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Abstract

Article Histor . . . . -
y The seaweed industry in south-eastern Bangladesh is emerging as a promising

Received: 01 July 2026 component of the national blue bioeconomy, supported by growing global
Received in revised form 18 August 2026 demand for sustainable marine resources and climate-resilient aquaculture
Accepted: 21 August 2026 systems. This comprehensive review synthesizes existing knowledge on
Available online: 31 August 2026 seaweed biodiversity, cultivation practices, spatial distribution, seasonal

dynamics, value chain development, and socio-economic potential across key

Corresponding Author . . ) . .
P g coastal ecosystems including Cox’s Bazar, Saint Martin’s Island, and adjacent

Md. Mohibul Hasan estuarine zones. The coastal waters of Bangladesh harbor a diverse macroalgal

flora, encompassing representatives of the phyla Chlorophyta and Rhodophyta,
E-mail: mohibul@adust.edu.bd as well as Ochrophyta, particularly the class Phaeophyceae. Despite this
Keywords considerable taanomic diversity,_c_)nly a relatively _small proportion of the

documented species is currently utilized for commercial cultivation. Low-cost
Blue economy cultivation systems, particularly floating long-lines and bamboo raft-based
Aquaculture methods, have demonstrated technical feasibility for key genera such as
Seaweed Gracilaria, Hypnea, and Ulva, providing opportunities for livelihood
Macroalgae diversification among coastal communities. However, sectoral development
Marine resources remains constrained by strong monsoon-driven seasonality, inadequate seed

supply systems, weak post-harvest infrastructure, limited market integration,

and underdeveloped industrial processing capacity. Additional challenges

include fragmented governance structures, limited access to financial

Keriman Yiiriiten Ozdemir resources, and low domestic consumer acceptance driven by cultural
unfamiliarity with seaweed-based foods. Despite these barriers, the sector
presents substantial potential for expansion through integrated policy support
investment in value-added processing industries such as hydrocolloids,
establishment of marine spatial planning frameworks, and strengthened public-
private partnerships. Enhancing research-industry collaboration and
developing resilient supply chains are essential for transitioning seaweed
farming from a seasonal livelihood activity to a sustainable commercial
industry.
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Introduction

Small Seaweeds (marine macroalgae) have
emerged as one of the fastest-growing marine
bioresources because of their ecological
significance, nutritional value, and broad
industrial applications. Classified into three major
taxonomic groups green, brown, and red
seaweeds- they contribute substantially to coastal
ecosystem  functioning  through  primary
production, carbon sequestration, nutrient cycling,
and habitat formation for numerous marine
organisms (Rashad & EI-Chaghaby, 2020;
Bhuyan et al., 2023). In addition to their
ecological roles, seaweeds contain an exceptional
diversity of bioactive compounds, including
polysaccharides, polyphenols, pigments,
vitamins, minerals, antioxidants, and dietary
fibers, making them valuable raw materials for
food, pharmaceuticals, nutraceuticals, cosmetics,
agriculture, biomaterials, and renewable energy
industries (Thiviya, 2022; Bhuyan et al., 2023).
Increasing consumer demand for functional foods,
coupled with the global transition toward a
sustainable blue bioeconomy, has accelerated
investments in commercial seaweed farming and
processing. Consequently, the global seaweed
industry is experiencing sustained expansion and
IS projected to reach a market value ranging
between approximately USD 12 billion and USD
30 billion by the early 2030s, depending on
market scope and valuation methodology (Grand
View Research, 2024; LightCastle Partners, 2025;
Research and Markets, 2026).

The rapid expansion of seaweed cultivation has
also attracted considerable attention because of its
contribution to sustainable coastal development
and climate change mitigation. Unlike
conventional agriculture, seaweed cultivation
requires no freshwater, arable land, or synthetic
fertilizers  while  simultaneously  absorbing
dissolved nutrients and carbon dioxide from
surrounding waters (Thiviya, 2022). These
characteristics position seaweed farming as an
environmentally sustainable aquaculture practice
capable of supporting ecosystem restoration,
improving water quality, diversifying coastal
livelihoods, and strengthening food security.
Consequently, many coastal nations have
incorporated seaweed aquaculture into national
blue economy strategies to promote inclusive
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economic growth while enhancing environmental
resilience.

Bangladesh possesses considerable natural
advantages for developing a sustainable seaweed
industry. The country has approximately 710 km
of coastline along the Bay of Bengal,
encompassing diverse coastal habitats, estuaries,
tidal flats, offshore islands, and rocky intertidal
zones that provide favorable conditions for
macroalgal growth (Bhuyan etal., 2023; Zaman &
Rahman, 2026). Among these areas, the south-
eastern coast, particularly Cox's Bazar, offers
unique ecological characteristics, including
suitable salinity regimes, high water transparency,
moderate water movement, and extensive rocky
substrates that facilitate natural seaweed
colonization and cultivation (YPSA, 2021,
Bhuyan et al., 2023). Floristic investigations
conducted along the intertidal and shallow
subtidal zones of south-eastern Bangladesh
exhibit variable biodiversity estimates, ranging
from conservative checklists of 335 species to
broader regional assessments enumerating 133-
250 species (Bhuyan et al., 2023) and up to 220-
335 species (Chowdhury et al., 2022). These
discrepancies stem from three main factors: (a)
traditional reliance on visual traits that miss
hidden species, (b) limited sampling that excludes
deeper waters around Saint Martin’s Island (Aziz
& Alfasane, 2020; Zaman & Rahman, 2026), and
(c) seasonal monsoons that cause short-lived
seaweeds to disappear during low-salinity months
(Bhuyan et al., 2023). Several commercially
important species, including Hypnea musciformis,
Gracilaria lemaneiformis, Sargassum
oligocystum, and Caulerpa racemosa, exhibit
promising prospects for food production,
hydrocolloid extraction, pharmaceuticals, animal
feed, and agricultural applications (Bhuyan et al.,
2023; ILO, 2024).

Despite these favorable ecological conditions,
commercial seaweed development in Bangladesh
remains at an early stage. Over the past decade,
research organizations, government agencies,
universities, non-governmental organizations, and
international  development  partners  have
conducted experimental cultivation trials to
evaluate the technical feasibility of farming
indigenous  seaweed species under local
environmental conditions (Aziz & Alfasane,
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2020; Bhuyan et al., 2023; Sobuj et al., 2023,
Zaman & Rahman, 2026). These studies have
demonstrated that low-cost cultivation systems
including horizontal long-line, floating raft, and
off-bottom net methods constructed from locally
available bamboo and rope can successfully
produce commercially valuable biomass in
sheltered coastal environments. Experimental

results  further indicate that cultivation
performance is strongly influenced by
environmental variables such as salinity,
temperature,  nutrient  availability,  water

transparency, and current velocity, with Saint
Martin’s Island and selected coastal locations in
Cox's Bazar consistently exhibiting superior
growth rates and biomass productivity (Zweng et
al.,, 2018; Bhuyan et al., 2023). In parallel,
preliminary value-addition initiatives have shown
the feasibility of incorporating seaweed into
locally produced foods and cosmetic products,
highlighting its potential to diversify income
sources and improve the livelihoods of coastal
communities (YPSA, 2021; Bhuyan et al., 2023;
Sobuj et al., 2025).

Nevertheless, substantial challenges continue to
constrain  the transition from pilot-scale
production to a commercially viable industry.
Bangladesh remains highly dependent on
imported seaweed-derived hydrocolloids such as
agar, alginate, and carrageenan because domestic
cultivation and industrial processing capacities are
still limited (Bhuyan et al., 2023; LightCastle
Partners, 2025). The sector is further hindered by
fragmented value chains, inadequate seed supply
systems, limited processing infrastructure,
insufficient market linkages, low consumer
awareness, weak private-sector investment, and
the absence of standardized quality assurance
mechanisms (ILO, 2024; LightCastle Partners,
2025). Moreover, although seaweed aquaculture
has been recognized as a strategic component of
Bangladesh's blue economy agenda, policy
implementation remains fragmented, with limited
institutional coordination, unclear mariculture
zoning regulations, and insufficient investment
incentives to support industrial-scale production
(LightCastle Partners, 2025; Zaman & Rahman,
2026). These interconnected constraints have
created a persistent gap between the country's
abundant natural resources and its ability to
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establish a competitive and sustainable seaweed
industry.

Although several studies have investigated
seaweed biodiversity, cultivation techniques, and
utilization in Bangladesh, existing literature
remains fragmented and primarily focuses on
individual components of the sector.

Although seaweed research in Bangladesh is
growing, available reviews remain limited and
fragmented, particularly regarding the integrated
assessment of ecological resources, cultivation,
value chains, industrial applications, markets,
policy, and investment opportunities in south-
eastern Bangladesh, a region with substantial
potential for commercial seaweed cultivation.
Addressing this knowledge gap is essential for
developing evidence-based strategies that support
sustainable industrial expansion while ensuring
environmental conservation and socioeconomic
benefits for coastal communities. Therefore, this
review comprehensively synthesizes the current
state of the emerging seaweed industry in south-
eastern Bangladesh by integrating available
evidence on seaweed biodiversity, environmental
suitability, cultivation technologies, processing
and value addition, market development, policy
and institutional frameworks, and existing
challenges and opportunities. The review further
identifies critical research priorities and strategic
interventions required to facilitate sustainable
commercialization, strengthen the national blue
economy, and enhance the long-term resilience of
coastal livelihoods.

Marine and Coastal Ecosystems in Bangladesh

Taxonomic Classification of Seaweed Species
Found

The coastal waters of south-eastern Bangladesh
support a diverse assemblage of marine
macroalgae belonging to three major taxonomic
phyla: Chlorophyta (green seaweeds), Ochrophyta
(class Phaeophyceae; brown seaweeds), and
Rhodophyta (red seaweeds). These groups differ

in  their pigment composition, cellular
organization, biochemical constituents, ecological
adaptations, and commercial applications,

collectively contributing to the biological richness
of the Bay of Bengal (@verland et al., 2019;
Bhuyan et al., 2023). Floristic investigations
conducted along the rocky shores of Saint Martin's
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Island, the intertidal zones of Cox's Bazar, and
adjacent estuarine ecosystems have reported
between 106 and 244 macroalgal species
representing approximately 77-94 genera, making
south-eastern Bangladesh one of the country's
most important macroalgal biodiversity hotspots
(BFRI, 2019; Sobuj et al., 2023). Continuous
taxonomic surveys have further expanded this
inventory through the discovery of several
previously unrecorded species, indicating that the
regional seaweed flora remains incompletely
documented (Aziz & Alfasane, 2020; Snigdha et
al., 2024).

Red Seaweeds

Rhodophyta represents the most species-rich
macroalgal group recorded from south-eastern
Bangladesh (Fig. 1) and constitutes approximately
half of the documented seaweed diversity in the
region (BFRI, 2019; Chowdhury et al., 2022). The
dominance of this phylum is largely attributed to
the presence of accessory pigments, particularly
phycoerythrin and phycocyanin, which enable
efficient photosynthesis under reduced light
conditions and facilitate colonization of deeper
subtidal habitats (Overland et al., 2019). Members
of the families Gracilariaceae, Hypneaceae, and
Solieriaceae are particularly abundant along the
rocky coastline of Saint Martin's Island and
estuarine environments of Cox's Bazar (Aziz &
Alfasane, 2020). Among these taxa, Gracilaria
lemaneiformis and Gracilaria tenuistipitata are
considered  economically important agar-
producing species with considerable aquaculture
potential because of their rapid growth and
adaptability to estuarine cultivation systems (Aziz
& Alfasane, 2020; Zaman & Rahman, 2026).
Likewise, Hypnea musciformis, a commercially
valuable carrageenophyte, is widely distributed
across rocky intertidal habitats and has attracted
increasing interest for hydrocolloid extraction and
pharmaceutical applications (Bhuyan et al., 2023).
Recent taxonomic studies have further expanded
the regional red algal flora through the
documentation of species such as Galaxaura
obtusata, Liagora valida, Hypnea spinella, and
Pterocladiella maribagoensis, highlighting the
continuing importance of systematic biodiversity
assessments in the Bay of Bengal (Aziz &
Alfasane, 2020; Snigdha et al., 2024).

214

Brown Seaweeds

Brown seaweeds (class Phaeophyceae, phylum
Ochrophyta) represent the second most abundant
macroalgal group in south-eastern Bangladesh
(Fig. 1) and predominantly occupy exposed rocky
substrates within the lower intertidal and shallow
subtidal zones (Bhuyan et al., 2023). Their
characteristic brown coloration is derived from the
carotenoid pigment fucoxanthin, which enhances
photosynthetic  efficiency  under  varying
underwater light conditions (QDverland et al.,
2019). Ecologically, brown seaweeds contribute
substantially to coastal primary productivity,
habitat complexity, and nutrient cycling while
serving as important spawning and nursery
grounds for numerous marine organisms. Species
belonging to the family Sargassaceae, particularly
Sargassum oligocystum, Sargassum muticum, and
Sargassum fluitans, form extensive seasonal
macroalgal beds around Saint Martin's Island and
represent some of the most promising brown
seaweeds for commercial utilization (BFRI, 2019;
Aziz & Alfasane, 2020). These species are
recognized as valuable sources of alginate,
fucoidan,  polyphenols, and  antioxidant
compounds with extensive applications in food
processing, pharmaceuticals, cosmetics, and
biomedical industries (Bhuyan et al., 2023). Other
common brown macroalgae, including Padina
tetrastromatica, Padina perindusiata, and
Dictyopteris plagiogramma, contribute to the
structural  diversity of rocky intertidal
communities and further emphasize the ecological
importance of the region's brown algal flora
(Snigdha et al., 2024).

Green Seaweeds

Green seaweeds (Chlorophyta) are widely
distributed (Fig.1) throughout the upper intertidal
zone, estuarine mudflats, tidal pools, and sheltered
coastal lagoons where environmental conditions
are characterized by fluctuating salinity,
temperature, and tidal exposure (Aziz & Alfasane,
2020). Their dominance of chlorophyll a and b
enables high photosynthetic efficiency and rapid
biomass accumulation, making several species
suitable for commercial cultivation under tropical
coastal conditions (@verland et al., 2019).
Members of the family Ulvaceae, particularly
Ulva intestinalis, Ulva lactuca, and Ulva linza,
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constitute important edible seaweeds and have south-eastern Bangladesh (Zaman & Rahman,
demonstrated favorable growth under 2026).
experimental cultivation systems established in

Figure 1. Morphological profiles of commercially important green, red, and brown seaweeds native to the intertidal and shallow
subtidal ecosystems of south-eastern Bangladesh (Sobuj et al., 2023). Scale bars represent 5¢cm for whole-thallus view panels.

These species possess high nutritional value animal feeds. Another economically significant
owing to their elevated protein, vitamin, mineral, genus is Caulerpa, represented by species such as
and dietary fiber contents, supporting their Caulerpa racemosa, Caulerpa fergusonii, and
increasing utilization in functional foods and Caulerpa sertularioides, which are valued for
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their  bioactive  metabolites, antimicrobial
properties, and  potential  pharmaceutical

applications (Aziz & Alfasane, 2020; Tassakka et
al., 2023). Recent floristic investigations have also
documented additional green algal taxa, including
Bryopsis pennata, Halimeda simulans, and
Blidingia minima, indicating that the green
macroalgal diversity of Bangladesh continues to
be underestimated (Snigdha et al., 2024).

Distribution Patterns of Seaweed Species Along
the Bangladesh Coastline

The spatial and temporal distribution of marine
macroalgae along the approximately 710 km
coastline of Bangladesh is governed by complex
interactions among hydrodynamic regimes,
salinity —gradients, substrate heterogeneity,
nutrient availability, and seasonal monsoon-
driven variability (Al et al., 2020; Chowdhury et
al., 2022; Bhuyan et al., 2023). Although coastal
ecosystems extend from the highly dynamic
estuarine systems of the southwest to the
comparatively stable marine environments of the
southeast, macroalgal diversity and biomass are
disproportionately concentrated in the south-
eastern coastal belt. This region provides
comparatively stable salinity regimes and suitable
hard-bottom substrates that are essential for the
attachment and persistence of diverse seaweed
assemblages. Estimates suggest that the coastal
waters of Bangladesh collectively support several
thousand metric tons of standing macroalgal
biomass annually; however, its distribution is
highly heterogeneous in both space and time due
to pronounced environmental variability.

Macroalgal and

Variability

Hotspots Geographic

The coastal macroalgal landscape of Bangladesh
can be broadly differentiated into three ecological
zones: offshore reef systems, mainland estuarine
environments, and mangrove-influenced deltaic
habitats. Among these, offshore and south-eastern
marine environments exhibit the highest species
richness and structural complexity due to reduced
sedimentation and greater habitat stability (Al et
al., 2020; Bhuyan et al., 2023; Sobuj et al., 2023).
Saint Martin’s Island represents the most
significant reservoir of macroalgal diversity in
Bangladesh. The island’s elevated salinity regime
(approximately 31-32 ppt), combined with
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extensive intertidal rocky substrates, creates a
stable marine habitat that supports a wide range of
red, green, and brown macroalgae (Bhattacharjee
& Islam, 2014; Bhuyan et al., 2023). Unlike
mainland systems influenced by riverine
discharge, Saint Martin’s Island experiences
relatively consistent oceanic conditions, enabling
persistent colonization by both perennial and
seasonal taxa. In contrast, mainland coastal zones
such as Cox’s Bazar, Teknaf, Moheshkhali, and
Kutubdia Island exhibit more fragmented and
patchy seaweed distribution. (Fig. 2).

These environments are characterized by
fluctuating salinity (approximately 23-30 ppt),
higher  turbidity, and sediment-dominated
substrates, which collectively limit macroalgal
establishment to opportunistic and euryhaline
species (Aziz & Alfasane, 2020; Bhuyan et al.,
2023). Estuarine channels such as Bakkhali and
Rezu Khal further demonstrate this pattern, where
seaweeds predominantly attach to mangrove
roots, mudflats, or anthropogenic structures under
highly variable environmental conditions. A
distinct ecological niche is also observed in the
Sundarbans mangrove fringe, where macroalgal
diversity is comparatively lower but ecologically
specialized. This region supports shade-tolerant
and turf-forming species adapted to low-light,
high-sedimentation environments, with
approximately 60 recorded taxa exhibiting strong
adaptation to brackish conditions (Chowdhury et
al., 2022).

Seasonal Dynamics and Temporal Succession

The phenology of seaweed communities in
Bangladesh is strongly regulated by the South
Asian  monsoon  system, which induces
pronounced seasonal shifts in temperature,
salinity, and water transparency (Bhuyan et al.,
2023). As a result, macroalgal productivity
follows a highly seasonal cycle with distinct
phases of growth, transition, and decline. The
winter period (October/November to
March/April) represents the primary growth
window for most macroalgal species. During this
post-monsoon  phase, reduced freshwater
discharge and sediment load lead to increased
water clarity and elevated salinity stability.
Concurrently, moderate sea surface temperatures
(approximately 20.9-26.2°C) create optimal
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physiological conditions for photosynthesis and
biomass accumulation (Bhuyan et al., 2023). This
period corresponds to peak species richness and is
considered the most favorable season for both
natural harvesting and experimental cultivation. A
subset of species demonstrates broader ecological
tolerance and extended seasonal persistence.
Opportunistic taxa such as Ulva intestinalis and
Hypnea musciformis are capable of establishing
early seasonal populations as early as October and
may persist until late spring under suitable
environmental conditions (Bhuyan et al., 2023).
These species exhibit high ecological plasticity,
making them particularly suitable candidates for

aquaculture  development and year-round
cultivation trials. In contrast, the monsoon period
(May to September) is characterized by sharp
declines in macroalgal abundance. Increased
freshwater influx from major river systems,
elevated turbidity, and reduced salinity
collectively  destabilize intertidal habitats,
resulting in the near-complete disappearance of
many taxa from exposed coastal zones (Aziz &
Alfasane, 2020; Sarker et al., 2021). This seasonal
collapse highlights the strong dependency of
Bangladeshi macroalgal ecosystems on monsoon-
driven hydrological cycles.
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Figure 2. Geospatial distribution map showcasing commercial mariculture clusters and pilot-scale farming locations across the
south-eastern coastal corridor of Bangladesh, including Cox’s Bazar, Moheshkhali, Teknaf, Kutubdia Island, and Saint Martin’s
Island. Administrative boundaries and coastal shorelines are mapped using vector datasets derived from the Database of Global
Administrative Areas (GADM, www.gadm.org). The horizontal scale bar represents a spatial interval of 10 km.

Vertical Zonation and

Distribution

Habitat-Specific

Within coastal habitats, seaweed communities
exhibit distinct vertical zonation patterns driven
primarily by tolerance to desiccation, wave
exposure, and light availability. This ecological
stratification plays a critical role in structuring
species distribution across intertidal and subtidal
zones. The upper intertidal zone is dominated by
stress-tolerant species such as Ulva lactuca,
Enteromorpha intestinalis, and Blidingia minima.
These taxa are adapted to frequent aerial exposure,
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rapid salinity fluctuations, and high irradiance
levels, enabling survival in highly dynamic
microhabitats (Bhuyan et al., 2023). The mid-
intertidal zone supports greater species diversity
and biomass, with dominant taxa including
Hypnea musciformis, Gracilaria tenuistipitata,
and Caulerpa microphysa. These species are
typically associated with stable rocky substrates,
sand-flats, and tube-worm aggregates, where
periodic  submergence  supports  sustained
photosynthetic  activity  while  minimizing
desiccation stress (Bhuyan et al., 2023). The
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subtidal zone harbors canopy-forming and Spatial Expansion and Coastal Production
structurally complex macroalgae such as Gradients

Sargassum flavicans, Asparagopsis taxiformis,
and Hydroclathrus clathratus. These species are
restricted to permanently submerged habitats and
depend heavily on high water transparency and
stable salinity conditions. In particular, reef-
associated systems around Saint Martin’s Island
provide critical habitats for these taxa, supporting
complex benthic ecosystems and enhancing
coastal productivity (Bhuyan et al., 2023).

Growth Trends of the Seaweed Industry in
Bangladesh

Temporal Production Volatility and Climatic
Controls

Seaweed biomass production exhibits a
pronounced seasonal cycle governed by the
northern Indian Ocean monsoon system. Growth
typically initiates in November following
monsoon recession and reaches maximum
productivity between January and March,
corresponding to the post-monsoon winter period.
During this phase, improved water clarity,
reduced sediment load, and relatively stable
salinity conditions (approximately 23-32 ppt)
create optimal physiological environments for
macroalgal proliferation (Bhuyan et al., 2023).

These conditions enhance  photosynthetic
efficiency and  support rapid biomass
accumulation  across  both  natural and

experimental cultivation systems. In contrast, the
onset of pre-monsoon rainfall and the subsequent
monsoon period (April-May) results in a rapid
decline in productivity. Increased freshwater
discharge from major river systems, combined
with elevated turbidity and sedimentation, leads to
abrupt salinity reduction and habitat instability.
This environmental shift causes widespread
collapse of intertidal macroalgal populations by
late May, effectively limiting production to a
narrow annual harvesting window (Aziz &
Alfasane, 2020; Chowdhury et al., 2022).
Consequently, national production remains low
and unstable, with estimated annual output of
approximately 400 metric tons (wet weight),
reinforcing the sector’s dependence

218

Spatially, seaweed production in Bangladesh is
highly uneven and concentrated within a limited
number of ecological hotspots that provide
suitable  substrate, salinity regimes, and
hydrodynamic stability. Among these, Saint
Martin’s Island remains the primary nucleus of
both natural biodiversity and experimental
cultivation activity. Its rocky intertidal platforms,
stable marine salinity, and high water
transparency create favorable conditions for
diverse macroalgal communities and sustained
growth cycles (Bhattacharjee & Islam, 2014,
Bhuyan et al., 2023; Sobuj et al., 2023). In recent
years, spatial expansion has gradually extended
toward the Cox’s Bazar coastal belt, particularly
Inani, Teknaf, Moheshkhali, Kutubdia Island, and
adjacent estuarine systems such as Chowfaldandi
and Sonadia Khal. These environments represent
transitional ecological zones where cultivation of
euryhaline  species, particularly Gracilaria
lemaneiformis and Hypnea musciformis, has
shown moderate success under pilot-scale
conditions (ILO, 2024). However, these areas
remain highly sensitive to salinity fluctuations and

sediment loading, which limits long-term
production  stability. ~ The  southwestern
Sundarbans mangrove system represents a

contrasting spatial regime characterized by
brackish water conditions and dense mangrove
canopy cover. Although this region supports a
stable baseline of macroalgal biodiversity,
particularly shade-tolerant genera such as
Catenella, it remains largely outside commercial
production networks due to ecological constraints,
accessibility limitations, and weak market
integration (Chowdhury et al., 2022). As a result,
spatial expansion of the industry remains
asymmetric, with commercial development
strongly concentrated in the south-eastern
corridor.

Research-Commercialization Disjunction

A defining structural feature of Bangladesh’s
seaweed sector is the persistent divergence
between scientific advancement and commercial
implementation. Over the past two decades,
collaborative efforts by national research
institutions,  universities, and international
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agencies including the Bangladesh Fisheries
Research Institute (BFRI) and the Food and
Agriculture Organization (FAO) have
significantly advanced species identification,
ecological mapping, and cultivation feasibility
studies (Khan, 1990; Chowdhury et al., 2022).
These initiatives have confirmed the presence of
220-335 macroalgal species and demonstrated the
technical feasibility of low-cost cultivation
systems such as floating long-lines and bamboo
raft-based farming structures. Target species,
particularly Gracilaria, Hypnea, and Ulva, have
shown consistent growth performance under
controlled experimental conditions (Bhuyan et al.,
2023). Despite these advancements, the sector
remains trapped in a pilot-to-project dependency
cycle, where production activities are largely
sustained through externally funded interventions
rather than autonomous market-driven expansion.
This structural stagnation is further reinforced by
weak institutional linkages between research
outputs and private-sector investment. As a result,
technical knowledge generated through pilot
projects has not translated into scalable industrial
operations, limiting the emergence of a self-
sustaining production ecosystem.

Market Structure, Value Chain Constraints, and
Industrial Stagnation

The commercial stagnation of Bangladesh’s
seaweed industry is strongly associated with an
underdeveloped and fragmented value chain. At
the production level, farmers typically operate in
small-scale, seasonal units with limited access to
capital, technology, and stable market linkages. At
the downstream level, the absence of processing
infrastructure for agar, alginate, carrageenan, and
other high-value derivatives prevents vertical
integration of the industry (ILO, 2024; Zaman &
Rahman, 2026). As a result, raw dried seaweed is
traded at low farm-gate prices ranging from BDT
100 to 400 per kilogram, reflecting limited
bargaining power and the absence of competitive
industrial  demand.  Meanwhile,  domestic
industries in pharmaceuticals, cosmetics and
animal feed remain heavily dependent on
imported seaweed-derived inputs, indicating a
persistent structural import dependency despite
strong domestic resource potential. This mismatch
between supply potential and industrial demand
reflects a classic market failure condition, where
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producers are unwilling to scale due to uncertain
demand, while investors remain reluctant to
establish processing facilities without guaranteed
raw material supply chains. Consequently, the
sector remains locked in a low-equilibrium trap
characterized by fragmented production, minimal
value addition, and weak private-sector
participation (Sobuj et al., 2025; LightCastle
Partners, 2025; Mongabay, 2026).

Implications for Blue Economy Development

From a development perspective, the current
growth trajectory of Bangladesh’s seaweed sector
suggests significant untapped potential within the
national blue economy framework. However,
realization of this potential requires coordinated
interventions that address both ecological
constraints and structural market deficiencies.

Without the establishment of integrated
processing infrastructure, stable procurement
systems, and institutional investment

mechanisms, the industry is likely to remain
confined to seasonal, low-value production
cycles. Future growth pathways are therefore
dependent not only on biological productivity but
also on the development of functional value
chains, market assurance systems, and policy-
supported industrial ecosystems capable of
transforming seaweed from a subsistence-level
resource into a commercially viable marine
commodity.

Existing Seaweed Farming Practices in
Bangladesh

Seaweed farming in Bangladesh is characterized
by a transition from opportunistic wild harvesting
to experimentally structured mariculture systems
adapted to the country’s highly seasonal and
monsoon-driven coastal environment. Despite
increasing research attention and pilot-scale
demonstrations, commercial production remains
limited, and farming practices are still largely
constrained to low-input, community-based
systems concentrated in the south-eastern coastal
belt, particularly Cox’s Bazar, Teknaf, Inani, Rezu
Khal, and Saint Martin’s Island (Chowdhury et al.,
2022; Bhuyan et al., 2023). Within these
environments, cultivation systems have evolved
around three dominant open-water technologies:
floating long-lines, bamboo rafts, and off-bottom
net culture, with emerging experimental interest in
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integrated multi-trophic aquaculture (IMTA)
systems.

Floating Long-Line System

The floating long-line system represents the most
efficient and widely adopted cultivation
technology for red macroalgae, particularly
agarophytes such as Gracilaria spp (Sobuj
et.al.,2023). This system is typically constructed
using horizontal polypropylene ropes suspended
at approximately 0.5-1.0 m below the water
surface and supported by floating buoys or
bamboo-based flotation units anchored at both
ends using concrete blocks or similar mooring
structures (WorldFish, 2024). From a production
perspective,  floating  long-line  systems
demonstrate consistently superior performance
compared to bottom-based cultivation methods.
Empirical field studies conducted along the Cox’s
Bazar coastline indicate that biomass yield in
floating configurations can exceed off-bottom
long-line systems by more than 100% and
significantly  outperform  net-based culture
approaches (WorldFish, 2024). This productivity
advantage is primarily attributed to improved
hydrodynamic  exchange, enhanced light
availability, and reduced sediment deposition. In
addition to higher vyields, floating systems also
produce superior biomass quality. The elevated
positioning of thalli minimizes contact with
benthic sediments and reduces fouling pressure,
resulting in cleaner biomass with improved
biochemical composition, including higher agar
content and lower concentrations of inorganic
contaminants. These characteristics make floating
long-line  systems particularly suitable for
commercial-scale agarophyte production under
Bangladesh’s coastal conditions.

Bamboo Raft System

The bamboo raft system is a low-cost,
community-driven cultivation approach widely
used in shallow coastal and estuarine waters. This
method is particularly prevalent in sheltered
environments where moderate wave action and
limited depth (approximately 1.0-1.5 m) support
stable raft deployment (Chowdhury et al., 2022).
Structurally, the system consists of bamboo poles
assembled into square or rectangular floating
platforms, typically measuring around 12 x 12 ft
(3.6 x 3.6 m), secured with synthetic ropes and
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anchored using iron or concrete weights. Seaweed
seedlings are attached to polypropylene lines at
regular intervals and suspended beneath the raft to
ensure optimal light exposure and nutrient uptake.
Although less productive than floating long-lines
in terms of biomass yield efficiency, bamboo raft
systems  offer significant  socio-economic
advantages due to their low capital requirement
and ease of construction using locally available
materials. These systems are particularly effective
for cultivating carrageenophytes and euryhaline
green seaweed under semi-controlled conditions.
However, large-scale deployment is constrained
by spatial limitations and reduced water exchange
capacity, which can lead to nutrient competition
and lower growth rates under high stocking
densities.

Off-Bottom Net Cultivation System

Off-bottom net culture systems are primarily
implemented in intertidal mudflat and estuarine
environments such as Rezu Khal and Bakkhali
River, where environmental conditions are highly
variable and substrate stability is limited. This
method involves the installation of vertical
bamboo stakes embedded into the sediment, over
which mesh nets (typically ranging from 1.8 x 3.5
m to 5 x 5 m) are stretched horizontally above the
seafloor (Bhuyan et al., 2023).

This cultivation system is particularly valued for
its structural resilience under strong tidal currents
and its ability to support periodic harvesting
cycles, typically on a bi-weekly basis. Species
such as Gracilaria lemaneiformis and Hypnea
musciformis demonstrate moderate  growth
performance under this system, making it suitable
for low-intensity production models (Chowdhury
etal., 2022). However, the proximity of nets to the
sediment layer introduces several operational
limitations. Increased sediment deposition and
turbidity reduce photosynthetic efficiency and
compromise biomass purity. As a result, off-
bottom systems generally produce lower-quality
biomass compared to floating systems, with
reduced biochemical value and higher post-
harvest ~ processing  requirements.  These
constraints limit their suitability for high-value
industrial applications but maintain relevance for
subsistence-level and smallholder production
systems.
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Emerging Integrated
Aquaculture (IMTA) Systems

In response to strong seasonal constraints imposed
by monsoon variability, experimental Integrated
Multi-Trophic Aquaculture (IMTA) systems are
gaining attention as a potential adaptive strategy
for year-round production. These systems
integrate  seaweed cultivation with  other
aquaculture species such as bivalves (e.g.,
oysters), enabling nutrient recycling and
improved system efficiency (WorldFish, 2024).
Green macroalgae such as Ulva lactuca have
shown particular promise in IMTA systems due to
their high nutrient uptake capacity and rapid
growth rates under controlled conditions. These
systems also function as biological buffers,
reducing nutrient loading in aquaculture effluents
while providing an alternative production
pathway during periods of unfavorable outdoor
conditions. Although still at an experimental stage
in Bangladesh, IMTA systems represent a
strategic innovation pathway that could mitigate
seasonal production collapse, enhance resource
efficiency, and support the development of
resilient mariculture infrastructure.

Multi-Trophic

Synthesis and Technological Implications

Existing farming practices in Bangladesh
demonstrate a clear technological hierarchy in
terms of productivity, economic efficiency, and
scalability. Floating long-line systems currently
represent the most promising configuration for
commercial expansion, while bamboo rafts and
off-bottom nets remain important for community-
level livelihood support and experimental
diversification. However, all existing systems are
constrained by monsoon-driven seasonality,
limited infrastructure, and weak integration with
downstream value chains. Future development of
the sector will therefore depend not only on
improving farming technologies but also on
integrating these systems into a coordinated
production network supported by processing
infrastructure, seed supply systems, and stable
market linkages. Without such integration, current
practices are likely to remain confined to low-
output, seasonal, and  project-dependent
production models rather than evolving into a
commercially sustainable industry.
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Applications of Seaweed which are available in
Bangladesh

Nutritional and Food Industry Uses

The direct utilization of seaweed as food in
Bangladesh remains culturally specific and
geographically constrained. Consumption
patterns are strongly associated with indigenous
and coastal communities, particularly in the
Chittagong Hill Tracts and selected coastal belts
of Cox’s Bazar, where wild-harvested macroalgae
are incorporated into traditional diets (Chowdhury
et al., 2022). In contrast, urban consumption is
largely market-driven and  niche-oriented.
Premium restaurants and specialty health outlets
in major cities such as Dhaka and Chattogram
increasingly offer dried or processed seaweed
products; however, these supply chains are
dominated by imported raw materials rather than
domestic production. This reflects both limited
post-harvest infrastructure and weak integration
of local biomass into formal food systems (Sobuj
et al., 2025; LightCastle Partners, 2025). To
address low domestic acceptance, recent research
has shifted toward functional food development.
Powdered formulations of Ulva lactuca and
related chlorophytes are being investigated for
incorporation into snacks, bakery products, and
micronutrient supplements, aiming to enhance
dietary diversity and address hidden hunger in
coastal populations (Zaman & Rahman, 2026).

Pharmaceutical and Medicinal Applications

Bangladeshi macroalgae, particularly Rhodophyta
(Hypnea musciformis, Gracilaria lemaneiformis)
and Chlorophyta (Caulerpa racemosa), have
attracted increasing attention due to their rich
reservoir of bioactive compounds. These include
sulfated polysaccharides, phenolic compounds,
and antioxidant molecules with pharmacological
relevance (Aziz & Alfasane, 2020). Antimicrobial
screening studies indicate that crude extracts from
selected species demonstrate inhibitory activity
against pathogenic bacteria, supporting their
potential role in addressing antimicrobial
resistance challenges. Furthermore,
polysaccharide-rich fractions are being evaluated
for anti-inflammatory and immunomodulatory
properties relevant to nutraceutical development
(Zaman & Rahman, 2026). At the experimental
level, secondary metabolite profiling of
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Phaeophyceae and Rhodophyta is ongoing,
targeting novel compounds that may function as
stabilizing agents, excipients in drug delivery
systems, or natural antioxidants in pharmaceutical
formulations.

Agricultural and Environmental Applications
Biofertilizers and Livestock Feed

Seaweed-based agricultural inputs represent one
of the most promising low-cost applications in
Bangladesh. Because macroalgae cultivation
requires no arable land or freshwater, it is
increasingly positioned as a climate-smart input
for coastal agriculture systems (Khan, 1990,
1990). In livestock systems, experimental feeding
trials suggest that incorporating marine
macroalgae into ruminant diets can reduce enteric
methane emissions while improving feed
efficiency, aligning with national climate
mitigation priorities (Roque et.al., 2019; Zaman &
Rahman, 2026). Additionally, seaweed-derived
organic fertilizers are rich in phytohormones (e.g.,
auxins and cytokinins), which enhance
germination rates and crop resilience in salt-
affected coastal soils.

Bioremediation and Integrated Aquaculture

Green macroalgae such as Ulva and
Enteromorpha play a significant role in nutrient
biofiltration. Their rapid uptake of nitrogen and
phosphorus makes them effective natural agents
for mitigating eutrophication in shrimp farming
effluents and estuarine runoff zones (Chowdhury
et al, 2022). |Integrated Multi-Trophic
Aquaculture (IMTA) systems are increasingly
explored in Cox’s Bazar coastal waters, where
seaweeds are co-cultured with finfish and
shellfish. In such systems, macroalgae function as
biological filters, converting dissolved wastes into
harvestable biomass while improving overall
ecosystem efficiency (Bhuyan et al., 2023).

Industrial Uses

Despite strong biological potential, the industrial
processing sector for seaweed in Bangladesh
remains underdeveloped. The value chain is
largely confined to primary processing stages such
as washing and sun-drying, followed by low-value
trade for animal feed and fertilizer applications. A
critical structural gap exists in hydrocolloid
extraction industries. Although species such as
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Gracilaria and Hypnea are suitable for agar and
carrageenan  production, Bangladesh lacks
commercial-scale extraction facilities.
Consequently, domestic industries rely heavily on
imported hydrocolloids for use in food processing,
pharmaceuticals, and cosmetics (ILO, 2024). This
creates a paradoxical “producer-processor
disconnect,” where coastal farmers remain
trapped in low-income production cycles while
downstream industries depend on external supply
chains. Emerging pilot studies in bioplastics and
cosmetic  gels indicate  potential  for
diversification; however, scaling remains
constrained by fragmented production systems
and limited private-sector investment
(LightCastle Partners, 2025).

Economic, Socio-Cultural and Environmental
Importance

Contribution to Coastal Livelihoods

Seaweed farming is increasingly recognized as a
climate-resilient livelihood  strategy  in
Bangladesh’s coastal districts, where millions of
households depend on marine resources. It
provides a supplementary income stream,
particularly during seasonal fishing bans and
adverse weather periods (Chowdhury et al., 2022).
Economic assessments indicate high returns
relative to initial investment, with small-scale
farmers generating multiple times their capital
within a single cultivation cycle using low-cost
bamboo raft systems. This low entry barrier
enhances its inclusivity for marginalized coastal
communities (ILO, 2024). Importantly, seaweed
farming has emerged as a significant tool for
women’s empowerment. Because cultivation
activities are nearshore and require minimal
technical barriers, women and youth participation
is increasing through targeted training programs
supported by development agencies such as the
ILO and UNDP (ILO, 2024).

Market Potential and Trade

The long-term market outlook for seaweed in
Bangladesh is strongly positive, driven by global
demand for sustainable bioresources. National
assessments suggest extensive shallow coastal
areas are suitable for expansion, with large-scale
cultivation capable of generating significant
export-oriented biomass in the coming decades
(Khan, 1990, 1990). However, the domestic
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market remains constrained by the absence of
industrial-scale processing facilities. Establishing
agar, alginate, and carrageenan extraction plants
within  coastal economic zones such as
Moheshkhali and Matarbari could significantly
reduce import dependence and strengthen
domestic value chains (LightCastle Partners,
2025). Globally, increasing demand for seaweed-
based products in biostimulants, animal feed,
nutraceuticals, and biodegradable materials
presents strong export opportunities. Realizing
this potential requires investment in certification
systems, supply chain integration, and scalable
production infrastructure (Zaman & Rahman,
2026).

Policy and Regulatory Framework

Despite growing recognition of its economic
potential, the seaweed sector in Bangladesh
operates within a fragmented regulatory
environment. Currently, no dedicated national
policy specifically governs seaweed cultivation,
processing, or trade, resulting in dispersed
oversight across multiple ministries (Chowdhury
et al., 2022). Additionally, the absence of marine
spatial  planning mechanisms limits the
designation of protected mariculture zones. This
exposes seaweed farms to competing coastal land
uses, including tourism development and
industrial expansion. Recent blue economy
initiatives, including the Moheshkhali Integrated
Development Authority (MIDA), represent early
steps toward institutional coordination. These
efforts aim to introduce zoning frameworks,
certification systems, and blue financing
mechanisms such as blue bonds to support
sustainable industry expansion (LightCastle
Partners, 2025).

Coastal Protection and Carbon Sequestration

Seaweed ecosystems provide substantial nature-
based coastal protection services. Dense
macroalgal beds attenuate wave energy, reduce
shoreline erosion, and stabilize sediment in
vulnerable estuarine zones such as Bakkhali and
Kutubdia (Chowdhury et al.,, 2022). From a
climate perspective, seaweeds act as efficient blue
carbon systems. Species such as Ulva intestinalis
demonstrate high CO: assimilation rates,
contributing to localized carbon sequestration and
oxygen enrichment in coastal waters. A portion of
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this biomass is ultimately transferred to deep-sea
sediments, enabling long-term carbon storage
(Zaman & Rahman, 2026).

Environmental Impacts of Cultivation

While  seaweed farming is  generally
environmentally beneficial, large-scale expansion
may generate localized ecological trade-offs.
High-density cultivation can reduce light
penetration, affecting benthic primary producers.
Similarly, excessive spatial concentration of long-
line systems may alter natural hydrodynamic flow
and sediment transport patterns (Bhuyan et al.,
2023). Wild harvesting without regulation may
also disrupt natural regeneration cycles in rocky
intertidal ecosystems, particularly in biodiversity-
rich zones such as Saint Martin’s Island.
Therefore, sustainable harvesting protocols and
spatial zoning are essential to maintain ecological
balance.

Constraints in the Seaweed

Bangladesh

Industry in

Technical and Biological Challenges
Extreme Seasonal Compression

Seaweed cultivation in  Bangladesh is
fundamentally constrained by monsoon-driven
seasonality. Effective production is largely
restricted to a narrow operational window from
October/November to April, during which salinity
remains stable and turbidity is low. During the
monsoon  phase  (May-September), heavy
freshwater discharge from major river systems
reduces coastal salinity and increases suspended
sediment loads, leading to widespread biomass
collapse in open-water farming systems (Bhuyan
etal., 2023).

Seed Stock and Propagation Gaps

A critical structural weakness is the absence of
dedicated coastal nurseries or indoor seed
preservation systems. Without controlled hatchery
infrastructure, farmers depend entirely on
naturally available vegetative fragments at the
beginning of each production cycle, resulting in
inconsistent seed quality and reduced genetic
stability (Chowdhury et al., 2022).
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Climate-Induced Farm Vulnerability

Increasing cyclone intensity and extreme wave
events associated with climate variability have
heightened physical risks for exposed farming
systems. Floating long-lines and bamboo rafts are
frequently damaged or completely lost during
storm surges, creating recurrent financial shocks
for smallholder farmers (Bhuyan et al., 2023).

Site Selection and Technical Capacity Deficits

Suboptimal site placement remains a widespread
issue due to limited technical training. Cultivation
in turbid, polluted, or low-circulation waters
significantly reduces photosynthetic efficiency
and biomass yield, indicating a gap in spatial
planning and extension services (Sarker et al.,
2023).

Market and Economic Barriers

Procurement Stalemate and Value Chain
Fragmentation

The sector is constrained by a structural
coordination failure between producers and
industrial buyers. Domestic industries (food,
pharmaceuticals, cosmetics) depend almost
entirely on imported hydrocolloids such as agar,
alginate, and carrageenan, while simultaneously
lacking confidence in local supply consistency.
This creates a circular dependency where farmers
do not scale production due to weak demand
signals, and processors do not invest due to
unstable supply chains (ILO, 2024).

Project-Driven Dependency Trap

Much of Bangladesh’s seaweed cultivation is still
embedded within NGO-led or donor-supported
pilot initiatives. While these interventions
demonstrate technical feasibility, they often fail to
transition into market-led systems, resulting in
temporary production cycles rather than sustained
commercial enterprises (LightCastle Partners,
2025).

Limited Access to Finance

Formal credit access for seaweed farmers remains
extremely limited. Most small-scale producers
rely on personal savings or informal loans,
restricting their ability to invest in durable farming
infrastructure such as mooring systems, improved
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ropes, or drying facilities (Chowdhury et al.,
2022).

Low Farm-Gate Returns

Raw seaweed biomass continues to fetch low
market prices due to minimal processing and weak
value addition. This low profitability discourages
reinvestment and contributes to farmer attrition
toward more stable livelihoods such as capture
fisheries or shrimp farming (ILO, 2024).

Institutional and Infrastructural Limitations

Bangladesh's seaweed industry is constrained by
persistent  governance, innovation,  and
infrastructure deficiencies that limit its transition
to a competitive commercial sector. The absence
of marine spatial planning and designated
mariculture zones creates spatial conflicts with
tourism, shipping, and coastal industrial activities,
thereby reducing investment security and
sustainable farm expansion (Chowdhury et al.,
2022). Although considerable progress has been
achieved in seaweed taxonomy, cultivation
techniques, and resource assessment through
national research institutions, weak technology
transfer ~ and  limited  industry-academia
collaboration have hindered the
commercialization of research outputs (Bhuyan et
al., 2023). Furthermore, inadequate post-harvest
infrastructure, including reliance on traditional
sun-drying, insufficient ~mechanical drying
facilities, and the lack of cold-chain storage,
compromises product quality, increases the risk of
microbial contamination, and reduces the market
competitiveness of domestically produced
seaweed relative to imported products (ILO,
2024).  Addressing  these  interconnected
constraints through integrated marine spatial
planning, strengthened innovation pathways, and
investment in post-harvest technologies will be
essential for developing a resilient and
internationally competitive seaweed value chain.

Socio-Cultural Barrier: Food Neophobia

Food neophobia remains a major socio-cultural
barrier to the development of Bangladesh's
seaweed market, as seaweed is largely absent from
traditional diets outside coastal communities,
resulting in low consumer familiarity and
acceptance. Negative perceptions regarding its
taste, texture, and hygiene further discourage



Hasan et al 2026

Sustainable Aquatic Research (2026) 5(2):211-227

consumption despite its recognized nutritional
value. Addressing these barriers will require
targeted consumer awareness campaigns, product
innovation, and the incorporation of seaweed into
familiar food products to enhance public
acceptance and market demand (Sobuj et al.,
2025; LightCastle Partners, 2025; Zaman &
Rahman, 2026).

Conclusion

Bangladesh possesses substantial natural potential
for seaweed cultivation; however, the industry's
commercial development is constrained by
interconnected  environmental, institutional,
infrastructural, and socio-cultural challenges.
Overcoming these barriers requires integrated
policies, investment in value-chain infrastructure,
strengthened research-industry collaboration, and
market-oriented  interventions to  improve
production efficiency and consumer acceptance.
A coordinated and evidence-based development
strategy will be essential to transform the seaweed
sector into a sustainable contributor to coastal
livelihoods, food security, and Bangladesh's blue
economy.
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