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EXECUTIVE SUMMARY

Seaweed aquaculture is well stablished in Asia, but relatively new in North America. The interest in
growing farmed seaweed is increasing worldwide due to its role in sustainable aquaculture and potential
for applications in an array of sectors of industry, from plant stimulators for agriculture to bioplastics and
nutraceuticals. Newfoundland presents strong potential for seaweed farming due to the presence of
commercially valuable native species, favorable environmental conditions, and a community and industry
with a long-standing connection to the marine environment.

Connaigre Fish farms and Seaweed NL approached CASD requesting assistance with developing Sugar Kelp
(Saccharina latissima) and Winged Kelp (Alaria esculenta) to set experimental kelp growing lines in an
aquaculture site on the Connaigre peninsula in the fall of 2024.

The clients brought in samples of sugar kelp and winged kelp to the Ml aquaculture facility, but it was only
possible to release spores from the sugar kelp samples. Other attempts were made to search and obtain
mature winged kelp samples, but without success. As the nursery experiments are time sensitive, it was
opted to proceed with the sugar kelp nursery and outplant, extending the project to the fall of 2025, when
a second attempt to prepare a winged kelp nursery was made.

The fall 2024 sugar kelp nursery succeeded as well as the transfer of the seeds to the lines and outgrow.
The farmed sugar kelp was partially harvested and brought to the CASD pilot plant for processing as part
of a secondary project. Some of the kelp fronds were cut a couple centimetres above the stipe, so it could
be possible to observe if any regrowth would occur.

A search for mature samples of winged kelp started early in the fall of 2025, but with no success. An
attempt was made to obtain samples of other species of interest such as Laminaria digitata and Fucus
vesiculosus. CASD technicians had success with spore release and seed production of Laminaria digitata
but due to the biological characteristics of Fucus, it was not possible to proceed with replication using the
known conventional nursery practices for kelp species.

Since this was the first attempt to produce Laminaria digitata seeds, as a backup, the CASD technician
also produced a second sugar kelp nursery to secure the continuation for the work in the 2025 season in
case no viable digitata seeds were produced by the time of seeding the lines.

CASD technicians observed sparce growth of Laminaria digitata sporophytes in the spool surface, and a
green algae contamination later in the nursery phase that may have caused the death of most of the
sporophytes by the end of nursery time.

To proceed with the research, it was proposed to prepare the farm for a second season of sugar kelp,
aiming to compare the growth and production of two consecutive years, using alternate methods for
preparing the seed spools and for transporting the seeds to the aquaculture site.
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Seed production was successful, but the quality was lower than in the first season of 2024. Although the
new spool preparation method was effective and improved spools for another research project at the
centre, the reduced quality may have been due to the spore source, the spore release process, or the
genetics and condition of that batch of seaweed. The new transportation method was effective and
ensured a successful seeding of the lines.

Both harvests were performed by the clients and were not included in CASD deliverables. However, the
data comparing the two sugar kelp seasons indicate better growth in 2024 compared to 2025.

In conclusion, the CASD and client teams were successful in collecting sugar kelp samples to produce
seeds. The method used for transporting the seeds and seeding the lines were effective and the site
proved to be suitable to kelp farming taking into consideration the growth observed in both seasons. More
research needs to be done to use the current methodology to replicate and grow other seaweed species
of interest for aquaculture.
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1 BACKGROUND AND INTRODUCTION

Seaweed farming produces 27 million metric tonnes of biomass annually and is the largest marine
aquaculture market by weight with a large majority (99.5 % of the farmed seaweed) of seaweed
production from Asia. Global markets for seaweed are being driven by demands for marine food products,
as well as for potential higher-valued extracts and carbon sequestering from global-warming impacts.
Newfoundland has well established aquaculture, wild fishery and processing sectors that are linked to
global markets (Chung et al., 2017). The province also has a diverse population of native seaweed species
and the ideal environment for seaweed cultivation. Diversification strategies, such as for seaweed could
take advantage of the demands for ‘blue/green’ oceanic culture in our clean, cold Atlantic waters.

NL Seaweed Inc. is a division of 63562, a holding company formed in 2010 for investment and
development of marine bioactives using circular, sustainable models and green chemistry. The company
is a founding partner with the Marine Biomass Initiative (MBI), a funded collaboration with Western,
Dalhousie & Memorial universities, focused on the translation of research & IP into engineered
commercial production systems for agriculture and functional foods. This work will build on the company’s
work in waste to value solutions for aquaculture morts and non-food grade fish waste.

The company founder, Ms. Diane Hollett, is collaborating with Laura Halfyard, General Manager at
Connaigre Fish Farms Inc.; they have a combined experience exceeding 30 years in the aquaculture and
wild fishery sectors. Connaigre Fish Farms Inc. is currently a licensed commercial mussel farm with organic
certification. Also, it has extensive waters in its leases to enhance multi-trophic production for mussels,
seaweed and other potential species.

The interest to culture seaweed and the seaweed market is growing in North America, and Newfoundland
and Labrador are ideally situated to play a role in that growth, having the right people, the right
infrastructure, and the right environment.

This project and funding supported the goal of accessing the potential to grow Sugar Kelp and Alaria
esculenta, so a plan can be traced to produce both species commercially in the next three years.

2 SCOPE AND PURPOSE
2.1 Scope of Project

The scope of this project was to develop a kelp farm in an aquaculture site on the Connaire peninsula.
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2.2 Purpose of Project

The purpose of this project was to make an assessment on the replication and cultivation of Saccharina
latissima and Alaria esculenta as a starting point for developing seaweed aquaculture on the Connaigre
peninsula, Newfoundland.

3 OBIJECTIVES

The objectives of this study were:

1. To produce Saccharina latissima ans Alaria esculenta seeds

1.1  To obtain mature sorus of Saccharina latissima ans Alaria esculenta
1.2  To process both kelp species samples and perform spore release
1.3 To prepare spools containing sporophytes of both kelp species

2. Toseed lines in an aquaculture site on the Connaigre peninsula
2.1  To monitor kelp growth over spring and early summer

3. To harvest the seaweed at the first sign of biofouling
3.1 To take measurements on seaweed biomass and average blade length

4 METHODS

The nursery was setup according to Flavin et al. 2013, with some modifications. Mature sorus were
brought to the lab, processed and desiccated for 24 to 48 hours at 10°C toinduce spore release. The spores
were released in sterile salt water, counted and placed in saltwater with nutrients, in settling tubes along
with the spools (PVC pipe and 1.5, nylon thread that holds the “seeds”) for 24 to 48h. The spools were
then transferred to 20-gal glass tanks with saltwater and nutrients. The nursery time was approximately
six weeks. During this time, the water quality (temperature and pH) was checked daily, and nutrients were
added weekly. Samples of the twine were also observed microscopically every week to monitor seed
development. At the end of the nursery time, the spools were transported to the client’s aquaculture site
to be transferred to the growing lines (late fall/early winter). The lines were monitored and harvested at
the first sign of biofouling (early summer).
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4.1 Spore Release and Nursery Setup — Sugar Kelp, Alaria and L. digitata

The client delivered samples of sugar kelp (Saccharina latissima), winged kelp (Alaria esculenta), and
Laminaria digitata to the CASD aquaculture facility for analysis of viability for spore release (Figure 1). The
viable samples were processed and prepared for spore liberation and nursery according to Flavin et al.
2014. The sorus, mature portion of the blades containing spores, were cleaned with paper towel to
remove dirt, fouling and the excess of mucilage produced by the kelp. A microtome blade was used to
scrape any attached biofouling if necessary. The samples were then cut in smaller pieces (~ 5 cm length)
and dipped in iodine solution in salt water (3%) for 30 second for superficial disinfection. The disinfected
samples were then rinsed in clean saltwater, dried with paper towel and placed in plastic containers within
layers of paper towel, making sure the samples were not stacked or overlapping, for desiccation at 10°C
for 24 to 48 hours (Figure 2).

The desiccated sorus were then placed in a 1 L beaker with saltwater and nutrients (Provasoli's Enriched
Seawater (PES) medium at 9 mL. L'!) at 10°C for spore release (Figure 3). The beaker was left at room
temperature until the solution reached 14°C and then kept at this temperature by placing ice packs around
them. Samples were taken every 15 minutes for spore counting using a hemocytometer chamber, and
evaluation of motility (Figure 4). The values were recorded, and the spore release was considered ended
after the number of spores were stable between two samplings, a process that usually takes from 30
minutes to one hour depending on the amount and quality of samples (Figure 5).

The spore suspension was diluted (400 spores/mL) into four inches settling tubes with 2.3 L of salt water
and nutrients (PES, 9 mL. L) at 10°C, containing the spools (15.5 in 2 in PVC pipes with approximately
40m of wrapped 1.5 mm nylon thread) and kept in the dark for 24 to 48 hours to allow the spores to settle
on the thread (Figure 6). After the settling period, the seeded spools were transferred to 20-gal glass tanks
with salt water and nutrients (PES, 9 ml/L). The water in the tank was kept circulating at 10°C using a
chiller (Active Aqua AACH10HP) and aeration was added. A set of two lights (CSVT L48 ALO3 MVOLT SWW3
80CRI) were installed to each of the opposite sides of the tanks (Figure 7). For the first week of nursery,
the lights were adjusted to 22 umol-m2s, increased to 55 pumol-m2s?t at the end of the second week and
kept at 100 pmol-m2s? from the fourth week until the end of the nursery period. The photoperiod was
set to 12 hours of light and 12 hours of dark, using a timer. The spools were rotated daily, to provide
similar light exposure to all the spools.

The pH of the water was measured daily, and CO, was added to the tank when the value reached 9. After
every week, the spools were transferred to a new tank with clean saltwater and nutrients (PES, 9 mL. L'2).
A sample of the twine was analyzed weekly at the microscope to observe the development of the
gametophyte and sporophytes (Figure 8).
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Figure 2 - Samples desiccated sugar kelp sorus in layers of paper towel at 10° C.
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Figure 4 — Sugar Kelp Spores count using hemocytometer.
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Figure 5 - Beaker with released sugar kelp spores.
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Figure 6 - Spools inside settling tubes containing saltwater with nutrients and spores’ suspension.
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Figure 8 - Weekly analysis of samples of twine (A) and microscopic view of gametophyte and sporophytes of sugar kelp.

4.2 Bladderwrack (Fucus vesiculosus) reproduction assessment

A literature review was conducted to understand the Bladderwrack life cycle and morphology, and to
determine how to run an assay to assess the reproduction of this species in a controlled environment.
Following (Balina et al., 2018) male and female specimens were identified by dissection and microscopic
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observation of conceptacles, Small flask-shaped cavities in swollen seaweed tips that hold reproductive
organs (Figure 9) and the conceptacles of mixed individuals were removed, disinfected in a solution of
iodine 3% in saltwater and then rinsed in clean saltwater, whipped and spread in layers of paper towel to
desiccate at 10°C for three days (Figure 10). The desiccated conceptacles were placed in saltwater with
nutrients (PES, 9 mL. L) for release of eggs and sperm. After one hour, the conceptacles were removed,
and the water was analyzed for presence of eggs. The beaker was incubated at 10°C and weekly analyses
were performed to observe the development of zygotes, embryos and germlings (small developing plant)
(Figure 11).

\

Figure 9 - Microscope observation of Fucus vesiculosus female (A) and male (B) conceptacles.

Figure 10 - disinfected Fucus vesiculosus conceptacles prepared for desiccation.
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Figure 11 - Incubated Fucus vesiculosus conceptcles (A), released eggs (B) and germling (C).

4.3 Outplanting

The kelp spools were transferred to an aquaculture site in Salmonier Cove, Connaigre Peninsula, NL in two
consecutive seasons, starting on January 2024 and January 2025. For the first season, the spools were
transported inside settling tubes with saltwater, with a Styrofoam ring holding them in place and covered
with aluminum foil. For the second out planting, a rack was prepared using corrugated plastic, allowing
the spools to be placed in a cooler with saltwater to keep them moist (Figure 12).

The spools were held by vice grips and unwrapped from a boat onto 1 in rope that was subsequently tied
in ~ 1 m interval loops to a main 1in line set at two meters from the surface (Figure 13). The growing lines
used for deployment were originally designed for mussel growing.

For each season, the client performed periodic monitoring and measurement of the growing kelp (Figure
14), with partial harvest for analysis (part of a second project) at the first sign of biofouling formation
which occurred in July 2024 and June 2025.

Figure 12 — Kelp spools transported inside settling tubes during the first season (A), and spools transported in a rack inside a
cooler during the second season (B and C).
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Figure 13 — Kelp spool held using a vice grip (A) and seeded line tied in loops to the main line (B).
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Figure 14 - Kelp seaweed monitoring
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5 RESULTS
5.1 Sampling, processing and nursery

From the various samples of sugar kelp, Alaria esculenta, Laminaria digitata and Fucus vesiculosus
received, it was possible to release spores and to prepare spools only for sugar kelp in the first season,
and for both sugar kelp and Laminaria digitata in the second season. A spore release with 2,870,000 sugar
kelp spores per mL was achieved in the first season, and 10 spools were prepared. The spools had good
coverage and were held in the nursery for nine weeks until seeding. For the second season, CASD
successfully released 500,000 Laminaria digitata spores per mL, and produced 10 spools, however, the
gametophytes and sporophytes settlement were sparce, and the spools lost their viability after a green
algae contamination, making them unsuitable for outplanting. The samples processed for sugar kelp in
the second season released around 1,000,000 spores per mL that were used to produce 10 spools,
however, an even distribution of the settled gametophytes and sporophytes was not obtainedresulting in
patchy spools. The spools remained at the nursery for six weeks.

5.2 Fucus vesiculosus assessment

It was possible to identify male and female plants by dissection of the conceptacles. The assay to release
eggs and sperm resulted in ~4,000 eggs per mL and, after incubation, it was possible to observe only a
couple of germlings.

5.3 Outplanting and growing

In both seasons, the loop method chosen for seeding the lines for sugar kelp was effective. The two
methods for transporting the spools were effective and kept the overall spool integrity form the nursery
to the seeding site, however, the rack method needs to be improved to achieve better temperature
control and to keep ideal moisture.

The window for harvesting the seaweed was determined as May to June, as biofouling and seaweed
degradation started to be observed late June and early July. Comparing the two sugar kelp seasons, it was
observed that a higher density of kelp, 2.08 kg m™, was achieved in the first season and 1.07 kg m in the
second season. The average length of the blades was also higher in the first season compared to the
second (Table 1 and Table 2).
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Table 1 - First season, 2024, outgrow measurements

Density (Kg m?) Average blade length (cm)
June 6, 2024 S30 1.34 42.3
June 6, 2024 S26 1.41 43.1
July 9, 2024 S30 1.33 41.7
July 9, 2024 S26 2.08 54.5

Table 2 - Second season, 2025, outgrow measurements

Density (Kg m?) Average blade length (cm)
June 16, 2025 S28 1.07 42.2

6 DISCUSSION

The sample collection, processing and nursery as well as site selection, seeds transporting and seeding
method were successful for sugar kelp, but challenges were found while working with other species of
seaweed.

When establishing a seaweed nursery using spores, obtaining high quality mature seaweed samples is the
first and most critical step. The marine environment is dynamic and factors such as nutrient currents and
weather events can interfere with the distribution of the seaweed beds, making it difficult to establish a
fixed location for seasonal sorus sourcing (Charrier et al., 2018). Another factor that can interfere with the
success of the nursery is the proper identification of mature and viable samples, as it requires a constant
effort while preparing field trips, vessel operation and, sometimes, a diving professional. Added to that,
previous experience on species identification and life cycle is also required. For this research, the difficulty
in finding ideal samples, combined with the fact that some seaweed species were being reproduced for
the first time at CASD’s nursery, affected the success of the nursery phase for species other than sugar
kelp, and prevented the continuation of part of the project.

Seaweed gametophytes can be kept in vegetative growth by using red light and can be culture and scaled
up for years when grinded and split. The use of gametophyte cultures can be beneficial for future research,
and will allow more control of the timing for seed production as well as provide a secure source of seeds
when the search for viable mature sorus is limiting (Charrier et al., 2018; Flavin et al., 2023)

Although sufficient spore release from some of the Laminaria digitata samples was observed, this species
has low attachment and slow development compared with sugar kelp. The lack of ideal coverage and slow
growth contributed to the development of green algae by competition at an extent that couldn’t be
controlled, ending with non-viable seeds.

The trials with Fucus vesiculosus were valuable for understanding this species’ biology and life cycle,
however given the nature of this genus of seaweed, it is more likely to yield better results through
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vegetative propagation rather than sexual reproduction (Meichssner et al., 2021). Although sexual
reproduction for this species is limited in egg biomass under laboratory conditions, vegetative growth
allows the replication of the desired biomass for production.

The location selected to seed the sugar kelp spools has proven to be effective, however the analysis of
multiple years with a stable and reliable seed source needs to be carried to consolidate the aquaculture
site. Both transport methods, using settling tubes, and placing the spools in a cooler container held by a
rack, were effective, however the second one needs to be improved to keep the seeds at ideal moisture
from packaging to seeding. This will allow the transport of the seeds through longer distances and time
before seeding and also solve limitations regarding space and weight compared with the conventional
transportation using settling tubes.

One of the objectives of this research was to compare the seed production, growth, harvesting and
characteristics of cultured sugar kelp and Alaria esculenta during the same period of time, however, given
the impossibility of producing seed for Alaria or other alternate species in two consecutive years, it was
decided to execute a second sugar kelp season to compare the development and growth between the
two seasons. The results for density (Kg of kelp per meter of line) and the average length of the blades
were better for the first season compared with the second. One factor that may have contributed to
theses results is the quality of the spools. Despite the same protocol was used for both seasons, the source
of the sorus, genetic variation and quality of the samples can influence the quality of the seed (Charrier
et al., 2018.The spools prepared for the second season were clearly inferior in quality compared to the
ones used for the first season. Added to that, weather and sea current have a great contribution to the
performance of the outplanted kelp (Kotowicz et al., 2024). The number of lines seeded, two in 2024 and
one in 2025, may have influenced the analysis due to the lack of replication, limiting the ability to compare
means reliably. An improvement measure for all seasons would be an early seeding (late October/early
November), so the kelp has more time to grow before harvesting. This can’t always be achieved using
spores, as the availability of mature seaweed may vary over the years, so the use of gametophyte cultures
can also benefit the production.

Considering the outcomes of this project, the project team successfully grew farmed sugar kelp from
mature samples collected in the wild. However, more research and investment are needed in monitoring
and studying seaweed distribution and species of interest for aquaculture, so that protocols for replication
and gametophyte cultivation can be established and made available to the industry.

7 CONCLUSIONS

Several conclusions can be drawn from this project.

1. Site selection and operation

1.1 Itis possible to replicate, seed and grow sugar kelp in Salmonier Cove, Connaigre Peninsula, NL.

1.2  Better samples and adjustments in the spool preparation procedure can improve the seed quality
and produce better kelp.
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1.3 Anearly seeding (late October/Early November) can produce better kelp by extending the growing
time.

2. Laminaria digitata
2.1  More research and trials are necessary to understand the biology of Laminaria digitata and adjust
the spore release and nursery operation to produce viable seeds.

3. Fucus Vesiculosus
3.1 Vegetative replication may be more effective than sexual reproduction.

8 RECOMMENDATIONS

The following recommendations are provided based on this analysis.

1. Conduct further research on harvesting locations, sorus maturity, life cycle, and seed production
protocols for new species with aquaculture potential.

2. Improve sorus collection methods to ensure high quality material for spore release and seed
preparation.

3. Invest in research and development of gametophyte culture and seed production from
gametophytes.

4. Implement early seeding strategies.
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