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Types of HAB
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HAB capability development activities underway nationally
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Biomass related

» Low oxygen due to high density of algae

» Pseudonitzschia delicatissima complex,
Leptocylindrus, Rhizosolenia and

Thalassiosira
 Tripos fusus, Tripos furca
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» Physical damage of gills — setae and barbs
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» Chaetoceros concavicornis, C. convolutus,
C. criophilum, C. danicus
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Meunier (1913, pl. 1)
Description 1 — 2. Chaetoceros atlanticum 3 — 5. Chaetoceros criophilum (synoniem van

Chaetoceros concavicornis) 6 — 8. Chaetoceros convolutum 9 — 10. Chaetoceros boreale
11 — 13. Chaetoceros eibenii 14 — 18. Chaetoceros densum 19 — 26. Chaetoceros

« Ammonia production
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* Noctiluca scintillans

danicum
Author A. Meunier

* Mucus production

Sources: Hallegraeff et al. 2018 htips://www.researchgate.net/publication/322870422, https://www.marinespecies.org/



https://www.researchgate.net/publication/322870422

© Gert Hansen

Gill Impact

.

Algal Cell Rupture

peroxidation FFA

Hyperventilation

Reactive Oxygen Species &
Polyunsaturated Fatty Acids

SCCAP K-1292
Cochlodinium polykrikoides 10 um

GillDamage pog

» Produced by several spp unrelated flagellates

* Delicate cells, lyse on impact with gills
releasing ROS and/or PUFAs

« Cause damage to the fish gill lamellae

» Often increased toxicity when both present

» Cochlodinium, Karenia, Chattonella,
Pseudochattonella, Heterosigma,
Prymnesium

Chattonella ant/:dua, C. marina, C. ovata, C. subsalsa

Source: Hallegraeff et al. 2018 htips://www.researchgate.net/publication/322870422, hitps://www.marinespecies.org/, Imai & Yamaguchi 2012 https://doi.org/10.1016/j.hal. 4



https://www.researchgate.net/publication/322870422
https://www.marinespecies.org/
https://doi.org/10.1016/j.hal.2011.10.014

Phycotoxins- ichthytoxins

Haemolytic, cytotoxic

» Karlotoxins - Karlodinium veneficum

Gymnocin - Karenia mikimotoi

Gymnodimine -Karenia selliformis
Brevisulcalans —Karenia brevisculata
Prymnesins - Prymnesium parvum (freshwater)

Neurotoxins — brevetoxin, saxitoxin

Photo: www.scienceall.com

Karlodinium veneficum

SCCAP K-0260 10 ym

Karenia mikimotoi




Phycotoxins — neurotoxins
(impacting human health)

Amnesic shellfish toxins — Domoic Acid

* Psuedonitzschia Dinophysis spp.

© Gert Hansen

Diarrhetic shellfish toxins — Okadaic Acid

» Dinophysis, Prorocentrum

Paralytic shellfish toxins - Saxitoxin

» Alexandrium spp. Gymnodinium catenatum,

SCCAP K-1490
Alexandrium catenella L)
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Pyrodinium bahamense vifl !
Gymnodinium catenatum Alexandrium catenella
» Neurotoxic shellfish poisons - Brevetoxin © GerErEeT

* K. brevis, K. papilionacea

Ciguatera — Ciguatoxin

» Gambierdiscus, Fukuyoa

SCCAP K-1274 g 10 um
Karenia brevis

Photocredits: Gustaaf Hallegraeff, Gert Hansen



Table 1

Iconic HAEDAT events in Australia (AU) and New Zealand (NZ) selected in terms of highests societal impacts.

Year

HAB species

Locality

Impact

1770, 1963, 1980, 2003, 2004
1860,1901,1910, 1916, 1936,

1954,1960,1962, 1981
1878
1891

1965
1986

1987

1987, 1993, 1994

1988
1989
1993

1996
1997-8
1998
2000-3
2007

2009
2010
2012

2012
20122017

Trichodesmium erythraeum
Gonmyawloe hyalina

Nodularia spumigena
Scrippsiella (as Glenodinium
rubrum)

ciguatera

Cryminodinium caternaturm

Gambierdiscus toxicus- species

complex

Rhizosolenia amaralis (as
Rh. chumii)

Alexandrium minumwm
Heterosigma akashiwo
Karenia cf mikimotoi

Chattonella marina
Dinophysis acuminata, tripos
Karenia brevisulcata
Gymnodinium catemnatm
Vul canodinium rugosum
Prymnesium parvum
Pseudo-nitzschia cuspidota

Alexandrinem mimetm

Noctiluca scintillans

Alexandrium catenella group 1

Coral Sea, Perth, Sydney, AU

Golden Bay, Hawke Bay,
Hauralkd Gulf, NZ

Lake Alexandrna, AU
Sydney Harbour, AU

Great Bamrier Reef, AU
Tasmania, AU

Hervey Bay, AU
Port Phillip Bay, AU

Port River, Adelaide, AU
Big Glory Bay, NZ
Hauralkd Gulf, NZ

Pt Lincoln, AU

Ballina, AU

Wellington Harbour, NZ
North Island, NZ

South Australia

Darwin, AU
Mew South Wales, AU
Bay of Plenty, NZ

Sydney, AU
Tasmania, AU

Gustaaf M. Hallegraeff, et al., Harmful Algae, https://doi.org/10.1016/j.hal.2020.101848

Water discolomation (“sea sawdust™)
Tasman Bay slime, clogging of fishing nets

cattle and wildlife deaths
Fish kills/Anoxia

Seafood Toxins; 1 CFP fatality

PSP; 14 shellfish farms closed for up to 3-6 months; Start of biotoxin
monitoring in Australia

63 CFP poisonings, via Sydney fish market

Birter taste in mussels; market rejection, dosure of famms 7 months;
AUD 1.5M loss

27 mg/kg PST in wild shellfish

NZD 12M fish farm kill

180 NSP poisonings, loss in export NZD 2M/week; human
respiratory irritation; Start of biotoxin monitoring in New Zealand
Tuna fish farm kill, AUD 45M loss

120 + DSP poisonings from beach harvested pipis

Massive marine mortality; human respiratory imritation

22.4 mg PST/kg; Kaitaia spat collection ban

30 oyster farm closures from pinnatoxins; AUD 60K extra
maonitoring costs; now deregulated

Barramundi fish farm; AUD 90K loss; farm permanently closed
AST farm cdlosures for 16 weeks; 34 mg DA/kg; AUD 1M loss

29 PSP poisonings (14 hospitalised) from consumption of clams, 31
mg/kg PST

13 Sydney beaches dosed; impact on tourism

AUD 24M loss; 4 PSP poisonings; 150 mg/kg PST in mussels; AUD
250k/yr extra monitoring costs



@ G.catenatum
. A.catenella
8 A minutum
@A pacificum

@Pseudo-nitzschia

® australis
® cuspidata

Dinophysis

Gustaaf M. Hallegraeff et al. 2021,
Harmful Algae,

https://doi.org/10.1016/j.hal.2020.101848

@ Gambierdiscus
® Fukuyoa

Kareniaceae

@ Chattonella
® Pseudochattonella
. Heterosigma



https://doi.org/10.1016/j.hal.2020.101848

communications
earth & environment

ARTICLE | 1 Gheck for uodates |

Perceived global increase in algal blooms is
attributable to intensified monitoring and emerging
bloom impacts

Gustaaf M. Hallegraeff'™, Donald M. Anderson?, Catherine Belin®, Marie-Yasmine Dechraoui Bottein® 4,
Eileen Bresnan®, Mireille Chinainu},‘r&, Henrik Enevoldsen’, Mitsunori IwatakiE}E, Bengt Karlsnn@q,

Cynthia H. McKenzie® ', Inés Sunesen® !, Grant C. Pitcher?, Pieter Provoost(® 13,

Anthony Richardson® 195 | aura Schweibold'® Patricia A. Tester”, Vera L. Trainer'®, Aletta T. ‘I’ﬁigu&zl}m &
Adriana Zingone® 20

Glebal trends in the oceurrence, toxicity and risk posed by harmful algal blooms te natural
systemns, human health and coastal economies are poorly constrained, but are widely thought
to be increasing due to climate change and nutrient pollution. Here, we conduct a statistical
analysis on a global dataset extracted from the Harmful Algae Event Database and Ocean
Biodiversity Information System for the penod 1985-2018 to investigate tempaoral trends in
the frequency and distribution of marine harmful algal blooms. We find no uniform global
trend in the number of harrdul algal events and their distribution over time, once data were
adjusted for regional variations in monitoring effort. Varying and contrasting regional trends
were driven by differences in bloom species, type and emergent impacts. Our findings
suggest that intensified monitoring efforts associated with increased aquaculture production
are responsible for the perceived increase in harmful algae events and that there & no
empincal support for broad statements regarding increasing global trends. Instead, trends

need to be considered regionally and at the species level.



SA bloom 2025

What is Karenia mikimotoi?

* Temperate water species

* Causes HABs in northern China, South
Africa, North Atlantic and Scandinavian %
waters t 4

* Wide temperature tolerance range,

* HABs occurin 13-22 degrees

* No single factor main cause of every
HAB of K. mikimotoi
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S, Feb 2014 - Karenia mikimotoi bloom
t X in Coffin Bay, SA.
m:gs Shauna ” K. mikimotoi and K. papilionacea also

N & ——— | A0 BN, occurin NSW.
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Mixed Karenia spp bloom — microscopic ID challenging

Cen et al. 2024

Fig. 2. Scanning electron microscopy of five Karenia species. Scale bars = 5 pm. A: Karenia mikimotoi (strain KMO03); B: Karenia selliformis (strain HK-43); C: Karenia
longicanalis (strain RCHA6103); D: Karenia papilionacea (strain RCHA6202); E: Karenia hui sp. nov. (strain RCHA 6401). Al, B1, C1, D1, El: ventral view of cell; A2,
B2, C2, D2, E2: dorsal view (arrowhead: apical groove; arrow: sulcal intrusion).

Shauna Murray (UTS) and Kirsty Smith (Cawthron): mixed bloom containing several Karenia spp.

Molecular identification in association with microscopy is essential

11


https://doi.org/10.1016/j.hal.2024.102645
https://doi.org/10.1016/j.hal.2024.102645
https://doi.org/10.1016/j.hal.2024.102645

Identification and culturing of causative species is
the top priority

> Review literature on past blooms to identify:

» Potential drivers for bloom formation
» Potential mechanisms of toxicity

» Culture the toxic species

» Ichthyotoxicity

» Mechanisms of action

» Molecular tools for identification

» Accumulation in seafood and other marine species



Brevetoxin now present in Australia

* Not previously seen in Australia (generally restricted to
Gulf of Mexico)

» Neurotoxic shellfish poisoning regulated in our food
standards code (bivalve shellfish) and in Codex (bivalve
shellfish and abalone)

» Gastro and neurological symptoms
* Detected in bloom since May

»  Will affect commercial seafood production — public health
and market access issues as well as animal health

 Implications for monitoring of HAB nationwide

* Known producers are K. brevis and K. papilionacea

FIGURE 1

Chemical structures of type A and B brevetoxins

EBreveloxin A backbone

Mominal
CH, R= Mass
PbTx-1 CHZC(CHZICHD GEE
PoTx-7 CH2C(CH2MCHZOH BG4
] PbTx-10 CH2ZCH(CH3)CH2OH &70
o
R
Nominal
R= Mass
PeTx-2 CH2C{CHZ}CHO a4
PeTx-3 CH2C{CH2) CH20H 896
PeTx-8 CH2COCH2C 918
PeTx-9 CH2CH|{CHICHZOH 898
PeTx-5 K-ring acetate of PbTx-2 935
PoTx-8 H-ring epoxide of PbTx-2 910
Brevetoxin B backbone &
Source: Plakas et al., 2004.
Seagrass

Primary
consumers

Kareniabrevis

» Manateas

—{Suspension-f;eding biva?vesl

Deposit-feeders

Planktivorous fish

Benthic
carivores

> Humans

W -

Bricelj et al. 2012
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https://doi.org/10.1016/j.hal.2012.01.001
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Fig 3. Smructures of major metabolites of brevetoxin PhTx-2 (BTX-2) in mollescan shellfish (From: 1shida er al., 2004a; Wang et al., 2004 )

Parent compounds are metabolised by
seafood in various ways to form other
toxic metabolites

Many different analogues for labs to
target

Standards are hard to obtain
Relative toxicities unknown

Analytic methods are complex

14



What have Aus HAB researchers
been doing?

Phycologists

« Shauna Murray — FRDC project for molecular
identification, supported by Chris Bolch & Kirsty
Smith (N2)

» Steve Brett & Gustaaf Hallegraeff — microscopic
identification (light & SEM)

SafeFish (FRDC 2021-018)
« Technical support to SA gov, industry, DAFF

* Brevetoxin Fact Sheet

 Pilot work to identify rapid test kits for BTX

—
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isafe':iSh( Neurotoxic Shellfish Poisoning

What is Neurotoxic shellfish poisoning?

ﬂurotoxic Shellfish Poisoning (NSP)is a foodborn\

intoxication caused by consumption of brevetoxins

and brevetoxin metabolites: a group of stable, fat-
soluble chemical toxins. The parent brevetoxins
BTX-1 and BTX-2 are produced by the marine
dinoflagellate Karenia brevis and potentially other
Karenia species such as K. papilionacea. The parent
toxins are metabolised by marine organisms to
form multiple other toxins of varying potency.
Brevetoxins are most commonly associated with
shellfish due to accumulation via filter feeding but

have been found in a variety of marine organisms,
including other molluscs and crustaceans. /

What outbreaks have occurred?

Brevetoxin  illness in  humans is rare
internationally and has not been recorded in
Australia to date. Most cases have occurred in
USA around the Gulf of Mexico where Karenia
brevis blooms recurrently and were reported by
Spanish explorers as early as the 1500s.
QOutbreaks (where two or more people get sick)
occasionally occur in these areas; the rarity of

outhreak notifications is attributed to successful

oral toxicity in mice is sparse. No human fatalities

have ever been reported.

What are the symptoms?

Mild intoxication may involve gastro-intestinal
symptoms (nausea, vomiting, diarrhoea,
numbness of extremities and face) which
resolve in a day or two. More severe poisoning
may cause one or more of the following
neurological symptoms which can occur within
minutes up to 18 hours after consumption, and

may last for a few days:

o loss of co-ordination of muscles and
partial limb paralysis

* Hot-cold temperature reversal

» Headaches

s  Slurred speech

* Fatigue

s Respiratory discomfort/distress.

If neurological symptoms occur, seek medical
attention. Treatment involves supportive care

for managing the symptoms.

No chronic effects have been documented

although there is very little research in this area.


https://safefish.com.au/brevetoxin-fact-sheet-2025/

Rapid methods of analysis

* Receptor Binding assay

» Based on radio/fluorescent labelled BTX exclusion
from rat brain cells

» Simple, rapid and sensitive, but lab based
* Immunoassays

» Several ELISA kits on market, one accepted by
NSSP

» Sensitive and rapid, potential for use on-site

16



Aus-NZ Marine HAB netwok

* Very few experienced researchers in this space in Australia

» National marine HAB network (interim founding committee Alison Turnbull, Shauna Murray, Jeff Cosgrove, Ruth
Eriksen, Gustaaf Hallegraeff, Chris Bolch, Hazel Farrell, Clinton Wilkinson, Steve Brett) + kiwis invited

+ Identification of experts & Providing advice
Capability development

Networking

Sharing cultures

Developing research priorities

Promoting open data sets

« Molecular genetic analysis specific for harmful algae

o Itis very difficult to confirm the identity of causative algae by microscopy as their morphologies overlap and are
highly variable. Very few researchers in Australia are equipped with the skills for molecular genetic analysis of
marine HAB species.

o Week-long course in Sydney, Dec 2025 led by Shauna Murray UTS, funded by SafeFish

17
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https://pir.sa.gov.au/__data/assets/pdf_file/0009/477234/sa-hab-
situation-update.pdf
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Current situation in SA
algalbloom.sa.gov.au
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Dynamic situation — bloom moving with weather and
water

Marine heat wave is on-going, 2.5°C warmer than
usual, calm

Scale and longevity is unprecedented in Aus

Recurrences expected based on previous Karenia
bloom behaviour

$28M to support industry research, communications,
communities and cleanup

423 species listed on Inaturalist South Australian
marine algal bloom 2025 — Australian Citizen Science

Association
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https://url.au.m.mimecastprotect.com/s/9fBdC4QZgDUJgw9WBCLc8s4UyzT?domain=departmentforenvironmentandwater.cmail19.com
https://citizenscience.org.au/2025/07/18/south-australian-marine-algal-bloom-2025/
https://citizenscience.org.au/2025/07/18/south-australian-marine-algal-bloom-2025/
https://citizenscience.org.au/2025/07/18/south-australian-marine-algal-bloom-2025/

ralian Harmful Algal Bloom - Water Sampling Dashboard (9 Contct us

South Australia

@ Government of
) South Aus

More information
Go to SA GOV.AU - Algal bloom for more information

South Australian Harmful Algal Bloom (HAB)
Situation Update: 25-07-2025

About this dashboard

This dashboard provides timely open access to water sampling results from coastal and estuarine sites across South Australia. Water samples are analysed using light microscopy to identify and count microalgae (phytoplankton) typically
>5umin size, for including potentially harmful algae species (including Karenia spp.). The dashboard is part of the South Australian Government’s coordinated response to the harmful algal bloom. It reflects a commitment to transparent
reporting and public awareness. Data is updated as new results become available and may be subject to further analysis and interpretation by scientific agencies and partners. Additional features will be added over time to improve usability  [yiccjai o

and support response efforts. All cell counts are reported in cells/L to ensure consistency across the state
The information and data on this dashboard is subject to.

How to use the dashboard change without notice. If you rely on this data, you are
Click on map sites to view sampling information. Use filters to explore or export data. Select the arrow tab below the map to callapse or expand the full data table. responsible for independently verifying its accuracy, currency
and completeness. The Government of South Australia make:

no warranties and accepts na liability for any loss, damage or

https://pir.sa.gov.au/__data/assets/pdf_file/0009/477234/sa-hab- . .cnantrote rovarares ety

The impact of a bloom may not correspond directly ta cell counts. Many potentially toxic species are naturally present in healthy ecosystems without causing harm. Harmful effects depend on complex physical, chemical and biclogical
interactions—including water temperature, flow, light, nutrients, and inter-species dynamics. Identifying microalgae to species level using light microscopy can be challenging due to variability in cell shape and size. To ensure a conservative . the ful
Read the full

p p and consistent approach, total counts of Karenia species are reported as Karenia spp. This dashboard does not replace formal health advice or seafood safety assessments
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4§ Nuriootpa Grange Jetty
[272] Sampling date: Jul 28, 2025
e Results summary: A mix of planktonic diatoms
National Park (Guinardia), benthic diatoms (Cylindrotheca) and small

« Changes in marine heat wave conditions

Port Lincoln
Murray - Sunset
National Park
857 Grange Jetty
Sampling date: Jul 28, 2025
Potentially harmful species: Detected

Adelaide
714m
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Murray Bridge

= Grange Jetty
Sampling date: Jul 28, 2025

5100

e o
e Victor H: i 3
. ™ - a&orocl i) Total Phytoplankton > 5 micrometres': 2,000,000
[ ] ° v National Park Cells/L
Big Desert
346 m
3 Grange Jetty
%O v Sampling date: Jul 28, 2025
Flidahas ) & Pseudo-nitzschia delicatissima group: 2,000 Cells/L
50 km cdong e . A -
Notiorubark SGS | Esri, TomTom, Garmin, FAQ, NOAA, USGS  Powerédiby Esri
20 mi %‘
. Sample results S Grange Jetty
° Sampling date: Jul 28, 2025
water sampiing dasnopoard — L Peoudonischia i N dected
Site description 2 .- Datesample colle... % ---  Result name a1 ... Result ¢ ... Species group 4 ..o Testname 4 ... Resultvalue (text) % ‘0

phytoplankton counts from Port Adelaide to andoo Sarege Upameem | 61172025 [ Prw—y e

Algal Identification Pseudo-nitzschia multistriata: Not detected

Mundoo Barrage Upstream  6/11/2025 Acanthoceras_(=Attheya) 350,000 cells/L

Coorong
West Lakes Bartley Tee Fo.. 7/2/2025 Achnanthes sp. Not detected Diatoms Algal Identification
. 1 1 1 G J
https . //expe rl e n Ce . a qu IS . CO m/expe rl e n Ce/5f0 Port River Quter Harbour ... 7/2/2025 Achnanthes sp. Detected in sample butn... Diatoms Algal Identification 3 s::’::g:‘:'E:JUI 28,2025
- Rhizosolenia imbricata group: Not detected

d6b22301a47bf91d198cabb030670 ‘
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https://experience.arcgis.com/experience/5f0d6b22301a47bf91d198cabb030670
https://experience.arcgis.com/experience/5f0d6b22301a47bf91d198cabb030670

More information

algalbloom.sa.gov.au.

Hallegraeff et al. 2018 Review of Progress in

our Understanding of Fish-Killing Microalgae:

Implications for Management and Mitigation
https://www.researchgate.net/publication/322

870422

National Marine HAB network — email to
register interest alison.turnbull@utas.edu.au

m Government of
\‘:“/ South Australia Algal bloom

N

E S

A naturally occurring algal bloom is affecting some coas

While it can be harmful to marine life, it'’s not dangero

tal areas in South Australia.

us to people long term.

The algal bloom has turned the water discoloured and foamy in some areas. It has affected about 400 types of fish and marine animals.

To support the crisis response, a $28 million support package has been announced.

Funded by the South Australian and Australian govern

ments, it will go towards research, clean-up efforts, community support, industry help, and
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https://url.au.m.mimecastprotect.com/s/9fBdC4QZgDUJgw9WBCLc8s4UyzT?domain=departmentforenvironmentandwater.cmail19.com
https://www.researchgate.net/publication/322870422
https://www.researchgate.net/publication/322870422
mailto:alison.turnbull@utas.edu.au

	Slide 1: Marine Harmful Algal Blooms
	Slide 2
	Slide 3: Biomass related
	Slide 4: Reactive Oxygen Species & Polyunsaturated Fatty Acids
	Slide 5: Phycotoxins- ichthytoxins
	Slide 6: Phycotoxins – neurotoxins (impacting human health)
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Identification and culturing of causative species is the top priority
	Slide 13: Brevetoxin now present in Australia
	Slide 14
	Slide 15
	Slide 16: Rapid methods of analysis
	Slide 17: Aus-NZ Marine HAB netwok
	Slide 18: Current situation in SA algalbloom.sa.gov.au
	Slide 19
	Slide 20

