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Outline
• What is HAB? – species, types, causes
• HAB-related fish kill events
• How HAB kill fish?
• How to manage and mitigate?
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What is Harmful Algal Blooms? 

Typical Phytoplankton Community

Phytoplankton composition changes due to various environmental factors (temperature, pH
Salinity, nutrient, light, current, rainfall etc.).
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Toxic plankton -
at a concentration as low as 20 cell/L is 
enough to cause shellfish contamination

High biomass –
tend to form discoloration visible by 
naked eye

HABs!
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What are harmful algae?
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SOCIO-ECONOMIC IMPACTS OF HABs 

€ 850 m
Annual
€ 687 m tourism
€ 158 m commercial fisheries

$ 82 m
Annual (1987-2000)
$ 37 m public health
$ 38 m commercial fisheries
$ 4 m local recreation & tourism
$ 3 m coastal monitoring

$ 32 m 1998

$ 133 m 1991-92

$ 47 m 1978

600 tonnes 
2015

$ 800 m
2016
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HARMFUL ALGAL BLOOM IN  
SOUTHEAST ASIA 
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Relation between fertilizer consumption, coastal dead zone and 
Paralytic shellfish Poisoning (UNEP 2008)
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Mariculture
• Mariculture is crucial to meet up 

the demand from growing 
population and depletion of 
captive fisheries.

• The industries faced various 
threats from the changing 
environments and other 
anthropogenic activities.

• HABs are promoted by 
enrichment of coastal waters by 
organic/inorganic nutrients from 
unused feed; posed threat to the 
sustainability of the industries.

(Furuya et al. 2010; FOA)
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“HABs have threaten the development of mariculture industries worldwide, partly due to the 
alteration of ecosystem balance from various anthropogenic activities, including waste from 
aquacultures ”

Chaetoceros spp.

Alexandrium catenella, 
Pseudochattonella
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HAB-RELATED FISH KILL EVENTS
Socio-economic impacts to fisheries
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Chattonella sp. in Japan

Cochlodinium in Korea

Karenia in Hong Kong

mass mortality of fishes
(Courtesy of Y Fukuyo)
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Mass mortality of shellfish
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HAB-related Fish kills
• Mechanisms of fish kills:

1. low oxygen level in water (hypoxia/ 
anoxia) due to degradation of 
blooms; 

2. Physical clogging and mucus-
induced suffocation; 

3. Ichthyotoxins;
4. Micropredation;
5. production of ammonia by certain 

dinoflagellate species.
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Massive fish kills caused by hypoxia along the 
Malacca Strait in 2019

Tg Piandang, Perak
27 Aug 2019

Teluk Bahang, Penang
13 Aug 2019

Hii et al. 2019 (Harmful Algae News)

1. Hypoxia due to bloom degradation
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Massive fish mortality in Teluk Bahang, Penang
• On August 11, 2019, a massive fish kill event was reported in

Teluk Bahang, Penang, Malaysia (Fig. a).
• The local farmers claimed losses of over 50 tons of caged

fishes, estimated of USD 190,000.
• Dissolved oxygen (DO) level in the water columns was

deficient; the lowest DO level was observed at fish cage area,
with the surface DO level of only 2.47 mg/L, and 0.94 mg/L at
the bottom (4 m depth) (Fig b).

• Microscopic observation have showed the highest
occurrences of phytoplankton species were
Cosinodiscus sp. (2.5 × 104 cells/L; Fig. c), followed
by Chaetoceros spp., Proboscia sp., Rhizosolenia
sp., Guinardia sp., and leptocylindrus sp.

• Excessive nutrients in the environment was
inducing the massive phytoplankton blooms.

• The bloom-induced hypoxia has caused massive
fish mortality in the area.

Hii et al., 
2019
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Fish killing mechanisms 
by K. australe

Phagotrophic/mixotrophic dinoflagellates

4. Micropredation
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Song et al. 2020 (Harmful Algae)

Lethal effects on zooplankton
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Song et al. 2020 (Harmful Algae)

Fish killing mechanisms by K. australe

Teng et al. unpublished data

4. Ichthyotoxins + Micropredation
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5. Ammonia production

Noctiluca scintillans Noctiluca bloom in Perak (2016)
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HAB MANAGEMENT AND MITIGATION
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Aquaculture site selection

• Carrying capacity (e.g. Guide for the Sustainable Development of 
Mediterranean Aquaculture)

• Water quality, affect from other anthropogenic 
activities (e.g. poultry farm, industries waste etc.)

HAB risk assessment ? The use of 
metabarcoding of environmental DNA?
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OTUs Abundance of phytoplankton
• High OTU abundances 

of phytoplankton 
were found at shore
sampling stations of 
Malacca Strait.
• This was likely 

influenced by high 
nutrient loading in 
the region.

South China Sea

Malacca Strait

Coscinodiscaceae

Chaetocerotaceae

Rhizosoleniaceae

Rhizosoleniaceae

Chaetocerotaceae

Chaetocerotaceae

Thalassiosiraceae

Predominated

Hii et al., Unpublished data
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Harmful algal bloom species and its threats 
• A total of 28 harmful 

algal bloom (HAB) 
species was 
annotated from OTU, 
with 7 new records in 
Malaysian waters.

• High OTU abundance 
of HAB species were 
mainly found in 
Malacca strait.
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What to monitor in mariculture operation?

We need to know what to 
monitor “regular basis” and for 
what “purpose”
– Blooms forming species – to 

prevent fish mortality? 
(economical losses)

– Toxin producers- to warn of 
shellfish contamination (public 
health)

• Capacity building-technical know 
how

• Modernization of aquaculture 
infrastructures and operation 
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• HABs species have been 
recognized as one of the most 
unwanted species (IAS) that has 
been introduced to various 
regions of the world via 
discharge of ships’ ballast water.

• IMO has established a guideline 
in 1991, and the international 
convention for the control and 
management of ship’s ballast 
water (WM) was adopted in 
2004 (IMO, 2004).
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Biological control
(seaweed, algicidal bacteria, or species specific viruses)
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How to mitigate?
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“These results suggest that repeated clay 
applications in the field are likely more 
detrimental to clams in a high-energy 
environment….”

”……it may not necessarily be an 
environmentally advisable or responsible 
approach to dealing with HABs”
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RAS as an alternative solution
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http://www.globalhab.info/

IOC SCOR GlobalHAB program
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International collaboration
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Concluding remarks
• Impact of HABs on the socio-economy (food safety and 

security) has been recognized as a global issues and required 
collective efforts by both national and international partners.

• Understanding the bloom dynamics of existing and emerging 
harmful species is crucial to provide more holistic HAB 
management and monitoring programs.

• Advancement of technologies in monitoring and mitigation of 
HABs will help to minimize the impact of HABs and ensure 
sustainable development of mariculture industries
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Concluding remarks
• Impact of HABs on the socio-economy (food safety and security) has been 

recognized as a global issues and required collective efforts by both 
national and international partners, as this issue is not only confined to 
the affected country but it is a transboundary nature of event in this 
region. 

• Understanding the bloom dynamics of existing and emerging harmful 
species is crucial to provide more holistic HAB management and 
monitoring programs.

• Enhancement of capacity building (monitoring and research) in the region 
is a pre-requisite for a successful monitoring, management and mitigation 
of HABs. Long term and systematic capacity building should be developed 
to address the national and regional needs.

• Strengthen collaborations between countries and information sharing are 
crucial to mitigate the transboundary issues of HABs.
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