.28 1.21+0.33 1.33+0.42 -
20-Jun-24 40.15+2211 51.7117.23 47.35:12.84 182%0.52 2.268:0.62 225%0.46 6.75+4.54 0.47
21-Aug-24 0.58+0.52 56 47 3 3 3 9 0.07

Table 1. Bull kelp morphological measurements collected during the 2023-2024 field season.
Measurement definitions can be found in Fig. 3.
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Anchorage, AK

N 20

Figure 1. A map of Prince William Sound with bull kelp collection site highlighted [*] near
Shelter Cove. The location of NVE’s Sheep Bay research farm where the project took place is
labelled with [].
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Figure 2. Crab pot schematics. 4. Design of the modified crab pots to grow bull kelp. B. Kelp
pots before deployment with 19 mm (3/4 in) plastic strapping cord for holdfast surface. C.
Bull kelp pots below the surface with buoys at the Sheep Bay Research Farm in PWS.
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Bulb + Stipe Length (BSL)
Stipe Length (SL)

Sub Bulb Diameter (SBD)
Supra Holdfast Diameter (SHD)

Mid Stipe Diameter (MSD)
Bulb Diameter (BD)

BSL

Figure 3. Bull kelp morphological measurements collected during this
project as defined by the Bull Kelp Research Squad working group. These
features were determined to be the most economically relevant features for
this species to monitor.
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Figure 4. Distribution of surface current directions and speeds during the 2023-2024 ADCP
deployment. The length and color of bars indicate the frequency of currents coming from each
direction (a current “rose” diagram). This shows a dominant flow toward the southwest with
occasional current reversals in the opposite direction.
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Figure 5. Surface current rose for the 2024-2025 deployment. The pattern is broadly similar to
2023, with a prevalent southwestward (outgoing) flow, but the secondary peaks and overall

spread indicate differences in variability compared to the previous year.
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Figure 6. Time series of near surface current vectors during the 2023-2024 deployment (stick
plot with time on the horizontal axis). Arrows point in the direction of flow (relative to north),
and their length indicates current speed. Note that arrowheads have not been plotted, to

reduce clutter on the figure.
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Figure 7. Surface current vector time series for the 2024-2025 deployment. Similar axes and
format as Figure 6.
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Sheep surface PVD, 18-Dec-2023 to 08-Jul-2024
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Figure 8. Progressive Vector Diagram (PVD) for the 2023-2024 deployment. This diagram
tracks the hypothetical displacement of a water parcel over the deployment, by cumulatively
summing the measured currents over time. The green dot indicates the first observation, the
red dot the last, and the 1st observation of each month is marked with a blue dot.
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Sheep surface PVD, 10-Nov-2024 to 01-Aug-2025
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Figure 9. Progressive Vector Diagram for the 2024-2025 deployment. Format is identical to
Fig. 8.
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2023
Month 2024

Figure 10. Timeline of temperature at 5 m on the Sheep Bay research farm from December
2022 to September 2024. Data gaps indicate periods when temperature was logged at depths
other than 5 m so were removed. Black dashed lines indicate temperature thresholds for bull
kelp as described by Pontier et al. 2024 (9-11 °C). The gray dashed line: the upper limit
defined by Supratya et al. 2020 (11.9 °C).
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Figure 11. Generalized additive model of nitrate data collected at the mouth of Simpson Bay
from 2013 to 2021 via the Gulf Watch Alaska long term monitoring project. The blue line
indicates the best-fit model showing seasonal variation while the dashed blue lines showed
95% confidence intervals. The dashed black line notes the NO3 thresholds for bull kelp as
described by Pontier et al. 2024 (1 uM/L).
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Figure 12. Temperature (top), Mar Recon nitrate data (middle), and bull kelp bulb plus stipe
length (BSL; bottom) during the 2023-2024 pilot season. Dashed lines indicate growth
thresholds for temperature and nitrate as described in Figs. 10 and 11. For BSL, the initial
zero data point in December is an estimate for illustrative purpose to show the growth trend

between planting and first measurements in April. Error bars indicate one standard deviation
(see Tbl. 1).
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Figure 13. Extra bull kelp grown on the Sheep Bay Research Farm in July 2024
showing the maximum condition kelp reached during this study (grow line is 12.7 mm

[0.5 in] for comparison). Photo courtesy of the Prince William Sound College and Dr.
Amanda Glazier.
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ADDITIONAL INFORMATION

Project Timeline

The project followed the proposed timeline during the first field season with adjustments made
after initial results indicated that bull kelp growth did not progress as expected. These
adjustments led to a second growing season under a no-cost extension to better evaluate site
conditions and confirm initial observations.

The project began on August 3, 2023 with planning, coordination, and preparation of gear and
logistics. Bull kelp sori were collected on October 22, 2023 from a wild population near Shelter
Cove and shipped to the Mothers of Millions hatchery for seed string cultivation. Modified crab
pots were deployed at the Sheep Bay Research Farm in November 2023.

An acoustic Doppler current profiler (ADCP) was installed at the site in December 2023 by the
Prince William Sound Science Center to measure current speed and direction. The ADCP
collected data through July 2024 at which point it was removed for maintenance. It was
redeployed in November 2024 and collected data through July 2025 after which it was removed
by PWSSC at the end of the project.

The first outplant took place on December 18, 2023. Monitoring and data collection proceeded as
planned through winter and spring. A site visit on February 15, 2024 included the first buoyancy
measurements of kelp pots although bull kelp had not developed to a measurable size at that
time. Morphometric measurements began on April 16, 2024 once plants reached sufficient size.
Additional measurements were collected on June 20 and August 21, 2024. By late August,
growth had slowed substantially and plant density had declined. This prompted a reassessment of
the project trajectory.

A no-cost extension was approved on October 31, 2024 to allow a second growing season. Sori
were collected again on November 4, 2024 and sent to the University of Alaska Southeast Sitka
campus, where seed string was cultivated. A second outplant took place on December 18, 2024
using the same site and gear configuration.

Environmental monitoring continued through the second season. No bull kelp recruitment or
growth occurred, so no morphological measurements could be collected during this period. The
extended timeline allowed for continued collection of oceanographic data and confirmed that the
conditions observed during the first season were consistent across years.

The project concluded on January 30, 2026. While the original scope focused on buoyancy
measurements, the timeline shifted to emphasize environmental analysis after growth did not
progress as expected. This adjustment ensured that the project still produced useful information
for future cultivation efforts.
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Additional to Share

This project highlights the importance of site-specific conditions and timing when working with
bull kelp in Prince William Sound especially compared to other regions in Alaska. Results from
this work suggest that aligning outplant timing with seasonal windows of temperature, nutrient
availability, and light may play a critical role in successful cultivation. Earlier fall planting
appears to offer a better opportunity for blade development prior to the spring transition.

The project also demonstrates the value of maintaining consistent environmental monitoring,
even when biological outcomes fall short of expectations. The dataset generated through this
work provides insight into conditions that may limit bull kelp growth at exposed sites and offers
a reference point for future efforts.

This work will continue to inform future trials at the Sheep Bay Research Farm and contribute to
broader discussions among researchers and growers working with bull kelp in Alaska.
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BUDGET

FINAL BUDGET
Joint Innovation Projects - EDA BBB

Submitted to AFDF
Native Village of Eyak

Expenses Budget Final

Salary S 41,488 | S 46,656
Benefits S 12,446 | S 11,859
Travel Expenditures S 703 |S 5,275
Supplies S 8152 (S 6,495
Contractual Exp S 30,114 | S 26,550
Fuel S -1S 866
Postage S 128 | S 653
Activities S -|S 200
Dues, Subs. & Membership S 637 | S 220
Freight In/Out S S 285
Conference Fees & Registration | $ -1 942
Total EXPENSES $ 100,000 | $100,000

Project expenditures remained within the approved budget. After observing limited growth during the first
season, adjustments were made to the project schedule and workload to reduce costs where possible.
These adjustments allowed remaining funds to support a second growing season under a no-cost
extension, which ensured continued data collection and evaluation of site conditions. All expenditures
aligned with the approved scope of work, and no unanticipated or unallowable costs were incurred.
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PHOTOS

Wild bull kelp stand near Shelter Bay in Prince William Sound where bull kelp sori was
collected in October 2023.
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Trainwheel anchors for kelp pots deployed
from the Prince William Sound Science
Center’s research vessel the New Wave in
December 2023.
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Kelp pots with % in nylon tape and 33 ft of

bull kelp seed string ready to be deployed in
December 2023.
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Bull kelp with pneumatocysts starting to form (center) on kelp pot in
April 2024.
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Wild bull kelp sori collected in November
2024.
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NVE Department of the Environment and Natural Resources Engineer Jimmy Paley (left) and
Marine Biologist Caitlin McKinstry (right) seed bull kelp pots in December 2024 at the
Sheep Bay research farm in Prince William Sound. Note that PPE is on under winter gear.
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b : :
Bull kelp seed string on kelp pots in
February 2025
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