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 In 2017, United Kingdom Research and Innovation- Global Challenges Research 
Fund (UKRI-GCRF - Grant No. BB/P027806/1) awarded to the Scottish Association for 
Marine Science (SAMS) Scotland the GlobalSeaweedSTAR Project “Safeguarding the 
Sustainability of Seaweed Aquaculture in the Developing Countries”.

 UKRI-GCRF GlobalSeaweedSTAR is a 4-year (2017-2021), challenge-led, 
strategic programme in collaboration primarily with the Philippines, Malaysia and 
Tanzania. which deals mainly on four (4) Work Packages (WPs), namely: 1) Disease and 
Pest Detection, 2) Biosecurity, Farm Management and Legislation, 3) Characterization, 
Conservation and Exploitation of Algal Genetic Resources, and 4) Socio-Economic 
Resilience.

 GlobalSeaweedSTAR provides practical solutions and long-term capacity 
building to many other seaweed-producing DAC-list countries through the GCRF 
GlobalSeaweedSTAR Fund. This programme is built upon the foundations laid by the 
NERC International Overseas Fund GlobalSeaweed Programme, however, this new 
programme is entirely focused on the needs of seaweed-producing DAC-list countries. 
GlobalSeaweedSTAR has a strong policy component, thus enabling us to directly supports 
10 out of the 17 UN Sustainable Development Goals.

 The work packages support excellent science and innovation that is directly driven 
by the needs of the country. The WPs deliver by a highly interdisciplinary team  derived 
from international experts in algal biology, aquatic pathology, disease and pest taxonomy 
and policy development, to provide a unique opportunity to build research capacity in 
DAC-list countries and the UK.

 This brochure was prepared and written after four years of research of the 
seaweed industry of the Philippines by the GlobalSeaweedSTAR Philippine Team in a 
layman’s language. This provides the different stakeholders of the seaweed industry to 
understand and implement the mechanics of seaweed farming from the bio-ecophysiology 
and aquaculture point of views, to social network analysis to include risks and risk 
management strategies. Further, this brochure recommends policy makers to adapt in the 
formulation of legislatures especially on biosecurity measures to prevent or reduce the 
incidence of disease outbreaks, minimize risks in the production, trading and marketing 
levels and ultimately formulate risk management strategies. Such policies to be formulated 
based from science will redound to a more robust, resilient, ecologically friendly and 
sustainable seaweed aquaculture industry of the Philippines.

Preface

i
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 The archipelagic nature of the Philippines favors the growth of abundant and 
robust flora and fauna. Since the Philippines sits within the Coral Triangle together 
with Indonesia, Malaysia, Brunei and Papua New Guinea, it is home to one of the most 
diversified land and aquatic organisms in the world.

 Macroalgae commonly called seaweeds come in different pigments or colors, 
namely: green for Chlorophyta, brown for Ochrophyta and red for Rhodophyta. The 
dominant pigments are chlorophyll a, xanthophyll, and phycoerythrin, respectively. These 
seaweeds occur abundantly from the upper intertidal to subtidal zone of the sea. Mostly, 
the green seaweeds are found from the upper to the lower intertidal where the highest and 
lowest tides occur, whereas, the reds and the browns are commonly found from the lower 
intertidal to sub-tidal and totally submerged in seawater.

 Species composition, seasonality and distribution of seaweeds in the Philippines 
are well documented by Cordero (1978), Silva et al. (1987), Trono (1997) and Ganzon- 
Fortes (2012), to name a few. In these reports, several species were found to be of economic 
and commercial value. However, to this date only few are commercially tapped for the local 
and international markets like Caulerpa, Eucheuma, Kappaphycus and Sargassum. The 
report of Hurtado et al. 2020 listed and described the importance of some red seaweeds like 
Asparagopsis taxiformis, Betaphycus gelatinus, Callophylis adnata, Grateloupia filicina, 
Halymenia durvillaei and Porphyra spp. which have high market value waiting for their 
exploration and development.

 Kappaphycus and Eucheuma are two red seaweeds among the many economically 
important seaweeds of the Philippines which are commercially cultivated. The Philippines 
pioneered the commercial cultivation of Kappaphycus in the early 1970s (Doty 1973; 
Hurtado et al. 2017). At present, its farming technology has been extended to other tropical 
and sub-tropical countries mainly for its economic importance as a source of livelihood 
to tens of thousands fisherfolks (Hurtado 2013; Valderrama et al. 2013) and also to the 
different allied industries which uses carrageenan as food ingredient in food processing, 
cosmetics and personal cares, nutraceuticals and pharmaceuticals (Porse and Rudolph 
2017; Campbell and Hotchkiss 2017).

 Seaweed as a marine renewable resource is the food of the future mainly because 
of their multifold nutritional and therapeutic values (Pereira 2018).

Introduction

1
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Seaweed Cultivation areas in the Philippines
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Major eucheumatoids farmed in the Philippines
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Major eucheumatoids farmed in the Philippines
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Biological requirements in cultivar selection

6

Species/variety quality

Standards to follow for raw dried seaweeds 
for export and local markets

PNS/BAFS 85: 2012

Biological requirements in cultivar selection

1. Fast growing

2. Resistant to ‘ice-ice’/endophytes

3. Resistant to extreme changes in
salinity and temperature

4. Smooth, brittle and slimy
surface

5. Heavily branched with pointed
tips

6. Free from any signs of ‘ice-ice’
and endophyte

Species/variety quality

Standards to follow for raw dried 
seaweeds for export and local 

markets

(PNS/BAFPS 85:2012)

A. Kappaphycus spp.

B. Eucheuma spp.

1. Fast growing

2. Resistant to ‘ice-ice’/endophytes

3. Resistant to extreme changes in 
salinity and temperature

4. Smooth, brittle and slimy surface

5. Heavily branched with pointed 
tips

6. Free from any signs of ‘ice-ice’ 
and endophyte
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Ecological requirements in seaweed farming

Site Selection 
Criteria

Environmental 
Requirements

Light intensity 
1000-2000 µmol photons 

m-2sec-1

Water motion 
20-40 m min-1

Salinity 
30-33 ppt

Water temperature
29-32ºC

Nutrient
Nitrate - 1-2mm

Phosphate - 0.5 - 1.0 mm
(Glenn and Doty 1990)

1. Sandy-corally substrate

2. Protected from turbulent
waves

3. Moderate current, far from
residential houses and 

commercial establishments

4. Depth of water during
lowest tide (30 cm)

5. Distance from freshwater
run-offs ( ~ 500 m)

6. Free from domestic
(household) pollution and 
agricultural run-offs (eg.

Ponds washout) 

(Doty et al 1987)
Ecological requirements in seaweed farming
(Doty et al. 1987)

7

Nutrient
Nitrate – 1-2 µM

Phosphate – 0.5-1.0 µM
(Glenn and Doty 1990)

6. Free from domestic 
(household) pollution and 
agricultural run-offs (e.g. 

Ponds washout)
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Cultivation techniques
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Hurtado et al. 2008 
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Categories of pests

14

Microbes

Type 1 - impact to seaweed is by competition for light 
(abundance) Type 2 - parasitism

Type 3 - responsible for injuries and diseases in seaweed (pathogenicity).

Fauna

Type 1 – no direct harmful mechanism

Type 2 – harsh grazing of epiphytes

Type 3 – grazing of epiphyte and 
seaweed

Type 4 – penetrates outer layer with 
direct injury, reaches penetration of 
inner layer.

Epiphyte

Type 1 – attaches weakly to the surface 

Type 2 – attaches strongly to the surface 

Type 3 – penetrates the outer layer of 
the seaweed with indirect injury.

Type 4 – penetrates outer layer with 
direct injury, reaches penetration of 
inner layer.

Categories of Pests
(Ingle et al. 2018)

Microbes

Type 1 - impact to seaweed is by competition for light 
(abundance) Type 2 - parasitism

Type 3 - responsible for injuries and diseases in seaweed (pathogenicity).

Fauna
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Type 2 – harsh grazing of epiphytes

Type 3 – grazing of epiphyte and 
seaweed

Type 4 – penetrates outer layer with 
direct injury, reaches penetration of 
inner layer.

Epiphyte

Type 1 – attaches weakly to the surface 

Type 2 – attaches strongly to the surface 

Type 3 – penetrates the outer layer of 
the seaweed with indirect injury.

Type 4 – penetrates outer layer with 
direct injury, reaches penetration of 
inner layer.

Categories of Pests
(Ingle et al. 2018)

Microbes

Type 1  - impact to seaweed is by competition for light 
(abundance) Type 2 - parasitism

Type 3 - responsible for injuries and diseases in seaweed (pathogenicity).

Fauna

Type 1 – no direct harmful mechanism

Type 2 – harsh grazing of epiphytes

Type 3 – grazing of epiphyte and 
seaweed

Type 4 – penetrating outer layer with 
direct injury, reaches penetration of inner 
layer.

Epiphyte

Type 1 – attaches weakly to the surface 

Type 2 – attaches strongly to the surface 

Type 3 – penetrating the outer layer of 
the seaweed with indirect injury.

Type 4 – penetrating outer layer with 
direct injury, reaches penetration of inner 
layer.

(Ingle et al. 2018)

Type 4 – penetrates outer layer with
direct injury, reaches penetration of inner 
layer.
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Endophytism

15

Endophytism

• Low production
• Unavailability of 

‘seedlings’ for the 
next growth cycle

• Low carrageenan 
quality

• Low income of 
farmers

• Presence of black 
‘goosebumps’

• Thallus 
discoloration

• Thallus 
fragmentation

• Slow or stagnant 
water movement

• High in turbidity 
with siltation

• Extreme 
temperature and 
irradiance

• Low salinity

Factors that 
trigger the 

occurrences 
of 

endophytes

Signs of 
endophytism

Mitigation of 
endophytes

Damaging 
effects of 

endophytes
• Shift from 

shallow to deeper 
water with 
moderate water 
movement

• Use of new and 
improved quality 
seedlings from 
spores and 
micropropagation 
(tissue culture)

Factors that 
trigger the 

accurrences of 
endophytes

Damaging 
effect of 

endophytes

Signs of 
endophytism

Mitigation of
endophytes

Endophytism- is a phenomenon wherein, filamentous algae live inside 
the host plant causing some cellular damages
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Classification of epiphyte-host relationship
(Leonardi et al. 2006)

Type I

Epiphytes weakly 
attached to the 

surface of the host 
and not associated 

with any host 
tissues damage

Type II

Epiphytes strongly 
attached to the 

surface of the host 
but not associated 

with any host 
tissue damage

Type III

Epiphytes reaching 
the deck-lamella 
and penetrating 

the outer layer of 
the host wall 

without damaging 
its cortical cells.

Type IV

Epiphytes 
penetrating the 

deck-lamella and 
outer layer of the 

host cell wall, 
disorganizing the 

cortical tissue.

Type V

Epiphytes 
penetrating deeply 
into the cortex and 

reaching the 
medullary layer. 

Filamentous Ulva
on Multiple-Raft-
Long Line

Hypnea on 
K. alvarezii

K. striatus

K. alvarezii
Melanothamnus (=Neosiphonia), 
Ceramium
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on Mulitiple-Raft Long Line



23

Common macro-epiphytes

Macro-epiphytes

Common macro-epiphytesCommon macro-epiphytesCommon macro-epiphytes

17
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Surgeon fish

(Acanthurus sp.)

Sea urchin
(Diadema

sp.)

Grazers are aquatic animals that bite the tips of eucheumatoids
and/or nibble the pigmented surface of the seaweed.

Grazers

Sea urchins (a-b) and sea star 
(c) are commonly found in 
seagrass beds where 
eucheumatoids are grown on 
fixed-off bottom method. These 
invertebrates use their 
thousands of  ‘tube feet’ (sea 
star) and ’spines’  (sea urchins) 
to graze or sometimes devour 
the entire seaweed thallus.

a

c

b

The natural habitat of juvenile siganids
is the seagrass bed where 
eucheuamtoids are grown on fixed-off 
bottom methods. These herbivores 
nibble the tips and the pigmented 
surface of eucheumatoids, leaving open 
wounds for the entry of opportunistic 
bacteria which cause ‘ice’-ice’. Parrot 
fish and surgeon fish are commonly 
found on rocky-corally habitat where 
the hanging long line and other deep 
sea methods of growing 
eucheumatoids.

Sea urchin
(Tripneustes

gratilla)

Starfish 
(Proreaster sp.)

Rabbit fish 
(Siganus sp.)

Parrot fish
(Scarus sp.)

Surgeon fish
(Acanthurus sp.)

Sea urchin
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sp.)

Grazers are aquatic animals that bite the tips of eucheumatoids
and/or nibble the pigmented surface of the seaweed.
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thousands of  ‘tube feet’ (sea 
star) and ’spines’  (sea urchins) 
to graze or sometimes devour 
the entire seaweed thallus.
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is the seagrass bed where 
eucheuamtoids are grown on fixed-off 
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Post-harvest management

Harvesting: (a) unloading of harvested seaweed, (b-c) carrying of harvested 
seaweed. 
Drying methods: (d) broadcasting, (e) platform, (f) bottom, (g) ‘sauna’, (h-i) 
hanging (i) land-based ‘house-type’ (k) sea-based ‘house type’
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Farm management and biosecurity measures

Proper zonation of farm areas
(To allow free water movement between cultivation lines) 

Rigid screening of propagules
(Young, robust and healthy seedlings)

Acclimation of seedlings from outside source
(In net enclosures for 3-5 days)

Removal and collection of macro-epiphytes
(collect, dry and bury in land)

Strengthening of main lines, 
culture lines and anchors

Input of nutrients
(Immersion of seedlings in nutrient-enrich (organic)

Disinfection of cultivation ropes 
(Sun-drying, washing, brushing)

Fallowing
(Resting of farm area for nutrient replenishment)
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Conclusions

 After more than 5 decades of farming eucheumatoids, phyconomic
techniques have evolved to counter pressing seaweed problems like ‘ice-ice 
occurrence and endophytism brought about by climate change. The pres-
ence of different varieties and colour morphotypes of eucheumatoids results 
to more selection of cultivars by the farmers according to location, season 
and culture technique. Farms were brought to deeper areas of the sea, with 
few innovations of culture techniques like, from single to multiple lines and 
better quality and eco-friendly floaters.

 The social network of the seaweed industry provides some insights 
on the dynamics among the stakeholders, particularly on access to and con-
trol of resources and information. These social imbalances become more 
evident when analyzing the risks affecting the industry and the correspond-
ing risks management strategies adopted and implemented by the stake-
holders. Informal governance measures such as the patron-client system, 
help address the gaps in the current social network system but institutional 
intervention is needed to integrate these differential needs in public policy 
and to further enhance the capacities of key stakeholder groups.

 Farmers are more knowledgeable now than they were previously 
and with the help of science they are now more equipped with the right 
tools and trainings to sustain the seaweed aquaculture industry of the coun-
try. This will be further enhanced by the support of the government, sci-
ence-based policies to include penalties and incentives, and a strong re-
search-academe-government-industry-farmer harmonious relationship.
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