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Global climate change has permanently 

shifted the environment and has impacted 

the health status of cultivated seaweeds, 

making them more vulnerable to diseases. 

By applying the biosecurity approach across 

the industry, factors that affect growth and 

productivity can be identified and mitigated, 

to improve the cultivation system.
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Foreword

Embedding the biosecurity concept in the management of the eucheumatoid

aquaculture industry, will support growth of the industry and protect it from loss

caused by persistent diseases and pests. Achieving effective on-farm

biosecurity measures is essential to securing sustainable production of the high-

value seaweed crop. The GlobalSeaweedSTAR project is a UK Research and

Innovation initiative, which has enabled collaboration between the Scottish

Association for Marine Science (SAMS), Universiti Malaya, and the Department

of Fisheries Sabah to provide high quality research findings on managing pests

and diseases in the seaweed industry of Malaysia.

As a result of this research collaboration, several important findings relevant to

managing farm diseases and pests can now be used to develop detection

methods for causative agents and disease pathways, preventative crop

management strategies, and specific mitigation and control management

standards for farming seaweed. This Standard Operating Procedure (SOP),

provides basic guidelines for farm practitioners to be used in the cultivation of

eucheumatoid seaweed. These guidelines contribute to progress in

understanding and managing the biosecurity risks inherent in the seaweed

eucheumatoid farming system, and aim to provide clear instructions from

preparation to post-harvest processes to improve the farm system and its

productivity.
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Standard operating procedures at a glance

Preparation processPreparation process:
✓ Know your seedling source

✓ Check initial condition of the 

seedling

✓ Environmental factors are optimal 

for growing seaweed

✓ All farm equipment are cleaned   

and disinfected

✓ No using or reusing infected crop 

✓ No fertilizer is used  

Grow-out process:
✓ Grow the seedling using appropriate 

method

✓ Detect signs of diseases by regular 

crop checking

✓ Prevent diseases by removing the 

disease pathways from the crop and 

farm ropes

✓ Manage the farm risks via appropriate 

measures (crop separation, crop 

density, farm waste disposal)

✓ Control the farm system via regular 

visits to the farm

Harvest & Post-harvest 

processes:
✓ Proper handling of the seaweeds 

during harvest and use suitable 

drying technique

✓ Do not dry the infected crop together 

with the healthy crop

✓ Dispose the infected crop and farm 

wastes in landfill 

✓ Clean and disinfect the farm 

equipment after use

Government control and

monitoring:
✓ Regular monitoring of farms through 

random farm site visits

✓ Proactive to mitigate the farm issues  

✓ Record the farm issues for evaluation

✓ Build an effective monitoring and 

reporting system  



1. Introduction

1.1. General information 

In many locations where the eucheumatoid 

seaweeds, otherwise known as 

Kappaphycus spp. and Eucheuma sp. are 

cultivated, ice-ice disease (IID), widely 

recognised as a persistent eucheumatoid 

disease syndrome, has become a key risk 

factor to be considered in managing 

sustainable production in the seaweed 

aquaculture industry. The syndromic IID can 

cause significant declines in local 

production having an impact on a national 

scale. The most notable pest risks are 

currently the epi-endophytic filamentous red 

algae (EFA) Melanothamnus spp. (formerly 

known as Neosiphonia spp.) and these are 

reported to be wide-spread in almost all 

producing countries of eucheumatoid 

seaweed. 

Compared to other aquaculture industries, 

the integration of disease and pests 

management measures in the seaweed 

industry is lacking, and in many producing 

countries this has left production vulnerable 

to widespread diseases and pest impact. 

The biosecurity concept should be 

incorporated as part of the larger framework 

for managing seaweed production and 

sustainability across the value chain, with a 

specific focus on the farm level where direct 

crop loss occurs, as a result of pests and 

diseases. In addition to mitigating crop loss, 

the biosecurity approach may also increase 

crop quality and the resulting market value, 

strengthening the value chain from farmers 

to buyers and processors, and improving 

food safety in the aquaculture system. In a 

wider context, integration of biosecurity 

principles to the seaweed industry

complements the achievement of the  

United Nation sustainable development 

goals (SDG), supporting Malaysian 

seaweed farmers’ livelihoods, and 

sustaining communities through a      

healthy national industry.

To ensure sustainability of the industry, 

farming practices should be updated to 

incorporate the latest evidence-based 

management strategies. This Standard 

Operating Procedure (SOP) for the 

cultivation of Kappaphycus/ Eucheuma in 

Malaysia has used the latest research 

findings to provide clear instructions for 

improving regular farm practices and 

outlines a task-oriented framework to help 

farmers integrate the biosecurity approach 

more successfully. This SOP includes 

check-lists relevant to preparation, grow-

out, harvest, and post-harvest stages of  

the farming process. In addition, this SOP 

includes a template farm risk assessment, 

with updated information and figures for 

specific aquaculture pests/ disease agents 

of eucheumatoid species.

1

Fig. 1 Kappaphycus seaweed grown in a farm. 

(Photo by GSSTAR Malaysia).
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Fig. 2  K. alvarezii  (A) and K. malesianus (B) 

cultivated at the farm. (Photos by GSSTAR 

Malaysia).

1.2. Biosecurity background 

The following are reasons why biosecurity 

should be a primary component of a 

healthy, productive and well-managed 

eucheumatoid aquaculture industry in 

Malaysia:

✓ There is no formalised mechanism for 

farmers to report and observe pest and 

diseases on a national scale.

✓ There has been uncontrolled 

translocation or movement of seaweed 

seedlings and raw crop that have led to 

geographically wide transmission of the 

filamentous EFA.

✓ The eucheumatoid seaweeds are fast-

growing species. This characteristic 

imposes the fast transmission of the 

carrier pathogenic microorganisms, 

associated with the seaweeds, to the 

new environment.

✓ No quarantine process is in place, 

therefore, a health monitoring system 

for the seaweed aquaculture industry is 

lacking in the most productive and 

neighbouring countries of Malaysia 

(e.g., Indonesia, Philippines). This lack 

of monitoring, therefore, contributes to 

the import and spread of the pathogens 

and filamentous pests, which can infect 

the native crops. This also results in a 

wider ecological impact by degrading 

local habitats (e.g., coral, seagrass 

beds, and wild, native seaweeds).

✓ Currently, a list of the exotic and 

endemic eucheumatoid seaweed pests 

is not available, leading to a lack of 

awareness amongst the seaweed 

practitioners.  

✓ There is a lack of stock eucheumatoid 

species or strains resistant to ice-ice 

disease and the changing environment.

✓ Widely used vegetative propagation 

techniques contribute to a decreased 

genetic diversity and crop resilience to 

diseases. 

✓ Disinfection of farm equipment and 

materials transferred between farms is 

not required, putting the farm at high 

risk of moving potentially harmful 

organisms, such as disease pathogens, 

pests and invasive non-native species 

to new sites.

✓ Uncontrolled use of fertilizer in mass 

cultivation systems has been 

responsible for the increase in nutrient 

levels in the local environment and has 

induced coastal eutrophication and 

micro/macroalgae blooms. 

✓ Decreased seaweed production, 

caused by disease outbreaks in 

productive areas and new areas will 

affect the local economy and livelihood 

of thousands of seaweed farmers.

A

B



Detect the causative agent of diseases and pests 
early in the farm cycle by assessing the health 
status of the crop in quarantine. Detect the 
environmental parameters that may support 
growth and promote health of the crop.

Prevent disease causative agents in the farm 
system by using good crop management 
measures, such as cleaning fouling pests off the 
seedlings, not mixing crops from different crop 
cycles, sourcing the seedlings from disease/pest 

free farms, and removing any visibly infected crop.  

Manage farm and crop risks using appropriate 
practices and evidence-based measures.

Control the farm system by integrating regular 
risk assessment protocols on the farm to minimise 
the occurrence of pest and disease outbreaks.  

Detect

Prevent

Manage

Control

Biosecurity Management Measures 

On-farm

3



2. Farm Risk

2.1. Risk identification

Identifying farm risks in the seaweed 

farming process is an important step to 

mitigate risks to the farm system and its 

interaction with the wider environment and 

society. Identification and analysis of farm 

risks has become a well-established part of 

the biosecurity approach across agriculture 

and other sectors of aquaculture, to 

minimise disease and pests introduction, 

and ultimately achieve sustainable levels of 

production. Due to the variability of farm 

risks, processes that are recognised as high 

risk should be prioritized and regular risk 

assessments should be carried out to 

evaluate these risks. Risk analysis is 

defined as an assessment of the level of 

risk associated with the entry, emergence, 

establishment, and spread of pests and 

diseases and the identification of options to 

limit the level of biosecurity risk by the 

Biosecurity Tool Kit of the FAO (2007).

By undertaking risk analysis, to identify and 

prioritise risks, this allows farmers to focus 

on the most likely and severe risks to plan 

mitigation measures, which can reduce 

risks to an acceptable level for the farm to 

operate. The first step of a risk assessment 

requires the identification of each potential 

risk in the farming process, from the 

preparation through to post-harvest stage. 

Then, the second step is to rank the level of 

risk, initially by using evidence-based 

information from literature or industry 

records. To provide a framework for farmers 

in Malaysia, these steps are compiled 

based on an average seaweed operation 

and listed in Tables 1 and 2.

Components Risk

Crop/seedling
➢ Pathogen infected crop (indicated visually by a bleached 

/discoloured thallus)

➢ EFA infestation

➢ Low disease-resistant strains being propagated

➢ Traceability

Farm equipment
➢ Unclean, non-disinfected equipment (ropes, boat hulls, buoys)

➢ Weak rope ties 

Work platform
➢ Crop condition (e.g., dehydrated before planting, wounded 

and contaminated with pathogens)  

Environment
➢ High temperature, low salinity, high turbidity, low water 

movement/ current, high irradiance, pollution 

➢ Inappropriate site location

People
➢ Health problem (e.g., skin irritation/dermatitis and allergy)

➢ Injuries during working

Table 1. Risk components 

4



Table 2. Potential risks related to disease and pests occurrence at each process in a 

eucheumatoid farm 

To be continued….

5

Process Risk components Theoretical suggestion for limiting exposure 

level 

Preparation Environment ✓ Choose a farm site with water flow between 0.2 

– 0.5 ms-1 or plant seaweeds in the seasons 

where water movement is within appropriate 

range

✓ Avoid growing seaweed where and when the 

salinity is too low (e.g. during heavy raining 

season, near an estuary, near a site which have 

mixing water)

✓ Cultivation site should have an unpolluted 

environment and the variability of environmental 

parameters is within appropriate limits

✓ Avoid siting farms in turtle migration/ 

conservation area, unless alternative cultivation 

methods such as nets or cages are used 

Crop/Seedling ✓ Use healthy seedling with no visible signs of 

pests or bleaching

✓ Keep records of seedling source, and farm 

history/ location. Conduct isolation of new 

seedling with unknown farm history

✓ Not to use seedling with EFA infestation

Work Platform ✓ Use the work place (platform) to tie seedling 

under the shade

✓ Clean the platform from unwanted material 

using clean tool (e.g., brushes, wiper) and dry it 

for a day

Farm equipment ✓ Before use, disinfect the cultivation rope by sun 

drying to kill the fouling organisms and 

pathogens 
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To be continued….

Grow-out Crop/Seedling ➢ Appropriate measures such as lowering the rope 

below 50 cm water depth (for longline method) 

can help to acclimatise the seaweeds during the 

first two weeks of the growing period.  

➢ K. malesianus is relatively more susceptible to 

disease and pests, thus K. alvarezii which is 

more robust is preferred for use under suboptimal 

environment conditions (e.g., during disease 

season) 

Crop/Seedling ✓ Minimise macroalgae epiphytes coverage by 

regular removal the epiphytes using soft 

fabrics/paper tissue, while EFA infestation can be 

minimised through early detection measures on 

the initial seedlings  

✓ Minimise the biofilm coverage by removing the 

biofilm regularly to prevent infection by 

pathogenic organisms associated with the biofilm

✓ Dispose diseased thallus and unwanted farm 

material to landfill and not within the farm area

People ✓ Wear protective clothing (e.g., long sleeves, sun 

hat, appropriate hand cover, etc) during the 

cultivation process. This can help prevent skin 

problems and personal injuries

Environment ✓ Regular monitoring of the water conditions, 

assisted by appropriate planting procedures and 

daily monitoring of weather conditions as well as 

water movement/current and the herbivorous pest 

attack is important

Farm equipment ✓ Regular cleaning of the epiphytes/biofilm/EFA on 

farm ropes (tie-tie ropes, main cultivation ropes) 

using a brush is recommended 

✓ Avoid sharing farm equipment to reduce disease 

transmission, proper disinfection is required if 

there is a need to share equipment
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Harvest Crop/Seedling ➢ Avoid mixing healthy thallus with those that are 

bleached or infected by EFA during the 

harvesting stage. This will result of lower quality 

seaweeds and a lower selling price

Farm equipment ✓ Clean all farm equipment using freshwater if 

possible (after harvesting the seaweed) and 

disinfect all equipment by sun-drying

Post harvest Crop/Seedling ✓ Use the recommended drying technique (e.g. 

sun-drying) for better quality of seaweeds and 

higher selling price

✓ If possible the drying area should be secured 

Farm equipment ➢ Use sun-drying for disinfecting and drying the 

equipment after a proper cleaning



2.2. Risk assessment

To identify a risk hazard within the seaweed aquaculture system, identification of the farm risk 

component(s) that could potentially produce conflicting outcomes to farm productivity, the 

environment-supported system and farmer’s livelihood, is required. The farm hazards include: 

pathogens and their pathways, that are associated with the seaweed crop such as epiphytes, 

EFA and farm waste, in the form of biofilms, sediment, etc., that cover the thallus. Other 

pathogens that may occur within the farm facility should be managed to minimise impacts on 

farm productivity. Hazard identification will be determined through risk assessment by 

measuring the level of farm risk against the likelihood and consequences of its occurrence.

The likelihood measurement can be estimated by considering the probability that a seaweed 

disease, and/ or damaging pest would occur on the farm. The level of the likelihood can be 

distinguished by literature reviews and science-based studies. The likelihood levels will vary 

depending on the occurrence of the disease/damaging pest on the farm or on neighbouring 

farms over a stated time period and its possible pathways. Likelihood ratings and descriptors 

are shown in Table 3. The consequence can be estimated by considering the impacts of the 

disease and the pest occurrence on farm productivity. Measuring the consequences should 

include the integration of multiple aspects (e.g., environment, infection rate and farm 

productivity). The consequence levels and their descriptors are shown in Table 4.

The risk can be estimated by linking the likelihood and consequences scores (L x C), with 

level of scores varying from 1 to 25. The highest risk is categorized as a catastrophic risk, 

while the lowest is categorized as negligible. The assessment for mitigating the farm risk is 

based on the categorisation of the risk (Table 5).

Level Description

Remote (1) Never reported diseases, but presence is not impossible or occurs once in

period 10 –20 years

Unlikely (2) May occur but only under exceptional circumstances, or the occurrence of

diseases at most 2−3 times in period of 10 years

Possible (3) Clear evidence that diseases possibly occur in farm, or more than three

times in a period of 5 –10 years, but not often

Likely (4) Diseases is likely and certain to occur in farm in a period of 3 – 5 years

Certain (5) Diseases is certain to occur every year or within 2 years

Table 3. Measuring the farm likelihood (L)

Modified from SCAAH (2016)
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Level Description

Insignificant (1) No impact was reported on the farm and the environment

Minor (2) Impact on farm is less than 10% reduction in productivity and no reported

environmental impact

Moderate (3) Widespread impact on farm and about 10 to 30% decrease in

productivity, with the nearby ecosystem reporting minor impact but can be

recovered within a short period of time

Major (4) Considerable impact on farm production with 50% decrease in

productivity and negative impact reported from any of the nearby

ecosystem (e.g., seagrasses, coral) requiring long period of recovery

time

Catastrophic (5) Reduction of 75% in farm productivity or completely no production.

Significant negative impact reported from any ecosystem in proximity

requiring long period of recovery time or unrecoverable

Level Assessment Mitigation

Negligible (1 – 2) Acceptable level Do not require any actions in the farm

Low (3 – 5) Acceptable level Need monthly monitoring but no action required

Medium (6 – 10) Unacceptable 

level

Weekly to fortnightly monitoring is required; risk

identification is needed to manage the problem and

reduce the level of risk

High (12 – 15) Unacceptable 

level

Intervention is required on the farm system and

mitigation action on the risk problem as soon as

possible

Extreme (16 – 25) Unacceptable 

level

Urgent intervention is required or stop farming to

mitigate the level of risk

Table 4. Measuring the farm consequences (C)

Table 5. Risk assessment and mitigation of the farm risk

Modified from SCAAH (2016)
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3. Farm Operating Procedures

3.1. Preparation  process

Traceability of seedling 

Know the farm where the seedlings have been sourced. If the source of the seedlings is a 

local farm (nearby farm) without disease history or from a government agency, then the 

seedlings can be used directly on the farm. The new seedlings can be cultured on the farm 

together with the old healthy seedlings, grouping them as new and old crops, with age class 

separation incorporated as part of the prevention measures. This grouping can make it easy 

to control crop productivity from the different classes of vegetative reproduction. 

However, if the seedlings come from a nearby farm that has a history of diseases and pests, 

such as EFA and IID, the seedlings should be cultured separately from other healthy crops for 

at least 20 days with a separation distance of 500 m. The isolation process should be closely 

monitored, to observe any changes that appear in the seedlings, such as colour, growth, or 

any unusual visible signs (e.g., the appearance of filamentous EFA on thalli, showing as black 

spots, or any signs of bleaching, signifying the occurrence of pathogenic organisms). The 

isolation of new seedlings from a farm with a disease history can be used as an early 

prevention measure to minimise diseases outbreak on the new farm. Seaweed crops that 

show signs of infection during the isolation process must not be used and disposed of to 

landfill. However, if no sign of infection has been observed during the isolation period, the 

new crop can continue to be cultured separately from the old healthy crop.

For the imported seedlings, the quarantine process is required before the seedlings are 

allowed to be farmed (see the quarantine guidelines). The quarantine process should be 

done by a national or local nursery run or authorised by the government/competent authority 

following a national quarantine system, as part of the detection and prevention measures on 

disease risk. 

Fig. 3 Various sources of seedling and the respective handling process
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However, the quarantine facility for 

seaweed aquaculture is currently lacking at 

the national or local levels. Alternatively, the 

quarantine facilities can be set up by the 

private sector, subjected to inspection and 

approval for growing-out in the field by 

certified government officers. Individual 

farmers would not be able to follow the 

quarantine process, due to a lack of 

available tools and skill (e.g., histopathology 

and PCR tests) in detection measures for 

pathogenic microorganisms, invasive 

species and imported pests. The imported 

seedlings can bring exotic/invasive 

microorganisms that may ruin the farm 

system and the ecosystem surrounding the 

farm system.

Private sector can help to set up 

the quarantine process for 

detecting disease and pests 

introduced into seaweed 

aquaculture as an alternative 

solution if  localised or national-

level quarantine facilities are not 

available.

Health status of seedlings and 

their preparation

Prior to the farming process, the seedlings 

should be confirmed as healthy by a visual 

check; there should be no wounds, no 

bleaching/pale colour, no black spots or 

root-like spots in the thalli which suggest 

epi-endophytes filamentous algae anchored 

into the thalli, no coverage by any parasitic 

molluscs, silt/other farm wastes (in the form 

of biofilm or mucus). The seedlings should 

have many branches and shoot tips, but not 

bold/big primary and secondary branches 

(i.e. old crop). Prior to seedling placement 

in the grow-out stage, the tying of seedlings 

to the lines should be done immediately 

after checking their health status. 

The platform for the seaweed crop 

preparation should not directly expose the 

seedlings to the sun to avoid desiccation. 

Each individual seedling (bundle) should be 

weighted, 100 gram per bundle for a single 

loop and 50 g for a double loop. The weight 

of the bundle will be reduced by half (50 g 

per bundle), during the disease season to 

prevent disease outbreaks due to high crop 

density. The seedling bundles should be 

tied 25 cm apart along the main rope. After 

tying, the seedlings should be placed for 

growing-out during the cooler parts of the 

day (not during noon time). 
Fig. 4 A diseased seedling with EFA coverage 

and bleached thallus. (Photo by CSB 

Kambey).

11

B



Farm ropes preparation 

The used ropes (tie-tie and main ropes) 

should be cleaned by washing several 

times with fresh water to make sure no 

organisms are attached and checked by 

visual inspection. The ropes should then be 

disinfected through sun-drying for 48-hrs to 

de-activate the microorganisms, which may 

still be available within the ropes. Anchor 

ropes should also be routinely cleaned from 

fouling pests (if they cannot be disinfected). 

The floaters (buoys) should be cleaned and 

disinfected by sun-drying. 

Boat preparation

Prior to each farm cycle, the hulls of the 

farm boats should be cleaned using fresh 

water (if available) and disinfected by sun-

drying for 48-hrs.

Farm site

Make sure the surrounding farm areas are 

not polluted with municipal and manufacture 

wastes. Farm area should ideally not be in 

conflict with other aquaculture practitioners 

(unless specifically a polyculture or 

integrated aquaculture site), tourist and 

conservation areas, public transportation 

lines and should be located in a site

designated for seaweed cultivation by the 

local competent authority.

The farm site should be at the inner region 

of a bay and ideally sheltered from strong 

winds and waves. The site should not be 

located in an estuary area or downstream of 

a river. For the long-line method, the farm 

site should be located above a sediment 

and/or rocky-based, but not living coral, 

substrate and have a water depth of 4 – 20 

m at neap tides, with 3 – 5 m water turbidity.

For the off-bottom method, a sandy bottom 

with a limited presence of natural seaweed 

is the best farm site. The availability of 

natural seaweeds, corals and seagrasses at 

a farming site may promote competition for 

growth resources and the occurrence of 

herbivorous fish. In addition, coral-based 

sediment has to be avoided, due to difficulty 

in securing the farm anchors. A muddy sea 

bottom is also not advisable for suitable 

farming site, as the silt and mud can cover 

the plants and affect growth, as well as, 

increasing the possibility of harbouring 

diseases.

Environmental parameters

Prior to the farming process, the 

environmental parameters should be 

monitored and ideally, water movement 

should be in the range of 0.2 – 0.5 ms-1 (if it 

can be measured/informed by government 

officer), salinity should range between 30 –

33‰ (except for heavy rain season) and 

optimum seawater temperatures are 

between 28 – 31°C. The environmental 

parameters and water quality (e.g., water 

movement/current, salinity, temperature, 

inorganic nutrient and bacteria 

identification) should be monitored by the 

local competent authority, at least per 

month and the results shared with the 

farmers/other stakeholders, particularly 

during the disease season or bad weather 

conditions.

Fig. 5 The uncleaned and non-disinfected farm 

ropes. (Photos by CSB Kambey).
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3.2. Grow-out process

Seedling placement

Prior to the placement of seedlings on the 

farm, whether using the long-line, off-

bottom or raft cultivation methods, the 

seedlings should be placed in an 

intermediate place, which has been cleaned 

and disinfected (e.g., basket, boat). The 

seedlings should not be overcrowded, to 

avoid wounds and should be covered from 

direct sunlight. The placement may take 

time, therefore, every effort should be made 

to avoid desiccation of the seedlings (i.e., 

regularly moisten with seawater). Each rope 

inserts with individual seedlings (with a 

length of 100 m or depending on allowable 

site) should be placed with a distance apart 

of 20 − 25 cm per seedling bundle, 

however, this should be increased to 50 cm 

in the disease season.

For the long-line method, the ropes should 

be placed 50 cm under the surface water in 

the first 14 days for acclimation to avoid 

early bleaching of tips, and then decrease 

the depth of ropes after 15 days to ± 20 cm 

from surface water to get abundant light for 

growth. The line of the rope should be in the 

same direction as the predominant current 

flow. For the off-bottom method, the 

seedlings should be tied on to lines 

attached to the seabed in the same 

direction of water current flow and not 

against the current. The sufficient water 

depth for the off-bottom method is minimum 

1 m at spring low tide.

For the raft method, seedlings are attached 

or tied in the ropes that have been 

previously prepared. Due to limited space 

on the raft, it is important to adjust the 

density of seedlings (e.g. 100 g per bundle). 

The density of seaweed should be 

decreased during the disease season to 

avoid fast transmission of pathogens within 

the overcrowded crops in the raft.

Maintaining and Monitoring 

process 

Maintaining and monitoring the seaweed 

crop during the farming process can be 

done by practicing good crop management 

measures (e.g., detection, prevention, 

managing and control). The farmer should 

visit the farm routinely for monitoring crop 

condition (daily visits recommended). 

Detection

Detection of unhealthy/diseased crops 

during the grow-out process can be done by 

daily checks of the crop. Diseases can be 

detected by the appearance of black root-

like spots in the thallus, an early sign of epi-

endophytes or EFA. Appearance of 

bleached thallus can be a sign of 

pathogenic microbial infection (which may 

include the EFA), a nutrient starved crop, or 

early desiccation. If the bleached part of 

thallus starts from the tip of the branch, it is 

likely that the crop is nutrient starved, which 

may happen by exposing the thallus 

tips/branches to sunlight during the grow-

out process or by farming with an excessive 
stocking density.

The bleached crop can be treated by 

removing the infected part from the system, 

while the unbleached part can continue to 

be cultured. Early desiccation during 

seaweed crop preparation can also cause 

bleached thallus, which starts from the tip of 

the branch within 7-10 days of culture. The 

treatment measure for the desiccated 

seedlings is similar to nutrient starved 

seedlings with the removal of the 

desiccated bleached part.  
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However, the removal of the tips can affect 

daily growth of the seaweed. It is highly 

recommended, therefore, to avoid bleached 

tips in the early grow-out process. However, 

bleaching caused by pathogenic microbial 

infection, typically starts from the secondary 

or primary branches and may occur after 

two weeks of cultivation. The thallus with 

bleached secondary or primary branches 

should be treated differently either through 

quarantine observation or self-crop 

isolation, with the infected parts removed 

prior to the process. In the quarantine/ 

isolation process, the infected crop should 

be observed in detail, as to whether it can 

self-cure after the bleached part was 

removed (i.e., no signs of further infection) 

or the bleached parts will continue to 

spread to the entire thallus and becomes 

fragmented. If the crop has no further 

infection, the individual crop can continue to 

be cultured. However, if the bleached part 

spreads to ~50% of whole thallus, the crop 

is disposed to landfill. If ~50% of the crops 

in a farm experienced bleaching on the 

thallus, the entire crops in the farm should 

be taken out and all crops disposed to 

landfill. The farm with disease infection 

(bleached crops) should be emptied for 45 

days. Do not re-use the infected crop and 

do not further dry the infected crop as this 

crop will have a lower market price 

compared with the healthy crop.

Fig. 6 Bleached thallus of Kappaphycus

seaweed: bleaching caused by EFA infestation 

(red arrows) in K. malesianus (A, B), bleached 

tips caused by nutrient starvation in K. alvarezii  

(C), black spots showing early signs of EFA (D). 

(Photos by GSSTAR Malaysia).

A

B
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Prevention 

Removing the disease pathways (e.g., the 

bleached crop, crop infested by EFA,  

epiphytic macroalgae) from the system is 

part of the preventative measures. Regular 

cleaning to remove epiphytic macroalgae, 

farm wastes (white mucus, black mucus, 

sediments) and fouling organisms, on the 

thallus and cultivation ropes is an effective 

treatment for minimising the farm-risk 

caused by pathogen infection. Soft fabrics 

or tissue paper can be used for cleaning the 

crop (weeding), while a rough fabric can be 

used to remove the fouling organisms and 

the epiphytic macroalgae on the cultivation 

ropes. 

Manage

The epiphytic macroalgae, infected 

thallus/crop, and fouling organisms, 

removed from the crop and ropes should be 

disposed to landfill (at a recommended 

site). The waste shall not be thrown into the 

water within the farm area or by simply 

shaking the farm ropes only. Despite the 

cleaning treatment, crop density should be 

managed more intensively during the high 

risk season (i.e., disease season from May 

to August). Reducing the crop density in 

disease season may potentially prevent 

crop failure by disease outbreaks. During 

the grow-out process, avoid using fertilizers 

to boost seaweed growth and health 

condition. Uncontrolled usage of fertilizer (N 

and P) can cause changes to the 

ecosystem in proximity to the farm, for 

example macro- and microalgal blooms 

(eutrophication) in the coastal area. 

Biostimulant made from natural products is 

recommended for use, if available in the 

market.  

Control

Control measures on the farm should start 

with monitoring the environmental factors 

such as surface seawater temperature, 

water salinity and turbidity in the farm area, 

water movement/current and water 

pollution. Regularly monitor the crop growth 

and its condition, such as identifying where 

the IID syndrome originates, whether thallus 

was exposed to the sun by inappropriate 

placement, or are there herbivorous pests 

occurring in the farm. If the IID syndrome is 

severe (~ 50% of the crops are infected) 

and occurs continuously (every cycle), this 

should be reported to the local government 

to find the right solution by expert opinion. 

Records of farming problems is necessary 

for further evaluation. Cleaning treatment 

on crop and ropes is mandatory. The farmer 

is recommended to wear protective gear, 

such as gloves and waterproof clothing 

whilst working on the farm to prevent 

personal injuries or any skin problems. 

Fig. 7 Biofilm covering the seaweed. 

(Photo by GSSTAR Malaysia).
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Fig. 8 Regular checking of the crop’s 

health condition. (Photo by GSSTAR 

Malaysia). 



3.3. Harvest process

The cultivation period of Kappaphycus/ 

Eucheuma seaweed varies depending on 

the cultivation purpose. For example, 

culturing the crop for farm stock can be 

accomplished in 30-days. However, a 

commercial standard harvest for 

carrageenan requires a cultivation period of 

45 − 60 days. Before harvesting the crop, 

the farmer should wear protective gears 

such as gloves to prevent hand injuries or 

any skin problem, a hat and long-sleeve 

clothing (waterproof is necessary) for 

protection from the sun, and waterproof 

shoes for farmers who use an off-bottom 

culture method.  

To harvest the seaweed, various methods 

can be used according to the 

capacity/capability of each farmer. A 

conventional harvesting method requires a 

clean knife to cut the tie-tie ropes with 

seaweed bundle from the main ropes, 

before they are put into a basket or a clean 

boat (boat or basket should be cleaned 

before use). There is another harvesting 

method, where the main ropes are removed 

from the anchor with the crop and tie-tie 

rope still remaining, and these are directly 

placed into the boat for transportation to the 

drying platform. Further processing (cutting 

and cleaning) then continues on the 

platform. New innovation in harvesting 

process where a machine is used for cutting 

from the tie-tie ropes and separation of the 

ropes are done in the boat, which is faster 

than the manual style. However, the final 

process of cleaning the crops and 

separating from the farm wastes, epiphytes, 

and other fouling organisms will be done 

manually in the platform. Make sure there 

are no silts, plastics (from tie-tie 

ropes),other farm waste, and bleaching/ 

infected thallus are in the cleaned seaweed 

crop.  All the ropes (main ropes and tie-tie 

ropes) and buoys should be cleaned and 

disinfected with sun drying for at least 48 

hours to deactivate the microorganisms that 

may harm the seaweed. Other equipment 

that are used in the process should be 

cleaned before re-use.

Harvesting process for stocking purpose 

can be continued with the same procedures 

in Section 3.1 (see Health status of 

seedling and their preparation). Normally, 

new stock of crop requires three culture 

cycles to produce initial seedlings of good 

quality and in sufficient amounts for grow-

out in the farm. 

3.4. Post-Harvest process

Various conventional or modern methods 

have been used to dry the seaweed. Avoid 

freshwater and rain, as well as pet animal 

movement during the drying process, 

particularly in the conventional methods. 

Therefore, covering the seaweed whilst it is 

drying should be mandatory. Various 

conventional methods for drying the 

seaweed are performed in Malaysia, such 

as drying the seaweed on the platform, 

hanging, indoor (shade) and ‘sauna’. The 

modern drying methods, which have been 

introduced lately, but rarely being practiced 

by farmer, include a greenhouse concept 

and oven drying. Conventional drying of the 

seaweed requires an open area, generally 

without a roof. This method depends on 

sunshine, prevailing weather conditions, 

and wind speed available of a large surface 

area. Approximately 3 – 4 sunny days, or 7 

– 10 fine days are needed to dry the 

seaweed to obtain a moisture content of 

about 43 – 45% . The hanging method 

requires 4 – 9 or more days during bad 

weather conditions. Check the drying 

condition of the crops by turning over the 

seaweeds every 2 – 3 h. 
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The quality of seaweed is determined by 

crop condition, percentage of impurities and 

moisture content produced after drying.

3.5. Government control and 

monitoring

Government officers should regularly 

monitor each farm within their authority 

areas. The presence of unusual mortality of 

the seaweed, severe IID syndrome, 

unexplained events on the farm, and other 

suspected weather/ human activities 

disturbance should be assessed and 

reported to the authorized department.

Local government should be proactive in 

farm monitoring and control of farm 

practices by routinely visiting farms (can be 

randomized) and carry out regular 

communication with farmers. The work 

includes identifying the farm challenges and 

risks, evaluating the mitigation actions that 

have been taken and evaluating the need 

for further action. A reportable system

to accommodate the complaints and needs 

of farmers, for evaluation by the 

government, is needed. Risk assessment 

should be done routinely by government 

officers.  The on-farm biosecurity 

management measures which include 

detection, prevention, management and 

control practices, require recorded data on 

different aspects of the farm operation. The 

records are required for the management 

level. Examples include, record of crop 

movement and crop source, record of 

monthly farm inspection, report of regular 

farm risk assessment, record of good crop 

management practices by farmer (for 

further incentives/subsidy consideration), 

record of monthly production yield, record of 

disease and pests on farm (weight of crop 

loss from IID), and report of monthly 

evaluation on farm/local farm. A regular 

briefing and discussion group (informal 

training) are recommended to deliver 

updated information/ technology/best 

practices as monitoring strategy at farm 

level.

Fig. 9 Current drying methods used for seaweed 

in the post-harvest process (A,B), the cleaned 

and disinfected farm ropes and buoys (C). 

(Photos by CSB Kambey).
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Quarantine guidelines

➢ The quarantine process should be done 

in tank culture system to minimize risks 

caused by the exotic pathogen/pests that 

are bound to the imported seaweeds and 

transferred into the local marine 

environment.

➢ First step, the seawater that is used in 

the tank system should be filtered with an 

appropriate water filtration system (e.g., 

UV sterilization) and the tank should be 

cleaned and disinfected (may use  

Chlorine solutions as disinfectant with 

appropriate concentrations).

➢ Prior to the quarantine process, the 

seawater should be checked for 

inorganic nutrients (e.g., NH4, NO3, and 

PO4), salinity and temperature, to ensure 

that these parameters are optimum for 

seaweed culture (values and 

concentrations may differ in each area).

➢ The tank system should be adequately 

aerated, depending on the volume of the 

tank and checked to ensure optimum 

light intensity for photosynthesis (60 – 80 

µmol photons m-2 s-1). The quarantine 

equipment should be disinfected before 

and after use (e.g., washed with 

appropriate concentrations of Chlorine)

➢ Second step, the new seedlings should 

be cleaned to remove any unwanted 

organisms (mainly macro-organisms) by 

washing with clean and filtered seawater 

and then placed into the tank system at 

the optimum density (5 – 7 g L-1).

➢ Quarantine process should be 14 – 20 

days in duration. Access of unauthorised

personnel to the quarantine facility 

should be restricted. Seawater should be 

changed three times per week.

➢ During the process, the seedlings should 

be monitored daily for signs of color 

change, appearance of hairy filamentous 

algae, and growth performance 

(adaptation). It is recommended to 

conduct histopathology test on the 

seedlings. The seedlings should also be 

examined using a magnifying glass (5x) 

for signs/presence of the epiphytic pests. 

The PCR test is recommended for 

detecting any exotic pests embedded on 

seaweed thallus. Identification of 

microorganisms, such as exotic pests 

and diseases, which are high risks to the 

seaweed and the environment, is highly 

encouraged.  

➢ Record and make a list of all 

observations especially on pests, disease 

and associated microorganisms during 

the quarantine process.

➢ Seawater that is used for the quarantine 

process should be treated by adding 

chlorine (125 ml m-3) before disposal 

following manufacturer instructions.
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Manual for Seaweed Farming of Kappaphycus/ 

Eucheuma (DOFM, 2012) and updated using 

available references.



Component Condition

1 = Good / High

2 = Requires 

attention/   

Average

3 = Poor/ Low

Challenges 
(Describe the 

problem)

Early response 

treatment/ 

mitigating action 

(Describe the action 

taken)

Seaweed 

Farm equipment

Water temperature

Water salinity

Water current/ movement

Inorganic nutrients

Water turbidity

Weather

Pollution

Diseases (Ice-ice syndrome) 

based on percentage of 

occurrence in farm

Epiphytic macroalgae 

(based on percentage of 

coverage on individual crop or 

average in farm)

EFA ( based on percentage of 

coverage on individual crop or 

average in farm)

Biofilm (mucus waste) (based 

on percentage of coverage on 

individual crop or average in 

farm)

Herbivores: turtle

Herbivores: fish

Farmer’s health condition

Farm checklist for government officer
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Component Condition

1 = Good / High

2 = Requires 

attention/   

Average

3 = Poor/ Low

Challenges 

(Describe the 

problem)

Early response 

treatment/ 

mitigating action 

(Describe the action 

taken)

Seaweed

Farm equipment

Water temperature

Water salinity (dependent on rain)

Water current/ movement 

(dependent on wind) 

Inorganic nutrient (requires 

assistance from government 

officer)

Water turbidity

Weather 

Pollution (any kind of water

pollution)

Diseases (Ice-ice syndrome) 

Depend on the percentage 

occurrence of individual crop 

Epiphytic macroalgae (depend 

on coverage )

EFA (depend on coverage )

Biofilm (mucus waste) (depend 

on coverage )

Herbivores: turtle

Herbivores: fish

Unknown species

Health problem (skin problem or 

any health problems experienced 

by farmer)

Farm checklist for farmer
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Figures

Ulva sp.

✓ Mitigation measure: manual removing by hand (weeding)

✓ Occur on the thallus and cultivation ropes

✓ Abundant in high nutrient environment

✓ Can act as disease pathways and nutrient competitors to the cultivated seaweed. 

The high coverages on thallus can affect the growth of the seaweed crop

1. Macroalgae epiphytes on seaweed thallus

Photo by CSB Kambey



24

Ulva sp.

Photo by CSB Kambey

✓ Mitigation measure: manual removing by hand (weeding)

✓ Occur on thallus and cultivation ropes

✓ Abundant in high nutrient environment

✓ Can act as disease pathways and nutrient competitors to the cultivated seaweed. 

The high coverages on thallus can affect the growth of the seaweed crop

2. Macroalgae epiphytes on seaweed thallus

Photo by CSB Kambey
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Ulva sp.

Photo by CSB Kambey

✓ Mitigation measure: manual removal from the thallus using soft fabrics/tissue 

paper, careful inspection of seedlings at the early preparation stage  

✓ Not easily detected by farmer

✓ Can act as disease pathways and nutrient competitors to the cultivated seaweed

3. Epi-endophytic filamentous algae (EFA) on seaweed thallus; first stage in

preparation process

Photo by CSB Kambey
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Ulva sp.

Photo by CSB Kambey

✓ Mitigation measure: manual removal from the thallus using soft fabrics/tissue 

paper at grow-out stage  

✓ Can act as disease pathways and nutrient competitors to the cultivated seaweed

✓ The high coverage on thallus can affect growth, induces ice-ice disease with 

signs of bleaching thallus, and produces low carrageenan yield and gel quality

4. Epi-endophytic filamentous algae (EFA) on seaweed thallus; second stage

Photo by CSB Kambey
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Ulva sp.

Photo by CSB Kambey

✓ Mitigation measure: high coverage of epi-endophytes (EFA) cannot be easily 

removed, hence the whole individual crop should be removed and disposed on 

landfill.

✓ High coverage of EFA will lead to bleaching of thallus (IID syndrome)

5. Epi-endophytic filamentous algae (EFA) on seaweed thallus; third stage

Photo by CSB Kambey
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✓ Mitigation measure: high and low coverage of biofilm can be removed using soft 

fabrics/tissue paper

✓ High coverage of  biofilm on the thallus can induce disease (IID syndrome)

✓ Biofilm can act as disease pathways

✓ High coverage of biofilm is often observed in farm site with heavy discharge of 

municipal wastes  

6. Biofilm coverage on seaweed thallus

Photo by CSB Kambey
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Ulva sp.

Photo by CSB Kambey

✓ Mitigation measure: high and low coverage of biofilm can be removed by soft 

fabrics/tissue paper 

✓ High coverage of  biofilm on the thallus can induce disease (IID syndrome)

✓ Biofilm can act as disease pathways

✓ High coverage of biofilms is often observed in farm sites with heavy discharge of 

municipal wastes

7. Biofilm coverage on seaweed thallus with EFA

Photo by CSB Kambey
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Ulva sp.

Photo by CSB Kambey

✓ Mitigation measure: low coverage of biofilm can be removed by soft fabrics/ 

tissue paper 

✓ High or low coverage of  biofilm on the thallus can induce disease (IID syndrome)

✓ Biofilm can act as disease pathways

✓ Seaweed thallus covered by biofilms and showing IID syndrome should be 

isolated for further observations

8. Biofilm coverage on seaweed thallus with IID syndrome

Photo by CSB Kambey
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