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ABSTRACT
Wild seaweeds and associated habitats are the basis of the world’s seaweed industry, yet 
they lack adequate global conservation protection. A review of the industry’s global 
distribution, production and species based on available datasets and literature searches 
revealed that seaweed wild harvesting and aquaculture were reported in 82 countries on 
five continents. However, analysis of key datasets (FAO and Phyconomy) revealed 
reporting inconsistencies within the industry. Widespread uncertainty as to which 
species are used and the quantities produced by the industry has implications for wild 
stock sustainability, biosecurity, product provenance and safety. This points to the need 
for greater standardization and wild stock protection by the industry. Analysis of the 
industry’s global distribution in relationship to Marine Protected Areas revealed c. 50% of 
aquaculture and wild harvesting sites were close to conservation areas. This presents 
farmers and harvesters with a potential opportunity to strategically develop the MPA 
concept to protect wild stocks and secure the long-term future of this industry.

HIGHLIGHTS
● There is a lack of certainty of the species identity used in the seaweed industry.
● There is a need for greater standardization in the seaweed industry and protection of 

wild stocks.
● The discovery that c. 50% of Marine Protected Areas globally were close to 

seaweed farms and wild harvesting sites raises the possibility that MPAs could 
be developed to afford the industry potential protection.

ARTICLE HISTORY 
Received 16 March 2025  
Accepted 1 October 2025 

KEYWORDS 
Conservation; identification; 
Seaweed Breakthrough; 
cultivation; seaweed 
industry; wild harvesting

Introduction

Wild seaweeds (red, green and brown macroalgae) and their associated habitats support an immense 
biodiversity in marine ecosystems and are the basis of the global seaweed industry. Yet, they have 
inadequate or no direct statutory conservation protection (Cottier-Cook et al., 2023). This is in direct 
contrast with other marine habitats, such as mangroves or coral reefs, which have global unified conserva
tion goals (Leal & Spalding, 2022).

Protection for wild seaweeds is critical; however, because over the last 50 years, the global seaweed 
industry has seen exponential growth (Cai et al., 2021; Cottier-Cook et al., 2023) and demand continues to 
grow for seaweed-based products, such as hydrocolloid gels, pharmaceuticals (Syad et al., 2013), food 
supplements, cosmetics, biofertilizers and biofuels (Chopin & Tacon, 2021; Cottier-Cook et al., 2021) 
(Fig. 1; sources: Supplementary table S1). At the same time, cultivated seaweeds are becoming increasingly 
vulnerable to pest and disease outbreaks (Faisan et al., 2021; Ward et al., 2020). This is partly due to reliance 
on a handful of clonal cultivars (Tan et al., 2022b; Yahya et al., 2024), but also the increasingly profound 
impact of the environmental climate crisis on seaweeds (Brodie et al., 2014; Corrigan et al., 2025). Increasing 
seawater temperatures and the subsequent loss of suitable locations for seaweed cultivation, are having 
a significant deleterious impact on inshore seaweed culture operations (Msuya & Hurtado, 2017). In 
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Fig. 1. Summary of the global wild harvesting and seaweed aquaculture industry. Sources in Supplementary table S1.
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addition, over-harvesting of w
ild seaw

eed stocks, invasive species and pest outbreaks are leading to 
potentially serious im

pacts on the long-term
 sustainability of this global industry (C

ottier-C
ook et al., 2023).

Estim
ates for the value of the industry range betw

een c. 13.4 and 14.7 billion U
SD

 (Barbier et al., 2019; 
FA

O
, 2022), w

ith 35.1 m
illion tonnes of seaw

eed produced in 2020 (FA
O

, 2020), representing c. 28.6%
 of 

total global m
arine aquaculture. The vast m

ajority of this seaw
eed biom

ass (97%
) is derived from

 aqua
culture, predom

inantly in East A
sia (FA

O
, 2022). Seaw

eeds not only directly provide products for the 
m

arket but are crucial to the grow
th and survival of the cultivation industry.

D
espite the im

portance of the seaw
eed industry, of >12,000 seaw

eed species described to date (G
uiry, 2024), 

only about 2%
 are used in the w

ild and farm
ed industry (w

ild and farm
ed) w

ith a tiny fraction (< 0.05%
 of 

species) m
aking up m

ore than 95%
 of w

orld’s cultivated seaw
eed (Zhang et al., 2022). W

ild seaw
eed stocks 

form
 the basis of the global seaw

eed industry as they hold the genetic diversity that w
ill enable new

, m
ore 

tem
perature resilient cultivars to be produced in the future. A

 search for new
 species/genetic variants 

(haplotypes) and research investm
ent in understanding and integrating know

ledge of life histories into the 
developm

ent of new
 species into the industry are of urgent need and should be prioritized (Brodie, 2024; Lim

 
et al., 2017; Tan et al., 2022a).

The lack of international conservation m
easures specifically for w

ild seaw
eeds and their associated 

habitats have m
ade the protection of seaw

eeds largely reliant indirectly on conservation designations, 
such as M

arine Protected A
reas (M

PA
s) designated for other purposes. A

n M
PA

 is a clearly defined 
geographical space, recognized, dedicated and m

anaged, through legal or other effective m
eans, to achieve 

the long-term
 conservation of nature w

ith associated ecosystem
 services and cultural values (D

ay et al.,  
2019). In term

s of protection, 8.2%
 of the global oceans are protected [Protected Planet W

orld D
atabase on 

Protected A
reas (W

D
PA

; protectedplanet.net] and 3%
 fully or highly protected (G

rorud-C
olvert et al.,  

2021). Protection m
ight be statutory or voluntary and w

hilst M
PA

s m
ay have features w

hich include 
seaw

eed habitats (e.g. kelp forests), there m
ay be no direct m

ention of seaw
eed. The presence of an M

PA
 in 

the vicinity of seaw
eed cultivation/harvesting sites raises the question as to w

hether this m
ay be of benefit 

the industry.
W

here seaw
eed conservation lags behind, m

arine habitats including m
angroves and coral reefs have 

specific protection m
easures developed through the U

nited N
ations Breakthrough conservation initiative 

(Leal &
 Spalding, 2023), a potentially pow

erful m
eans of protecting habitats through the U

N
FC

C
C

 H
igh 

Level C
lim

ate C
ham

pion 2030 Breakthrough A
genda (C

orrigan et al., 2025 and references therein). 
A

 Breakthrough is w
here m

easurable indicators and achievable goals are set for governm
ental and non- 

governm
ental organizations to collectively restore and protect habitats at a scale large enough, that it w

ill 
ensure the survival of these ecosystem

s. The targets to be set for 2030 for each ecosystem
 include halting 

loss, protection, restoration and sustainable finance (see C
orrigan et al., 2025). This Breakthrough initiative, 

therefore, offers a pow
erful w

ay forw
ard to potentially protect vulnerable w

ild seaw
eed stocks and habitats 

(C
orrigan et al., 2025).
H

ere, w
e review

 the global seaw
eed industry, including w

ild harvesting and cultivation sites, and assess 
their distribution for the first tim

e in relation to global M
PA

s (protectedplanet.net) to determ
ine the current 

levels of protection afforded to w
ild seaw

eed stocks. W
e consider w

hether a global seaw
eed protection 

strategy could afford a m
ore holistic approach to conserve w

ild seaw
eed stocks and how

 a Seaw
eed 

Breakthrough initiative could be im
plem

ented for that purpose.

M
ethods

M
apping the distribution of the global seaw

eed industry

A
 distribution m

ap of the global seaw
eed industry w

as constructed to com
pare w

ith global M
PA

s. Since no 
global geographic dataset is available to m

ap the distribution of the seaw
eed industry, a tiered, international, 

European and national approach w
as used to develop a global m

ap of com
m

ercial seaw
eed farm

ing and w
ild 

harvesting. Three datasets, Food and A
griculture O

rganisation of the U
nited N

ations (FA
O

; https://w
w

w
. 

fao.org/), Phyconom
y (https://phyconom

y.net/database/) and the European M
arine O

bservation and D
ata 

N
etw

ork (EM
O

D
net; https://em

odnet.ec.europa.eu/en), w
ere analysed to produce a global overview

 of the 
seaw

eed industry. The FA
O

 is the specialized agency of the U
N

 w
ith 194 m

em
ber countries and the EU

. Its 
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aim
 to achieve global food security is supported by high-quality data to aspire to w

ell-m
anaged, aquatic 

system
s for all. The aim

 of Phyconom
y is to im

prove the understanding of the seaw
eed industry and 

includes a database of >1400 seaw
eed organizations. EM

O
D

net is the European C
om

m
ission (EC

) in situ 
m

arine data service. It contains the EM
O

D
net Portal (em

odnet.ec.europa.eu) w
hich includes data on 

m
acroalgae production facilities (https://ec.europa.eu/m

aritim
eaffairs/atlas/m

aritim
e_atlas). D

ata w
ere 

extracted from
: (i) FA

O
 production data (w

et m
etric tonnes per country) betw

een 2015 and 2020 (data 
are com

bined over 5 years; fao.org/fishery), (ii) Phyconom
y dataset (2020–2023; annual production in 

m
etric tonnes size classes by category for each individual com

pany, filtered for the Farm
ing/H

arvesting tag 
and grouped by the headquarters country; phyconom

y.net) and iii) European M
arine O

bservation and D
ata 

N
etw

ork 
from

 
2020 

(locations 
of 

individual 
algae 

production 
facilities; 

EM
O

D
net; 

em
odnet- 

hum
anactivities.eu).

To visualize the available data, the FA
O

 and Phyconom
y data sets w

ere chosen due to their global 
coverage and their data w

ere separately attached to country polygons from
 the W

orld Food Program
m

e 
(U

N
 agency) w

orld adm
inistrative boundaries dataset (https://public.opendatasoft.com

/explore/dataset/ 
w

orld-adm
inistrative-boundaries/inform

ation/) using the R sp package ‘m
erge’ function. EM

O
D

net data 
w

as not included here because although it has facility coordinates, it does not include production and only 
covers Europe. C

ountries having som
e form

 or m
ention of a seaw

eed industry w
ere identified from

 the 
three datasets, based on production (i.e. FA

O
 dataset), com

panies (i.e. Phyconom
y) or facilities (i.e. 

EM
O

D
net data set). The resulting countries form

ed an international baseline to w
hich additional inform

a
tion w

as added from
 national datasets. W

ithin each of these countries, using open-access datasets w
here 

available, the local aquaculture and/or w
ild harvesting localities w

ere recorded. These national results w
ere 

com
bined w

ith the international baseline, using the Q
G

IS ‘m
erge’ function, to produce a single localized 

w
orldview

 of the seaw
eed industry.

The type of available industry and country data varied considerably from
 polygon through line to point 

(Supplem
entary table S2). Therefore, to be able to com

pare data, it initially unified into a consistent spatial 
resolution and form

at. To achieve this, a 1 km
 buffer w

as applied, w
hich converted all data to a sim

ilar 
resolution. For data reported by region, a coastline layer w

as m
ade by taking the relevant polygons from

 the 
G

A
D

M
 adm

inistrative areas data set (gadm
.org), reprojecting it to EPSG

:3857, adding a 1 km
 buffer around 

the region, then rem
oving the land from

 the buffer layer to m
ake a regional coastline layer (Q

G
IS ‘reproject’, 

’buffer’ and ‘difference’ functions, respectively). D
ata sets used are given in Supplem

entary table S3 and 
m

apped in Supplem
entary fig. S1.

Analysis of globally farm
ed and w

ild harvested seaw
eed species

A
 list of the red, green and brow

n seaw
eed species associated w

ith com
m

ercial farm
ing and w

ild harvesting 
w

as com
piled. Scientific nam

es of the seaw
eed species found in these sources w

ere checked against 
A

lgaeBase (G
uiry &

 G
uiry, 2023), updated as necessary and a ‘current nam

e’ added to the list, if required. 
To review

 higher-level taxonom
ic patterns, fam

ily, order and division for each species w
ere also added. In 

the instances, w
here the seaw

eed w
as not described to species level, it w

as assigned w
here possible to the 

closest taxonom
ic concept (e.g. ‘red seaw

eeds’ w
ere listed under ‘Rhodophyta’, thus keeping the ordinal 

nam
e). W

here seaw
eeds w

ere reported using com
m

on nam
es in national reports (e.g. N

orw
ay, U

SA
, 

K
orea), these w

ere translated using online resources (Supplem
entary table S4). If the com

m
on nam

e 
could not be resolved against a scientific nam

e, it w
as listed under the m

ost appropriate taxonom
ic level. 

For exam
ple, a kelp for w

hich the genus/species could not be confirm
ed w

ould be recorded under the order 
Lam

inariales.
A

 com
parison w

as m
ade of the num

ber of species used in aquaculture w
ith those w

ild harvested per 
country. A

 list w
as com

piled show
ing the top 20 countries for highest diversity of seaw

eed genera being 
utilized in aquaculture and harvesting, and for com

parison the top 20 countries for total seaw
eed biom

ass 
according to the FA

O
 (2022) data set (Supplem

entary table S3). Taxon entries only listed to genus level, 
w

ere counted as a species if they w
ere not already been accounted for at country level or production type. 

A
ny higher taxonom

ic level entries or those that w
ere unclear as to w

hether they w
ere farm

ed, w
ild harvest 

or both in term
s of production w

ere not included.
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Mapping the geographic overlap globally between the seaweed industry and Marine Protected 
Areas (MPAs)

To determine the spatial overlap of the global seaweed industry with MPAs (Supplementary table S6), the 
localized worldview map of the seaweed industry was overlaid onto MPAs classed as MARINE 1 or 2 
(partial or fully marine components within the protected area) in the Protected Planet World Database on 
Protected Areas (WDPA; protectedplanet.net) (QGIS ‘clip’ function).

The surface area of overlap between the seaweed industry and the global MPAs was determined by 
simplifying each dataset into a single polygon (QGIS ‘dissolve’ function), and then had the area 
calculated ($area function in the QGIS field calculator). This uses a standard project setting to calculate 
polygon area, with the units initially set to m2 and using an ellipsoid WGS84 to account for the earth’s 
curvature.

Results

Overview of the global seaweed industry

Countries having some form or mention of a seaweed industry were identified based on production (i.e. 
FAO, 2022), companies (i.e. Phyconomy; Hermans, 2023) or facilities (i.e. European Marine Observation 
and Data Network [EMODnet], 2022) data set. Within these three data sets, seaweed wild harvesting and 
aquaculture was reported in 82 countries on five continents (Figs 2a, b). The FAO and Phyconomy datasets 
showed that seaweed production in Asia is predominantly by cultivation with a much smaller proportion of 
wild harvesting, whereas for Europe and the Americas it appears to be mainly wild harvesting. The 
EMODnet data set provided more specific locations for the facility locations of seaweed activities in 
Europe, with 43 listed facilities for aquaculture and 87 for wild harvesting across the continent 
(Supplementary fig. S2).

The majority of the global seaweed industry is reliant on aquaculture (FAO 97%; Table 1) and based in 
East and Southeast Asia. For wild harvest and aquaculture, China was found to be the largest single 
producer (53.7% of all production in the 5-year period), followed by Indonesia (31.0%), South Korea 
(4.7%), the Philippines (4.3%), North Korea (1.7%), Japan (1.3%) Chile (1.1%) and Malaysia (0.6%). After 
East and Southeast Asia, the other major producing areas were aquaculture in Tanzania and wild harvesting 
in Norway (Supplementary table S3, Fig. 3).

For aquaculture production, 74 countries were found to be involved in seaweed cultivation. The specific 
details, however, varied considerably between countries, with seven reporting GIS data of the exact facilities 
location, six reporting regional landings data, 40 providing location data in the literature or online resources 
and 21 countries had no further information beyond a country level entry in the international datasets 
(Supplementary table S2). For wild harvesting, 53 countries had some indication of commercial wild 
harvesting. For these countries, primary data (i.e. precise farm/harvesting locations; Supplementary table 
S5) were only recorded for Canada and two US States, regional production was recorded for a further nine, 
location information was found in the literature for 21, and another 21 had international datasets only 
(Supplementary fig. S2).

Although differences in the FAO, Phyconomy and EMODnet data sets made direct comparison of the 
results impossible, an overview of countries involved, seaweed production and species used in the seaweed 
industry datasets is presented in Table 1. These results showed similar country numbers for FAO (65) and 
Phyconomy (57), which with the EMODnet data resulted in considerably more countries being retrieved in 
this study (83). Almost all FAO seaweed production reported was from aquaculture, whereas Phyconomy 
data showed proportionally more production through wild harvest than aquaculture. Furthermore, only 
25.3% of production companies in the Phyconomy data set included production data and for some 
countries annual production is only recorded for a small proportion of companies. For example, the 
combined entries of China, Japan, South Korea, Indonesia and Malaysia, 96% of the companies did not 
list their annual production.

The numbers of species reported to be used in aquaculture across the FAO and Phyconomy 
datasets, were considerably smaller (16 for the combined datasets, of which 35% were unique) than 
in this study (66 of which 85% were unique). More species were reported as being used in wild 
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harvest for the combined dataset (65 of which c. 31% were unique), but more were found in this 
study with a high diversity of species (99 of which 77% were unique). For both aquaculture and wild 
harvest, Phyconomy reported >3 times more than with FAO or EMODnet, although this study found 
over a third more. Overall, there were 106 more species reported in this study than the combined 
datasets.

Seaweed species used in the global seaweed industry

The list of seaweed species contains all original and standardized seaweed names, their countries if reported, 
and whether the species was cultured or wild harvested (Supplementary table S5). The names used to report 
seaweed aquaculture and harvesting in the source data were highly disparate. The scientific names were not 
always up to date, and many entries only included the genus name. Of the 1,324 entries in the list, c. 26% 

Fig. 2. FAO and Phyconomy global data sets on the seaweed industry, where chart area indicated total production grouped 
by country. (a) The FAO, the sum of national production data from 2015 to 2020, maximum value 103,659,663 Mt. (b) The 
Phyconomy seaweed company database, established in 2020 and retrieved in 2023, sum of maximum estimated annual 
production for each headquarters country, maximum value 3,230,000 Mt.
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were recorded as sp. or spp. (listed as spp. in Supplementary table S5). In total, 261 unique species were 
recorded as used by the industry, of which 63 were only used in aquaculture, 107 were wild harvested, 91 
were used in both (Supplementary table S5).

The taxonomic diversity and production per country are shown in Fig. 4. The country with the highest 
seaweed diversity used in its seaweed industry was Norway (59 species). Of note is that most entries for 
Portugal are from the Azores rather than the mainland, and most for Spain were from wild harvesting in 
Galicia. Most genera were wild harvested, and countries that used many seaweed species for wild harvesting 
also showed a high level of overlap with those they used for aquaculture. The top 20 genera utilized in the 
seaweed industry according to our findings are given in Fig. 5.

Relationship between the seaweed industry and Marine Protected Areas

The geographic extent of the seaweeds compiled in this study is shown in Fig. 4. An analysis of all the MPAs 
that overlapped with our global data set of seaweed industry activities revealed that up to 48% of the global 
seaweed industry was located within 1 km of an MPA, see Fig. 6. Across the two Protected Planet World 
Database on Protected Areas (WDPA; protectedplanet.net) Marine layers, 17,160 MPAs were mapped, 
which together covered a surface area of 30,713,566 km2. The total extent of the global seaweed industry was 
294,183 km2. The seaweed industry overlapped with 3,143 MPAs (18.3% of the 17,160 marine MPAs, listed 
in Supplementary table S5). The area of overlap with the global seaweed industry was 91 809 km2 or 0.3% of 
the total MPA surface area.

Table 1. A comparison summary of numbers of countries, seaweed production and the number of genera recorded for use 
in wild harvest and aquaculture based on the international datasets and this study. For species reporting, the number in 
(brackets) is the number of species entries that are unique and only mentioned in that data set. Only seven countries 
reported production on a national scale.

FAO Phyconomy EMODnet
International 

Pooled This study

Number of countries with a seaweed industry 65 57 13 82 83
Overall global seaweed production (metric tonnes) 202 886 684 8 600 120 N/D NA N/D*
Seaweed production aquaculture (%) 97.5 5.6 N/D NA N/D
Seaweed production from wild harvest (%) 2.5 43 N/D NA N/D
Both aquaculture and wild harvest used in production(%) N/D 13** N/D NA N/D
Number of species used in aquaculture 11 (6) 6 (3) 3 (0) 16 (4) 66 (56)
Number of species used in wild harvest 26 (10) 29 (13) 32 (4) 65 (20) 99 (76)
Number of species used in both aquaculture and wild harvest 13 (6) 39 (7) 10 (0) 47 (10) 69 (27)
Total number of species used in seaweed production 50 (22) 74 (23) 45 (4) 128 (34) 234 (159)

**Not specified as to whether aquaculture or wild harvest.

Fig. 3. Spatial distribution of the global seaweed industry at the local scale based on a compilation of national data sets.
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D
iscussion

By com
piling and unifying a w

ide range of data sources on the global seaw
eed industry, w

e present an 
evidence-base that dem

onstrates the challenges of obtaining a reliable overview
 of the state of seaw

eed 
aquaculture and w

ild seaw
eed harvesting in the w

orld w
ith im

plications for effective conservation of species 
and habitats.

A
s w

ell-docum
ented, the m

ajority of the biom
ass from

 the seaw
eed industry is from

 aquaculture. The 
FA

O
 (2022) reporting that 97%

 of the seaw
eed biom

ass is from
 farm

ing and that the am
ount from

 w
ild 

harvesting has rem
ained constant for over 50 years. The sm

all proportion of com
panies reporting produc

tion data probably reflects the local scale of the industry. For exam
ple, in Indonesia and M

alaysia, m
ost 

seaw
eed biom

ass is produced by individuals and fam
ilies often in rem

ote coastal com
m

unities (W
ard et al.,  

2020). H
ow

ever, the difficulty of the lack of reporting consistency across the sector raises doubts as to the 
true extent of w

ild harvesting and how
 m

uch is reported globally, w
hich has im

plications for the im
pact of 

harvesting on w
ild stocks (M

acM
onagail et al., 2017).

The differences in the m
aps observed betw

een the FA
O

 and the Phyconom
y results (Fig. 2) reflect 

differences in the data captured in the tw
o databases. For exam

ple, seaw
eed production in C

hina is included 
in FA

O
 data but not in Phyconom

y w
hich have focussed on Europe, the A

m
ericas and O

ceania so far 
(https://phyconom

y.net/articles/state-of-the-seaw
eed-industry-2022). These differences also account for 

the difference in the num
ber of species that are used in the industry betw

een datasets, but com
pound the 

lack of certainty as to exactly w
hich species are being grow

n or harvested. This in turn has im
plications for 

the conservation m
anagem

ent of the w
ild stocks w

here w
hat is being harvested or used in cultivation is 

unknow
n.

The difficulties of correctly identifying the seaw
eed species that are being farm

ed or harvested and not 
know

ing for certainty the actual crop that is being sold is a m
ajor handicap for the industry (Bolton, 2020). 

It has huge im
plications for the properties of the crops, quality, provenance and indeed potential safety of 

the resulting products. G
roups that present m

ajor taxonom
ic challenges include m

any that are the backbone 
of the seaw

eed industry, such as species of Porphyra sensu lato, G
racilaria (often just referred to as 

G
racilaria spp.) and the eucheum

atoid genera Eucheum
a and K

appaphycus, w
hich stand out in this regard. 

A
ll are notoriously difficult or im

possible to identify based on m
orphological characters (Lim

 et al., 2017; 
Tan et al., 2022a; Yang et al., 2018) and it is w

ell recognized that there are m
any cryptic seaw

eed species 

Fig. 4. Taxonom
ic diversity and production by the seaw

eed industry, based on num
ber of genera per country and the FAO

 
production values betw

een 2015–2020. Points representing values of less than 100,000 m
etric tonnes equivalent of 0.5%

 of 
the total seaw

eed production are represented by a * sym
bol.

A
PPLIED

 PH
YCO

LO
G

Y
373

Number of Species 

"' 
,,_ cr, 

0 0 0 0 

Norway ~ Philipgta7~ 
France 

USA 
Vietnam 
Portugal 

Cn1le 
Ireland 

UK 
Canada 

India 
China • 

South Korea 
Netherlands 

New Zealand 
Denmark 

Fiji 
Indonesia 1=- • 
Thailand 

Argentina 
Soutn.Africa 
Bar 

c_ 
Faroe Islands 

Iceland 
Mexico 

Peru 
Taiwan 

Tanzania 
Iran 

Finland 
Malaysia 

M~:Ri~f~ 
Senegal 

Tonga 
Greenland 

~ifig:g 
Madagascar 

Morocco 
Panama 

Saint Kitts and Nevis 
Sweden 

Venezuela 
Estonia 
Kenya 

Mauritius 
Mozambique 
North Korea 

ii 
Saint Lucia ■■■ Samoa 

St J~ncgl8?J~ ICD ► 
., 0 .0 

Ukraine < - C: ::; ., 
Antigua & Barbuda CD o 

Belize g. §: 
Cambodia 

"' !a Cook Islands ~, CD 
Dominican Republic .,, 

Ecuador ► 

Germany 0 
Grenada "' Guadeloupe ~ 

Israel 0, 

Italy r(., 
Marshall Islands I~ Micronesia 

Papua New Guinea 
Russian Federation 

Seychelles 
Solomon Islands 

Sri Lanka 
Timor-Leste 

Tunisia 
0 0, 

® 0 0 0 "' CD CD CD CD 
+ + + + 
0 0 0 0 
0 

Ul/lJ) uoq:>npoJd°' "' 

https://phyconomy.net/articles/state-of-the-seaweed-industry-2022


Fig. 5. The top 20 genera used by the seaweed industry countries around the world, with total production according to the 
FAO 2015–2020 data set. NA entries were not mentioned. In (c), asterisks (*) indicate non-negative production values (<1 t) 
for wild harvesting, and hyphens (-) denote genera that were not mentioned in the FAO data.
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(Brodie et al., 2009). Furthermore, there are huge gaps in the global taxonomic understanding of many of 
these groups (e.g. Lim et al., 2017; Bolton, 2020; Corrigan et al., 2025 and references therein), although the 
number of taxonomists with these skills is highly limited (Guiry, 2024). We know from our work on the 
eucheumatoids in Malaysia and the Philippines that the farmers do not necessarily know which species they 
are farming (Dumilag et al., 2022; Tan et al., 2022b; Tan et al., 2024); and this highlights the urgent need for 
rapid and reliable diagnostic techniques to distinguish between different species, including the use of cheap 
and effective molecular barcoding methods (Tan et al., 2024). There is also a need for more training of 
seaweed taxonomists if the seaweed industry is going to reach its full potential.

Reasons for the lack of international conservation measures specifically for wild seaweeds and their 
associated habitats are explored in Beattie et al. (2025). An underlying theme in this regard is that seaweeds 
have largely been overlooked in favour of focusing on a handful of marine taxa and habitats, including fish, 
mammals, coral reefs, mangroves and seagrass beds. Whilst these might be viewed as charismatic mega
fauna or charismatic ecosystems, work by the kelp forest alliance has put the seaweeds – or at least the kelp 
forests (Corrigan et al., 2025) on the international agenda (Eger et al., 2024). The dearth of recognition in 
international policy and legislation has also not been helped by the way seaweeds have been treated by 
international bodies, such as by the FAO (Chopin & Tacon, 2021). Here, seaweed aquaculture has been 
treated separately from other aquaculture sectors. Whilst this may or may not directly influence the 
conservation of wild seaweeds and their habitats, there is an underlying sense that seaweeds do not count 
in the mainstream. These factors, and the relatively small number of seaweed researchers (Corrigan et al.,  
2025) have made the protection of seaweeds largely reliant indirectly on conservation designations.

Finding that approximately half the seaweed farms or harvesting regions identified in this study are 
within the vicinity of MPAs, with an overlap of 0.3%, raises the possibility that if these conservation areas 
were to specifically include seaweed habitats, they may afford some protection of wild seaweeds. These 
seaweeds may include sources of new cultivars, which will be of benefit to the industry. Marine Protected 
Areas are considered to be valuable tools for marine conservation and it has been proposed that strategically 
designed MPAs could be beneficial for seaweed farming (Jankowska et al., 2022).

Increasingly, humans are looking to the seaweed aquaculture sector to relieve pressure on the land and to 
contribute towards Sustainable Development Goals (SDGs), especially in relation to food security, decent work 
and economic growth, climate action and life below water (Corrigan et al., 2025; Spillias et al., 2023; Troell 
et al., 2023). The SDGs provide an alignment tool, which could enable rural communities and seaweed farmers 
to become key protectors of wild stocks. Therefore, linking the protection of the wild seaweed habitats with 
local farmers and harvesters as custodians of these sites, could ensure a more secure future and economically 
stable livelihoods in the long term. Making use of the existing global MPA network and working with the local 

Fig. 6. The overlap of the global seaweed industry in relation to the marine projected area layers of the WDPA data set. Note 
that all global seaweed industry data was first converted into regional coastline data so that the format and resolution was 
consistent for all countries.
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farmers to expand and/or adapt or create their local MPA to incorporate protection specifically for the wild 
stocks, could provide a foundation for their conservation, if not already present in an area.

As the seaweed industry relies on stock from local seaweed habitats, sourcing them close to seaweed farming 
areas in a sustainable way will also enable the development of new cultivars that have traits for survival in that 
region (Lim et al., 2017; Ward et al., 2020). Relying on local species/strains will also promote a more biosecure 
industry by preventing the introduction of new pests and pathogens associated with the deliberate introduc
tion of non-indigenous seaweed cultivars from different parts of the world that has had devastating impacts in 
some parts of the seaweed industry (Brakel et al., 2021).

However, coupling the conservation of wild seaweeds with seaweed farms assumes that such habitats 
exist in that space which will not necessarily be the case. This points to the need to take a more holistic 
approach and work towards a global seaweed protection strategy for the conservation and management of 
wild seaweeds and their habitats.

Global protection measures for wild seaweed stocks needs both baseline data on the seaweeds and 
habitats – reiterating the need for training in relevant skills and conservation policies and practice. Capacity 
and capability building are needed along with raising stakeholder awareness and means of engaging with 
communities through, for example community science initiatives (Brodie et al., 2022). Utilizing tools such 
as the IUCN Red List can be useful if datasets are available but can be problematic for seaweeds which do 
not fit the criteria well (Brodie et al., 2023). Instead, conservation approaches such as expert-elicitation or 
horizon scanning (Roy et al., 2019) and integration of local knowledge can be developed and deployed 
where base-line species data are limited.

This is where a Seaweed Breakthrough offers the holistic approach required to give seaweeds and their 
habitats the global protection they desperately need both for their conservation as globally important 
habitats and to support a long-term seaweed industry. This year (2025), in response to this need, 
a Seaweed Breakthrough was initiated by the authors J. Brodie, E. Cottier-Cook and P.E. Lim, following 
the approach that has been used in Ocean Breakthroughs for corals, mangroves and seagrass beds (https:// 
ocean-breakthroughs.org/). Whilst following the Breakthrough process used for other marine habitats, 
including coral reefs, mangroves and seagrass beds, initial discussions that took place at a first meeting of an 
expert panel indicate that blanket targets will be inadequate. For example, a target such as ‘protect 30% of 
seaweeds by 2030’ will be totally ineffective unless there is a better understanding of such factors as to which 
seaweed habitats to protect (e.g. rhodolith beds, fucoid bed, kelp forests), where they are located and their 
condition.

In conclusion, there is a greater need for standardization of the seaweed industry as a whole, including 
more reliable/comparable data collection within and between organizations, a robust taxonomic framework 
for species farmed and wild harvested and effective global protection of wild stocks. The results also provide 
evidence of the small fraction of seaweed species that are used globally. There needs to be a much better 
understanding of wild seaweed harvesting and regulation, including species collected and the impact that 
this practice has on the wider environment. Ultimately, protection of the wild seaweeds and their habitats is 
crucial for the long-term sustainability of the seaweed industry.
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