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Abstract

Global demand for seaweed and its products has increased exponentially over the last 25 years. Equally, the continent of
Africa and its offshore islands have considerable potential for seaweed production to contribute to world demand. Compared
with China and the rest of Asia, Africa lags behind in seaweed production and utilisation. However, for red eucheumatoid
seaweeds, Africa is the third-largest producer in the world, producing about 120,000 t (FW) annually. Details are provided
for 13 African countries that are currently involved in seaweed farming and harvesting, commercially or experimentally,
for export or domestic utilisation. Eucheuma spp. and Kappaphycus spp. in Tanzania represent 92% and in Madagascar
4.7% of continental production, and Ulva spp. and Gracilaria spp. in South Africa represent 1.5%. Over 2000 species of
seaweed have been recorded in Africa, some of which are already successfully cultivated in other parts of the world. The
environmental conditions across the continent range from warm, tropical waters to the cooler, nutrient-rich waters of the
southwest, enabling the cultivation of seaweeds from the tropical, carrageenan-producing eucheumatoids to temperate kelp
species. Seaweed aquaculture production in Africa, led predominantly by women, has improved the livelihoods of its coastal
people. Challenges through disease and pest outbreaks, as a result of climate change, and the low prices paid to farmers
are highlighted as major constraints on the development of this industry. Through scaling up and expanding current efforts
in production and utilisation of seaweeds, Africa has the potential to join China and Southeast Asia as a global leader in
producing, processing and consuming a wide variety of seaweeds.
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Introduction

African coasts have a considerable diversity of seaweed spe-
cies with many distinct biogeographical regions, each with
their own seaweed-dominated communities in coastal seas
(Bolton et al. 2003). These include temperate regions in both
north and south, a wide variety of Mediterranean biota, two
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significant and distinct tropical regions with extreme diver-
sity on eastern tropical coasts, and globally significant kelp
forest ecosystems in the south (Bolton et al. 2003). Over
2200 seaweed species have been recorded in Africa, con-
sisting of more than 1400 red, ca. 400 green and almost 400
brown algal species (as listed in Guiry and Guiry 2021). This
is more than 20% of the global total of ca. 11,000 species
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(https://www.seaweed.ie/). These include many species or
their close relatives, which are commercially harvested and/
or cultivated in other continents worldwide. The African
continent offers vast offshore, coastal and land resources
suitable for seaweed cultivation, particularly in regions
which are pollution-free and can offer a market advantage.
Many African countries, however, have not exploited this
potential to date. The cultivation of seaweeds, though has
been shown to enhance livelihoods, provide employment
and increase the gross domestic product in many other sea-
weed-producing nations (Valderrama et al. 2015). In Africa,
seaweed farming varies between countries, from well-estab-
lished, in the case of Tanzania (Msuya et al. 2014), to early-
stage, with new farms granted licences only recently (e.g.
Namibia). Some countries, for example Tanzania and Kenya,
recognised the economic potential of seaweed in the 1930s,
when it was collected from the wild and exported to Europe
(Mshigeni 1973; Msuya et al. 2014; Bolton et al. 2016).
Unfortunately, tough competition with Asia and low-quality
seaweeds led to the collapse of this industry in the 1970s
(Mshigeni 1992; Msuya 2013a; Msuya et al. 2014). There is
still some export of dried kelp, however, from South African
kelp forests (Rothman et al. 2020). In Namibia, the impor-
tance of seaweed production has been recognised since the
1980s, when seaweeds were harvested during the 1980s and
1990s and used to produce the gel agar (Molloy and Bolton
1995; Molloy 1998) and trial farming was done in the 1990s
(Dawes 1995). Several other African countries, recognising
the potential of cultivated seaweeds re-initiated production
as early as 1989 in Tanzania (Msuya 2010, 2020; Msuya and
Hurtado 2017), and Mozambique, Madagascar, Kenya and
South Africa, amongst others, have developed their indus-
tries over the last two decades (Wakibia et al. 2006, 2011;
Msuya et al. 2014).

The predominant seaweed species currently farmed
around the African coastline are the red seaweeds
Eucheuma spp. and Kappaphycus spp. with a production of
110,000-130,000 t (FW) annually (combining production
in Tanzania, Madagascar and Kenya-see separate sections
below). Gracilaria spp. and Ulva spp. are also farmed, but in
smaller quantities (Anderson et al. 2001; Bolton et al. 2009;
Bongani et al. 2013; Amosu et al. 2016). Global demand,
however, for food, bio-materials and nature-based solutions
to restore degraded environments and capture CO,, involv-
ing seaweeds, has risen exponentially in the last 20 years
(Krause-Jensen et al. 2018; Filbee-Dexter and Wernberg
2020; Cottier-Cook et al. 2021). The African continent
offers vast resources to address these demands. For exam-
ple, Namibia is at the forefront of developing large-scale,
offshore seaweed cultivation development, focusing on
the giant kelp, Macrocystis pyrifera, with the eventual aim
of producing over 70,000 t annually by 2030 (Kelp Blue,
2020-unpublished).
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The aim of this review paper is to present the current sta-
tus of African seaweed production (including a comparison
with the global situation) and provide an overview of the
seaweed species farmed and collected from the wild, and
their valorisation across the continent, whilst highlighting
key challenges and providing recommendations on how the
growth of a sustainable African seaweed aquaculture indus-
try can be achieved.

Global status of seaweed cultivation
in Africa

Status of seaweed cultivation in Africa

Africais a continent of great potential for seaweed farming.
It is the world’s second-largest continent, with over 55% of
its countries or territories bordering one of the four seas,
which surround it. The continent encompasses a wide array
of climatic zones from the cool northern and southern tem-
perate environments to the warm tropical waters near the
equator. The native seaweeds range from dense kelp forests,
dominated by Ecklonia maxima and Laminaria pallida in the
cool southern waters in Southern Africa, to the carrageenan-
producing warm water red algal species, such as Kappaphy-
cus spp. and Eucheuma spp. in the warm, tropical waters of
Tanzania.

In terms of global production, the African continent ranks
in second place for aquatic plant production (tonnes), pro-
ducing 112,815 t (FW), yet this is only a fraction of the
32.2 million tonnes produced by Asia in 2018 (FAO 2020).
Excluding Asia, Africa has significantly out-performed other
continents since 2002, particularly with the production of
the carrageen-producing red algae in Zanzibar, Tanzania
(Fig. 1).

In Africa, current aquaculture production in the marine
environment is dominated by aquatic plant production, such
as the red algae Eucheuma sp., Kappaphycus spp., the agar-
producing Gracilaria spp. and the green sea lettuce Ulva
spp. (FAO 2020). Arthrospira platensis, a freshwater cyano-
bacterium, commonly known as ‘Spirulina’, however, also
accounts for a small proportion of the aquatic plant produc-
tion, with Burkina Faso, Central African Republic, Chad,
Senegal and Tunisia producing 281 t (wet weight) in 2018
(FAO 2020).

Global perspective

Aquatic plant production in the marine environment, includ-
ing seaweeds, was first recorded in 1989 by the FAO and the
production has grown significantly over the last 30 years.
A peak in production of 196,570 t was recorded in 2015,
although a 43% reduction in production was observed
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between 2015 and 2018, as a consequence of climate-
induced outbreaks of seaweed-specific pest and diseases,
together with other economic-related impacts on price
(Rusekwa et al. 2020; Sanchez-Veladsquez et al. 2021).

The production of marine aquatic plants in Africa is cur-
rently concentrated in Zanzibar (Tanzania) (102,960 t FW),
followed by Madagascar (53,370 t) and South Africa (16,870
t) in 2018. Other countries, however, including Kenya,
Morocco, Mozambique, Namibia and Senegal, are all still
either currently producing or have previously produced sea-
weeds in the past few years (FAO 2020, Fig. 2).

With global seaweed production expanding exponen-
tially over the last few decades and growing international
demand for this product, particularly from countries with no
traditional consumption or use of seaweeds (Cottier-Cook
et al. 2016), Africa has significant coastal resources avail-
able to increase its seaweed production and to capitalise on
this growing demand. Climate change and low gate prices
are just a couple of the challenges faced by the industry
(Cottier-Cook et al. 2016), but seaweed farmers in Tanzania
have shown how the industry can develop over a relatively
short period of time, to become one of the leading producers
outside Asia (Msuya et al. 2014).
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Fig.2 African countries with either current or previously reported
marine aquatic plant production 1989-2018. Proportion of seaweed
production is shown for 2018 (FAO 2020)
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Seaweed farming in Africa
Eastern Africa

Tanzania

Species richness and diversity Approximately 428 seaweed
species of Rhodophyta, Chlorophyta and Phaeophyceae have
been recorded in Tanzania (Msuya 2020). Amongst these,
only a relatively small number of species are used for com-
mercial cultivation, including the red seaweeds Eucheuma
spp. and Kappaphycus spp. Three species of Eucheuma
are found growing naturally in Tanzania, E. denticulatum
(commercial name ‘Spinosum’), E. platycladum and E. oka-
murai, and one species of Kappaphycus, K. striatus (com-
mercial name ‘Cottonii’) (Mshigeni and Jahn 1995; Msuya
2020). The cultivation potential of Eucheuma spp. and Kap-
paphycus spp. was studied in the 1970s—1980s and began
in earnest in the late 1980s. The potential for cultivating
Gracilaria spp., another genus of the red alga, has also been
explored through growth (Msuya and Neori 2002) and agar
composition studies (Buriyo and Kivaisi 2003).

Production volumes and prices The Tanzanian seaweed
industry employs about 30,000 farmers, most of whom are
women. The main species farmed are the eucheumatoid spe-
cies E. denticulatum, K. striatus and K. alvarezii, varieties of
which were imported from the Philippines in 1989. Whereas
production of E. denticulatum is above 100,000 t (FW), the
production from the genus Kappaphycus is less than 10,000
t (FW). Seaweed production in Tanzania has increased rap-
idly since the start of the industry in 1989, particularly in
Zanzibar, which is comprised of two islands, Pemba and
Unguja. Production increased from 8080 t in 1989 to the
current 107,000 t, with a maximum production of 176,000 t
recorded in 2016. Since 2016, however, production of Kap-
paphycus has declined significantly as a result of disease,
such as ice-ice disease syndrome, and epiphyte outbreaks
that have been exacerbated by increasing surface seawater
temperatures linked to climate change (Msuya 2011a; Msuya
and Porter 2014; Largo et al. 2020).

Prices for cultivated seaweeds in Tanzania vary depend-
ing on whether the crop is sold as “seedlings” (fresh weight)
or as a dried, bleached or unbleached product, which is
subsequently used for the industrial extraction of carra-
geenan. Fresh, live Kappaphycus spp. and Eucheuma spp.)
sold as seedlings or for making seaweed products, cur-
rently sell at 500-1000 TZS (US$ 0.2-0.4 kg™') (F. Msuya,
Pers. Obs., 2021 market price). The current price of dried,
unbleached seaweed is 600-800 TZS (equivalent to US$
0.26-0.35 kg‘l), whereas bleached seaweed sells between
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3000 and 10,000 TZS (US$ 1.30-4.35 kg™!) (F. Msuya,
Pers. Obs.). Prices of dried seaweed, however, have recently
increased to 1800 TZS (~US$ 0.8 kg™!) for Kappaphycus
spp. in Zanzibar, following the intervention of the govern-
ment (through its State Trading Corporation), to purchase
seaweed from farmers as a step towards establishing a pro-
cessing plant on Pemba Island for the production of carra-
geenan and other products (Msuya 2020).

Production methods The main technique of farming sea-
weeds in Tanzania is the off-bottom (peg and line), which is
typically used in shallow waters (< 1 m at low tides). In this
technique, seaweed seedlings of about 100-200 g are tied
to nylon ropes (lines) using thinner ropes of the same mate-
rial, known as “tie-tie”. The main lines are then stretched
between two wooden pegs, which are secured firmly into
the seabed. The lengths of the lines vary depending on the
site (e.g. whether the region is subjected to strong waves)
or the physical strength of the farmer, in that male farmers
typically use longer lines compared with the female farm-
ers. The distance between the seedlings is approximately
20-30 cm. This technique is “easy to use”, as it allows
the farmers to work during the period of low tide (Msuya
2011b). Other techniques have been researched and some
piloted, including the floating line system (Msuya 2013a;
Valderrama et al. 2015), bamboo rafts (Msuya 2011a, 2011b,
2020), net bags (Msuya 2011a,b; 2017; 2020) and tubular
nets (Msuya 2015-unpublished; Msuya 2017, 2020; Brugere
et al. 2020). Bamboo rafts and tubular nets are also used in
other countries in Southeast Asia and South America (Bra-
zil) (Goées and Reis 2011, 2012; Reis et al. 2015). Harvest-
ing typically occurs after a growth period of 45 days and a
proportion of the crop is retained for the next growth period
(i.e. through clonal propagation, Msuya 2013a). If for some
reason, additional seedlings are required, “neighbouring
farmers” typically share seedlings or, if the crop has been
lost or affected by a pest or disease outbreak, then the export
companies generally supply the seedlings (Msuya 2013a).
Other sources of seedlings, however, include the private sec-
tor (e.g. NGOs, initiatives such as the Zanzibar Seaweed
Cluster) and the government, through various projects and
programmes, such as the Marine and Coastal Environment
Management (MACEMP) Project (Department of Marine
Resources, Zanzibar).

Challenges to sustainable seaweed production in Tanza-
nia Seaweed diseases and pests have become increasingly
prominent in the last 10 years threatening the future of the
Tanzanian seaweed industry. The occurrence and persever-
ance of diseases (mostly ice-ice disease syndrome) and epi-
phytism from red filamentous algae (e.g. Melanothamnus,
formally known as Polysiphonia/Neosiphonia), particularly
on the higher value Kappaphycus spp., make it impossible
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for farmers in most farming areas in Tanzania to grow this
species (Hayashi et al., 2010; Msuya 2011a, 201 1b; Msuya
and Porter 2014; Largo et al. 2020). The production of Kap-
paphycus spp., therefore, has remained at less than 10,000 t
(FW) annually since 2002 (Msuya 2020). In the last 5 years,
however, even the lower value and hardier E. denticulatum
has been affected by disease and pests during the hot season,
where the surface seawater temperatures have been recorded
at 33-38 °C (Msuya and Porter 2014; Largo et al. 2020;
Msuya 2020). During this season, farmers are now having
to change their practices, by halting their seaweed produc-
tion until the rainy season, when temperatures fall below
30 °C (Largo et al. 2020). Seaweed biosecurity policies
are lacking in Tanzania and responses to disease and pest
outbreaks are not well coordinated and control measures,
in most cases, are not practised by farmers (Rusekwa et al.
2020). However, the government, private sector and other
stakeholders have conducted training programmes in recent
years, to inform farmers about how to manage their farms,
particularly in relation to minimising the risk of pest and
disease outbreaks (Rusekwa et al. 2020). In particular, the
introduction of seedlings has been shown to be a high-risk
pathway for the transfer of pests and diseases onto the farm
(Kambey et al., 2020). Quarantine measures for these seed-
lings, however, are lacking in Tanzania and it is possible that
some stakeholders may import them into the country without
checks (Campbell et al. 2020; Rusekwa et al. 2020).

Several studies have shown that without intervention
by the government through research and other responsible
stakeholders, the future of the Tanzanian seaweed indus-
try could be at stake (Msuya and Porter 2014; Largo et al.
2020). Measures to support the sustainable development of
this important industry include technological developments
for farming and value addition, support to the farmers for
marketing their dried seaweeds and associated products,
implementation of research results and having a specific
seaweed biosecurity policy (Campbell et al. 2020; Msuya
2020; Rusekwa et al. 2020).

Opportunities for the seaweed industry in Tanzania Seaweed
value addition in Tanzania started in 2006, when the Zan-
zibar Seaweed Cluster Initiative (ZSCI-www.seaweedclu
ster.or.tz) was established. This initiative has focused on the
production of value-added products, such as cosmetics (e.g.
soap, lotions and shampoo) and food (e.g. juice, jam, crack-
ers and noodles) from fresh and dried seaweed. The ZSCI is
predominantly composed of small-scale farmers and proces-
sors, with between 57 and 100% of total processors being
female across the country (Msuya and Hurtado 2017). The
ZSClI originally began with one group of 21 farmers, which
has now grown to over 25 groups with more than 400 mem-
bers. This member now produces over 50 products, which
are sold countrywide (Msuya 2006; Msuya and Hurtado

2017). Seaweed value addition uses about 1% of the volume
of seaweed produced in Tanzania, whilst the majority of the
seaweed is still sold to overseas buyers, as unprocessed raw
material for industrial purposes (i.e. kappa and iota carra-
geenan extraction). The market for the value-added products
is mainly found in tourist-related destinations, exhibitions,
trade fairs and, to a smaller extent, individual purchasers
(Msuya and Hurtado 2017). The government of Zanzibar,
however, has recognised the added- value of processing the
raw materials in the country and is supporting the devel-
opment of an indigenous seaweed processing industry to
produce its own supply of carrageenans for internal use and
export. This effort is one of the outcomes from several gov-
ernmental and ministerial committees that were tasked to
advise the government of Zanzibar on how it could advance
its seaweed industry. Key recommendations from these com-
mittees included that the government should be engaged in
seaweed value addition, to raise the seaweed price for farm-
ers and that a processing industry should be established,
which would motivate the farmers to increase production, as
they were guaranteed a higher price for their crop compared
with the price currently offered by the exporters.

Madagascar

Species richness and diversity Madagascar, the world’s
fourth-largest island, has a long coastline of 5603 km and
has a high diversity of species (Rahelivao et al. 2015; Vieira
et al. 2021). Mattio et al. (2015) mentioned a search of
Algaebase giving a total of 329 species for this country. Con-
siderable collections were made of Madagascan seaweeds in
the ‘Altimo Vitae’ expeditions (2010-2013), and many new
records were added from these studies. Only three seaweeds,
Gelidium madagascariense, E. denticulatum and K. striatus,
have been exploited for economic purposes, including the
production of agar and carrageenan (Mollion 2020). Other
species including Portieria hornemannii, Grateloupia sp.,
Gracilaria corticata, Halymenia sp. and Laurencia compla-
nata have been investigated for their bioactive compounds
and recommended as sources of natural products (Rahelivao
et al. 2015).

Production volumes and prices The economic importance
of seaweeds in Madagascar dates back to 1966, when a
mixture of unidentified species was harvested from the wild
and exported from the Fort Dauphin area in “un-organised”
trade (Mollion et al. 1996). This trade became more organ-
ised in the mid-1980s to the early 1990s, when 3000 t of
Gelidium madagascariense and 5000 t of E. denticulatum
and K. striatus combined were harvested in Tulear and Fort
Dauphin and exported to Japan and France (Mollion et al.
1996; Mollion 2020). The trade continued until 2000, when
it was halted due to inadequate export volumes, leading to
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a loss of interest by the importing companies. It was also
reported that the volume of harvested seaweed declined over
time, with only 150 kg (FW) of seaweed collected annually
before 2000 to 80 kg after 2000 (Mollion 2020).
Cultivation of E. denticulatum and K. striatus started
with initial experiments using native varieties in 1990 and
by 1998; the production had increased significantly (Mollion
2020). However, as in many other countries cultivating
eucheumatoids, Madagascar imported varieties of these
two species to boost production. Currently, Madagascar is
the second-largest producer of seaweeds in Africa (FAO
2020). The prices paid to the farmers were US$ 0.15 kg™!
of dry seaweed between 2016 and 2017 (Mollion 2020).
Several commercial strains of K. alvarezii, K. striatus
and E. denticulatum were introduced from Zanzibar,
Tanzania. These strains having originated in Southeast Asia
in the 1990s and 2000s and commercial initiatives to date
have been concentrated in the northeast and southwest of
the country (Msuya et al. 2014; Mollion 2020). All of the
seaweeds are exported as unprocessed biomass directly to
the main processors in America, Europe or Asia (Mollion
2020). Overall, the export tonnage of Kappaphycus increased
from 800 to 17,000 t (FW) between 2000 and 2020 and E.
denticulatum from 90 t in 2006 to 3000 t (FW) in 2020 (Fig. 3).

Production methods In the farming regions, the cultivation
techniques encompass various off-bottom and long-line sys-
tems, with tubular net farming replacing traditional farming
ropes, where water turbidity allows (tubular nets are unsuit-
able in turbid water, as sediments get trapped in the nets
and prevent optimal seaweed growth, F. Pascal, Pers. Obs.).

Challenges to sustainable seaweed production in Madagas-
car Despite disease and pest outbreaks, which led to the
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almost total collapse of the industry in the late 2000s (Msuya
et al. 2014), new producers decided to pursue the farming
efforts in both regions. Pests, such as epiphytes and diseases
causing ice-ice disease syndrome associated with seasonal
temperature variations, however, remain the main challenges
to production (Mollion 2020). In the northeast, Nosy Ankao
island is farmed by IBIS Madagascar and became the main
Kappaphycus spp. production area between 2000 and 2011.
Production collapsed (Fig. 3), however, following epiphyte
outbreaks, which began in 2009 and were not possible to
control. Consequently, farming of E. denticulatum replaced
Kappaphycus spp. in areas where pathogen outbreaks have
been too intense to maintain the farming of Kappaphycus
spp. As a result, both the farmers and farming company
became discouraged and many have shifted their focus to
other activities. In 2020, E. denticulatum production, how-
ever, was estimated at 3000 t (FW) and Kappaphycus spp.
continued to be farmed in Cap Est and Sainte Marie Island
lagoons, reaching an estimated production of 3,000 t (FW).

Opportunities for the seaweed industry in Madagascar In gen-
eral, the business model in Madagascar for seaweed farm-
ing is company-based, although in some instances there is
the inclusion of independent smallholder farmers. In the
southwest, though, a hybrid strategy is employed, named
“contractual community-based farming”, which has been
developed by the leading farming company in the area:
Ocean Farmers. This strategy was implemented in 2011 and
the main objective of this hybrid approach was to ensure
environmental, social and economic sustainability of sea-
weed farming in the area through effective management of
production. This approach has led to a gradual increase in
production of K. alvarezii (tambalang var.) reaching 15,300
t (FW) in 2020 (F. Pascal, Pers. Obs.). This increase was
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achieved despite the requirement to closely manage epiphyte
outbreaks, which have reoccurred annually since 2016 across
all areas and led to a temporary drop in production in 2018
(Fig. 4). Bioclimatic risks and pest and disease outbreaks,
though, are being addressed through the close supervision of
the phyconomic aspects by the farming company. For exam-
ple, farming techniques and strategies are site-specific, the
type and quantity of farming material are carefully selected
and managed, the crop is regularly surveyed for pest and
disease, control measures are in place if an outbreak occurs
and concerted spatial management plans have been created.
In addition, farmers receive training in farming techniques
and biosecurity from the private sector. These activities are
ensured through formal contracting and incentive mecha-
nisms (e.g. rewarding best-performing farmers) with more
than 1600 smallholder farmers located across 42 rural com-
munities, all supervised by seaweed technicians trained and
employed by Ocean Farmers. The hybrid model also relies
on the promotion of relational governance, through the
inclusion of conservation International Non-Governmental
Organisations (INGOs), Locally Managed Marine Areas
(LMMAs) community organisations, education and research
institutes, financial partners and the administration (F. Pas-
cal, Pers. Obs.). A coordination forum—the “south-west sus-
tainable aquaculture platform”, also including sea cucumber
farming operators—was established in 2015 and meets every
quarter. Ecosystem-based projects, such as coral farming (as
restoration) and seagrass protection, are also implemented
around the seaweed farms, under the assumption that a
healthy and diverse ecosystem will lead to improved farm
sustainability, including faster growth rates and crops that
are less vulnerable to epiphytes, diseases and climate change
(F. Pascal, Pers. Obs.). However, this still has to be validated
by scientific assessments.

Kenya

Species richness and diversity of seaweeds Approximately
400 seaweed species have been recorded in the waters off
the Kenyan coast, which stretches ~640 km (Yarish and
Wamukoya 1990; Oyieke 1998; Bolton et al. 2007). The
most dominant of these species are the red algae that repre-
sent 55% of the recorded seaweeds, followed by the green
(30%) and brown algae (15%).

Efforts to assess the economic importance of seaweeds
in Kenya started in the 1980s. A survey conducted between
1987 and 1989 showed that Kenya had many potentially
important seaweeds in its coastal zone (Yarish and Wamu-
koya 1990). These included several phycocolloid-bearing
species, including the carrageenophytes Eucheuma spp.,
Kappaphycus spp. and Hypnea spp.; the agarophytes Graci-
laria spp. and Gelidium spp.; and the alginophytes Sargas-
sum spp., Turbinaria spp. and Cystoseira spp. (Yarish and

Wamukoya 1990). These assessments also revealed that the
major sources of carrageenan in Kenya would be Eucheuma
spp., Kappaphycus spp., Halymenia spp. and Hypnea spp.,
all of which have high gel yields (Mshigeni and Semesi
1977; Semesi 1979). The survey reported that large popula-
tions of Eucheuma, Kappaphycus and Hypnea were distrib-
uted along the Kenyan coast and recommended their cultiva-
tion to increase the crop production for economic purposes
(Yarish and Wamukoya 1990). This study also recommended
the development of seaweed farming in the Shimoni area in
southern Kenya, owing to the abundance of the commer-
cially important species and the suitability of the substratum
and physical conditions (e.g. salinity, light and temperature).
Other studies on the commercial potential of Kenyan sea-
weeds studied the lipid composition of five seaweed spe-
cies, Hypnea musciformis, E. denticulatum, Laurencia
intermedia, Sargassum oligocystum and Ulva fasciata, as
possible fat alternatives in the production of chicken sau-
sages (Muraguri et al. 2015). Mwalugha et al. (2015) also
studied the chemical composition of thirty-four species (12
Chlorophyta, 13 Phaeophyceae and 9 Rhodophyta) in three
areas of Kenya and recommended these species as sources
of food for human and animal nutrition.

Production volumes and prices The technical feasibility
of farming seaweed was subsequently established by the
Kenyan Marine and Fisheries Research Institute in the mid-
1990s and early 2000s (Wakibia et al. 2006, 2011). The
seedlings for the experimental trials for the two farmed
species, E. denticulatum and Kappaphycus alvarezii, were
obtained from Zanzibar, but had been originally imported
from the Philippines (Wakibia et al. 2011). The first com-
mercial farms were established in 2010 in Kibuyuni, south-
ern Kenya by 20 farmers after demonstration farms had been
successfully established in the same area in late 2008 to
2009. These demonstration farms provided the seedlings for
E. denticulatum and built the capacity of the community,
who were identified as pioneers for seaweed farming in the
country (Nyonje et al. 2013-unpublished). According to Mir-
era et al. (2020), the effort increased seaweed production
from less than 10t (FW) in 2008 to above 450t (FW) in 2017.

To date, there are 416 active seaweed farmers from 10
villages in Kwale County, southern Kenya, a significant
increase from the 90 farmers actively farming in 2010
(Nyonje et al. 2013-unpubl.; Nyonje 2020a-unpubl.; Nyonje
2020b-unpubl.) and there are prospects for several other
communities to join in the farming venture. Currently, 90%
of the farmers are women (Nyonje et al. 2017-unpubl.;
Odhiambo et al. 2020) and the main species cultivated is E.
denticulatum (Odhiambo et al. 2020).

The mean production volumes in Kenya have increased
from 500t (FW) in 2013 to approximately 1000t (FW) in
2020 (Nyonje, Pers. Obs.), but remains below full capacity
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(Nyonje, Pers. Obs.). Extreme weather conditions, with very
high seawater temperatures during the Northeast monsoon
season and high rainfall during the Southeast monsoon in
2018-2019, led to massive die-offs, as a result of significant
pathogen outbreaks (Nyonje, Pers. Obs.).

The farms are typically characterized by smallholder
farmers, who are supported with farming materials and
training from the National and County governments, NGOs
and investors interested in buying the seaweeds (Nyonje,
2020-unpubl.). The main buyer of the Kenyan seaweed is
the C-Weed Corporation (Kenya) Limited- https://cweed.
com/, a locally registered company, whose parent company
is one of the largest seaweed buyers in the region, with over
30 years of trading in seaweeds in Zanzibar (Nyonje, Pers.
Obs.). The company aims to work with over 2000 farmers
to ensure commercial viability (Nyonje, Pers. Obs.). The
double-loop method of attaching the seedlings to the cultiva-
tion lines to optimise production for their export market has
been recently introduced by the company and it has tech-
nicians training the farmers in this new method (Nyonje,
Pers. Obs.). Once harvested, the majority of the seaweed is
directly exported to France, Spain or the USA (Nyonje, Pers.
Obs.). Currently, the farm gate price of the dry seaweed is
about 0.25 USD kg~

Production methods The main method of cultivation is the
off-bottom monoline technique, which is applied in shallow
water areas in the nearshore/intertidal zone, allowing the
lines to be exposed during the spring low tide. The seaweeds
are harvested after three spring tides, having grown for about
6 weeks or 45 days (Msuya et al. 2012; Msuya 2013b). Other
cultivation methods, such as the raft method, broadcasting
method and net methods, have also been tested; however, the
economic feasibility of these methods have not been evalu-
ated, and thus, these have not been scaled for commercial
farm trials (Kimathi et al. 2018, Ntabo, 2020-unpubl.).

Opportunities for the seaweed industry in Kenya In 2016,
an FAO project encouraged seaweed farmers in Kibuyuni
to manufacture seaweed soap, with training in the produc-
tion of seaweed soap, body cream and foods such as jam,
juice and salad (Msuya 2016-unpubl.). FAO also trained
the farmers on best business management practices, such
as agronomy, harvesting, handling and marketing (Msuya
2015-unpubl.; 2016-unpubl.). The seaweed farmers’ group
also worked, with the Kenyan Industrial Research and
Development Institute and other agencies, to develop vari-
ous other cosmetic and food products, minimise post-harvest
losses and introduce other aspects of best management prac-
tices (Nyonje et al. 2017-unpubl.). With the growing interest
in seaweed farming from a range of stakeholders and with
the socio-economic benefits for the local communities hav-
ing been demonstrated (Mirera et al. 2020; Odhiambo et al.
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2020), the government of Kenya identified this industry as
one of the priority interventions under the Blue Economy
Initiative (Blue Economy Committee Report 2016-unpubl.).
Subsequently, the government is planning to map the entire
Kenyan coastline for suitable sites for seaweed farming and
to develop the industry value chain (Blue Economy Commit-
tee Report, 2016-unpubl.). The relatively low initial capital
investment and rapid returns make the scalability of seaweed
farming more feasible than other capital-intensive interven-
tions in the country (Blue Economy Committee Report,
2016-unpubl.; Nyonje, 2020-unpubl.). For sustainability,
farmers are also being organised into economically viable
entities, such as cooperatives and other community-based
organisations. The overall long-term strategy for building
resilience amongst the farmers is targeted to incorporate the
introduction of Integrated Multi-Trophic Aquaculture, for
co-culture of seaweed with finfish and sea cucumbers (Blue
Economy Committee Report, 2016-unpubl.).

Considering the challenges currently experienced at some
of the farming sites, research into better agronomy, develop-
ment of climate tolerant and disease resistant strains for this
region and diversification of farmed species are aspects of
the strategy that still need urgent attention (Blue Economy
Committee Report, 2016-unpubl.). Experimental studies
have been undertaken for Gracilaria spp. to be considered
for agar production (Ollando et al. 2019), whilst other stud-
ies have explored the farming of edible seaweeds, such as
Caulerpa racemosa (Mwalugha et al. 2015; Nyonje, Pers.
Obs.) and those that can be used in animal feed (Muraguri
et al. 2015; Arori et al. 2019). The prospects for developing
a fully fledged seaweed industry in Kenya are, therefore,
promising and seaweed presents a potential post-COVID
blue recovery opportunity for coastal communities (North-
rop et al. 2020). Mobilisation of communities in suitable
sites for cultivation, capacity building and some targeted
investment though will be required from both the public and
private sector to realize this ambition.

Mozambique

Species richness and diversity of seaweeds Mozambique, as
is the case for other coastal Eastern African countries, has
a rich diversity of seaweeds and it has one of the longest
coastlines in Africa reaching ca. 2800 km (Carvalho and
Bandeira 2003). However, studies on available seaweed
resources are scarce (Carvalho and Bandeira 2003). Some
of the early recorded work is that of Critchley et al. (1997),
who reported 205 species comprising of 64 Chlorophyta, 23
Phaeophyceae and 118 Rhodophyta in Inhaca Island, south-
ern Mozambique. Equally, another study in the Quirimbas
Archipelago, northern Mozambique found 101 taxa compris-
ing of 38 Chlorophyta, 25 Phaeophyceae and 38 Rhodophyta
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and reported that 27 of them were new records to the country
(Carvalho and Bandeira 2003). Fifty-three species (24 spe-
cies of Chlorophyta, 18 Phaeophyceae and 12 Rhodophyta
species) were subsequently reported in Nampula Province,
northern Mozambique (Massingue and Bandeira 2005). In
Mozambique, Eucheuma spp. was introduced in Murrebue
Village (1998), Pemba (2002) and Nampula (2006) with
the assistance of FMC Health and Nutrition (Bryceson and
Massinga, 2002). This venture involved 2000 farmers, of
which 80% were women. The production in 2003 was 500
t (FW), and by 2004, this had reduced to 140 t (FW). All
farming ended by 2006 due to inconsistent production and
logistical challenges (Ribeiro 2007).

Production volumes and prices The first reports of sea-
weed cultivation in Mozambique were during 1998, when
Eucheuma spp. was introduced in Murrebue village by FMC
Health and Nutrition (Bryceson and Massinga, 2002). Com-
mercial production started in the early 2000s in Pemba,
located in the north, and in Nampula by 2006 (Msuya et al.
2014; Omar 2009-unpubl.) using Eucheuma spp. and Kap-
paphycus spp. seed imported from Zanzibar, Tanzania. In
2002, a production of 1570 t (FW) value at US$ 31,000 was
reported by FAO (undated). By 2003, production of 5230 t
(FW) valued at US$ 105,000 of Kappaphycus and Eucheuma
was reported, involving 2000 farmers (Msuya et al. 2014;
Omar 2009-unpubl.; FAO-(undated). However, the produc-
tion significantly declined to 230 by 2009, with only 143
farmers remaining in the industry (Msuya and Massinga
2018-unpubl.). Approximately 80% of the seaweed farm-
ers in Mozambique, as in other eastern African countries,
are women who earn more than US$ 60 per month (FAO-
undated). The seaweeds from Mozambique were exported to
Asia and Europe.

Production methods Mozambique seaweeds are cultivated in
shallow water areas using the off-bottom peg and line method
(Msuya et al. 2014; Omar 2009-unpubl.; FAO (undated)). No
other cultivation methods have been reported in Mozambique.

Challenges to sustainable seaweed production in Mozam-
bique The seaweed industry in Mozambique faces the chal-
lenge of low seaweed production resulting in an inability
to cope with the needs of buyers for the international mar-
kets. This was evidenced by the collapse of the industry in
2010, due to inconsistent quality and an unreliable supply
of seaweed to the export market (Msuya et al. 2014; Omar
2009-unpubl.). The situation remains unchanged, but efforts
are being made by the government and other stakeholders to
revive the industry.

Opportunities for the seaweed industry in Mozambique The
potential for seaweed cultivation in Mozambique was

reported in 2011, with 10,591 ha identified as suitable for
seaweed farming (Omar 2009-unpubl.). A feasibility study
was also conducted to evaluate the technical and market via-
bility of seaweed production in the Palma District, northern
Mozambique (Anadarko, 2015-unpubl.; Msuya and Mass-
inga, 2018-unpubl.). The study identified nine sites (villages)
that were suitable for farming E. denticulatum and Kappa-
phycus spp. These were Salama, Nsemo, Kibunju, south of
Nfunzi, Nfunzi proper, Maganja Velha and Mbawala. The
farming of Gracilaria spp. was also recommended.

The government of Mozambique is now promoting the
co-culture of seaweeds and bivalves (FAO-undated), as a
viable opportunity to produce two products in the same
area, increase food production and enhance the livelihoods
of coastal communities involved in this practice. A seaweed
farming and processing company, SELT MARINE Group,
has also recently gained a 500-hectare concession from the
Mozambique government to farm K. alvarezii and E. den-
ticulatum in Nacala (Sepulveda-unpubl.- https://www.subma
riner-network.eu/images/grass/Seaweed_farming_and_
industrial_processing.pdf) and to export the dried seaweed
to its processing plant in Tunisia (see “Northern Africa”).
The company is aiming to provide up to 1000 direct jobs
by 2022/2023 and is investing in training workshops and
providing technical assistance for the farmers. The farmers
cultivate the seaweed in shallow water using the long-line
technique used in Tanzania (SELT Marine, https://www.
submariner-network.eu/images/grass/Seaweed_farming_
and_industrial_processing.pdf).

Djibouti

Species richness and diversity of seaweeds The coast of
Djibouti is rich in seaweeds of various species, but the
evaluation of these seaweeds for possible utilisation is lim-
ited (Fourreh et al. 2019). IFAD (Social reporting Blog,
2014) reported that “On the beaches of Djibouti, phyco-
colloid rich seaweed can be found in abundance, neglected
because their virtues are largely unknown” showing the rich-
ness of the coastal area of Djibouti in seaweed. Mshigeni
(2012-unpubl.), who visited Djibouti in 2012, reported on
the brown seaweeds, Sargassum spp., Turbinaria spp. and
Hormophysa spp. cast upon the beach. These were defined
by the author as potential sources of phycocolloid and could
be exploited for economic and livelihood development in
Djibouti. Fourreh et al. (2019) studied seven species of
phaeophytes, including Cystoseira myrica, Padina pavonica,
Sargassum fluitans, S. ilifolium. Sargassum sp., Turbinaria
triquetra and T. turbinata for their natural products and rec-
ommended them as sources of antioxidants.
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Farming trials and challenges Trials for farming eucheuma-
toids were first conducted in Moucha Island in the Gulf of
Tadjourah, Djibouti, in the late 1970s by Braud and Perez
(1978), using seaweed imported from Indonesia. The trials
were successful and the authors were keen to start com-
mercial farming, but since they were French nations, they
were required to leave Djibouti when the country gained its
independence.

Opportunities for the development of the seaweed industry
in Djibouti In 2012, Mshigeni (2012-unpubl.) once again
recommended Moucha Island to be used for commer-
cial farming, particularly using its native brown seaweeds
for the industrial production of phycocolloids. Mshigeni
(2012-unpubl.) also suggested that these seaweeds should
be assessed for their biochemical profiles and economic
viability, and that a processing plant could be established to
manufacture products for agriculture, livestock and human
nutritional and pharmaceutical consumption.

In 2014, the International Fund for Agricultural Devel-
opment (IFAD), under its project to support coastal fish-
ing areas (PRAREV-PECHE) funded by IFAD and ASAP
(Adaption for Smallholder Agriculture Programme), was
working on harvesting red and brown seaweeds (species
not given) for utilisation in animal feed and to supply the
cosmetic market (IFAD-Social reporting Blog). Covering
the period 2014-2021, the project addressed the ability of
coastal fishers, especially women, to reduce vulnerability
and, thus, better adapt to the impact of climate change.

Mauritius and Rodrigues

Species richness and diversity of seaweeds Mauritius and
Rodrigues are Small Island Developing States with lim-
ited land resources, but with an extensive Exclusive Eco-
nomic Zone (EEZ) of about 2.3 million km? (Narrain et al.
2015a-unpubl.). Despite the reported presence of 435 spe-
cies of seaweeds in Mauritius and Rodrigues (Bolton et al.
2012; CEVA 2011-unpubl.) and the potential markets for
seaweed-derived products, the commercial potential of
these resources has received little attention. The Mauri-
tius Research and Innovation Council (MRIC), however,
established a research programme in 2008 to investigate the
potential for developing an economically, technically and
environmentally viable seaweed industry in Mauritius and
Rodrigues. The MRIC, working in collaboration with a mul-
tidisciplinary team consisting of a number of Ministries and
organisations, evaluated the potential commercial utilisation
of six native seaweeds including Ulva kylinii, U. lactuca,
U. reticulata, Sargassum aquifolium, Gracilaria salicornia
and Padina gymnospora. The study found that all six spe-
cies had the potential for the development of seaweed-based
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food items, livestock feed supplements, cosmetics and bio-
fertilisers (MRC 2008-unpubl.).

Production volumes, prices and production methods The
research programme by MRIC developed local seaweed
cultivation techniques and the technology for the process-
ing of commercial products. As a follow-up to this, MRIC
sent researchers to Zanzibar for tuition in seaweed farming
(Msuya 201 1c-unpubl.), followed by hands-on training in
Mauritius and Rodrigues, where the first experimental farms
were established using native Gracilaria salicornia (Msuya
2011d-unpubl.). Subsequent experimental farms of G. sali-
cornia were established in 2013 in five sites: Albion and
Vieux Grand Port in Mauritius and Petite Butte, Jean Tac
and Baie du Nord in Rodrigues. Two seaweed farming tech-
niques were evaluated, the raft method in Mauritius and the
off-bottom method in Rodrigues. Seaweed growth rates per
day obtained were comparable with other Gracilaria species
grown in other countries, ranging from 0.66 to 4.96% (MRC
2013-unpubl.). Yields ranged from 132 to 151 kg per 100m>
over four months. Preliminary experimental data indicated
that the optimal growth season in Mauritius ranged from
April to September, whilst in Rodrigues seaweed could be
cultured all year round (Ravina et al. 2015-unpubl.).

The Seaweed Team at MRIC also held several training
sessions on seaweed farming and basic seaweed identifica-
tion with members of the coastal communities, mostly fish-
erfolks in Rodrigues and the southeast region of Mauritius.
At present, community-based seaweed farming is ongoing
in Grand Sable (Mauritius) and Baie Du Nord (Rodrigues),
and in the former, the Grand Sable Women Planters Farm-
ers Entrepreneurs Association (GSWPFEA), contacted the
MRIC in 2013 for technical assistance in setting up a com-
munity-based seaweed farm. The GSWPFEA was also suc-
cessful in gaining funding from the Australian Government.
The funding also enabled a mapping exercise to establish the
most suitable sites for seaweed cultivation in Grand Sable. A
G. salicornia farm was deployed in 2014, using the raft tech-
nique over an area of 144 m>. Four PVC rafts of 36m?, each
containing 100 net bags, were established at Grand Sable.
The seeding rate was 0.278 kg (FW) m~2. A total harvest
of 145.2 kg (FW) was obtained after 19 weeks representing
a 3.63-fold increase. An average harvest of 36.3 +3.06 kg
(FW) raft™! was recorded with a yield rate of 1.008 kg (FW)
m~2 and a net yield rate of 0.730 kg (FW) m~2.

Challenges to sustainable seaweed production in Mauritius and
Rodrigues Mauritius and Rodrigues face frequent typhoons,
which makes it difficult to have a year-round sustainable
industry. Several attempts to farm seaweeds were affected
by typhoons that destroyed the farming devices, such as
rafts leading to the loss of the crop (K. Narrain, Pers. Obs.).
Equally, the intertidal areas can have high turbidity (Msuya
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2011a), making it difficult for the smallholder farmers to
grow seaweeds in these areas, as efficiently as in other Afri-
can countries. The lack of wild eucheumatoid seaweeds and
the ban on importing seaweeds from other countries (CEVA
2011-unpubl., Msuya 2011d-unpubl.) have also led to lim-
ited opportunities for producing the red seaweeds, which
are commonly farmed in other countries, such as Tanzania,
Kenya, Madagascar and Mozambique.

Opportunities for the seaweed industry in Mauritius The
Food and Agricultural Research and Extension Institute in
Mauritius and Rodrigues, in collaboration with the seaweed
farmers, is also actively developing new seaweed-based food
products with high commercial potential from G. salicornia.
It is also conducting consumer acceptability and shelf-life
trials, together with providing training workshops in food
processing that can be extended to other products, and the
nutritional value of seaweeds. In addition, the University of
Mauritius has provided training to members of the GSWP-
FEA on the construction of solar dryers, to enable the drying
of the seaweed, the basics of dehydration and the importance
of pre-treatment before drying (MRIC 2014-unpubl.).

In 2015, a study to assess the nutritional profiling of G.
salicornia harvested from the experimental farms (Narrain
et al. 2015b-unpubl.) found that this seaweed had a protein
content of 0.74+0.9 g (100 g)_1 (FW) and a calcium content
of 51+19 mg (100 g)~! (FW). These results indicated that
this species had a good potential for value addition activities,
such as food products and cosmetics.

Southern Africa

South Africa and Namibia

Species richness and diversity of seaweeds The marine
climate of the west coast of Southern Africa, comprising
the Namibian coast and the west coast of South Africa, is
influenced by the Benguela Large Marine Ecosystem, one
of the world’s major upwelling systems. The cool temper-
ate rocky shore communities are dominated by kelp forests,
mainly Ecklonia maxima and Laminaria pallida (Bolton and
Anderson 1997). The coastline is very straight and mostly
exposed to ocean swells (Rothman et al. 2017), with only
two large sheltered bays, Liideritz Bay in southern Namibia
and the Saldanha Bay/Langebaan lagoon system in South
Africa. The southern coast of South Africa is known as the
Agulhas Marine Province, with a different warm temperate
biota with high seaweed endemism (Anderson et al. 2009).
Further east, this warm temperate biota overlaps with the
tropical marine flora of the Southwestern Indian Ocean,
and in the extreme east of South Africa, most species are of

tropical affinity (Bolton et al. 2004). Namibia has around 200
recorded species of seaweeds (Rull Lluch 2002), whereas,
to a large extent because of the three different biotas, South
Africa overall has > 850 species (Bolton and Anderson-
unpubl.), although the west coast has around 400 species
(Stegenga et al. 1997).

South Africa has a long history of seaweed utilisation
from natural stocks, with the most important current uses
being harvesting of fresh kelp (mostly Ecklonia maxima with
some Laminaria pallida) for feed in the abalone aquaculture
industry and for the production of growth stimulants in
agriculture. There is a dwindling collection of kelp beach
cast for alginate, as well as a small, sustainable harvest
of the intertidal red seaweed Gelidium pristoides for agar
(Anderson et al. 2003, 2010; Rothman et al. 2020). In the
past, both countries had large collections of beach cast of
Gracilaria, which were dried and shipped overseas for agar
production. The latter occurred in both Saldanha Bay (South
Africa) and Liideritz Bay (Namibia), but the large natural
stocks have dropped to low levels due to various human
activities (Rothman et al. 2009). All material for hydrocolloid
production in the region was dried and shipped overseas apart
from small operations extracting coarse agar, which were
operated for a few years in both South Africa and Namibia
(Critchley et al. 1998; Molloy 1998; Anderson et al. 2010).

The current use of natural stocks of seaweeds in Namibia
is confined to ca. 150 t (FW) year™! of kelp beach cast
(Laminaria pallida), used as feed in a single abalone farm
in Liideritz. In the mid-1980s, the seaweed industry in
Liideritz, based on natural beach cast, employed 250 people
(Rotmann 1987). In South Africa, a maximum of ca. 2000 t
(FW) of Gracilaria gracilis (Iyer et al. 2005) was collected
in 196, and a maximum of > 1500 t (FW) was collected in
Namibia in 1988 (Molloy and Bolton 1995; Molloy 1998).
There is currently no commercial Gracilaria spp. collection
in temperate Southern Africa (Rothman et al. 2020).

Production volumes and prices The current success story
of seaweed aquaculture in the region is the production of
the green seaweed Ulva spp. on land-based abalone farms,
growing Haliotis midae. The most recent official figure was
1644 t (FW) per annum in 2014 (DAFF, 2016-unpubl.),
and current production has been estimated at around 2000
t per annum (Rothman et al. 2020). Official figures are not
obtained from farms by the government, as for other aqua-
culture products, as the seaweed material is not sold, but
almost all used as fresh feed. The abalone is fed with for-
mulated feed, usually with the addition of either freshly har-
vested kelp and/or cultivated Ulva spp. (Bolton et al. 2016;
Rothman et al. 2020). Various species names have been used
for this Ulva spp. in the literature, but a recent molecular
study suggests that the same species is grown in all farms.
It was formerly known as Ulva armoricana (Cyrus et al.

@ Springer



Journal of Applied Phycology

2015), currently considered synonymous with Ulva rigida
(Guiry and Guiry, 2021). This material has remained veg-
etative for many years in the aquaculture systems and does
not produce spores/gametes (Bolton et al. 2016). Five farms
produce significant amounts of Ulva spp. in ca. 30 m long,
round-ended paddle raceway ponds (Bolton et al. 2009).
Each paddle raceway produces ca. 1000-2500 kg Ulva spp.
per month, with more in the summer (Bolton et al. 2009).
Most of the farms grow the Ulva spp. in abalone effluent,
thus practising fully commercially integrated, multi-trophic
aquaculture (IMTA). Two of the farms use the Ulva spp. also
to remove ammonium from the effluent water (Neveux et al.
2018), saving pumping costs by partial recirculation of ca.
50% of the water back to the abalone. This can save up to
40% of farm pumping costs (Nick Loubser, Viking Aqua-
culture, Pers. Comm.). Other benefits of this partial water
recirculation include warming the water, which increases
abalone growth rates on the west coast, which can have sig-
nificant economic benefits (Bolton et al. 2009; Nobre et al.
2010). The integrated aquaculture of Ulva spp. with the
South African abalone has been carried out commercially
since 2002 and has been used to enable partial water recir-
culation since 2006 (Rothman et al. 2020). The main threats
to this production have been economic (i.e. the value of the
coastal land for seaweed rather than abalone production)
and biosecurity concerns, with the recirculation of seaweed
and water within the farms (Bolton et al. 2009; Rothman
et al. 2020). A crustose brown alga, Myrionema strangu-
lans, growing on the Ulva spp. has proved problematic in the
past, but was shown to be linked to nutrient depletion and
remedied by occasional fertilisation (Robertson-Andersson
et al. 2008; Shuuluka 2011). Bioremediation through the
Ulva spp. raceways has been shown to reduce levels of both
total and harmful bacteria in the recirculated effluent (Jager
2019). Several farms are currently increasing their Ulva spp.
production systems considerably, and at least one local com-
pany is now including cultured Ulva spp. in its formulated
abalone feed (JJ Bolton, Pers. Obs.).

Production methods Following the replacement of Graci-
laria spp. beach cast collection with raft cultivation in
other countries, especially Chile (Alveal et al. 1997), in situ
growth experiments began in 1991 in both Namibia (Molloy
and Bolton 1995) and South Africa (Anderson et al. 1996).
Initially, pond cultivation was attempted, prompted by a drop
in beach cast (Rotmann 1987), which was not continued, but
cultivation trials on ropes in Liideritz Bay led to commer-
cial pilot-scale production (Dawes 1995) and eventually to
commercial production (Molloy 1998). A rope-raft system,
anchored with ropes using empty soda bottles as floats, was
used, which could be extended into 1 and 2 ha units (Dawes
1995). The seaweed was attached using a novel ‘hook’
method, whereby lengths of ‘onion-bag type netting” known
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as netlon Superope® were laid along a series of coat hooks
attached to a board. The Gracilaria spp. was then placed
over each hook, and the netlon pulled over the seaweed. As
the netlon was pulled taut, the seaweed thalli would become
trapped in the meshes: 5 m lengths of netlon were seeded at
0.4 kg of seaweed m~! (Molloy 1998). The strings of net-
lon containing the seaweed were then ferried by boat to the
floating rafts and tied to ropes, where they rested just below
the surface. This method is described in detail by Dawes
(1995). Relative growth rates in winter of ca. 5-11% per
day were reported. A maximum of 10 ha under cultivation
was achieved in 1994, but despite holding the rafts in place
with 5t concrete blocks and pipe anchors, a major problem
was specific conditions of currents in the bay, which resulted
in the aquaculture systems becoming tangled and washed
ashore. Pulfrich (2010-unpubl.) reported a production figure
of 280-360 t (FW) per annum in Liideritz Lagoon, but this
was discontinued due to financial constraints following fur-
ther damage due to sea current conditions in the bay.

Currently, there is no seaweed aquaculture in Namibia.
In South Africa, Gracilaria spp. rope-raft culture has never
been practised commercially, despite successful experimen-
tal studies. These trials in Saldanha Bay used the same rope-
raft methods as Dawes (1995), and commercial-style lines
of plastic netting (netlon) stocked at 400 g m™" and placed
0.75 m apart, which yielded a mean of about 2 kg m~2
30 day~!, with a mean RGR of about 5% day~ over a 2-year
period, with higher growth rates in summer than winter
(Anderson et al. 1996). A potential problem in Saldanha Bay
involved stratification in late summer, where growth was low
in the upper, nutrient-poor layer (Anderson et al. 2010). This
was mitigated in some areas by nutrients derived as waste
from a fish plant, although this fish factory is no longer in
operation. Similar studies were carried out in a relatively
sheltered section of the nearby open coast in St. Helena Bay
(Wakibia et al. 2001; Anderson et al. 2003). Two differ-
ent species were tested, Gracilariopsis sp. (Gracilariopsis
longissima) (Iyer et al. 2005) and Gracilaria gracilis, with
seasonal growth rates ranging from 4.0-11.0 to 5.0-7.0%
day~!, respectively. There were no seasonal nutrient defi-
ciencies, although periodic low-oxygen hydrogen sulphide
events (known as black tides) killed all inshore marine life,
including the cultivated seaweeds in 1994 and 1998. Follow-
ing these studies, a number of companies expressed interest
in seaweed aquaculture at both sites, and at least one carried
out commercial trials in Saldanha Bay, but none of these
were successful. The lack of policy and legislation was a
major drawback in gaining permission for seaweed aquacul-
ture in St Helena Bay.

Several land-based abalone farms in South Africa grow
small amounts of G. gracilis, which farmers consider to be
useful as feed, particularly for juvenile abalone. Only one
farm grows significant amounts, which total ca. 570 t per
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annum, in 260 round, aerated tanks (Wild Coast Abalone,
Pers. Comm.). Problems with epiphytes growing on the
Gracilaria (ectocarpoids and diatoms) are solved by their
manual removal from the seedling stock.

In addition, there have been experimental attempts to
grow Gelidium pristoides on the south coast of South Africa
(Aken et al. 1993; Steyn 2009) and G. vittatum (as Suhria
vittata) on the west coast (Anderson and Bolton 1985),
which were unsuccessful, as has been the case worldwide
with Gelidium species, leading to a global shortage of Gelid-
ium agar (Santos and Melo 2018).

Challenges and opportunities to sustainable seaweed
production in South Africa Despite the globally significant
kelp forests on the west coast of Southern Africa, there has
been no commercial aquaculture of kelps (Laminariales)
in the region thus far. Some studies on the growth of the
microscopic stages have been completed in the laboratory
(Bolton and Levitt 1985; Bolton and Anderson 1987,
Rothman 2015), and both the major kelp species (Ecklonia
maxima and Laminaria pallida) have been grown from
spores to large kelp sporophytes in the sea (Rothman 2015).
Ecklonia maxima plants can be very large, as long as 17 m,
although most of the length and half of the biomass is stipe.
Macrocystis pyrifera (known as ‘giant kelp’ in other world
region) also occurs naturally in South Africa, but only in a
few small beds in the southwest, and does not grow naturally
in Namibia (Fleischman et al. 2020). A small experimental
study grew this species successfully from regenerating
holdfasts on rope rafts in Saldanha Bay (Fleischman et al.
2021). There is increasing commercial interest in pursuing
kelp aquaculture in the region and a company (Kelp Blue)
has recently been set up in Namibia and has currently
received approval of Environmental Impact Assessment for
a pilot aquafarm, intending to produce large amounts of kelp
offshore: http://kelp.blue/namibia/.

West Africa

Ghana

Species richness and diversity of seaweeds About 200
species have been reported in Ghana (Bolton et al. 2003).
Ghana, however, faces the problem of volumes of floating
seaweeds that are cast on its beaches. These floating sea-
weed (Sargassum spp.) masses are a recent major global
phenomenon, stretching across the central Atlantic Ocean
and causing problems with large beach casts from Mexico
to Ghana (Smetacek and Zingone 2013); (Ackah-Baidoo
2013). A study of Ghanian seaweeds assessed the potential
of six red seaweed species in fighting pollution by acting as
biological indicators for heavy metals Serfor-Armabh et al.

(2001). Serfor-Armah et al. (2006) studied 23 heavy metals
in seven species of Rhodophyta, five species of Chlorophyta
and three species of Phaeophyceae as potential candidates
for monitoring pollution.

Seaweed utilisation Until 2017, the Ghanian seaweed indus-
try was primarily based on the harvesting of wild seaweeds
from the significant beach cast, primarily Sargassum spp.,
which was used to generate income for the communities
(Jensen 2015-unpubl.). A collaborative programme between
the Technical University of Denmark (DTU), the Council
for Scientific and Industrial Research (CSIR) and Kwame
Nkrumah University of Science and Technology (KNUST)
in Ghana assessed the potential of using the cast seaweed to
generating economic growth, with the aim of establishing
a seaweed processing industry and eventually developing
a cultivation industry, when appropriate technologies were
found (Jensen 2015-unpubl.). A biorefinery project (Sea-
weed Bio-refinery Project of Ghana (SeaBioGha) has also
been implemented by DTU, KNUST, CSIR and the Water
Research Institute of Ghana (WRIG), to “manage the sea-
weed menace along the coast” and to establish a “massive”
seaweed cultivation initiative along the 540 km stretch of
coastline in Ghana. The plan being that the cultivated sea-
weed would predominantly be used to produce value-added
products and the by-product would be used in the biorefinery
(Segbefia et al. 2018).

Opportunities for the seaweed industry in Ghana Since 2017,
the cultivation of Kappaphycus spp. and Eucheuma spp. in
Ghana (using imported seaweed) has been practised by farm-
ers in two villages—Half Asini (Southwest Ghana) and New
Takoradi (Southern Ghana) (Agyarko 2017). Studies have
also assessed the socio-economic significance of seaweed
farming in Ghana (Agyarko 2017), as a new and opportun-
istic industry, and highlighted 12 potential areas suitable for
farming (Segbefia et al. 2018). Gbedemah (2014) also high-
lighted additional potentially suitable species for cultivation
and wild collection in Ghana including: Sargassum vulgare,
Hypnea musciformis and Ulva fasciata.

Nigeria

Species richness and diversity of seaweeds Nigeria has
approximately 79 species of seaweed that have been identi-
fied, with the majority composed of red algae (~ 38 species)
(Fakoya et al 2011; Solarin et al. 2014). Sargassum spp. form
seasonal blooms, which when cast upon the beaches places a
high financial cost on the country for clearance (Solarin et al.
2014). This alga can also interfere with navigation activities
and can clog fishing nets causing extra work for the fisher-
men (Solarin et al. 2014). The significant blooms in Nigeria
have been linked to the increased nutrients transported by
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the Guinea Current, which originates from the North Equa-
torial Counter Current (NECC) and flows eastward along the
western coast of Africa (Hénin and Hisard 1987; Hormann
et al. 2012; Pelegrin and Pena-Izquierdo, 2015).

Seaweed utilisation Efforts have been made to convert Sar-
gassum spp. into economically beneficial products, such as
alginates, as well as cultivating other algae such as Ulva
spp. (Ibraheem et al. 2017). Solarin et al. (2014) also studied
Sargassum fluitans (as S. hystrix var. fluitans) for its proxi-
mate composition, mineral content and potential applica-
tion in agriculture. In addition, Abowei and Tawari (2011)
and Fakoya et al. (2011) recommended several species of
seaweeds in the genera Sargassum, Ulva, Gracilaria and
Chaetomorpha for human, medical, industrial, agricultural
and environmental related uses.

Opportunities for the seaweed industry in Nigeria With a
coastline of 860 km extending from the border with Benin
in the West to Cameroon in the East, Nigeria has potential
for seaweed farming. Several authors have recommended
the initiation of seaweed farming in Nigeria, using mainly
native species, but also imported species where necessary
with appropriate farming technologies. Abowei and Tawari
(2011) argued that with the well-known uses and benefits
of the brown seaweeds, it may be useful to import and culti-
vate the appropriate Phaeophyceae species from other west
African countries, such as Ghana, Togo and Cameroon,
countries whose ecology is similar to Nigeria, as well as
the red seaweed Eucheuma spp. from where it is currently
cultivated. These authors, as well as Fakoya et al (2011),
also recommended the use of farming methods, such as rafts.
Ibraheem et al. (2017) pointed out that Nigeria should con-
sider farming seaweed for biomass production, as is done in
other countries.

Senegal

Species richness and diversity of seaweeds In Senegal,
there are over 400 seaweed species reported on its coastal
area (Ndiaye et al. 2021-unpubl.). Efforts to study sea-
weed resources of Senegal include a study by Ndiaye et al.
(2021-unpubl.), who pointed out that CLIMALG-SN was
compiling a list of seaweed species found in Senegal aiming
at both harvesting from the wild and cultivation.

Seaweed utilisation and opportunities for the seaweed
industry in Senegal Efforts to start a seaweed industry
based on both wild collection and farming were reported
by JICA (JICA-undated), in collaboration with the Univer-
sity of Cheikh Anta Diop in Dakar based on Hypnea mus-
ciformis and Meristotheca senegalensis. These efforts were
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mentioned by McHugh (2002), who stated that there had
been interest in harvesting the naturally growing H. mus-
ciformis for economic uses. According to the author, there
was a company that had shown interest in harvesting and
processing the H. musciformis around 2001-2002. Seaweed
production in Senegal was reported recently (Gueye et al.
2020), with an estimated 80-100 t (FW) being exported to
Japan.

Northern Africa

Morocco

Species richness and diversity of seaweeds A total of 394
seaweed species were reported in Morocco by 2003, includ-
ing 102 species of Chlorophyceae (Benhissoune et al. 2001),
131 species of Phaeophyceae (Benhissoune et al. 2002) and
161 species of Rhodophyceae (Benhissoune et al. 2003).
Equally, Moussa et al. (2018), working in the Al-Hoceima
National Park, reported 306 algal taxa including 207 red,
51 brown and 48 green seaweed and stated that amongst
these were records of 10 new species. In a more recent study,
Bahammou et al. (2021) reported 156 species from 35 fami-
lies of Rhodophyta. The authors reported two species that
were recorded for the first time in Morocco—Gaillona gal-
lica and Aglaothamnion tripinnatum Of all these species,
however, only a few have been exploited for commercial and
community economic development. Rhimou et al. (2010)
pointed out that the coast of Morocco is rich in seaweed
biodiversity, which could be exploited for economic, social
and ecological potentials, but only Gelidium corneum (as
Gelidium sesquipedale) had been exploited by 2010. Graci-
laria multipartita, however, has also been recommended as
a good source of agar (Noura et al. 2014).

Seaweed utilisation The seaweed industry in Morocco,
located in the northwest, is based predominantly on the
extraction of agar from wild populations of Gelidium spp.
(Kassila et al. 2019). It has been reported, however, that
wild populations of the seaweed, commonly called “red
gold”, are decreasing because of overharvesting for agar—
agar production (Makhfi (2015-unpublished). The informa-
tion from this link adds that, indeed, the supply to the red
gold processing industry situated in Kenitra, Rabat, which
uses 80% of the harvested seaweed is decreasing. Two com-
panies, however, ‘The Seaweed Company’ and ‘Morocco
Seaweed’ are still involved in the seaweed industry. The
former is reportedly cultivating, harvesting and process-
ing seaweed at a commercial scale at its processing plants
situated in Morocco, as well as Ireland and India (The Sea-
weed Company-unpublished online information), whereas
the latter states that it supplies and exports red seaweeds
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Gracilaria spp., Gigartina spp. and Gelidium spp., as well
as the brown seaweed Laminaria from Morocco (Morocco
Seaweed Supplier-unpublished online information). The
invasive seaweed Sargassum muticum is also harvested and
converted to alginate and defined as a potential commercial
commodity and source of livelihood in Morocco (El Atouani
et al. 2016). The potential of Moroccan seaweeds for phar-
maceutical applications has also been studied by Rhimou
et al. (2010), who investigated 55 aqueous extracts from 16
species of red seaweeds as sources of anti-viral compounds.
Out of these, 10 species including Asparagopsis armata,
Ceramium rubrum, Gelidium pulchellum, Gelidium spinu-
losum, Halopitys incurvus, Hypnea musciformis, Plocamium
cartilagineum, Vertebrata thuyoides, Pterosiphonia com-
planata and Sphaerococcus coronopifolius were identified
as potential sources. Equally, Rhimou et al. (2010) studied
extracts from 26 red seaweeds including Hypnea, Halopithys
and Gelidium for their potential antibacterial activities.
Potential of polysaccharide-enriched extracts (PEEs) from
17 seaweeds in Morocco as plant growth stimulators was
also reported by Mzibra et al. (2018), who showed that six
out of the 17 species including Ulva rigida, Gigartina sp.
and Fucus spiralis had high potential.

Opportunities for the seaweed industry in Morocco Owing
to the rising demand for agar production, Gracilaria has
also been identified for potential cultivation. The National
Agency for Aquaculture Development (ANDA) has identi-
fied sites that are suitable for the cultivation of the agar-
producing red seaweed Gracilaria. These sites include Sidi
Rahal, Nador Lagoon and Dhakhla Bay, located in North-
west Atlantic Ocean, Northeast Mediterranean Sea and the
Southwest Atlantic Ocean coast, respectively (Kassila et al.
2019). Plans to develop seaweed cultivation in the country
began in 2000, when coastal spatial planning for marine
aquaculture site selection was initiated (Sanchez-Jerez et al.
2016). Subsequently, fishermen in Nador Lagoon, working
with ANDA and the National Institute of Fisheries Research
(INRH), formed a cooperative in 2013 and secured funding
from the Global Environment Fund and the World Bank to
produce 13,000 t (FW) of Gracilaria gracilis (Kassila et al.
2019). Initial trials conducted by Kassila et al. (2019) to
cultivate G. gracilis in Nador Lagoon used the traditional
off-bottom and floating lines methods. Daily growth rates
of 1.9-2.8 day™' were recorded, the higher growth rates
typically observed in the floating lines compared with the
off-bottom method. The authors demonstrated that seaweed
farming was possible in Morocco and that it was suitable
for small-scale fishermen, who were able and willing to
switch from an exclusive dependence on capture fisheries
to an intensive involvement in seaweed farming. By 2019,
however, there was only one seaweed export company,

SETEXAM, which set the seaweed price at US$ 0.52 kg™!
of dry seaweed paid to farmers (Kassila et al. 2019).

Plans to launch a further 24 shellfish and seaweed projects
in Souss Massa (southern Morocco) by the National Agency
for Development of Aquaculture were also announced in
2020 (https://www.undercurrentnews.com/2020/11/09/
morocco-launches-24-new-shellfish-seaweed-farms-in-lat-
est-development-project/).

Tunisia

Species richness and diversity of seaweeds Benhissoune
et al. (2001) reported that Tunisia had 64 taxa (species and
sub-species) and Benhissoune et al. (2002) reported 87 taxa.
There have been very few studies, however, to assess their
economic potential (Yaich et al. 2011). Ulva lactuca, col-
lected between Taboulba and Sayada, was identified though
as a potential source of dietary fibre, essential amino acids
and fatty acids (Yaich et al. 2011).

Production methods A mixture of production methods is
used in Tunisia. SELT MARINE GROUP (2021)reports
cultivation methods in Tunisia to have included off-bottom
method (for Kappaphycus spp. and Eucheuma spp.), long
lines (for Gracilaria spp.) and recently tubular nets (for the
cultivation of Gracilaria spp.). Bamboo rafts have also been
mentioned by SELT MARINE (2021).

Opportunities for the seaweed industry in Tunisia The pres-
ence of a seaweed processing plant and plans of expanding
seaweed cultivation in Tunisia offer opportunities for the
expansion of seaweed production and valorisation in the
country. Gracilaria spp. is cultivated and processed in Tuni-
sia by SELT MARINE GROUP. The company produces and
markets agar and carrageenan from Gracilaria spp., together
with K. alvarezii and E. denticulatum grown in Tanzania
and Mozambique (see previous sections) as well as in Asia.
SELT MARINE currently has an 80-hectare site in Tunisia
growing Gracilaria spp., located in the salt-water Bizerte
Lake, near Jadara.

African seaweed industry

As is the case with all continents, with the exception of Asia,
there is only limited cultivation of seaweeds in Africa, to
date. The continent does, however, have one major cultivated
seaweed-producing country (i.e. Tanzania), and a number
of other countries are cultivating a range of seaweeds at a
commercial scale. This makes Africa, as a whole, the sec-
ond-highest continent, after Asia, for global seaweed aqua-
culture production (FAO 2020). The continent also has over
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30 years’ experience in cultivating seaweeds. Tanzania and
Madagascar are amongst the major producers of eucheu-
matoids in the world. Many of the emerging countries in
seaweed production (i.e. Kenya, Mozambique and Namibia)
have the potential to significantly expand their operations.
Others, such as Somalia, recognise the potential of seaweed
farming as a community development initiative and are
planning a new industry in Puntland State through its NGO
Somali Women Action (F. Msuya, Pers. Comm. with the
NGO). A number of other countries have at least experi-
mented in the cultivation of seaweeds or are farming in small
quantities. For example, eucheumatoids in Djibouti and
Ghana; Gracilariales in South Africa, Namibia, Morocco,
and Tunisia; and Ulva spp. in South Africa. There are also
countries in Africa that farm seaweed purely for domestic
utilisation, such as Gracilaria spp. for making products in
Mauritius and Rodrigues and Ulva spp. and Gracilaria spp.
for feeding abalone in South Africa and Namibia. In Africa,
many countries also have experience in processing seaweed
based on harvesting from the wild (Tunisia, Senegal and
Morocco) and selling it commercially (Sargassum spp. in
Ghana, Nigeria), for inclusion in animal feed (South Africa,
Namibia), plant biostimulants (South Africa) or as sources
of marine products in biotechnology (Ghana, Morocco). The
effort in Namibia by the company Kelp Blue also aims to
use a biorefinery process, to produce a number of products
from large amounts of kelp biomass grown offshore for the
first time in Africa.

In Africa, almost all the major groups of economic sea-
weeds are cultivated: tropical Eucheuma spp./Kappaphycus
spp., kelp in temperate Southern Africa and both temper-
ate and tropical Gracilariales. There is also potential for
use of Sargassum in many warmer regions, and species of
Porphyra spp. and its relatives grow naturally in southern
Africa, which could be cultivated for nori. In addition, all
coastal countries in Africa have species of seaweed growing
naturally, which could be marketed as food/feed products
to aid in various aspects of human and livestock nutrition.
A number of other naturally growing seaweeds have been
recommended for commercial exploitation as food or source
of income. The tropical species Asparagopsis taxiformis, for
example grows on both east and west coasts, and the more
temperate species A. armata grows in both South Africa
and the North African Atlantic/Mediterranean (Bolton
et al. 2011; Guiry and Guiry 2021). This genus has received
increasing attention recently, as it can significantly reduce
methane emission when fed to ruminant livestock (Kinley
et al. 2016; Roque et al. 2021). The availability of a large
range of marine environments and habitats (two climates
tropical and temperate), an extensive coastline and sea area,
encompassing the Atlantic and Indian Oceans, plus the Med-
iterranean Sea, provides the opportunity for the continent
of Africa to respond to all aspects of the recently discussed
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‘Seaweed Revolution’. The United Nations Global Compact
Dialogue on ‘Powering the seaweed revolution as a game-
changer for our food system’ was held in April 2021 and had
a significant focus on Africa. With this scenario in Africa,
there is a high potential to expand the seaweed industry and
to make this continent one of the main centres for seaweed
cultivation and utilisation worldwide. There is a need for
unified efforts (e.g. by engaging with the newly formulated
Safe Seaweed Coalition, which aims at Revolutionising Sea-
weed in Africa) to advance the seaweed industry in Africa
(see the website information at https://www.safeseaweedcoal
ition.org).

Conclusion

Coastal African countries are rich in seaweed species and
many have suitable areas that can be used for cultivating and
processing many types of seaweeds. These countries have
the potential to use its rich, natural seaweed biodiversity
for economic benefits of their people (by harvesting respon-
sibly and sustainably) and cultivating native seaweeds, or
imported species when necessary, depending on the coun-
try and species required, for both food and income genera-
tion. Importantly, with evidence-based research to study
the wider benefits of seaweeds in African waters, such as
the potential for ecosystem restoration, services and carbon
capture, seaweeds can be an important new crop for many
countries. A number of coastal African countries have rec-
ognised the benefits of seaweeds and are putting efforts into
responsibly developing their resources, whether it is through
wild harvest or cultivation and valorisation. With such rich
resources, the efforts done so far to cultivate and process
seaweed, Africa could be one of the continents that pro-
duces and processes seaweeds in large quantities, on a scale
similar to Asia. With careful management and utilisation
of its resources including biosecurity efforts to reduce the
introduction and spread of pests and diseases (e.g. restricted
importation, observing quarantine protocols for movement
of seed, regular monitoring) and protecting its natural sea-
weed beds (Cottier-Cook et al. 2021), Africa has the ability
to establish a significant seaweed industry. These aspects
call for linkages and collaboration between and amongst
countries to look at possibilities of making the farming of
seaweeds in Africa a one-continent industry, which benefits
all stakeholders.
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