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Disclaimer
Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by external
scientists with expertise in ecology, fisheries science and aquaculture. Scientific review, however, does not
constitute an endorsement of the Seafood Watch program or its recommendations on the part of the reviewing
scientists. Seafood Watch is solely responsible for the conclusions reached in this report.
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About Seafood Watch®
Monterey Bay Aquarium’s Seafood Watch program evaluates the ecological sustainability of wildcaught and farmed seafood commonly found in the United States marketplace. Seafood Watch defines
sustainable seafood as originating from sources, whether wild-caught or farmed, which can maintain or
increase production in the long-term without jeopardizing the structure or function of affected
ecosystems. Seafood Watch makes its science-based recommendations available to the public in the
form of regional pocket guides that can be downloaded from www.seafoodwatch.org. The program’s
goals are to raise awareness of important ocean conservation issues and empower seafood consumers
and businesses to make choices for healthy oceans.
Each sustainability recommendation on the regional pocket guides is supported by a Seafood Watch
Assessment. Each assessment synthesizes and analyzes the most current ecological, fisheries and
ecosystem science on a species, then evaluates this information against the program’s conservation
ethic to arrive at a recommendation of “Best Choices,” “Good Alternatives” or “Avoid.” This ethic is
operationalized in the Seafood Watch standards, available on our website here. In producing the
assessments, Seafood Watch seeks out research published in academic, peer-reviewed journals
whenever possible. Other sources of information include government technical publications, fishery
management plans and supporting documents, and other scientific reviews of ecological sustainability.
Seafood Watch Research Analysts also communicate regularly with ecologists, fisheries and
aquaculture scientists, and members of industry and conservation organizations when evaluating
fisheries and aquaculture practices. Capture fisheries and aquaculture practices are highly dynamic; as
the scientific information on each species changes, Seafood Watch’s sustainability recommendations
and the underlying assessments will be updated to reflect these changes.
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean
ecosystems are welcome to use Seafood Watch assessments in any way they find useful.
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Guiding Principles
Seafood Watch defines sustainable seafood as originating from sources, whether fished 1 or farmed
that can maintain or increase production in the long-term without jeopardizing the structure or
function of affected ecosystems.
The following guiding principles illustrate the qualities that aquaculture farms must possess to be
considered sustainable by the Seafood Watch program. Sustainable aquaculture farms and collective
industries, by design, management and/or regulation, address the impacts of individual farms and the
cumulative impacts of multiple farms at the local or regional scale by:
1. Having robust and up-to-date information on production practices and their impacts available for
analysis;
Poor data quality or availability limits the ability to understand and assess the environmental
impacts of aquaculture production and subsequently for seafood purchasers to make informed
choices. Robust and up-to-date information on production practices and their impacts should be
available for analysis.
2. Not allowing effluent discharges to exceed, or contribute to exceeding, the carrying capacity of
receiving waters at the local or regional level;
Aquaculture farms minimize or avoid the production and discharge of wastes at the farm level in
combination with an effective management or regulatory system to control the location, scale and
cumulative impacts of the industry’s waste discharges.
3. Being located at sites, scales and intensities that maintain the functionality of ecologically
valuable habitats;
The siting of aquaculture farms does not result in the loss of critical ecosystem services at the local,
regional, or ecosystem level.
4. Limiting the type, frequency of use, total use, or discharge of chemicals to levels representing a
low risk of impact to non-target organisms;
Aquaculture farms avoid the discharge of chemicals toxic to aquatic life or limit the type, frequency
or total volume of use to ensure a low risk of impact to non-target organisms.
5. Sourcing sustainable feed ingredients and converting them efficiently with net edible nutrition
gains;
Producing feeds and their constituent ingredients has complex global ecological impacts, and the
efficiency of conversion can result in net food gains or dramatic net losses of nutrients. Aquaculture
operations source only sustainable feed ingredients or those of low value for human consumption
(e.g. by-products of other food production) and convert them efficiently and responsibly.
6. Preventing population-level impacts to wild species or other ecosystem-level impacts from farm
escapes;
Aquaculture farms, by limiting escapes or the nature of escapees, prevent competition, reductions
in genetic fitness, predation, habitat damage, spawning disruption, and other impacts on wild fish
1 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates.
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and ecosystems that may result from the escape of native, non-native and/or genetically distinct
farmed species.
7. Preventing population-level impacts to wild species through the amplification and
retransmission, or increased virulence of pathogens or parasites;
Aquaculture farms pose no substantial risk of deleterious effects to wild populations through the
amplification and retransmission of pathogens or parasites, or the increased virulence of naturally
occurring pathogens.
8. Using eggs, larvae, or juvenile fish produced from farm-raised broodstocks thereby avoiding the
need for wild capture;
Aquaculture farms use eggs, larvae, or juvenile fish produced from farm-raised broodstocks
thereby avoiding the need for wild capture, or where farm-raised broodstocks are not yet available,
ensure that the harvest of wild broodstock does not have population-level impacts on affected
species. Wild-caught juveniles may be used from passive inflow, or natural settlement.
9. Preventing population-level impacts to predators or other species of wildlife attracted to farm
sites;
Aquaculture operations use non-lethal exclusion devices or deterrents, prevent accidental
mortality of wildlife, and use lethal control only as a last resort, thereby ensuring any mortalities do
not have population-level impacts on affected species.
10. Avoiding the potential for the accidental introduction of secondary species or pathogens
resulting from the shipment of animals;
Aquaculture farms avoid the international or trans-waterbody movements of live animals or ensure
that either the source or destination of movements is biosecure in order to avoid the introduction
of unintended pathogens, parasites and invasive species to the natural environment.
Once a score and rating has been assigned to each criterion, an overall seafood recommendation is
developed on additional evaluation guidelines. Criteria ratings and the overall recommendation are
color-coded to correspond to the categories on the Seafood Watch pocket guide:
Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways.
Good Alternatives/Yellow: Buy but be aware there are concerns with how they’re caught or farmed.
Avoid/Red: Take a pass on these. These items are overfished or caught or farmed in ways that harm
other marine life or the environment.
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Final Seafood Recommendation
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score
7.27
9.00
6.53
10.00
10.00
4.00
4.00

Rank
GREEN
GREEN
YELLOW
GREEN
GREEN
YELLOW
YELLOW

Critical?

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape

0.00
-2.00
-1.80

GREEN
GREEN
GREEN

NO
NO

Total

47.01

Final score (0-10)

6.72

NO
NO
NO
NO
NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria

6.72
GREEN
0

Interim rank

GREEN

FINAL RANK

NO

GREEN

Critical Criteria?

Scoring note – scores range from 0 to 10, where 0 indicates very poor performance and 10 indicates
the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are exceptional criteria,
where 0 indicates no impact and a deduction of -10 reflects a very significant impact. Two or more Red
criteria result in a Red final result.
•

Best Choice = Final score > 6.66 and ≤10, and no Red criteria, and no Critical scores.

•

Good Alternative = Final score > 3.33 and ≤6.66, and/or one Red criterion, and no Critical scores.

•

Avoid = Final score ≥ 0 ≤ 3.33, or more than one Red criterion, or one or more Critical scores.

Summary
The final numerical score for seaweed produced on suspended rafts, suspended longlines, or
suspended nets globally is 6.72 out of 10, and has no Red criteria, which puts it in the Green range. The
final recommendation is a Green “Best Choice”.
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Executive Summary
This Seafood Watch assessment involves a number of different criteria covering impacts associated
with: effluent, habitats, wildlife and predator interactions, chemical use, feed production, escapes,
introduction of non-native organisms (other than the farmed species), disease, the source stock, and
general data availability.
Globally there are approximately 10 species of seaweeds cultivated intensively for commercial
purposes: Saccharina japonica (Japanese kelp (kombu)); Undaria pinnatifida (Japanese wakame);
Sargassum spp.; Porphyra/Pyropia spp. (Japanese nori); Eucheuma spp.; Kappaphycus alvarezii
(Elkhorn sea moss); Gracilaria spp.; Ulva spp. (including some previously described as Enteromorpha
spp.); Monostroma spp.; and Caulerpa spp.
Saccharina japonica represents approximately 35% of global seaweed production, followed by
Eucheuma spp. at 29%, Gracilaria spp. at 11%, Porphyra spp. at 9%, U. pinnatifida at 7%, and K.alvarezii
at 5% (Chopin and Tacon, 2020). The other species listed above make up the remainder. Of the total
global seaweed production, approximately 99.5% is grown in Asia, and the largest exporters of
seaweeds for human consumption to the United States are China, South Korea, and the Philippines.
Data and information describing the ecological impacts of seaweed cultivation globally are mainly
available generalized at the global level, or very specific to individual situations. The final numerical
score for Criterion 1 – Data is 7.3 out of 10.
An evidence-based assessment was used to assess the effluent criterion for seaweed aquaculture. As an
extractive species, seaweed culture does not discharge nutrient wastes into the ecosystem. In specific
examples it has been associated with the discharge of fouling organisms; however, this is not considered
typical of the global industry. Seaweed aquaculture is more commonly regarded as being beneficial to
marine ecosystems because it removes nutrients from the water, which often originate from land-based
pollution sources (e.g., sewage and agricultural run-off). For these reasons, the criterion for effluent
scored 9 out of 10.
Seaweed farms can be extremely large operations, with the potential to alter the physical characteristics
and habitat surrounding them. There are documented concerns with potential impacts from seaweed
farming associated with shading of the water column and benthos, absorption of nutrients needed by
the local ecosystem, absorption of kinetic energy, trampling of benthos, and the addition of artificial
materials into the environment. These impacts are considered to moderately affect habitat functionality,
but do not result in a consistent, ongoing loss of overall functionality. Factor 3.1 scores 8 out of 10.
Management of ecological impacts from seaweed farming generally is based on ecological impacts,
however cumulative impacts are not consistently addressed, and enforcement effectiveness varies.
Factor 3.2 scores 3.6 out of 10. The final Criterion 3 – Habitat score is 6.53 out of 10.
Chemical use in seaweed aquaculture is generally not practiced in any industries other than
Porphyra/Pyropia production. Organic acid combined with hydrochloric acid is used to soak nets on land
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in order to minimize biofouling, and in some cases directly wash seaweed in order to clear epiphytes. It is
assumed that the concentration and volume of acids entering the water is not high enough to have any
ecological impact, as all are soluble or miscible in water. Given this, the Criterion 4 – Chemical use score
is 10 out of 10.
There are no external feed inputs for production of seaweed. The criterion 5 score is 10 out of 10.
The nets and lines used for culture of seaweeds are considered open systems, and carry a high risk that
“escapes” will occur in the form of detached specimens leaving the farm site, or reproductive dispersal.
The Factor 6.1 score is 0 out of 10 due to the lack of practices minimizing the risk of these types of
escapes. Ecological impacts on wild species from the escape of cultured seaweed populations can vary
widely. There is evidence of both negative and positive impacts associated with introductions of nonnative seaweeds, and wide variation in the ability of even the most invasive species to effectively
establish. The species representing ~75% of global seaweed production (Eucheuma spp., Gracilaria spp.,
and S. japonica) are not associated with significant competitive or genetic impacts resulting from
escaped cultivated populations. Factor 6.2 scores 8 out of 10. Factors 6.1 and 6.2 combine to give a final
numerical score of 4 out of 10 for Criterion 6 – Escapes.
Diseases are known to affect seaweed farms, and biosecurity measures are often taken to avoid them,
or minimize their impact to the farmed population. However, there is little research around the
potential impact of diseases in cultivated seaweed populations spreading to, or affecting natural
seaweed populations. For these reasons, the criterion score for Criterion 7 – Disease is scored 4 out of
10.
The vast majority of “seed” stock for seaweed farms comes from on-land “hatcheries.” In some cases
passive settlement techniques are used, and in very few cases are wild specimens collected and used for
“seed” stock. Approximately 3.4% of global seaweed production relies on wild stocks. The score for
Criterion 8X – Source of stock is 0 out of -10.
There is one confirmed death of an endangered marine mammal in a seaweed farm in the Philippines,
and likely more based on anecdotal evidence, however seaweed production in the Philippines represents
4.4% of global seaweed production and these animal mortalities are not considered typical of global
practices, given a current lack of any other reports. Anecdotal evidence also points to interactions
between sea turtles and humans that result in mortality to an unknown species or quantity of turtles.
There is no available evidence of bird mortalities associated with seaweed farms. Criterion 9X – Wildlife
and predator mortalities scores -2 out of -10.
While it in unknown precisely what percentage of global seaweed production relies on international
and/or trans-waterbody movements, there is evidence that there is at least partial reliance in multiple
countries. Factor 10Xa is scored of 4 out of 10. Hatcheries generally consist of tank-based facilities that
follow best management practices for biosecurity, though some may not, and therefore Factor 10Xb
scores 7 out of 10. The final Criterion 10X score is -1.80 out of -10.
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The final numerical score for seaweed produced on suspended rafts, suspended longlines, or
suspended nets globally is 6.72 out of 10, and has no red criteria, which puts it in the Green range. The
final recommendation is a Green “Best Choice”.
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Introduction
Scope of the analysis and ensuing recommendation
Species
All
Focus on Saccharina japonica (Japanese kelp (kombu)); Undaria pinnatifida (Japanese wakame);
Sargassum spp.; Porphyra/Pyropia spp. (Japanese nori); Eucheuma spp.; Kappaphycus alvarezii
(Elkhorn sea moss); Gracilaria spp.; Ulva spp. (including some previously described as Enteromorpha
spp.); Monostroma spp.; and Caulerpa spp.
Geographic Coverage
Global
Production Method(s)
Off-bottom culture: Suspended raft, suspended longline, suspended net

Species Overview
Brief overview of the species
“Seaweeds” include a diversity of large marine macroalgae which can be classified into three distinct
groups: brown algae, green algae, and red algae. Seaweeds differ from plants because they lack roots,
stems, and leaves. Instead, they have holdfasts, stipes, and fronds (with midribs in some cases), all of
which differ in their structure and function when compared to plants (Fredericq et al., 2009).
Seaweeds grow primarily in intertidal or sub-littoral (beyond the low-tide mark) coastal waters where
they can be attached to the bottom but still have access to enough light for photosynthesis (Dhargalkar
and Pereira, 2005). They are extractive organisms, meaning they remove CO2 and nutrients from the
seawater around them and can store them or convert these compounds into biomass (Fei, 2004;
Fredericq et al., 2009). Seaweeds act as an important component of marine ecosystems, providing
oxygen, food, and habitat for fish and invertebrates. Seaweeds can reproduce sexually, and some
species are capable of asexual reproduction (fragmentation and release of spores) (Santelices, 1990).
Global seaweed production in 2018 was 32,386,189 mt (FIGIS, 2020). There are approximately 10
species of seaweeds cultivated intensively for commercial purposes, collectively representing
approximately 95% of seaweed production volume: Saccharina japonica (Japanese kelp (kombu));
Undaria pinnatifida (Japanese wakame); Sargassum spp.; Porphyra/Pyropia spp. (Japanese nori);
Eucheuma spp.; Kappaphycus alvarezii (Elkhorn sea moss); Gracilaria spp.; Ulva spp. (including some
previously described as Enteromorpha spp.); Monostroma spp.; and Caulerpa spp. (Chopin and Tacon,
2020; Ferdouse et al., 2018).
Production of Japanese kelp (kombu) (S. japonica) accounts for approximately 35% of total global
seaweed production at 11,448,250 mt (FIGIS, 2020). In 2018, China produced 10,292,350 mt (90% of
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total S. japonica production), South Korea produced 572,000 mt (4.9%), North Korea produced 550,000
mt (4.8%), and Japan produced 33,300 mt (0.3%) (Ibid.). Since 2010 production in China has greatly
increased, nearly doubling in volume. North and South Korea have both steadily increased in volume,
but at a slower rate than China. Japan’s production has fluctuated minorly (Ibid.).
Production of Eucheuma spp. (including E. denticulatum) represents approximately 29% of global
seaweed production at 9,412,460 mt in 2018 (FIGIS, 2020). In 2018 Indonesia produced 9,204,724 mt
(97.8%), while Zanzibar produced 102,960 mt (1.1%), the Philippines produced 71,571 mt (0.8%), and
China produced 18,200 mt (0.2%). Approximately 15,000 mt more was produced by a number of
countries each producing a volume <10,000 mt (FIGIS, 2020). Production in Indonesia expanded rapidly
between 2010 and 2015 going from 3,399,436 mt in 2010 to 10,122,107 mt in 2015 (Ibid.). It has since
decreased to 9,204,724 mt in 2018. Production in Zanzibar has fluctuated minorly since 2010 but has
remained relatively constant. Production in the Philippines has fluctuated since 2010, with a minor, but
consistent decrease each year since 2012. Production in China has fluctuated somewhat notably, with
a peak at 91,878 mt in 2012, and a low in 2018 at 18,200 mt (Ibid.). Production in Madagascar has
dramatically increased from 1,400 mt in 2012 to 17,407 mt in 2017, with a significant decrease to 5,337
mt in 2018 (Ibid.).
Production of Gracilaria spp. (including G. verrucosa) represents approximately 10.7% of global
seaweed production at 3,455,265 mt (FIGIS, 2020). In 2018 China produced 3,303,440 mt (95.6%),
while Indonesia produced 115,574 mt (3.3%), Chile produced 20,705 mt (0.6%), and Vietnam produced
13,950 mt (0.4%). Volumes <10,000 mt were also produced by Taiwan, the Philippines and Namibia
(Ibid.). Production in China has slowly but consistently increased between 2010 and 2018. In Indonesia
production just more than doubled between 2010 (515,581 mt) and 2014 (1,105,529 mt), and
continued to increase through 2016 where it reached a peak at 1,358,400 mt. It decreased slightly in
2017, and dramatically (by 89%) to 115,574 mt in 2018 (Ibid.). In Chile production has fluctuated
minorly but remained relatively consistent with the exception of 2012 (4,111 mt), which produced less
than a third of the average volume of the other years between 2010 and 2017 (Ibid.).
Production of Porphyra/Pyropia spp. (including Pyropia tenera) represents approximately 9% of global
seaweed production at 2,872,793 mt (FIGIS, 2020). In 2018 China produced 2,017,790 mt (70.2%),
while South Korea produced 567,800 mt (19.8%), and Japan produced 284,200 mt (10%) (Ibid.). North
Korea and Taiwan produced 3,000 mt and 3 mt respectively (ibid.). China’s production has remained
relatively constant since 2010, with an increase of approximately 400,000 mt from 2016 to 2017.
Production in South Korea has also remained relatively constant with an increase of approximately
114,000 mt from 2016-2017 (Ibid.). Japanese production has fluctuated minorly, but remained
relatively consistent since 2010 (Ibid.).
Production of Undaria pinnatifida represents approximately 7.2% of global seaweed production at
2,320,430 mt (FIGIS, 2020). In 2018 China produced 1,755,030 mt (75.6%), South Korea produced
515,600 mt (22.2%), and Japan produced 49,800 mt (2.1%) (Ibid.). Production in China has remained
relatively consistent with minor fluctuations. Production in South Korea fluctuated minorly from 20102015, increasing by approximately 170,000 mt in 2016, and a further 130,000 mt in 2017 (Ibid.).
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Production in Japan has remained relatively consistent with only minor fluctuations from 2010-2017
with the exception of 2011, which, at 18,751 mt produced just 38% of the average of the other years
(49,084 mt).
Production of Kappaphycus alvarezii represents 4.9% of global seaweed production at approximately
1,597,333 mt (FIGIS, 2020). In 2018 the Philippines produced 1,405,413 mt (87.9%), while Malaysia
produced 174,083 mt (10.9%). The remaining ~17,837 mt was produced in the Solomon Islands, India,
Myanmar, Papua New Guinea, Sri Lanka, Vietnam and Zanzibar (Ibid.). Production in the Philippines has
remained relatively consistent with a minor overall decrease since 2010. Production in Malaysia has
remained relatively consistent with only minor fluctuations since 2010 (Ibid.).
Production of Sargassum fusiforme represents 0.8% of global seaweed production at approximately
268,660 mt (FIGIS, 2020). In 2018 China produced 232,460 mt (86.5%) while South Korea produced
36,200 mt (13.5%) (Ibid.). Production in China has increased consistently since 2010, more than
doubling its production. In South Korea production decreased from 2012-2014, rapidly increased in
2015 doubling in volume by 2017, then decreasing by 34% in 2018 (Ibid.).
Production of Monostroma nitidum occurs mainly in South Korea, where 6,800 mt were produced in
2018 (FIGIS, 2020). Since 2010 production volumes have stayed relatively consistent with minor
fluctuations (Ibid.).
Production of Ulva spp. (formerly Enteromorpha spp.) occurs in China, where 3,400 mt were produced
in 2017 (FIGIS, 2020). Production volumes decreased from 2010-2015, (10,821 mt and 958 mt
respectively) and increased from 2016-2017 (Ibid.), however 0 mt were produced in 2018.
Production of Caulerpa spp. occurs in the Philippines where 1,218 mt were produced in 2018 (FIGIS,
2020). Production volumes have fluctuated since 2010, with a steady decline overall (Ibid.).
Production system
Seaweeds differ in their reproductive methods with some species reproducing sexually, and other
reproducing asexually. Species that reproduce sexually require hatcheries in order to reproduce in a
commercial setting, while those that reproduce asexually, can be propagated through vegetative
fragmentation (Barbier et al., 2019).
The vast majority of global seaweed culture uses floating rafts with netting or longlines attached to
them, or lines that are staked to the ocean floor, as shown in Table 1. Production of S. japonica and
Eucheuma spp. use these production systems (McHugh, 2003), and at 35% and 29% of the global
seaweed production volumes respectively (FIGIS, 2020), these species make up 64% of global
production. Production of all other common species of seaweed use these methods as well (McHugh,
2003), resulting in approximately 89.5% of global seaweed production using off-bottom production
methods. Gracilaria spp. can use rafts with netting or lines, however it is also produced using onbottom techniques, or in ponds (ibid.). It is unknown what percentage of Gracilaria production uses
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each of these different techniques. For the table below, the 10.7% of global production represented by
Gracilaria spp. was divided into thirds.
Table 1: Production systems associated with commonly cultivated seaweeds
Production system
Species
% of total global production
(Source: McHugh, 2003)
(Source: FIGIS, 2020)
Saccharina japonica
35%
Eucheuma spp.
29%
Gracilaria spp.
~3.6%
Porphyra spp.
9%
Floating rafts with lines/netting
and/or longlines
Undaria pinnatifida
7.2%
Kappaphycus alvarezii
4.9%
Sargassum fusiforme
0.8%
Monostroma nitidum
0.02%
Total
~89.5%
Gracilaria spp.
~3.6%
Ponds
Caulerpa spp.
0.004%
Total
~3.6%
Bottom culture
Gracilaria spp.
~3.6%
Total
~3.6%
Production Statistics
In 2018 there were 32,386,189 mt of seaweeds produced globally (FIGIS, 2020). Asian seaweed
production represents 99.5% of this total volume at 32,231,955 mt.
Globally, China is the largest producer, representing 57.4% of the total volume (18,575,280 mt valued
at $9.5 billion)(FIGIS, 2020). Other countries producing >1 million mt of seaweeds include Indonesia
(9,320,298 mt valued at $1.4 billion), South Korea (1,710,500 mt valued at $8.1 million), and the
Philippines (1,478,301 mt valued at $2.1 million) (Ibid.). While the vast majority of global seaweed
production occurs in Asia, seaweeds are also grown in Africa, the Americas, Europe, and Oceania
(Ibid.). In contrast, the FAO’s FIGIS database does not report any seaweed production in the United
States (ibid.).
In China, production of seaweed occurs mainly in Fujian and Shandong provinces (Zhang, 2018) (46%
and 29% of production, respectively) (F. Chen, personal communication, Sep. 26, 2019). Liaoning and
Guangdong provinces produce 15% and 3%, respectively (F. Chen, personal communication, Sep. 26,
2019). The industry in Shandong and Liaoning provinces is characterized by many large and small
companies and is more concentrated, while production in Fujian and Guangdong provinces is mainly by
family owned farms and more spread out (Zhang, 2018; F. Chen, personal communication, Sep. 26,
2019). Actual numbers of farms are unknown; however, based on the scale of farming in China
compared to Indonesia, it is assumed that there are at least 10s of thousands of farms.
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In Indonesia, production of seaweed occurs mainly in South, Southeast and Central Sulawesi, West
Nusa Tenggara, East Nusa Tenggara, Bali, Gorontalo, Maluku, East Java and Banten (Riyani, 2014). The
industry is mainly made up of small farmers, with at least 550 in South Sulawesi (Arthur, 2018).
In South Korea, seaweed production occurs along the southern coast of the country in Jeollanam-do
province (NASA, 2015). This can be seen using Google Earth. The industry is mainly made up of family
farms (Kassinger, 2019), however the approximate number of farms is unknown.
In the Philippines, seaweed production occurs throughout the islands (Estacaan, 2019). The industry is
mainly made up of small family farms. While it is unknown how many individual farms there are, in
Bantayan approximately 70% of the 135,000 people living there participate in fishing and seaweed
farming (Ibid.).
Import and Export Sources and Statistics
As seen in Table 2, overall the largest volumes of imports to the US are not for direct human
consumption (NDHC), and come from Indonesia, Philippines, Tanzania, China and Chile. Imports of
seaweed for direct human consumption (DHC) are mainly from China, South Korea, and the Philippines
(NMFS, 2019). The volume data in Table 2 do not distinguish between species, or between wild
harvested and cultured seaweeds, however this can be ascertained based on the main species of
seaweed produced in each country and their known uses. Information detailing which species of
seaweed are grown in individual countries is available in the “Percent of industry represented by each
individual species” section above, and is summarized in Table 2 below. It is generally consistent with
the ratios of imports of seaweed not for human consumption and for human consumption exported
from each country.
Table 2: United States seaweed import volumes (k) and values (USD)
2016

2017

2018

Value ($)
(2018)

DHC

NDHC

Total

DHC

NDHC

Total

DHC

NDHC

Total

China

1,518.0

687.3

2,205.3

1,028.4

1,053.2

2,081.6

1,607.9

606.3

2,214.2

19,954,188.00

Chile

102.7

1,231.2

1,333.9

50.6

1,516.7

1,567.3

39.3

1,558.6

1,597.9

7,960,211.00

India

26.5

76.6

103.1

92.4

30.2

122.6

121.0

0.0

121.0

2,426,599.00

Indonesia

0.0

5,377.5

5,377.5

0.0

6,943.1

6,943.1

0.0

7,036.2

7,036.2

6,581,507.00

Ireland

0.0

269.2

269.2

0.0

372.6

372.6

0.4

117.0

117.4

309,760.00

Japan

202.3

13.8

216.1

245.3

7.5

252.8

277.2

5.4

282.6

6,145,476.00

Madagascar

0.0

259.9

259.9

0.0

160.5

160.5

0.0

200.5

200.5

90,209.00

Morocco

0.0

97.7

97.7

0.0

155.2

155.2

0.0

167.4

167.4

361,677.00

Philippines

590.9

3,120.4

3,711.3

873.0

2,984.3

3,857.3

687.7

5,756.2

6,443.9

10,648,930.00

South Korea

1,140.6

139.0

1,279.6

1,107.8

55.4

1,163.2

911.4

92.2

1,003.6

11,445,581.00

Taiwan

41.3

134.8

176.1

30.2

38.0

68.2

18.6

63.3

81.9

675,014.00
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Tanzania

0.0

3,675.0

3,675.0

0.0

3,552.5

3,552.5

0.0

3,258.5

3,258.5

1,524,904.00

Vietnam

19.5

265.2

284.7

37.0

100.8

137.8

67.3

48.2

115.5

230,675.00

Total
volumes

3,641.8

15,347.6

18,989.4

3,464.7

16,970.0

20,434.7

3,730.8

18,909.8

22,640.6

Total value

68,354,731.00

Import volume and value data are sourced from (NMFS, 2019)
Not for direct human consumption (NDHC), Direct human consumption (DHC)

Common and Market Names
Common name
Scientific name
Japanese kelp
Saccharina japonica
(kombu)
Japanese wakame
Undaria pinnatifida
Hijiki
Sargassum spp.
Nori, Laver
Porphyra spp. (includes Pyropia spp.)
Guso
Eucheuma spp.
Elkhorn sea moss
Kappaphycus alvarezii
Gracilaria
Gracilaria spp.
Sea lettuce
Ulva spp. (includes previously
described as Enteromorpha)
Sea lettuce
Monostroma spp.
none
Caulerpa spp.
Product forms
Seaweeds can be consumed fresh, dried (flakes or sheets), frozen, cooked, in baked goods or in soups.
Additionally, seaweeds are used as an additive in foods and other non-edible consumer products.
Specifically, Kappaphycus and Eucheuma species are cultivated to extract carrageenans, which are
gelling and emulsifying agents in foods (i.e., pudding) (Hayashi n.d.).
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Criterion 1: Data quality and availability
Impact, unit of sustainability and principle
▪ Impact: poor data quality and availability limits the ability to assess and understand the impacts of
aquaculture production. It also does not enable informed choices for seafood purchasers, nor enable
businesses to be held accountable for their impacts.
▪ Sustainability unit: the ability to make a robust sustainability assessment
▪ Principle: having robust and up-to-date information on production practices and their impacts
available for analysis.
Criterion 1 Summary
Data Category
Industry or production statistics
Management
Effluent
Habitat
Chemical use
Feed
Escapes
Disease
Source of stock
Predators and wildlife
Introduced species
Other – (e.g. GHG emissions)
Total

Data Quality
7.5
7.5
10
10
7.5
10
7.5
2.5
7.5
5
5
Not Applicable

C1 Data Final Score (0-10)

7.3

Score (0-10)
7.5
7.5
10
10
7.5
10
7.5
2.5
7.5
5
5
n/a
80
GREEN

Brief Summary
Data and information describing the ecological impacts of seaweed cultivation globally are mainly
available generalized at the global level, or very specific to individual situations. The final numerical
score for Criterion 1 – Data is 7.3 out of 10.
Justification of Rating
Production: Data describing seaweed species, volumes and production methods used for global
seaweed production are readily available, and are relatively up to date. Information regarding the
overall size of industries is a bit more generalized, mainly due to the large number of companies in the
large producer countries. Numbers tend to be estimated, rather than specific. Production data score
7.5 out of 10.
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Management: Information about management measures used by the largest seaweed producing
countries (by volume) is available. Management units vary in scale (national, regional, local), and
inclusion of regulations managing cumulative impacts are not consistently in place, or applied. The
data score for Management is 7.5 out of 10.
Effluent: As an extractive species, seaweeds are generally not associated with effluent discharge
impacts. Data mainly describe the potential benefits from seaweed farming with regard to nutrient
uptake. There are multiple studies describing large-scale eutrophication events in the Yellow Sea that
have been linked with the discharge of removed fouling organisms from seaweed farms, however
these data show controversy around the subject. The data score for the Effluent criterion is 10 out of
10.
Habitat: There are numerous studies describing impacts to surrounding ecosystems from large-scale
seaweed farming operations, however these tend to be site-specific. One recent study describes
drivers of environmental change associated with seaweed farming at a broad scale. Information
describing measures used for management of habitat impacts are readily available, and describe the
content, and effectiveness of enforcement. The data score for the Habitat criterion is 10 out of 10.
Chemical use: As chemical use is not commonly associated with seaweed culture, data and information
describing the types, frequency and dose of chemicals used is scarce. Some studies describe types of
chemicals used in the industry in one country, however the majority of information available just
indicates minimal use of chemicals, and reliance on basic disease prevention and treatment methods.
The data score for the Chemical use criterion is 7.5 out of 10.
Feed: Seaweed culture is extractive and is not provided any external feed. The data score for the Feed
criterion is 10 out of 10.
Escapes: Information about the openness of production systems is readily available, and data
describing the impacts of escaped reproductive material from seaweed culture is readily available.
Many studies have examined the ability of different species of seaweeds to be transported beyond
their native ranges (through a variety of vectors – not just aquaculture) and establish. Studies describe
the variability of ability to spread and establish, as well as variability in the impacts from establishment
of non-native species, as well as genetic impacts. The data score for the Escapes criterion is 7.5 out of
10.
Disease: While many studies are available describing the types of diseases and epiphytes impacting
seaweed culture, there is very little information available describing the impacts these diseases and
epiphytes have on wild, native species in the surrounding environments. Information describing the
openness of production systems is readily available. The data score for the Disease criterion is 2.5 out
of 10.
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Source of stock: Data describing the sources of seed used for seaweed culture are available at a
general level, often in studies or guidance describing best practice for seaweed cultivation. The data
score for the Source of stock criterion is 7.5 out of 10.
Wildlife mortalities: Data describing actual numbers of wildlife mortalities are not available beyond
one individual report from a specific farm, however information describing the theoretical risk of
mortalities is available at a general scale. The data score for the Wildlife mortalities criterion is 5 out of
10.
Escape of secondary species: Data provide insight into the partial reliance on various global seaweed
industries on international and/or trans-waterbody movements of seed and seedlings, however
volumes are unknown, leading to an unclear estimate of the percentage of the global industry reliant
on these movements. Information describing the types of systems used in hatcheries (source) is readily
available, as is information describing the types of production systems used at the destination. The
data score for the Escape of secondary species criterion is 5 out of 10.
Conclusions and Final Score
Data and information describing the ecological impacts of seaweed cultivation globally are mainly
available generalized at the global level, or very specific to individual situations. The final numerical
score for Criterion 1 – Data is 7.3 out of 10.
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Criterion 2: Effluent
Impact, unit of sustainability and principle
▪ Impact: aquaculture species, production systems and management methods vary in the amount of
waste produced and discharged per unit of production. The combined discharge of farms, groups of
farms or industries contributes to local and regional nutrient loads.
▪ Sustainability unit: the carrying or assimilative capacity of the local and regional receiving waters
beyond the farm or its allowable zone of effect.
▪ Principle: not allowing effluent discharges to exceed, or contribute to exceeding, the carrying
capacity of receiving waters at the local or regional level.
Criterion 2 Summary
Effluent Evidence-Based Assessment

C2 Effluent Final Score (0-10)

9

GREEN

Brief Summary
An evidence-based assessment was used to assess the effluent criterion for seaweed aquaculture. As an
extractive species, seaweed culture does not discharge nutrient wastes into the ecosystem. In specific
examples it has been associated with the discharge of fouling organisms. Seaweed aquaculture is more
commonly regarded as being beneficial to marine ecosystems because it removes nutrients from the
water, which often originate from land-based pollution sources (i.e., sewage and agricultural run-off).
For these reasons, the criterion for effluent scored 9 out of 10.
Justification of Ranking
Seaweed production differs from many other forms of aquaculture because there is no feed requirement
and very limited use of fertilizers (McHugh, 2003). The only documented use of fertilizers during the
grow out stage is associated with Japanese kelp production in the Yellow Sea, where the added nutrients
are quickly absorbed by the seaweed and little is lost to the surrounding environment (Ibid.).
Additionally, and in contrast to the culture of many animals, there is no organic waste associated with
seaweed farming. This is because seaweeds are extractive and have been shown to improve water
quality in some cases, removing nutrients and metals (Arumugam et al., 2018; McHugh, 2003; Neveux et
al., 2018; Xiao et al., 2017). Seaweed can be used to treat coastal ecosystems experiencing
eutrophication due to wastewater from land-based activities, and is also used to uptake excess nutrients
from other types of aquaculture (Neveux et al., 2018). Examples of studies on the ability of seaweeds to
remove nutrients from effluent waters are listed by Arumugam et al. (2018), and are included in Table 3
below. It should be noted that not all seaweeds used for waste water remediation are also used for
human consumption.
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Table 3: Seaweed nutrient remediation in various wastewaters.
Type of
wastewater
Aquaculture
water (Bay
water)

Studied
parameters
t = 1–35 d

Gracilaria
tikvahiae

Shrimp
wastewater

t = 7–18 d

Gracilaria chouae

Aquaculture
water (Bay
water)

t = 1–47 d

Ulva lactuca

Seaweed

Treatment conditions

Pollutants

Treatment performance

Nitrogen
and
Phosphate

N = 21.0%
P = 28.6%

Nitrogen

N = 35%
(Recovery in seaweed)

Nitrogen
and
Phosphate

N = 41.2%
(NO3–N = 37.76%, NO2–N =
36.99%,
NH4–N = 29.27%)
P = 46.2%
(PO4-P = 40.64%)

Reject water
t = 1–18 d
from
anaerobically
digested sewage
sludge
Finfish culture T = 6 and 13
effluent
°C

Co-culture with the fish
Pseudosciaena crocea
Cage aquaculture
Seawater with salinity of 26–29 (24–
27 during low
tide)
Surface water T = 18.4–26.0 deg C
Surface water pH = 7.43–7.83
t = 20 d
Co-cultured with Pacific white
shrimp Litopenaeus
vannamei
Salinity 30.4–34.8g/kg
T = 18–33 °C
pH = 7.4–7.9
t = 18 d
Co-cultured with the black sea
bream Sparus
macrocephalus
Salinity of 28.33–31.07
T = 16.61–22.68 °C
pH = 8.16–8.2
t = 28 d
Salinity of 20% from artificial
seawater
T = 15 °C
pH = 7.9–8.9
t = 18 d
Land-based Atlantic halibut farm
t = 28 d each trial

Nitrogen
and
Phosphorus

N = 22.7 mg N g DW−1 d−1
P = 2.7 mg P g DW−1 d−1

Nitrogen

Palmaria palmata

Finfish culture
effluent

T = 6 and 16
°C

Land-based Atlantic halibut farm
t = 28 d each trial

Nitrogen

Gracilaria
vermiculophylla

Aquaculture
effluents

t = 1 month
each trial

Nitrogen

Gracilaria
caudata

Aquaculture
effluents

t = 72 h

Gracilaria birdiae

Shrimp
wastewater

t = 4 weeks

Land-based pilot scale system
Salinity of 30 ppm
Mean T oscillates between 10.96 ±
0.19 °C and 20.17 ±
0.03 °C
pH = 7.2–8.9
t = 1 month
Co-cultured with microcrustacean
Artemia
franciscana
T = 28 °C
Salinity = 35 PSU
t = 72 h
Salinity of 30.1–30.7 PSU
T = 27.2–29.4 °C

Net N = 2.0 kgm−2 (at T = 6 and
13
°C)
Net N = 2.0 kgm−2 (at T = 6 °
C)
Net N = 4.0 kgm−2 (at T = 16 °
C)
N = 40.54 ± 2.02 gm−2
month−1

Gracilaria
lemaneiformis

Chondrus crispus
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Nitrogen
and
Phosphorus

NO2 = 100%
NO3 = 72.4%
DIN = 44.5%
PO4 shows significant increase

Phosphate
PO43− = 93.5%
(PO43−) and NO3− = 100%

Gracilaria
caudata J. Agardh

Shrimp
wastewater

t = 75 d

pH=7.9–8.1
t = 4 weeks
Co-cultured with in-situ shrimp
pond
Salinity of 33 PSU
Mean T = 29 °C
pH = 8.07 – 8.26
t=4h

Nitrate
(NO3−)
Nitrogen
and
Phosphorus

NO3–N = 49.6%
PO4–P = 12.3%

Source: Arumugam et al. (2018)
Seaweed is also associated with the removal of heavy metals from wastewater. Examples of studies on
the ability of seaweeds to remove heavy metals from effluent waters are listed by (Arumugam et al.,
2018), and are included in Table 4 below.
Table 4: Seaweed heavy metal remediation in various wastewaters.
Seaweed
Sargassum sp.

Type of
wastewater
Synthetic
wastewater

Sargassum sp.

Simulated
wastewater

Ulva rigida

Simulated
wastewater

Sargassum
filipendula

Simulated
wastewater

Studied
parameters
Biomass
t
pH
rpm
Ions
concentration

Treatment conditions

t = 60 min
T = 25 °C
Biomass size = 200 mesh
Cd2+
Biomass = 0.5 g
pH = 4
rpm = 150
Ions concentration = 5 mg/L
Zn2+
Biomass = 1 g
pH = 3
rpm = 200
Ions concentration = 5 mg/L
Ions
Adsorbent size = 2.2 mm
concentration = Adsorbent = 0.1 g
0–7
T = 30 °C
mmol/L)
rpm = 150
pH = 5
t = 4h (Ni2+) and 6h (Cu2+)
With raw and
T = 20 °C
chemically
Ion concentration = 25 mg/L
treated
Adsorbent = 0.5 g
seaweeds
Adsorbent size = 0.5 cm
pH = 2–7
t=5h
rpm = 180

t = 720 min

Adsorbent size = 0.737 mm
Adsorbent = 2 mg/L
T = 25 °C
rpm = 180
t = 24 h
Ion concentration = 1
mmol/L
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Heavy metals Treatment performance
Cd2+ and
Zn2+

Cd2+ = 95.3% (acid treated)
Zn2+ = 90.3% (acid treated)

Ni2+and
Cu2+

Cu2+ = 2.06 mmol/g
Ni2+ = 1.69 mmol/g

As3+,
As5+,
Sb3+, Se4+
and Se6+

Se4+ = 0.5 mg/g (pH = 2–4)
Se6+ = 0.2 mg/g (pH = 2–3)
In raw forms, showed limited
perspectives
for arsenic removal but can be
promising
for selenium and especially
antimony
Ag+ = 33.62%
Cd2+ = 78.03%
Cr3+ = 72.8%
Cu2+ = 69.05%
Ni2+ = 32.74%
Pb2+ = 56.19%
Zn2+ = 44.21%

Ag+,
Cd2+,
Cr3+,
Cu2+,
Ni2+,
Pb2+ and
Zn2+

Gracilaria sp.

Landfill
leachate

Sargassum hystrix Simulated
wastewater

pH = 3.5
Gel/Adsorbent pH = 8
concentration =
10, 20, 50,
and 100 mg/L
t = 10 d

As, Fe,
Ni, and
Cd

Adsorbent =
0.5–10 g/L
t = 3–120 min
Ion
concentration =
0.5–
100 mg/L
T
pH
Adsorbent
Ion
Concentration
pH = 2, 3, 4, and
5
With raw and
protonated
seaweed

Ion concentration = 10 mg/L Mn2+
Adsorbent = 10 g/L
t = 120 min

T = 34.8 °C
Pb2+
pH = 4.99
Ion concentration = 152.10
mg/L
Adsorbent = 0.49 g/L
Adsorbent size = 5 mm
Sb3+
Ion concentration = 10 mg/L
Adsorbent = 100 mg
rpm = 200
T = 23 °C
t=6h

Sargassum
filipendula

Simulated
wastewater

Sargassum
muticum

Simulated
wastewater

Aschophyllum
nodosum

Simulated
wastewater

pH = 2, 3, 4, and
5
With raw and
protonated
seaweed

Adsorbent size = 5 mm
Sb3+
Ion concentration = 10 mg/L
Adsorbent = 100 mg
rpm = 200
T = 23 °C
t=6h

Osmundea
pinnatifida

Simulated
wastewater

pH = 2–9
t = 0–3 h
Biomass = 5–80
g/L
Ion
concentration =
50–400
mg/L

pH = 5
t = 60 min
Biomass = 1 g
Biomass size = 0.5 mm
Ion concentration
T = 25 °C
rpm = 500
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Cu2+ and
Cd2+

Fe = 100% (t = 1, Ion = 10 mg/L)
Cd = 100% (t = 5 d, Ion = 100
mg/L)
As = 100% (t = 5 d, Ion = 50
mg/L)
Ni = 98% (t = 10 d, Ion = 50
mg/L)
85.6%

96%

3.5 mg/g (pH = 5, protonated
Sargassum
muticum)
3.4 mg/g (pH = 4, raw
Sargassum muticum)
Sargassum muticum shows
significant
removal efficiency than
Aschophyllum
nodosum.
.5 mg/g (pH = 5, protonated
Sargassum
muticum)
3.4 mg/g (pH = 4, raw
Sargassum muticum)
Sargassum muticum shows
significant
removal efficiency than
Aschophyllum
nodosum.
Cd2+ = 57.29% (pH = 5,
biomass = 20 g/L, ion
concentration = 100 mg/L, t =
180 min)
Cu2+ = 50.89% (pH = 5,
biomass = 20 g/L, ion
concentration = 100 mg/L, t =
180 min)
Cd2+ = 62.9% (pH = 5, biomass
= 20 g/L, ion
concentration = 100 mg/L, t =
60 min)

Sargassum
ilicifolium

Simulated
wastewater

Chondracanthus
chamissoi

Aqueous
solution

Ceramium
virgatum

Simulated
wastewater

pH = 3–5
Ion
concentration =
20–200
mg/L
Adsorbent =
0.2–0.8 g/L
T = 20, 25, and
30 °C
pH = 2–5.5 for
Pb(II), 2–7
for Cd(II)

pH = 3.7
Adsorbent = 0.2 g/L
Ion concentration = 200
mg/L
T = 25 °C
t=2h

pH = 4
Adsorbent = 20 mg
Ion concentration = 70 mg/
t = 48 h
pH = 2–8
Biomass size = 0.5 mm
t = 0–120 min
Biomass = 10 g/L
Biomass = 1–40 rpm = 100
g/L
pH = 5
T = 20, 30, 40, t = 60 min
and 50 °C
T = 20 °C

Pb2+

Cu2+ = 69.15% (pH = 5,
biomass = 20 g/L, ion
concentration = 100 mg/L, t =
60 min)
Cd2+ = 75.36%(pH = 5, biomass
= 20 g/L, ion
concentration = 100 mg/L, t =
60 min)
Cu2+ = 70.22%(pH = 5, biomass
= 20 g/L, ion
concentration = 100 mg/L, t =
60 min)
Cd2+ = 75.84%(pH = 5, biomass
= 20 g/L, ion
concentration = 50 mg/L, t = 60
min)
Cu2+ = 71.64%(pH = 5, biomass
= 20 g/L, ion
concentration = 50 mg/L, t = 60
min)
195 ± 3.3 mg/g

Pb(II)
and
Cd(II)

Pb(II) = 1.37 mmol/g
Cd(II) = 0.76 mmol/g

Cd2+

96% (pH = 5, Ion concentration
= 10 mg/L, T
= 20 °C)
97% (pH = 5, Ion concentration
= 10 mg/L, T
= 20 °C, biomass = 10 g/L, t =
60 min)

Source: Arumugam et al. (2018)
While seaweed farming is mainly associated with the provision of ecosystem services, such as
bioremediation of nutrient pollution, large-scale green algal blooms in the Yellow Sea between 2007 and
2017 have been partially attributed to Porphyra (including Pyropia spp.) farming in Jiangsu Province,
China (Liu et al., 2009; Zhang et al., 2019b, 2019a). Ulva prolifera, considered a fouling nuisance, grows
on lines used to grow Porphyra spp., and is removed during harvest and released into the ocean (Zhang
et al., 2019a). Currents then carry it up the coast of the Yellow Sea, spreading as an algal bloom (Ibid.).
Recent research shows that while a rapid expansion of seaweed farming along the coast of Jiangsu
Province (and the subsequent increase in Ulva being introduced to the environment) likely contributed
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to the blooms (Zhang et al., 2019b), other factors such as wastewater from inland aquaculture and
agriculture being introduced to the coastline of Jiangsu Province likely also contributed to the
eutrophication of the area, with blooms being supported by environmental factors (Pang et al., 2010;
Zhang et al., 2019a). These green algal blooms occurred annually from 2007-2017, and likely stopped due
to the presence of a brown algal Sargassum bloom, which outcompeted the Ulva (Zhang et al., 2019b,
2019a). The Sargassum bloom is not attributed to seaweed aquaculture. It is noted by (Zhang et al.,
2019b) that algal blooms are increasing in severity, frequency and geographic range worldwide, though
these blooms are not all attributed to seaweed aquaculture.
Conclusions and Final Score
While the Yellow Sea in China struggled from 2007-2017 with algal blooms partially associated with poor
management of discarded Ulva (fouling) during harvest, seaweed aquaculture typically does not have
any effluent impacts beyond the farm boundary, and is, instead, associated with the provision of
ecosystems services, such as bioremediation of nutrient pollution.
The final score for Criterion 2 – Effluent is 9 out of 10.
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Criterion 3: Habitat
Impact, unit of sustainability and principle
▪ Impact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat types
and have greatly varying levels of impact to both pristine and previously modified habitats and to the
critical “ecosystem services” they provide.
▪ Sustainability unit: The ability to maintain the critical ecosystem services relevant to the habitat type.
▪ Principle: being located at sites, scales and intensities that maintain the functionality of ecologically
valuable habitats.
Criterion 3 Summary
Habitat parameters
F3.1 Habitat conversion and function
F3.2a Content of habitat regulations
F3.2b Enforcement of habitat regulations
F3.2 Regulatory or management effectiveness score

Value

Score
8.00

3
3
3.60
6.53

C3 Habitat Final Score
Critical?

YELLOW

NO

Brief Summary
Seaweed farms can be extremely large operations, with the potential to alter the physical characteristics
and habitat surrounding them. There are documented concerns with potential impacts from seaweed
farming associated with shading of the water column and benthos, absorption of nutrients needed by
the local ecosystem, absorption of kinetic energy, trampling of benthos, and the addition of artificial
materials into the environment. These impacts are considered to moderately affect habitat functionality,
but do not result in a consistent, ongoing loss of overall functionality. Factor 3.1 scores 8 out of 10.
Management of ecological impacts from seaweed farming generally is based on ecological impacts,
however cumulative impacts are not consistently addressed, and enforcement effectiveness varies.
Factor 3.2 scores 3.6 out of 10. The final Criterion 3 – Habitat score is 6.53 out of 10.
Justification of Ranking
Factor 3.1. Habitat conversion and function
Seaweed farms can be very large operations with thousands of seaweed lines or nets in each farm,
especially in Asia where most seaweed farms are located. Farms can take up entire bays, with one such
example being around the Dongchong Peninsula in China (Figure 1).
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Figure 1. Seaweed farms around the Dongchong Peninsula, China. Source: (“Google Earth,” 2019)
Large scale seaweed farming can be associated with environmental risks such as absorption of light,
nutrients, and kinetic energy, as well as the release of particulate matter, artificial habitat creation, and
the addition of artificial material to the environment (Campbell et al., 2019). Tending of carrageenophyte
(producing different carrageenans, or Eucheuma spp. and Kappaphycus spp.) seaweed farms may also
result in disturbance of the benthos due to trampling by humans (Blankenhorn, 2007), and a review of
impacts to fish communities revealed a highly context-dependent relationship, with evidence of positive,
neutral, and negative impacts depending on the environment where farms are sited (Kelly et al., 2020).
These species represent approximately 35% of global production, and therefore, while significant, are
not considered to be typical of global production. It is unclear to what degree these potential risks have
impacted ecosystems at the global scale.
Absorption of light by cultivated seaweed species can cause shading in the water column and benthos
below the site. While individual sites are unlikely to have any significant impact to habitat functionality
on their own, in areas where seaweed farming is done at a large scale there is potential for broader,
cumulative impact to planktonic communities that are forced to compete for light (Campbell et al.,
2019). One modelling study of “typical” culture in Sanggou Bay, China (kelp grown on rafts) found that
seasonal and spatial variations in phytoplankton biomass are impacted by the density of kelp (Shi et al.,
2011). In addition, sensitive benthic communities such as eelgrass beds can be negatively impacted if
seaweed farms overlap with their area (Blankenhorn, 2007; Campbell et al., 2019). It is unclear how
common these types of impacts are in global seaweed production at the global scale.
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Large-scale seaweed production has the potential to alter the hydrology of an area, leading to a number
of potential impacts including depletion of nutrients, alterations to coastal hydrology, lack of dispersal of
nutrients, changes to benthic ecosystems, and changes to the carrying capacity of an area.
The alteration of coastal hydrology due to the absorption of kinetic energy by seaweed cultivation sites
has the potential to alter ecosystems through the reduction of water exchange leading to the potential
for altered carrying capacity of a waterbody, and losses to primary productivity (Campbell et al., 2019).
This has been modelled for Sanggou Bay, China, where a 20% reduction in current speed in the main
navigation channel, and a 54% reduction in current speed in the cultivation area were predicted (Grant
and Bacher, 2011). These modeled predictions were supported by measurements taken in Sanggou Bay,
China that showed water exchange patterns significantly affected by kelp aquaculture (Zeng et al., 2015).
More broadly, changes in hydrology due to increased surface drag from suspended systems associated
with seaweed culture is noted by Campbell et al., (2019), and Shi et al., (2011).
A recent modelling study of the nutrient residence time and transport in Sanggou Bay, China concluded
that drag from cultured kelp may restrict the horizontal movement of dissolved inorganic nitrogen (DIN)
within the bay, limiting its availability toward the center of large-scale seaweed farms (Wang et al.,
2018). Therefore, while the volume of kelp may, in theory, be able to absorb the volume of DIN entering
the bay, DIN does not reach kelp toward the center of the cultivated area. Drag from kelp beds increases
residence times for nutrients in the bay, which can increase the potential for algal blooms in areas where
nutrients are not absorbed by the kelp (ibid.). Earlier models have also shown the potential for this to
occur at a hypothetical large-scale site in Scotland (Aldridge et al., 2012); however, research on the topic
as a whole is largely focused on the ability of seaweeds to treat water with excess nutrients, as is
discussed in Criterion 2 – Effluents. Absorption of nutrients by cultivated seaweed is generally
considered positive, particularly when such absorption is in remediation of anthropogenic nutrient
loading. However, there is the potential for cultivated seaweeds to absorb nutrients to a degree where
the concentration of available nutrients is reduced below that which is required for natural primary
productivity (Campbell et al., 2019), thus altering natural interactions of the marine food web. It is
unclear how significant the environmental risk is from global seaweed culture causing the absorption of
nutrients to the point of depletion and/or disruption of nutrient availability in the natural environment.
Benthic ecosystems below and surrounding seaweed cultivation sites may experience changes due to
shading, altered sedimentation patterns, the presence of Particulate Organic Matter (POM) that has
become detached (Campbell et al., 2019), and potential trampling from humans tending the sites
(Blankenhorn, 2007). Research has suggested impacts to the abundance, biomass, and species diversity
in wild populations of native seagrass and macrofaunal assemblages where Eucheuma spp. have been
introduced and farmed in seagrass beds in Zanzibar (Eklof et al., 2005). A review of the impacts of
Kappaphycus and Eucheuma farms in the tropics, commonly sited in or around intertidal seagrass beds,
indicates that these seaweed farms tend to either reduce benthic biomass or alter community
composition amongst meiofaunal, macrofaunaul, and infaunal invertebrate communities; however, no
evidence of impacts amongst non-urchin epifauna has been demonstrated to date (Kelly et al., 2020). In
temperate systems, a study modeling the benthic impact of long-term, large-scale seaweed and shellfish
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culture in Sanggou Bay, China determined that species diversity in cultivation areas is generally low, and
can be higher during summer-autumn, however it is overall considered to be low impact (Zhang et al.,
2009). A separate study in Sandu Bay, China determined that acid volatile sulfide levels were higher
below a kelp cultivation site than at a control site, and throughout the study length (May 2009 –
February 2010) the biomass varied significantly, as did the dominant species (Zhou, 2012).
The production cycle of seaweed farming tends to be “back to back”, in that soon after seaweed is
harvested the site is replanted (Pers. comm., E. Kelly, 2020). Newly replanted seaweed farms have
notably lower biomass, which results in less shading, and potentially different hydrodynamic movements
than when a site has a higher level of biomass. This can result in a stage of habitat recovery, however, in
cases where seaweed farms are tended by hand, trampling of benthos will likely continue to occur as
farmers remove epiphytes, and some impacts to the surrounding habitat may not be fully reversible
while replanted biomass is still low, creating a long-lasting impact to habitat functionality (ibid.). While it
is unknown what percentage of the global seaweed industry is associated with these impacts, there is
clear indication that any potential impacts are context specific.
While seaweed cultivation can have minor-moderate impacts to the habitat within the sited areas, it is
generally considered that in the habitats in which seaweed cultivation occurs there is a moderate impact
to functionality. This results in a Factor 3.1 score of 8 out of 10.
Factor 3.2. Farm siting regulation and management
Factor 3.2a/b: Content and enforcement of habitat management measures
Descriptions of relevant legislation and regulations governing habitat impacts from seaweed production
in countries producing >1 million mt are found below.
China
There are no specific laws for aquaculture site selection, however, there are many other comprehensive
laws dealing with fisheries and the environment. The Fisheries Law of the People’s Republic of China
allows states to designate plans for different uses of surface waters including aquaculture. Permits for
aquaculture are granted under this law (FAO, 2004a; Zhu and Dong, 2013). In addition, there are other
legislative tools applicable to aquaculture including the Regulator Law for Sea Area Usage, and laws
around water quality, marine protected areas, and water discharge (among others) (Zhu and Dong,
2013). Although there is a legal framework present for aquaculture, enforcement remains an issue,
particularly due to the large number of rural and small aquaculture operations in China and the
government’s desire to maintain or grow production in the industry (Zhu and Dong, 2013).
South Korea
In South Korea, fisheries and aquaculture licensing are regulated under the Fisheries Act of 1990, while
the Aquaculture Ground Management Act of 2000 was enacted with the goal of improving aquaculture
productivity through the implementation of fallowing systems (FAO, 2005b). The Ministry of Maritime
Affairs and Fisheries, as well as provincial, local governments share jurisdiction over the design and
implementation of fisheries policy, largely implemented by fishermen-led co-management systems
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(ibid.). Now, sites are often leased by village cooperatives to individuals for “unspecified aquaculture”
(Cheong, 2004). The Coastal Management Act of 1999 allows designation of coastal waters for specific
purposes, including aquaculture (ibid.). Given the local design and implementation of relevant
aquaculture policies, it is assumed that their subject matter, implementation and enforcement varies,
and cumulative impacts are not consistently accounted for in planning or management.
Indonesia
In Indonesia, a business license called a SIUP (Surat Izin Usaha Perikanan) is required for aquaculture
(and other activities marine and non-marine related), and is issued by either the Indonesian Investment
Coordinating Board, or its local office (Bone et al., 2018). Issuance of these permits is not based on
ecological factors, and the completion of an EIA is only required for farms larger than 50 hectares.
Smaller farms are only required to have environmental management and monitoring measures in place.
Similar to South Korea, given the local design and implementation of relevant aquaculture policies, it is
assumed that their subject matter, implementation and enforcement varies, and cumulative impacts are
not consistently accounted for in planning or management.
Philippines
The Philippine Fisheries Code (1998) regulates aquaculture leasing, and requires the development of the
Bureau of Fisheries and Aquaculture Resources (BFAR) (FAO, 2004b). BFAR is required to develop and
implement the National Fisheries Industry Development Plan, and enforce laws and regulation outside
municipal waters. BFAR has established a Code of Practice for aquaculture, outlining general principles
and guidelines for sustainable aquaculture development design and operation, including site selection.
These principles state that potential sites will be evaluated by BFAR in order to ensure ecological and
social sustainability (BFAR, 2001). Within municipal waters, municipal and integrated (water body
bounded by multiple municipalities) Fisheries and Aquatic Resources Management Councils (FARMCs)
are developed (FAO, 2004b). These councils are generally tasked with preparation and implementation
of municipal and integrated fishery development plans, as well as their enforcement in municipal waters,
and implemented by the local governments (ibid.) It is unclear how much these plans, and their
implementation and enforcement differ by municipality.
In the countries producing the largest volumes of seaweeds globally, management measures regulating
habitat impacts generally take into account ecological impacts, however they are often implemented
through varying scales of management systems which may not consistently address cumulative impacts.
Enforcement of habitat regulations varies in efficacy. Factor 3.2a scores 3 out of 5, and Factor 3.2b
scores 3 out of 5, resulting in a Factor 3.2 score of 3.6 out of 10.
Conclusions and Final Score
Seaweed farms can be extremely large operations, whether as single holding farms or many adjacent
family farms, with the potential to alter the physical characteristics and habitat surrounding them. There
are documented concerns with potential impacts from seaweed farming associated with shading of the
water column and benthos, absorption of nutrients needed by the local ecosystem, absorption of kinetic
energy, and the addition of artificial materials into the environment. Management of ecological impacts
from seaweed farming generally is based on ecological impacts, however cumulative impacts are not
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consistently addressed, and enforcement effectiveness varies. The final Criterion 3 – Habitat score is 6.53
out of 10.
The final score for Criterion 3 – Habitat is 6.53 out of 10 and acknowledges the very large scale of
production in some areas.

Criterion 4: Evidence or Risk of Chemical Use
Impact, unit of sustainability and principle
▪ Impact: Improper use of chemical treatments impacts non-target organisms and leads to production
losses and human health concerns due to the development of chemical-resistant organisms.
▪ Sustainability unit: non-target organisms in the local or regional environment, presence of pathogens
or parasites resistant to important treatments
▪ Principle: limiting the type, frequency of use, total use, or discharge of chemicals to levels
representing a low risk of impact to non-target organisms.
Criterion 4 Summary
Chemical Use parameters

Score
10

C4 Chemical Use Score (0-10)
Critical?

NO

GREEN

Brief Summary
Chemical use in seaweed aquaculture is generally not practiced in any industries other than
Porphyra/Pyropia production. Organic acid combined with hydrochloric acid is used to soak nets on land
in order to minimize biofouling, and in some cases directly wash seaweed in order to clear epiphytes. It is
assumed that the concentration and volume of acids entering the water is not high enough to have any
ecological impact, as all are soluble or miscible in water. Given this, the Criterion 4 – Chemical use score
is 10 out of 10.
Justification of Rating
The use of chemicals in seaweed production is generally very limited, with kelp aquaculture in the
Americas and Europe excluding their use in the farmed area and surrounding environment (Grebe et al.,
2019), and no known instances of chemical usage in the major culture areas, like China. In general,
strategies for pest and disease control in seaweed farming are often very basic and are centered on
removing affected seaweed from the farm, and chemical treatments are associated with reduction in the
quality of seaweed crops (Loureiro et al., 2015). One exception is the use of organic acid washes on
Pyropia nets in South Korea in an effort to control the pH, and minimize biofouling (Kim et al., 2014,
2017).
While diluted hydrochloric acid is the treatment method of choice due to its lower cost, it is banned for
use in South Korea (Kim et al., 2014). Organic acids most commonly used for washes (nets and direct)
includes acetic, formic, citric, oxalic, and uric acids, combined with 10% hydrochloric acid (ibid.). While
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introduction of organic acids and hydrochloric acid can impact the pH levels of the marine environment,
it is considered that the processes used (dipping nets on land, and dipping seaweed into tubs above the
water) do not introduce these chemicals to the environment at a concentration, or volume, that would
have an ecological impact. As this is an on-land treatment, and organic acids used do not leach into the
environment it is not considered in the scoring of this criterion.
Conclusions and Final Score
Chemical use in seaweed aquaculture is generally not practiced in any industries other than
Porphyra/Pyropia production, where chemicals are applied to nets on-land. There, organic acid
combined with hydrochloric acid is used to soak nets in order to minimize biofouling, and in some cases
directly wash seaweed in order to clear epiphytes. It is assumed that the concentration and volume of
acids entering the water is not high enough to have any ecological impact, as all are soluble or miscible in
water. Given this, the Criterion 4 – Chemical use score is 10 out of 10.
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Criterion 5: Feed
Impact, unit of sustainability and principle
▪ Impact: feed consumption, feed type, ingredients used and the net nutritional gains or losses vary
dramatically between farmed species and production systems. Producing feeds and their ingredients has
complex global ecological impacts, and their efficiency of conversion can result in net food gains, or
dramatic net losses of nutrients. Feed use is considered to be one of the defining factors of aquaculture
sustainability.
▪ Sustainability unit: the amount and sustainability of wild fish caught for feeding to farmed fish, the
global impacts of harvesting or cultivating feed ingredients, and the net nutritional gains or losses from
the farming operation.
▪ Principle: sourcing sustainable feed ingredients and converting them efficiently with net edible
nutrition gains.
Criterion 5 Summary
C5 Feed Final Score (0-10)

10.00
Critical?

NO

GREEN

Brief Summary and Justification of Rating
There are no external feed inputs for production of seaweed, and the potential application of fertilizer is
considered in Criterion 2 – Effluent. The Criterion 5 – Feed score is 10 out of 10.
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Criterion 6: Escapes
Impact, unit of sustainability and principle
▪ Impact: competition, genetic loss, predation, habitat damage, spawning disruption, and other
impacts on wild fish and ecosystems resulting from the escape of native, non-native and/or genetically
distinct fish or other unintended species from aquaculture operations
▪ Sustainability unit: affected ecosystems and/or associated wild populations.
▪ Principle: preventing population-level impacts to wild species or other ecosystem-level impacts from
farm escapes.
Criterion 6 Summary
Escape parameters
F6.1 System escape risk
F6.1 Recapture adjustment
F6.1 Final escape risk score
F6.2 Competitive and genetic interactions

Value
0
0

Score

0
8

C6 Escape Final Score (0-10)

4
Critical?

NO

YELLOW

Brief Summary
The nets and lines used for culture of seaweeds are considered open systems and carry a high risk that
“escapes” will occur in the form of detached specimens leaving the farm site, or reproductive dispersal.
The Factor 6.1 score is 0 out of 10 due to the lack of practices minimizing the risk of these types of
escapes. Ecological impacts on wild species from the escape of cultured seaweed populations can vary
widely. There is evidence of both negative and positive impacts associated with introductions of nonnative seaweeds, and wide variation in the ability of even the most invasive species to effectively
establish. The species representing ~75% of global seaweed production (Eucheuma spp., Gracilaria spp.,
and S. japonica) are not associated with significant competitive or genetic impacts resulting from
escaped cultivated populations. Factor 6.2 scores 8 out of 10. Factors 6.1 and 6.2 combine to give a final
numerical score of 4 out of 10 for Criterion 6 – Escapes.
Justification of Rating
Factor 6.1. Escape risk
The nets and lines used for seaweed production are considered open systems with no physical
separation between the culture area and the wider marine environment. They therefore carry a high risk
of “escape” in the form of detached specimens leaving the farm site, or reproductive dispersal. The
reproductive strategies of seaweeds vary greatly, with some species reproducing asexually, and others
sexually (Taelman et al., 2015). In asexual reproduction, new seaweed is grown from fragments of older
organisms (ibid.). If these are escaped fragments, they may establish in an area where their presence is
not managed. Strategies used in sexual reproduction vary widely from species to species, but generally
involve spores released from sporophytes, growing into gametophytes. Gametophytes produce gametes
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which fuse together to form zygotes, which then grows into new sporophytes (MESA, 2015). Spores and
gametes may disperse, and can, in theory, become fertilized and establish beyond the farm boundary.
Due to the openness of the production systems used, and the ability of seaweeds to disperse
reproductive material beyond the farm boundary, the score for Factor 6.1 is 0 out of 10.
Factor 6.2. Competitive and genetic interactions
Seaweeds have been introduced, via aquaculture and other vectors, to non-native areas around the
world. Literature on invasiveness of seaweeds tends to focus on species that are able to spread and/or
establish rapidly (including Caulerpa taxifolia and Undaria pinnatifida), while there is less research on
slower spreading species (e.g. Kappaphycus alvarezii) (Zemke-White, 2006). Species of seaweeds
included in the focus of this report have been introduced beyond their native ranges. Williams and Smith
(2007) compiled findings of studies representing over 407 seaweed introduction events globally and
have determined that 123 of the introductions can be attributed to shellfish farming and other types of
aquaculture. It is worth noting that not all of these introduction events represent establishment or even
necessarily escape of introduced seaweeds, and not all studies reported ecological impacts. Studies of
species included as the focus of this assessment that reported ecological impacts showed impacts to
species abundance, species diversity, feeding (by wild, native species), community function, and overall
environmental performance (ibid.). Williams and Smith (2007) note that additional studies reported
benefits to abundance, community function, diversity, performance and feeding; however, the large
majority of recorded impacts are negative (Table 5).
Table 5: Recorded competitive and genetic impacts associated with introduced seaweeds in areas where
they are non-native. Species included are those relevant to aquaculture, though studies are not specific
to aquaculture. Source: Williams and Smith, 2007.
Impact to wild seaweeds
Abundance

Feeding

Species diversity
Community function
Performance

Negative
• U. pinnatifida
• K. alvarezii
• Eucheuma spp.
• Caulerpa spp.
• Gracilaria spp.
• K. alvarezii
• Caulerpa spp.
• U. pinnatifida
• Eucheuma spp.
•

Positive
• Gracilaria spp.
• Caulerpa spp.

•

K. alvarezii

•

Caulerpa spp.

•

Caulerpa spp.

Caulerpa spp.

As shown in Table 1, global production of Eucheuma spp., Gracilaria spp. and S. japonica combined
accounts for approximately 75% of global seaweed production. While these species are associated with
some negative impacts where they are introduced (see Table 5 above for impacts from Eucheuma spp.
and Gracilaria spp.), the relative impact of the introduction of cultivated strains of these species is much
lower than faster spreading and better establishing Caulerpa taxifolia, and Undaria pinnatifida.

34

Cultivation of Eucheuma spp. occurs globally, however the vast majority (~99.7%) occurs in areas where
it is native. Its ability to disperse and become established are variable and unpredictable (Israel et al.,
2010; Zemke-White, 2006). The history of invasiveness of Eucheuma spp. is challenging to track, as the
genus previously included Kappaphycus spp., but no longer does (Zemke-White, 2006), and the
carrageenophytes (producing different carrageenans) are often used interchangeably despite currently
referring to different genera. Often impacts from Kappaphycus and Eucheuma species are combined, and
it is unclear which species are referred to (Israel et al., 2010). The potential for invasion of
carrageenophytes is relatively unstudied; however there are examples of Kappaphycus spp. spreading in
Hawai’i, India, Venezuela, and Panama after introductions for experimental or operational seaweed
farms (Kelly et al., 2020; Conklin and Smith, 2005).
Research on the invasiveness of Gracilaria spp. is mainly focused on G. vermiculophylla, often noting its
ability to impact the health of seagrass beds, and competition with native algae (GISD, 2011). While
invasiveness is loosely correlated with shellfish aquaculture (Kreuger-Hadfield et al., 2017), spread of G.
vermiculophylla is generally associated with fishing and boating activities (GISD, 2011). Approximately
96% of the Gracilaria cultured for commercial purposes is in China, where the majority of production is
G. lemaneiformis (Yang and Yarish, 2011), which is native.
Saccharina japonica is native to Japan; however 90% of cultivated production occurs in China. Research
on S. japonica populations indicates that domestication and selective breeding of cultivated strains in
China has led to a decrease in their genetic diversity as compared to wild populations (Zhang et al.,
2017). This study further shows that there is very little mixing between genetically distinct
cultivated/introduced populations and wild indigenous populations, with no gene admixture between
cultivated populations and wild ones (ibid). Despite being the most commonly cultivated seaweed
species globally, it is not associated with negative ecological impacts (Table 5).
A Caulerpa species (C. taxifolia) and U. pinnatifida are listed in the top 100 most invasive species (GISD,
2020), however C. taxifolia is associated with the aquarium trade, not with commercial aquaculture
(GISD, 2006). Caulerpa racemosa and C. lentillifera are both referred to as “sea grapes” and are the more
commonly cultivated species for human consumption. Caulerpa lentillifera is native to the tropical Indian
Ocean and tropical Pacific Ocean (Tran, 2015), while C. racemosa is distributed throughout tropical and
subtropical regions, with an invasive strain native to Southwest Australia (CABI, 2019). This invasive
strain has established in the Mediterranean Sea, however it is unknown how it was introduced, and
theories do not include aquaculture (CABI, 2019).
Studies of U. pinnatifida have shown that while it is capable of establishing in areas where it is nonnative, its ecological impact is variable based on the location, and it is not always associated with
negative ecological impacts (Farrell and Fletcher, 2006). While it has been shown to compete with native
species and decrease species diversity in some areas (Farrell and Fletcher, 2006), a study by Epstein and
Smale (2017) determined that U.pinnatifida tends to inhabit areas where there is a lower density of
native seaweeds (i.e. boat docks), and therefore does not directly compete with wild, native populations
for habitat, although in theory this could inhibit the repopulation of native, wild populations.
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In many countries, policies are presently restricting species used for aquaculture production to native
species only, and at least 80% of global seaweed production occurs in areas where the species are
native, or do not negatively impact wild native populations. While genetic introgression is a potential
risk, the dispersal of gametes does not necessarily result in successful hybridization with wild, natural
species. One study of U. pinnatifida showed that there was no inbreeding between cultured populations,
introduced populations in a nearby marina (assumed to have been introduced by non-aquaculture
vectors), and a natural, wild population on a nearby rocky reef (Guzinski et al., 2018). A study of S.
japonica discusses the genetic differentiation between cultured and wild, native populations, and
concluded that there is no significant disruption to wild genetic populations (Zhang et al., 2017).
Ecological impacts on wild species from the escape of cultured seaweed populations can vary widely, as
there is evidence showing both negative and positive impacts associated with non-native seaweeds, and
wide variation in the ability of even the most invasive species to effectively establish. While some
commonly cultivated seaweeds are associated with negative impacts where they are introduced, and
impacts from invasiveness remain understudied, the species representing 80% of global seaweed
production (Eucheuma spp., Gracilaria spp., and S. japonica) are not currently directly associated with
significant competitive or genetic impacts resulting from escaped cultivated populations. Given this, the
score for Factor 6.2 is 8 out of 10, indicating that escapes from seaweed farms (either through
fragmentation or reproductive dispersal) typically poses a low risk of competition, predation,
disturbance, or other impacts to wild species, habitats, or ecosystems.
Conclusions and Final Score
The nets and lines used for culture of seaweeds are considered open systems and carry a high risk that
“escapes” will occur in the form of detached specimens leaving the farm site, or reproductive dispersal.
The Factor 6.1 score is 0 out of 10 due to the lack of practices minimizing the risk of these types of
escapes. Ecological impacts on wild species from the escape of cultured seaweed populations can vary
widely. There is evidence of both negative and positive impacts associated with introductions of nonnative seaweeds, and wide variation in the ability of even the most invasive species to effectively
establish. The species representing 80% of global seaweed production (Eucheuma spp., Gracilaria spp.,
and S. japonica) are not associated with significant competitive or genetic impacts resulting from
escaped cultivated populations. Factor 6.2 scores 8 out of 10. Factors 6.1 and 6.2 combine to give a final
numerical score of 4 out of 10 for Criterion 6 – Escapes.
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Criterion 7: Disease; pathogen and parasite interactions
Impact, unit of sustainability and principle
▪ Impact: amplification of local pathogens and parasites on fish farms and their retransmission to local
wild species that share the same water body
▪ Sustainability unit: wild populations susceptible to elevated levels of pathogens and parasites.
▪ Principle: preventing population-level impacts to wild species through the amplification and
retransmission, or increased virulence of pathogens or parasites.
Criterion 7 Summary
Risk-Based Assessment
Pathogen and parasite parameters

Score

C7 Disease Score (0-10)

4
Critical?

NO

YELLOW

Brief Summary
Diseases are known to affect seaweed farms, and biosecurity measures are often taken to avoid them,
or minimize their impact to the farmed population. However, there is little research around the
potential impact of diseases in cultivated seaweed populations spreading to or affecting natural
seaweed populations. For these reasons, the criterion score for disease, pathogen and parasite
interactions is scored 4 out of 10.
Justification of Rating
Globally, seaweed farms are challenged by diseases caused by bacteria, protists, and viruses, as well as
by the presence of epiphytic algae (Ward et al., 2019). Diseases can be infectious or non-infectious, and
can be caused by disease agents or abiotic stressors (Largo, 2002) such as changes in water temperature,
under or over exposure to light, or salinity, which can directly impact the health of the cultivated
seaweed, or increase their susceptibility to biological stressors (Ward et al., 2019). There is some
research suggesting that most diseases that affect cultivated seaweeds are not threatening to wild
populations (Largo, 2002), however the potential for cultivated seaweed populations to amplify and
retransmit disease to wild populations is still a key knowledge gap (Campbell et al., 2019).
A recent study identified diseases reported in Asian seaweed farming (Ward et al., 2019). While this
study does not identify whether or how these disease events may have impacted wild populations, it
does show that disease events in seaweed farming occur regularly. Ward et al., (2019) note that there
is, in fact, an increase in the prevalence of diseases and pests in seaweed culture overall, likely due to
increasing intensity of global seaweed production.
Table 6: Pathogenic and epiphytic diseases of Asian seaweed aquaculture. Source: (Ward et al., 2019)
Host

Disease

Gracilariopsis heteroclada

Rotten thallus
syndrome

Causative agent
•

Bacillus sp.
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Region
Philippines (in tank
held stocks)

Kappaphycus alvarezii
Kappaphycus alvarezii and
Kappaphycus striatus

Pyropia yezoensis

Epiphytic
filamentous algae
Ice-ice disease

•

Epiphytic
filamentous algae
Red rot disease

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Melanothamnus (as Neosiphonia)
apiculata
Cytophaga-Flavobacterium complex
Vibrio sp.
Alteromonas
Pseudoalteromonas
Aurantomonas
Aspergillus ochraceus
terreus
Phoma sp.
Undetermined
Neosiphonia sp.
Polysiphonia sp.
Gracilaria sp.
Hypnea sp.
Acanthophora sp.

Philippines,
Indonesia, Malaysia
Philippines,
Indonesia, India,
China

•

Cladophora sp.

China

•
•

China, Korea

•
•
•
•
•

Pythium porphyrae
Pythium chondricola
Alternaria sp.
Olpidiopsis sp.
Olpidiopsis pyropiae
Phoma sp.
Fragellaria sp.
Licmophora flabellata
Melosira sp.
Navicula sp.
Filamentous and coccoid blue-green
algae
Pseudomonas sp.
Vibrio sp.
Flavobacterium sp. LAD-1
PyroV1
Unknown

•
•
•
•
•
•
•
•
•
•
•

“Pseudomonas-like” bacteria
Unknown
PyroV1
PyroV1
Alteromonas sp.
Pseudoalteromonas elyakovii
Pseudoalteromonas bacteriolytica
Pseudoalteromonas
Vibrio
Halomonas
Macrococcus sp.

Japan
Japan
Korea
Korea
Japan

•

Olpidiopsis disease
White spot disease
Diatom felt

Cyanobacteria felt
Anaaki disease

Pyropia tenera
Pyropia dentata
Saccharina japonica

Green spot disease
White blight
disease
Unnamed disease
Red rot disease
Green spot disease
Green spot disease
Red spot disease

Hole rotten disease

•
•
•
•
•
•
•
•
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China, Korea
China, Korea
Korea

Korea
Japan

Korea
Korea

Japan, China

Malformation
disease
Twisted frond
disease
Green rot disease
White rot
disease

•

Unknown

•

Mycoplasma-like organisms

China

•
•
•
•
•

China

•

Pseudomonas spp.
Insufficient light
Excessive light
Insufficient nutrient
Availability
High water temperature
Dilution of seawater with freshwater
runoff following heavy rainfall
Aeromonas
Flavobacterium
Moraxella
Pseudoalteromonas
Vibrio
Unknown

•
•
•
•

Unknown
Unknown
Halomonas venusta
Vibrio logei

Japan, Korea
Japan
China
China

•
•
•
•
•
•
•

Amenophia orientalis
Parathalestris infestus
Scutellidum sp.
Thalestris sp.
Ceinina japonica
Laminariocolax aecidoides
Laminarionema elsbetiae

Japan, Korea

•

Undaria pinnatifida

Blister disease

•

Shot hole disease

•
•
•
•
•

Spot rotting
disease
Green spot rot
Yellow hole disease
Spot decay
Green decay
disease
Pinhole disease

Unnamed disease
Brown endophytic
disease

China

China
Japan

Japan

Korea
Japan

Biosecurity measures are taken to minimize the risk of disease and epiphyte infection, and generally
consist of careful siting, planting at proper densities, and placement of nets and ropes at depths where
disease is less likely to impact production, but where cultivated seaweeds are still able to grow at a
favorable rate (FAO, 2005a; Guiry, 2000).
As is noted in Criterion 4 – Chemical use, disease treatment measures are often basic (Loureiro et al.,
2015), and their effectiveness varied (Table 7). A study of Pyropia spp. in Korea determined that of 7
diseases identified during the study period, the treatment of one was effective; three others had some
improvement, but were not fully effective; two were ineffective; and one had an unknown causative
agent, and was therefore not treated (Kim et al., 2014).
Disease management strategies used for S. japonica often include relocation of ropes in order to
manage exposure to sunlight and salinity, while eucheumatoid species – Kappaphycus spp. and
Eucheuma spp. – are often monitored for epiphytes, which are removed by hand as quickly as possible
before they reproduce (Ward et al., 2019). Eucheuma and Kappaphycus species are challenged with
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“ice-ice”, a condition with no known etiology which is a common problem, and is associated with
environmental stressors; however, it is still largely not understood, and there are no effective
management measures for it (ibid.).
Table 7: Effectiveness of treatments for Pyropia spp. in Korean seaweed farming. Source: (Kim et al.,
2014).
Disease

Treatment method

Effectiveness

Green-spot disease
Olpidiopsis disease
“Diatom felt”
Red-rot disease
Cyanobacteria felt
White spot disease
White blight disease

Exposure of culture nets to air; acid wash
Exposure of culture nets to air; decreasing density of culture nets; acid wash
Drying of culture nets; acid wash
Exposure of culture nets to air; acid wash
Drying of culture nets; acid wash
Discarding infected oyster shells
No treatment

No
No
Partially effective
Partially effective
Partially effective
Yes
-

Conclusions and Final Score
While biosecurity measures are often in place, they are often very basic, and disease management
strategies for cultured seaweed can benefit greatly from an increased understanding of the
characteristics of the onset, and transmission of diseases, as well as the interaction between biotic and
abiotic stressors. Seaweed production systems are open to the introduction and discharge of pathogens
and epiphytes. Disease events are present globally, and it is largely unknown whether there are
ecological impacts to native, wild species from retransmission from cultured populations. Criterion 7
scores 4 out of 10.
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Criterion 8X: Source of Stock – independence from wild
fisheries
Impact, unit of sustainability and principle
▪ Impact: the removal of fish from wild populations for on-growing to harvest size in farms
▪ Sustainability unit: wild fish populations
▪ Principle: using eggs, larvae, or juvenile fish produced from farm-raised broodstocks thereby avoiding
the need for wild capture.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a negative score
that is deducted from the overall final score. A score of zero means there is no impact
Criterion 8X Summary
Source of stock parameters

Score
0

C8X Independence from unsustainable wild fisheries (0-10)
Critical?

NO

GREEN

Brief Summary
The vast majority of “seed” stock for seaweed farms comes from on-land “hatcheries.” In some cases
passive settlement techniques are used, and in very few cases are wild specimens collected and used for
“seed” stock. Approximately 3.4% of global seaweed production relies on wild stocks. The score for
Criterion 8X – Source of stock is 0 out of -10.
Justification of Rating
Source of “seed” for seaweed farming typically comes from on-land seed “hatcheries” (Mooney-McAuley
et al., 2016). Broodstock may be selected from wild populations in order to begin a breeding program,
however in general this is a one-time collection, and the lifecycle is closed after initial collection (ibid.),
with growout stock either collected from the previous crop, or hatcheries. This is the case for species
representing at least 92% of global production (S. japonica, Eucheuma spp., Gracilaria spp., Porphyra
spp., U. pinnatifida). Production of K. alvarezii (5%) uses vegetative clones sourced from cultured stocks
(CABI, 2008), and is therefore not reliant on wild stocks. Sargassum spp. (0.8%) follows the same method
(Yoshida and Shimabukuro, 2017).
Conclusions and Final Score
As only approximately 3.4%% of global seaweed production relies on wild stocks, the final Criterion 8X –
Source of Stock score is 0 out of -10.
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Criterion 9X: Wildlife and predator mortalities
Impact, unit of sustainability and principle
▪
Impact: mortality of predators or other wildlife caused or contributed to by farming operations
▪
Sustainability unit: wildlife or predator populations
▪
Principle: preventing population-level impacts to predators or other species of wildlife attracted
to farm sites.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a negative score
that is deducted from the overall final score. A score of zero means there is no impact.
Criterion 9X Summary
Wildlife and predator mortality parameters

Score
-2

C9X Wildlife and predator mortality Final Score (0-10)
Critical?

NO

GREEN

Brief Summary
There is one confirmed death of an endangered marine mammal in a seaweed farm in the Philippines,
and likely more based on anecdotal evidence; however, seaweed production in the Philippines
represents 4.4% of global seaweed production and these animal mortalities are not considered typical of
global practices, given a current lack of any other reports. Anecdotal evidence also points to interactions
between sea turtles and humans on tropical carrageenophyte farms that result in mortality to an
unknown species or quantity of turtles. There is no available evidence of bird mortalities associated with
seaweed farms. Criterion 9X – Wildlife and predator mortalities scores -2 out of -10.
Justification of Rating
While there are some concerns for the potential for negative interactions between wildlife and seaweed
farms, there is little to no evidence that these interactions commonly occur (Campbell et al., 2019; Grebe
et al., 2019). One article reports the death of an endangered dugong that became entangled in seaweed
nets in the Philippines, and states that anecdotal evidence shows there have likely been more mortalities
(Poonian and Lopez, 2016). Grebe et al. (2019) note that there is concern about the possibility of
entanglement of marine mammals in kelp longlines along the coast of Maine, USA if seaweed farming
were to expand or move farther offshore (based on a current, ongoing issue with entanglements of the
North American right whale in non-mobile fishing gear); however, there is no evidence of entanglements
associated with seaweed farms in this area. Personal communication indicates anecdotal evidence of
active, non-specified lethal measures to remove sea turtles grazing on farmed Eucheuma and
Kappaphycus spp. in tropical areas (Pers. comm., A. Cannon, 2020). It is unclear what species these
turtles are, and how many this affects. Campbell et al., (2019) note the lack of evidence determining
whether marine mammals are attracted to, or avoid seaweed cultivation sites, and state that
interactions are likely location and species specific. They continue to state that seaweed cultivation sites
likely increase foraging opportunities for birds (Campbell et al., 2019), however it is unclear whether this
leads to bird mortalities.
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Conclusions and Final Score
There is one confirmed death of an endangered marine mammal in a seaweed farm in the Philippines,
and likely more based on anecdotal evidence. Seaweed production in the Philippines represents 4.4% of
global seaweed production, and this incident is not considered representative of global practices, given a
current lack of any other reports. Anecdotal evidence also points to interactions between sea turtles and
humans that result in mortality to an unknown species or quantity of turtles. While there are risks to
wildlife from potential entanglement in seaweed culture gear, there is no evidence of marine mammal
mortalities beyond those stated, and there is no available evidence of bird mortalities associated with
seaweed farms. Criterion 9X – Wildlife and predator mortalities scores -2 out of -10.
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Criterion 10X: Escape of secondary species
Impact, unit of sustainability and principle
▪
Impact: movement of live animals resulting in introduction of unintended species
▪
Sustainability unit: wild native populations
▪
Principle: avoiding the potential for the accidental introduction of secondary species or
pathogens resulting from the shipment of animals.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a negative score
that is deducted from the overall final score.
Criterion 10X Summary
Escape of secondary species parameters
F10Xa International or trans-waterbody live animal shipments (%)
F10Xb Biosecurity of source/destination

Score
4
7

C10X Escape of secondary species Final Score

-1.80

GREEN

Brief Summary
Production of seaweeds globally relies on both local development of seedlings, as well as their
international and/or trans-waterbody movements. Production of S. japonica in China is reliant on
companies that are vertically integrated, providing seedlings for their own production and other nonvertically integrated production companies both locally, and in other provinces. Production of K. alvarezii
in the Philippines has historically relied on seedling movements, which have led to disease transfer
within the Philippines and other Southeast Asian countries. Production of Gracilaria sp. in Indonesia
relies on both the local sharing of seedlings, as well as purchase from a national seed producer.
Therefore, while specific volumes of global production reliant on international and/or trans-waterbody
are unknown, it is assumed that 50% of global seaweed production relies on international and/or transwaterbody movements of seedlings, leading to a Factor 10Xa score of 4 out of 10. Hatcheries generally
consist of tank-based facilities that follow best management practices for biosecurity, though some may
not, and therefore Factor 10Xb scores 7 out of 10. The final Criterion 10X score is -1.80 out of -10.
Justification of Rating
Factor 10Xa International or trans-waterbody live animal shipments
Global seaweed production relies on local seedling production as well as international and/or transwaterbody movements of “seed”.
Production of S. japonica in China is partially supported by vertically integrated companies producing
seedlings for their own production, however these companies also provide seedlings to other
production companies both within and beyond their province (Zhang, 2018). In Shandong province,
most kelp farming companies have their own hatcheries, and can supply their own, and others'
demands. In Fujian province there are 13 seedling companies that provide seedlings to nearly all kelp
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farms in the province, and transport 1/3 of their product to Guangdong province, Shandong province
and Dalian city (ibid.). It is unknown what percentage of the industry these movements represent.
Production of K. alvarezii in the Philippines has relied, at least partially (percentage unknown), on the
transport of seedlings, and is also known to have occurred between the Philippines and other SE Asian
countries, as there is evidence of disease transfer within, and beyond the Philippines from K. alvarezii
seedling movements (Hurtado et al., 2019).
In Indonesia, production of Gracilaria sp. relies on seedlings that are both locally sourced from
surrounding farmers, as well as purchased from a national seed producer (Rejeki et al., 2018). It is
assumed that seedlings purchased from the national seed producer are transported between
waterbodies. It is unknown what percentages of the industry rely on local collection of seedlings and
purchase from the national supplier.
While it is unknown what percentage of global seaweed production relies on international or transwaterbody movements, there is evidence that these movements represent a significant portion of the
global seaweed industry. Due to the global nature of this assessment and the absence of specific
information, it is assumed that 50% of the global seaweed aquaculture industry relies on transwaterbody movements of seed stocks, resulting in a Factor 10Xa score of 4 out of 10.
Factor 10Xb Biosecurity of source/destination
Hatchery facilities for seaweed are mainly tank-based, as some species require a high level of control
over light and temperature (Mooney-McAuley et al., 2016). Most tank-based hatchery facilities providing
seed stock for seaweed farms employ best practice management measures for biosecurity, warranting a
score of 8 out of 10; additionally, there is uncertainty regarding the robustness of biosecurity measures
for hatcheries raising species where less control is required, warranting a score of 6 out of 10. As such,
an intermediate score of 7 out of 10 is given for biosecurity of source.
The destination of transported seaweed “seed” is open rope or raft systems. These systems do not
safeguard against reproductive based escapes – dissemination of gametes or spores - or asexual
fragmentation – leading to a biosecurity of destination score of 0 out of 10.
Since the final score for Factor 10Xb is the higher of the source and destination scores, the final score for
Factor 10Xb – biosecurity of source and destination is 7 out of 10.
Conclusions and Final Score
Due to the global nature of this assessment, it is assumed that 50% of the industry relies on movements
of seed stocks leading to a Factor 10Xa score of 4 out of 10. Tank-based hatcheries afford a high degree
of control over variables necessary for reproduction and are most commonly used. Biosecurity measures
at the majority of hatcheries are assumed to follow best management practice therefore a score of 7 out
of 10 is applied for Factor 10Xb – Biosecurity of source/destination. The destination of hatchery
cultivated seaweed seed are open rope and net systems, which do not safeguard against reproductive-
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based escapes, resulting in a Factor 10Xb – destination score of 0. The final Factor 10Xb score is 7 out of
10. This results in a final Criterion 10X – Escape of secondary species score of -1.80 out of -10.
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Overall Recommendation
The overall recommendation is as follows:
The overall final score is the average of the individual criterion scores (after the two exceptional scores
have been deducted from the total). The overall ranking is decided according to the final score, the
number of red criteria, and the number of critical scores as follows:
–
–
–

Best Choice = Final score ≥6.6 AND no individual criteria are Red (i.e. <3.3)
Good Alternative = Final score ≥3.3 AND <6.6, OR Final score ≥ 6.6 and there is one individual
“Red” criterion.
Red = Final score <3.3, OR there is more than one individual Red criterion, OR there is one or more
Critical score.

Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score
7.27
9.00
6.53
10.00
10.00
4.00
4.00

Rank
GREEN
GREEN
YELLOW
GREEN
GREEN
YELLOW
YELLOW

Critical?

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape

0.00
-2.00
-1.80

GREEN
GREEN
GREEN

NO
NO

Total

47.01

Final score (0-10)

6.72

NO
NO
NO
NO
NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria

6.72
GREEN
0

Interim rank

GREEN

FINAL RANK

NO

GREEN

Critical Criteria?
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Appendix 1 - Data points and all scoring calculations
Criterion 1: Data quality and availability
Data Category
Industry or production statistics
Management
Effluent
Habitats
Chemical use
Feed
Escapes
Disease
Source of stock
Predators and wildlife
Secondary species
Other – (e.g. GHG emissions)
Total

Data Quality (0-10)
7.5
7.5
10
10
7.5
10
7.5
2.5
7.5
5
5
n/a
80

C1 Data Final Score (0-10)

7.3

GREEN

Criterion 2: Effluents
Effluent Evidence-Based Assessment

C2 Effluent Final Score (0-10)

9

Critical?

GREEN

NO

Criterion 3: Habitat
Factor 3.1. Habitat conversion and function
F3.1 Score (0-10)

8

Factor 3.2 – Management of farm-level and cumulative habitat impacts
3.2a Content of habiat management measure
3.2b Enforcement of habitat management
measures

3

3.2 Habitat management effectiveness

4

C3 Habitat Final Score (0-10)

7

3

Critical?

NO

55

YELLOW

Criterion 4: Evidence or Risk of Chemical Use
Chemical Use parameters

Score
10

C4 Chemical Use Score (0-10)
C4 Chemical Use Final Score (0-10)

10

Critical?

NO

GREEN

Criterion 5: Feed
Feed Final Score
C5 Feed Final Score (0-10)

10.00

Critical?

GREEN

NO

Criterion 6: Escapes
6.1a System escape Risk (0-10)
6.1a Adjustment for recapttures (0-10)

0
0

6.1a Escape Risk Score (0-10)

0

6.2. Competitive and genetic interactions score (010)

8

C6 Escapes Final Score (0-10)

4

CriticaL?

YELLOW

NO

Criterion 7: Diseases
Disease Evidence-based assessment (0-10)
Disease Risk-based assessment (0-10)

4

C7 Disease Final Score (0-10)

4
Critical?

YELLOW

NO

Criterion 8X: Source of Stock
C8X Source of stock score (0-10)

0

C8 Source of stock Final Score (0-10)

0

GREEN

NO

Critical?

Criterion 9X: Wildlife and predator mortalities
C9X Wildlife and Predator Score (0-10)
C9X Wildlife and Predator Final Score (0-10)

-2
-2

Critical?

NO

56

GREEN

Criterion 10X: Escape of secondary species
F10Xa live animal shipments score (0-10)
F10Xb Biosecurity of source/destination score (0-10)

4.00
7.00

C10X Escape of secondary species Final Score (0-10)

-1.80

Critical?

n/a

57

GREEN

