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Development of seaweed cultivation in Latin America: current trends and future
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ABSTRACT

Seaweed farming has now expanded across several continents from South East Asia to South America,
Northern Europe, Canada and East Africa, contributing to global food security, supporting rural liveli-
hoods, alleviating poverty and improving the health of oceans. Latin America (LA) covers a vast
geographical area, which includes four different oceanic domains (Temperate Northern Pacific,
Tropical Eastern Pacific,c Temperate South America and Tropical Atlantic) and encompasses many
types of coastal ecosystems with a wide range of seaweed species. LA has major potential for the
development of seaweed farming activities; however, almost all the production is based on the harvest-
ing of natural beds. This review describes the development of and prospects for the aquaculture

ARTICLE HISTORY
Received 10 April 2018
Accepted 04 July 2019
Published online

11 September 2019

KEYWORDS

Chlorophyta; Latin America;
Phaeophyceae; Rhodophyta;
Seaweed farming

seaweed industry in LA. The status of the seaweed aquaculture sector for green, brown and red seaweed
and the main industry challenges are addressed. Regulation in the primary countries is also discussed.
The expansion of the aquaculture industry in this region can be improved with new strains and farming
methodologies, diversification of species, market expansion and an increase in domestic demand.

STATUS OF SEAWEED AQUACULTURE IN LATIN
AMERICA

The seaweed aquaculture industry has dramatically increased
production over the last 50 years and currently is responsible
for 96% of global seaweed demand (Duarte et al. 2017). In
2016, global cultivation of aquatic plants, mainly seaweeds,
reached a production volume of 30.2 million tonnes, of which
40.7% was from the tropical seaweeds Kappaphycus and
Eucheuma for the extraction of carrageenan (FAO 2018a).
Species of Gracilaria are also among the most cultivated
species, mainly for agar production, while production of
Pyropia (also as Porphyra), Undaria pinnatifida (Harvey)
Suringar and Saccharina has been mainly for human con-
sumption (FAO 2018a).

During the last 10 years, seaweed aquaculture has expanded
rapidly due to increasing demand for edible seaweed, nutraceu-
ticals, pharmaceuticals, antimicrobials and other compounds
with biotechnological uses (Cottier-Cook et al. 2016; Shannon
& Abu-Ghannam 2019). Seaweed is also gaining special atten-
tion as a potential source of new therapeutic compounds and
other chemicals with novel industrial applications (Lorbeer et al.
2013). Moreover, seaweed aquaculture contributes to climate
change adaptation by damping wave energy and protecting
shores, and by elevating pH and supplying oxygen to the
water, thereby locally reducing the effects of ocean acidification
and deoxygenation (Duarte et al. 2017; Fernandez et al. 2019).
Consequently, the demand for seaweed products by western
markets is expected to increase quickly in the future, due to an
interest in alternative sources of protein, food supplements and

sustainable textural compounds, that can meet future food
demands (Kim et al. 2017). Accordingly, the seaweed aquacul-
ture industry will have a pivotal role in supplying seaweed-
derived products worldwide.

According to the FAO (2018b), global seaweed production
was approximately 30.8 million tonnes in 2016, of which 98%
came from aquaculture and 2% from harvesting of natural
beds. Latin America (LA) contributed only 1.2% of this pro-
duction (373 thousand tonnes). Contrary to what occurs
worldwide, only 4% of LA production came from aquaculture
with 96% from natural beds. Chile contributes 88% of the
total seaweed harvest in Latin America (329 thousand tonnes),
while the remainder is divided between Peru (4.1%) and
Mexico (3.7%). With respect to seaweed cultivation, Chile is
the primary producer, being responsible for 95% of produc-
tion (14,846 tonnes). This is followed by Brazil (4.68%),
Mexico (1.15%), Ecuador (0.03%) and Peru (0.01%). Even if
the FAO database is not precise, these numbers reflect the
main pattern of industrial seaweed production in LA.

The seaweed aquaculture industry in LA is still in its
infancy, and its development requires several biological, poli-
tical and technological strategies. There is an urgent need for
the establishment of regulations and best practices for sea-
weed farming. In addition, a trained workforce is required to
provide the human resources for communities involved in
this activity, and to facilitate the development of the industry
(Rebours et al. 2014).

LA has a land surface area of 21 million km (Wurmann
2017) and a coastline of 59,591 km?. This ranges from 30°N to
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55°S and includes four oceanic domains: Temperate Northern
Pacific, Tropical Eastern Pacific, Temperate South America,
and Tropical Atlantic. This vast geographical area encom-
passes many types of coastal ecosystems and includes diverse
seaweed species with potential for the development of sea-
weed farming activity.

This review describes the development of and prospects for
a seaweed aquaculture industry in LA. To this end, the status
of the seaweed aquaculture sector for green, brown and red
seaweeds is described, together with the main regulations and
challenges facing the industry.

DEVELOPMENTS AND CHALLENGES OF LATIN
AMERICAN SEAWEED INDUSTRY

Cultivation of brown seaweeds

The current Latin American aquaculture sector of brown sea-
weeds is scarcely developed, with only Mexico and Peru appear-
ing in the 2016 cultivation statistics by FAO (2018a). However,
figures for Mexico are vague, although temporary permits and
aquaculture on an experimental basis have been conducted for
some commercial kelps (i.e. Macrocystis and Eisenia). Similarly,
the 1 tonne of Macrocystis reported for Peru is probably derived
from experimental pilot projects (FAO 2018a).

Recent progress in the domestication of Eisenia arborea
(Areschoug) M.D. Rothman, Mattio & J.J. Bolton in Mexico
has led to its testing as an alternative to Macrocystis pyrifera
(Linnaeus) C. Agardh for feeding red abalone (Haliotis rufes-
cens Swainson, 1822) in Baja California, Mexico (Zertuche-
Gonzdlez et al. 2014). Although M. pyrifera appeared to be
a better diet for large animals, the growth rates obtained with
E. arborea, and the fact that this species could be cultivated in
warmer waters, make this seaweed a good substitute.

Despite all Chilean brown seaweed production being
based on wild harvest, attempts to cultivate and scale-up
kelp production have been made at least for 10 years. In
fact, Chile actively cultivated M. pyrifera, achieving
a production of 12 tonnes (ww) in 2010 with an associated
value of US$12,000 (FAO 2018a). This species is sold fresh
for abalone feed and dry for alginate extraction. According
to Camus et al. (2018) the development of commercial
cultivation is stimulated by increasing demand based on
new markets such as human consumption or biofuel/che-
mical applications. Buschmann et al. (2017) summarised
two systems which had been tested: a tank cultivation sys-
tem to produce unattached, floating sporophytes after sev-
eral months, and one using gametophytes and sporophytes
settled on artificial substrata, e.g. strings or ropes, inside
tanks. In both cases, after sporophytes reached sufficient
size, they were transferred to long-lines in marine farms.
In southern Chile, hatchery and pilot cultivation of
Macrocystis were successful (Gutierrez et al. 2006), and
pilot-scale cultivation of M. pyrifera (Figs. 1, 2) was accom-
plished for the production of biofuels, organic fertilisers and
new food products (Buschmann et al. 2008).

Another highly exploited brown seaweed on Chilean coasts is
Lessonia. Attempts to cultivate Lessonia were also made, with the
aim of avoiding depletion of natural beds. In northern Chile,
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experimental farms of Lessonia were established (Edding et al.
1990; Tala et al. 2004), and culture conditions for microscopic
stages of L. nigrescens Bory were developed (Avila et al. 1985).
Since 2011, L. nigrescens has been separated into two cryptic
species, L. berteroana Montagne and L. spicata (Suhr) Santelices
(Gonzilez et al. 2012; Tellier et al. 2011). Westermeier et al.
(2017) examined the population dynamics of L. trabeculata
Villouta & Santelices in natural beds and compared this to
results from cultivation. These authors concluded that wild
populations recover slowly because of low growth rates and
high herbivory. They noted that this was also true in sea cultiva-
tion, making commercial cultivation unprofitable, but that cul-
tivation could be considered for repopulation projects.

Macrocystis pyrifera has also been suggested for use in inte-
grated multi-trophic systems (IMTA) to reduce the nutrient load
caused by salmon farming in Chile (Buschmann et al. 2001;
Chopin et al. 2001; Fernandez et al. 2019). Varela et al. (2018)
studied the influence of temperature, light and nutrients to find
optimal conditions for growth close to salmon farms. This was
done to evaluate not only the productivity of the seaweed in
IMTA, but also its potential for bioremediation. As expected,
productivity closely matched the seasonality of salmon produc-
tion. Since salmon achieve commercial size in the summer, this
is the period that produces more effluent which can be used by
the seaweed to produce more biomass. However, the main
challenge was to improve seaweed nitrate intake capacity by
photosynthesis and consequent biomass production, consider-
ing the cultivation area available for IMTA.

It is clear that brown seaweed aquaculture in LA still has a long
way to go before production is comparable to Asian competitors
and even efforts in the USA (Kim et al. 2019). Despite the available
knowledge for cultivation of Macrocystis and Lessonia, scaling-up
production is a challenge. The high costs related to hatcheries are
too expensive when harvesting can still be done from natural beds.
Moving forward, production systems of brown seaweeds need to
be optimised to make their cultivation profitable.

Cultivation of green seaweeds

In southern Brazil, several experimental farms for green seaweeds
were established. Nonetheless, no artisanal or commercial cultiva-
tion is currently operational in the region (Pellizzari & Reis 2011).
In Parana State, natural populations of the Monostroma complex
were traditionally exploited and sold to restaurants in Sao Paulo
State. This activity ceased due mainly to the reduction of natural
populations, the lack of a defined market, and insufficient tech-
nological development for cultivation. However, according to
Pellizzari & Reis (2011) cultivation of Monostroma could still be
justified, considering the increasing global demand for monostro-
matic algae by the cosmetics industry and Brazil’s third-place
position in consumption of cosmetics.

In Brazil, there are two species of monostromatic Chlorophyta,
Gayralia oxysperma (Kitzing) K.L. Vinogradova ex Scagel et al.
and Monostroma sp., with some economic potential (Pellizzari &
Reis 2011). Pellizzari et al. (2007) evaluated the feasibility of
cultivating Gayralia sp. at Paranagua Bay, in nets placed in man-
grove fringes. The species achieved a production of 58 g m™> (dw)
in the spring. Pellizzari et al. (2008) selected one strain of Gayralia
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Figs 1-6. Examples of commercial and pilot-scale cultivation of seaweed in Latin America.
Figs 1-2. Commercial pilot cultivation of Macrocystis pyrifera in southern Chile with a closeup of M. pyrifera cultivated using the long-line technique (J. Infante).
Figs 3-4. Pond cultivation of Ulva spp. at the 300 m* facilities of the Autonomous University of Baja California with a specimen of cultivated Ulva (K. Navarro).
Fig. 5. Bottom cultivation of Agarophyton chilensis in southern Chile (D. Robledo).
Fig. 6. Pilot cultivation of Sarcothalia crispata (). Zamorano).




from a natural population for cultivation based on its physiologi-
cal adaptations. According to them, strains collected in outer
estuarine areas had larger thalli, higher growth rates and wider
tolerance to environmental variation.

In the State of Rio Grande do Sul, Ulva clathrata (Roth)
C. Agardh and U. ramulosa Smith were studied for their poten-
tial application as bio-extractor organisms in integrated aqua-
culture with shrimp (Pellizzari & Reis 2011). Of these species,
U. ramulosa was a more effective biofilter for nitrogenous com-
pounds. The bio-extractive efficiency of Ulva clathrata for inor-
ganic compounds was demonstrated by Copertino et al. (2009)
in outdoor tanks receiving effluent water from a shrimp pond. In
this work, a reduction in chlorophyll-a was observed in the
water, suggesting that the decrease in nitrogenous compounds
caused by U. clathrata reduced phytoplankton growth. In Santa
Catarina State, Pallaoro et al. (2016) verified that replacement of
commercial feed of Litopenaeus vannamei (Boone 1931) with up
to 50% U. lactuca Linnaeus did not affect their growth perfor-
mance. Thus, Ulva in IMTA could not be only a biofilter, but
also feed.

Research on novel properties and applications for Brazilian
green monostromatic seaweeds has been conducted to support
the development of commercial cultivation. This research
included the identification of antiviral and antibiotic activities
(Cassolato et al. 2008, Fernandes et al. 2014). Pellizzari & Reis
(2011) stated that the cultivation of Monostroma in southern
Brazil was economically viable due to its high growth rate, simple
cultivation techniques, and vast areas potentially available for
cultivation. Nonetheless, several cultural and political changes
are required to stimulate the development of this industry.

Ulva clathrata was cultivated by Aonori Aquafarms Inc.
that initiated production with the brown shrimp
Farfantepenaeus californiensis (Holmes 1900) in Meéxico.
Results showed that the co-culture method can result in
commercial yields, with 30 shrimp per m” as the best stocking
density based on shrimp performance (Pefia-Rodriguez et al.
2017). Moreover, the chemical composition of U. clathrata
indicates the potential for use as human and animal food
(Penia-Rodriguez et al. 2011). Recently, the Autonomous
University of Baja California (IIO-UABC) began production
of U. lactuca and U. fasciata S.F. Gray in pilot commercial
ponds (Figs. 3, 4) that generated 180 g ww m > d™' (Navarro
2016). This project has the participation of Productos Marinos
de las Californias, whose parent company is in the United
States. The collaboration included the production of the sea-
weed, its processing to convert it into raw material, and the
development of recipes and products, while the parent com-
pany took charge of commercialization.

Cultivation of red seaweeds

The industrial cultivation of red seaweeds in LA has been
mainly centred on Gracilaria chilensis C.]. Bird, McLachlan
& E.C. Oliveira (now Agarophyton chilensis (C.]. Bird,
McLachlan et E.C. Oliveira) Gurgel, J.N. Norris et Fredericg;
Gurgel et al. 2018) in Chile (FAO 2018a; Figs. 5, 6). The
successful Chilean story has increased the interest of other
LA countries in developing industrial seaweed aquaculture
operations (Hayashi et al. 2013). Several countries in LA
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conducted trials based mainly on the exotic species
Kappaphycus alvarezii (Doty) Doty ex P.C. Silva and
Eucheuma striatus (F. Schmitz) Doty ex P.C. Silva, but none
have progressed to commercial farms, with the exception of
Brazil (Hayashi et al. 2017). The status and projections of red
seaweed aquaculture in LA are described based on their
regional applications.

AGAROPHYTES: Chile has increased Gracilaria (pelillo in
Spanish) production in the last five years, from 10.5 thousand
tonnes (ww) in 2012 to 16.7 thousand tonnes in 2017.
However, since 1994, production has fluctuated, with
a maximum of 105 thousand tonnes in 1996 (Fig. 7)
(Sernapesca 1994-2017). These fluctuations seem to be related
to thallus aging. This is because all production is based on
vegetative propagation, and the fact that during harvesting,
the new tissue of Gracilaria is always cut off and old tissue
remains for the new production cycle. These problems were
partially solved by seeding carpospores on ropes, but this
increases cultivation time (Buschmann et al. 2008). Other
problems seemed to be related to the presence of pests and
epiphytes, which seem to be influenced by the effects of
climate change and oscillation of seawater temperature. The
green seaweed Rhizoclonium, forced the Chilean government
to declare one production region in Rio Maullin, Los Lagos,
a plague area in 2015 (Ministerio de Economia, Fomento
y Turismo 2015). The unpredictable price fluctuations and
Gracilaria spp. cultivation in Asia are responsible for the
apparent lack of interest in developing novel cultivation tech-
niques (Hayashi et al. 2013). In addition, the availability of
farming areas for Gracilaria in the southern Chile has been
significantly reduced due to the establishment of salmon and
mollusc aquaculture installations (Buschmann et al. 2008).
Species of Gelidium (chasca in Spanish) have also been
used in the agar industry in Chile. In this case, all produc-
tion is based on harvesting from natural populations in the
Central region (FAO 2018b). The landings of these species
reached 1,644 wet tonnes in 1991 but declined such that in
2017 only 228 wet tonnes were harvested (Sernapesca 1991,
2017). The cultivation potential of some species of
Gelidium was investigated using free-floating and net

Gracilaria Production - Chile
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Fig. 7. Gracilaria (Agarophyton) production from 1994 to 2017 in quantity (1000
tonnes of wet weight) from commercial farms (SERNAPESCA 1994-2017).
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systems with some successful results (Buschmann et al.
2008). Otaiza et al. (2018) proposed a cultivation method
based on thallus fragmentation and the formation of sec-
ondary attachment structures (SAS) in Gelidium lingulatum
Kiitzing. However, all cultivation described in literature has
been experimental. According to Callaway (2015), the glo-
bal supply of bacteriological agar has been affected by the
overharvesting of Gelidium stocks and the unsteady supply
from some producing countries. This may provide an
opportunity for new cultivation or repopulation programs
for Gelidium in LA.

Brazil has exploited species of Gracilaria since 1960, reach-
ing a maximum of 2000 tonnes (dw) annually between 1973
and 1974 for export to the Japanese market. Subsequently,
a sharp drop was observed, and exports declined to 250
tonnes (dw) with negligible amounts currently exported
(Marinho-Soriano 2017). Initial efforts to cultivate Gracilaria
took place in Rio Grande do Norte State, under the auspices
of university and government agencies (Hayashi et al. 2013).
Subsequently, the artisanal cultivation of Gracilaria birdiae E.
M. Plastino & E.C. Oliveira has become an income source for
local producers in the northeastern States of Paraiba, Rio
Grande do Norte and Ceara. Nonetheless, since this cultiva-
tion was based on the use of seedlings from natural beds,
uncontrolled harvesting reduced their availability, and risked
overexploitation (Hayashi et al. 2013). The farming of
G. birdiae in estuaries using effluent from shrimp ponds was
proposed (Bezerra & Marinho-Soriano 2010; Marinho-
Soriano et al. 2006, 2009a). The latter strategy has also been
studied for other Gracilaria species (Marinho-Soriano et al.
2002, 2009b). In Sao Paulo State, other colour variants of
G. birdiae proved adequate for commercial farming in
Ubatuba Bay, with growth rates up to 4.4% day ' and agar
yield and quality close to that obtained from wild specimens
in this region (Ursi et al. 2013).

During the 1990s, the company Soriano S.A. established
a Gracilaria sp. farm in Patagonia (Argentina). Harsh ocea-
nographic conditions and heavy epiphytism did not allow
cultivation of this species in the region, and new cultivation
strategies are needed (Hayashi et al. 2013). Martin et al.
(2011) evaluated fluctuations in biomass and reproductive
effort of natural populations of Gracilaria gracilis
(Stackhouse) M.Steentoft, L.M. Irvine & W.F. Farnham in
Bahia Bustamante (the same place as Soriano S.A.). They
observed that both vegetative propagation and sexual spore
production were involved in bed sustainability, and that
reproductive  thalli occurred throughout the year.
Moreover, the best time to obtain spores from cystocarpic
thalli was in the summer and early autumn. These results
should support new cultivation trials for Gracilaria in the
region, or provide the basis for sustainable exploitation of
natural beds.

In Mexico, the cultivation of G. vermiculophylla and
Gracilaria cornea J. Agardh were not commercially viable.
Low profitability led to declining interest in Gracilaria culti-
vation projects (Robledo et al. 2013).

In Peru, cultivation of Gracilariopsis lemaneiformis
(BorydeSaint-Vincent) E.Y.Dawson, Acleto & Foldvik was
done in the mid to late 1990s with governmental support.

However, these trials were not successful mainly because of
high temperature, grazing activity, and epiphytism where the
farms were established (Hayashi et al. 2013). Since then, no
other work has been reported in the literature.

CARRAGEENOPHYTES:  Species of Kappaphycus and
Eucheuma have been the main carrageenophytes cultivated
in Latin America and globally (e.g. Hurtado et al. 2019).
From the 20 countries which compose Latin America, seven
(Brazil, Colombia, Cuba, Ecuador, Mexico, Panama and
Venezuela) attempted to introduce and establish commercial
cultivation (Hayashi et al. 2017). However, none of them has
been especially successful.

Brazil probably is the country closest to implementing
commercial cultivation. The first experimental introduction
of K. alvarezii took place in 1995, on the north coast of Sao
Paulo State (De Paula et al. 1999). The only large-scale com-
mercial cultivation was established in the state of Rio de
Janeiro from 1998 to 2011 (Castelar et al. 2009). However,
activity ended in 2012, presumably due to lack of profitability.
Currently, 10 seaweed farms operate in Ilha Grande and
Sepetiba Bay, with a small factory to process carrageenan
(Hayashi et al. 2017).

In addition to commercial farming, small-scale cultivation
of K. alvarezii has been carried out in the south and southeast
regions of Brazil (Pellizzari & Reis 2011). In 2008, this species
was introduced in Santa Catarina State. This state is respon-
sible for 95% of mollusc production, so the co-cultivation of
seaweed with mussels and oysters seems to be a viable option
(Hayashi et al. 2017). A socioeconomic analysis of seaweed
monoculture versus co-cultivation with mussels and oysters
concluded that co-cultivation with oysters was at least twice as
profitable (Santos et al. 2018a). As a consequence of these
results, a new floatation model was developed to support both
seaweeds and oysters in the same structure (Santos et al.
2018b) as well as mechanical harvesting for both organisms
(Hayashi et al. 2017).

In Mexico, the industrial exploitation of seaweeds for the
phycocolloid industry has existed for half a century; however,
only recently has such activity increased (Robledo et al. 2013).
Despite the lack of commercial seaweed farming, experimen-
tal cultivations have been carried out for Eucheuma uncina-
tum Setchell & Gardner, Chondracanthus canaliculatus
(Harvey) Guiry, and Eucheuma isiforme (C. Agardh)
J. Agardh (Hayashi et al. 2013). Nonetheless, pilot-scale culti-
vation of the exotic Chondrus crispus Stackhouse (Zertuche-
Gonzilez et al. 2001) and K. alvarezii (Munoz et al. 2004) gave
the best results. The cultivation of K. alvarezii as an alterna-
tive mariculture activity in the Yucatan Peninsula appears
viable. This was supported by growth achieved in these tro-
pical and subtropical waters during the dry, and part of the
wet, season, when the main fisheries sector does not operate.
The potential of seaweed cultivation as an alternative activity
to artisanal fishing was demonstrated by socio-economic
research in 2002-2003 focusing on community-based coastal
resource management in protected areas (Robledo &
Townsend 2006). However, no commercial farms were estab-
lished. A contributing factor is that, in contrast with other
countries of LA such as Chile and Brazil, there is no official



effort to expand seaweed farming in Mexico (Robledo et al.
2013).

Since the Peruvian Government does not regulate the wild
harvest of red seaweeds, cultivation of Chondracanthus cha-
missoi was attempted in Peru in the early 2000s as an alter-
native to harvesting from natural beds and to minimise
overharvesting. Higher values of gel strength and viscosity
were found relative to harvests from natural beds and could
enhance exports of the species (Hayashi et al. 2013). However,
since C. chamissoi is used for human consumption as
a gourmet ingredient in the traditional Peruvian dish ceviche,
investment in cultivation for this purpose may be more viable
than for the carrageenan industry.

Chile also carried out experimental cultivation to reduce
harvest pressure on natural beds. This has been mainly with
Gigartina skottsbergii Setchell & N.L. Garner, Sarcothalia cris-
pata,  Callophyllis  variegata  (Bory) Kitzing and
Chondracanthus chamissoi (C. Agardh) Kiitzing. Despite
improvements in cultivation techniques (Avila et al. 2011;
Bulboa et al. 2010; Correa et al. 1999; Fonck et al. 2008),
there are challenges to be resolved before commercial cultiva-
tion is realised. These include high mortality, poor sporeling
attachment, heavy epiphytism and slow growth (Bulboa et al.
2007; Romo et al. 2001, 2006). Effort has concentrated on
strategies for vegetative propagation. Bulboa et al. (2013)
proposed a new technique for cultivating Chondracanthus
chamissoi in tanks based on secondary attachment discs
(SAD). The SADs adapted to outdoor tank conditions, thus
demonstrating technical feasibility. Following this work, Sdez
& Macchiavello (2018) and Macchiavello et al. (2018) tested
the growth of tank-grown SAD in the sea, with 40% of SADs
persisting in the sea with growth rates of 4% day ' (Sdez &
Macchiavello 2018). SADs colonised substrates quickly and
formed reproductive structures. Macchiavello et al. (2018)
evaluated the growth of SADs for one year and found greater
formation of SADs and biomass in winter and spring.
However, they also observed a direct correlation between
biomass and epiphytes.

Herndndez-Gonzalez et al. (2007) demonstrated that frond
fragments and rhizoids of Gigartina skottsbergii, can generate
new plants in the sea with similar growth rates to those
observed in nursery settings. Sarcothalia crispata (Bory)
Leister was also the focus of public and private projects (Fig.
6). Zamorano (2016) described recent progress and proposed
a cultivation system for S. crispata that included the following:
hatchery stage to produce sporelings; differential growth of
gametophytic and sporophytic plants; site selection based on
local regimes of water movement to reduce herbivory, fouling
and epiphytes; and the economics of the proposed cultivation
strategy for implementation in southern Chile.

OTHER SPECIES AND APPLICATIONS: Significant diversifica-
tion of seaweed cultivation and exploitation has occurred in
LA over the last decade. Cultivation of red seaweeds has been
promoted in the region due to the increasing demand for raw
materials by the phycocolloid sector, feed for abalone farming,
seaweed flour production for animal and human nutrition,
and the development of new food items. One example is the
aforementioned Chondracanthus chamissoi, used for the
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preparation of the dish ceviche (Hayashi et al. 2013). The
potential of C. chamissoi in Peru led to its cultivation from
2012 to 2014, when Peruvian production from aquaculture
was 131, 44, and 2 tonnes, respectively (FAO 2018b).
Unfortunately, according to the FAO (2018c), production of
C. chamissoi ceased in 2015.

In the last decade, Chile has exported Callophyllis variegata
(Bory) Kiitzing to Japan; nonetheless, this economic activity is
currently being jeopardised due to the reduction of the nat-
ural beds in southern Chile, the lack of sustainable harvesting
programs, and the absence adequate cultivation strategies
(Hayashi et al. 2013). The edible seaweed Pyropia columbina
(Montagne) W.A. Nelson (as Porphyra columbina Montagne)
has a long history of commercialisation by traditional coastal
populations in Chile. Mariculture trials on this species and
other Pyropia spp. (as Porphyra) have been performed, with
some success (Buschmann et al. 2008). Nonetheless, the lim-
ited market for this seaweed has halted the investment needed
to establish industrial cultivation. More recently, other species
of Pyropia (Porphyra) with higher market potential have been
investigated in Chilean waters, generating new prospects for
the aquaculture of Porphyra (Buschmann et al. 2008).

REGULATION OF SEAWEED CULTIVATION IN LA

Among the 20 countries which compose Latin America, only
seven have national plans or policies for aquaculture develop-
ment: Chile (SUBPESCA 2003), Peru (PRODUCE 2010),
Brazil (MPA 2015), Colombia (AUNAP 2014), Uruguay
(DINARA 2008), Argentina (UCAR 2015), Costa Rica
(MIDEPLAN 2014), and El Salvador (MAG 2016). Of these,
only Chile, Peru and Brazil mention programs for seaweed
cultivation. All policies were supported in some way by FAO,
and have guidelines for the organisation and promotion of
sustainable aquaculture.

Brazil and Peru have in common areas of coastline dedi-
cated to aquaculture, including the cultivation of seaweed.
Their governments give concessions for use of these prede-
termined areas through a bidding process, for 20 and 30 years,
respectively (PERU 2004; Santos 2014). Brazil divided aqua-
culture areas into onerous (from 2 to 10 ha) and non-onerous
areas (up to 2 ha), so smaller producers can use the conces-
sion free of charge. Peru charges annually for the concession.
Santa Catarina State, in southern Brazil, was the first and only
state with aquaculture areas delimited by Local Plans for
Marine Aquaculture Development (in Portuguese, Plano
Local de Desenvolvimento da Maricultura — PLDM), and
currently almost all producers have their own concessions,
formalising the activity (Suplicy et al. 2017).

In Chile, there are no exclusive areas for aquaculture.
Concessions for cultivation areas are given by the Subsecretary
of Fisheries and Aquaculture (Subsecretaria de Pesca
y Acuicultura) from the Ministry of Economy, Development
and Tourism. This occurs after analysis of the aquaculture pro-
ject and a previous assessment analysis of the region from the
government’s Environmental Impact Assessment System.
Municipal authorisation must also be obtained before beginning
the activity (CHILE 1989; Zuniga-Jara & Soria-Barreto 2018).
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Brazil is probably the only country which has specific regula-
tions for seaweed cultivation. The Normative Instruction from
the Brazilian Institute of Environment and Renewable Natural
Resources (IBAMA) number 185 (ICMBIO 2008) restricts com-
mercial cultivation of Kappaphycus alvarezii between the north
coast of Sao Paulo State and south coast of Rio de Janeiro. The
issue is that these states do not have their PLDM’s ready, so all
producers are working informally. Santa Catarina is the only
state where producers work formally in aquaculture areas; how-
ever, because K. alvarezii is an introduced species, commercial
cultivation of this species is not allowed. This is even after more
than 10 years of studies, reports and negotiations with the
government (Reis et al. 2017).

In 2016, Chile innovated with a new law specifically
intended to benefit artisanal fishermen or small enterprises
that create specific plans for seaweed cultivation and the
repopulation of natural beds (Chile 2016). This kind of policy
is essential to promote the activity and to protect natural
resources from overharvesting.

CONCLUSIONS AND FUTURE PROSPECTS

Latin America has an important role in the global seaweed
industry. Unfortunately, most seaweed production in LA is still
based on harvesting natural beds. Consequently, it is urgent to
include the most critical aspects in the regulation of seaweed
farming. Policies supporting growth of small-scale seaweed
aquaculture and repopulation of sites where overexploitation of
seaweed has occurred are urgently needed in many regions.
Chile enacted one policy which stimulated seaweed cultivation
and repopulation. Several researchers are working to diversify
the seaweed industry currently based on only Agarophyton chi-
lensis. In the near future, commercial cultivation of other species
will likely begin. Given the increasing demand for
Chondracanthus chamissoi in Peruvian cuisine and government
regulation of wild harvests, the development of coastal farms
would be a natural next step.

Despite Brazil having a formal plan for aquaculture devel-
opment that includes seaweed, political instability has affected
seaweed cultivation and industry development. Between 2005
and 2014, the Brazilian Ministry of Fisheries and Aquaculture
had seven new ministers, until its cancellation in 2015
(Suplicy et al. 2017). Subsequently, the ministry was included
within the Ministry of Agriculture, Livestock and Food Supply
and Ministry of Industry, Foreign Trade and Services. More
recently it fell under the Special Secretary of Aquaculture and
Fisheries. This discontinuity of decision makers, managers
and technical staff delayed all plans for aquaculture develop-
ment and seaweed cultivation.

In Mexico and Argentina, policy has been either absent or
scarce. Special attention is needed in all countries at many
different levels to develop sustainable and profitable seaweed
production. Policies to promote domestication of native spe-
cies and improve already established techniques of introduced
species are needed.

In conclusion, it is clear that LA has great potential for
seaweed aquaculture, and that the benefits associated with this
sector clearly outweigh any negative aspects. Seaweed farming
has the potential to improve the livelihoods of many coastal

communities by becoming an alternative source of income. In
addition, the activity can provide several ecosystem services
which may benefit other industries and release existing har-
vesting pressures that have led to the overexploitation of
natural seaweed beds. To achieve sustainable development of
the sector in LA, a wide-ranging effort is needed to address
market and aquaculture system development, strain improve-
ment, marine spatial planning and policy-making.
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