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Introduction

Indonesian coral reefs as the ‘rainforest’ of the ocean

This Photo by Unknown Author s licensed under CC BY-NC




= Coral Triangle contain >
5oo species of corals with 3
centres of endemism

Ind : = The highest diversity of
naonesian coral reef species foundin - e - — e
C O ra | re e fS t h e nw Bi r d H ea d 7 pe n i n s U I a (F]:'?O:l dilzs:i:lu:i:l;:;yc(:: r:]og);];t::::: ::erz:is;lfolnrs indicate total species richness of the world’s 141 coral biogeographic “ecoregions

of Papua = 574 species of
as the corals with species density

‘rainforest’ of 280 species/ha of coastal
of the

area = four times higher
than the total number of
ocean and coral species in the entire

hOtSpOt for Atlantic Ocean
» Indonesian coral triangle

marine region also serve as hotspot
biodive rsity zones for reef fish diversity -
over 2100 species/km? and at
least 78 known endemic
species = the “world’s richest
country of fish biodiversity”

Figure 3. Map of the Indo-Pacific region showing diversity isopleths for tropical reef fishes. The lightest shade represents between 200
and 400 species and the darkest shade between 1300 and 1700 species.



Threats to
Indonesian
coral reef
ecosystems

Acute threats

Causing significant damages over
short period of time

e Destructive fishing
practices, ex. blast
fishing

e Anchor damages or
ship groundings

e Cyclones, storms, or
tsunami

(Edinger et al., 1998)

Chronic threats
Changing the physical and/or
biological components of the

ecosystem and causing long-term
damage

e Sewage and/or
industrial pollution

¢ [ncreased
sedimentation

e Nearshore
eutrophication

e Ocean acidification
e Ocean warming
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Ecosystem Services & Threats

o © -
°'s Effects of coral reef degradation
PCOGStial Emissions " Overfishing
rotection
Reduced or loss of key ecosystem
#eﬂes %ﬁ services = as coastal protection, habitat
Tourism °° o for fish, aesthetic value for tourism,
*4 E/ o . .
—— M .- - support for fisheries

e n /

s r o Temperature

Loss of biodiversity = related to the

reduced/loss of complex habitat and
ecological function of coral reef in the
ecosystem

Figure 2: Coral reef ecosystem services (blue) and threats (red). Increased case of diseases, including in
Reefs offer valuable services to humans. Unfortunately, corals human = one of the most frequently
are impacted by multiple threats, many of which act to compound reported and rising diseases =

each other. Image was created on biorender.com. Icon credits . . . .

to Lluisa Iborra (skyline), Ifki Rianto (small fishing boat and Ciguatera Fish Poisoning (CFP)
fisherman), Ruliani (wave), Nikita Kozin (diver), and Luis Prado
(large fishing boats), all available from The Noun Project. Reef
and associated fish are original artwork by author H.E.R.




Ciguatera Fish
Poisoning

An emerging disease with expanding global distribution



Ciguatera Fish
Poisoning
(CFP)

One of the most reported seafood-borne and harmful algal related disease in
tropical countries 2 emerging disease with expanding global distribution

Caused by ingestion of ciguatoxin-contaminated reef fish which caused many
symptoms within 12 hours of ingesting the contaminated fish (Chinain et al. 2023)

Symptoms: diarrhea, nausea, vomiting, stomachache, reversal of cold-hot
sensation, muscles and joints pain, tingling (often painful), numbness on lips and

tongue, itch, hypotension (low blood pressure) (de Sylva, 1994; Lehane and Lewis,
2000)

Approximately 10,000 — 50,000 CFP cases per year > World Health Organization
m estimated the actual number of people affected by CFP could be much higher up to
10 million people per year




FIGURE 10 EXAMPLE OF REPORTED ACUTE SYMPTOMS OF CIGUATERA POISONING

DIGESTIVE SYMPTOMS 175 non specific symptoms reported | MALURIAULNIIEE

Nausea Paresthesia (extrem & perioral) | Afaxia, fatigue
Vomiting Cold allodynia (dysaesthesia) | Hypersalivation
Diarrhea Headache Tremors
Abdominal pain Central = Dizzine;s Speech disorders
Stomach pain Nervous @ P.I'i',lugt_enlc syndrome Balance disorders
. Constipation System Transiant hypothermia Motor deficit
C FP IS COM p I ex Painful defecation _ Sleep disorders Seizures
: : hperssiiustion vasculr iy o o
d |Sea Se Wlth EEd : . System Dysgeusia, metallic taste Polymyasitis
<12h after fish consumption Fainting, loss of conciousness | Polyradiculoneuritis
>100 Sym pto ms Resolve within 2-3 days Gastro- Reduced deep tendon reflexes | Coma,...
Not always present Inlsest;nal il afilc i i
Hospitalization due to ystem >£5N0 alter Tish consumption
t h at h CAUS be en im pll:ltill'lt dehydration Weeks-Months-Years
JOINT
reported = very 6
dlfﬁCUIt to Hypotension DISORDERS Pruritus
Bradycardia Hallucination Extreme fatigue
. Hypertension MUSCLE o Confusion Urogenital disturbances
d | a g n Ose Thachycardia Difficulty to concentrate Burning sensation
Heart rhythm disorder Memory loss Painful ejacufation
Chest pain, ... Peripheral Irritability Dysuria
Bh—12h after fish ot e Anxiety Dysphagia
consumption System Depression,... Joint pain
Resolve within 2—4 days Days/Weeks after fish | | Sweating,...
Primary cause for consumption Bh—24h after fish consumption
hospitalization Weeks-Months-Years | | Weeks-Months-Years

Source: FAD/WHO.



Fig. 1. Structures of common ciguatoxins and brevetoxin. (Yang et al., 2016)

Ciguatoxin chemical
structure

Ciguatoxin (CTX) =
one of the most
complex marine toxin
molecules

Lipid-soluble and
heat-stable-
compounds of

neurotoxin
Odorless and tasteless

No antidotes available

(Perkins et al., 2024)

Complexity, chemical variations (up to 30 CTX congeners), and transformation during bio-accumulation
and bio-magnification process through the marine food web = make it very challenging to study



Ciguatera toxin pathways

CIGUATERA BIOGENESIS CIGUATOXIN FOOD WEB TRANSFER CIGUATERA CLINICAL IMPACTS
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Fig. 1. Ciguatera Poisoning. A) biogenesis in coral reef ecosystems; B) ciguatoxin (CTX) transfer in marine food webs; C) health impacts of CTXs in consumers; D)
voltage-gated sodium channels as biological targets of CTXs. © Institut Louis Malardeé.




Increased risk of
Floot:s:l,ncaﬁ:gnes, ’ —> exposure of ciguatera
Eal Y ” Increased ecological fish poisoning
increased SST, L Z) ition fo
reef blasting, ™ :;a“":gme; _ -
tourism over 2
. fishing in the m::rr:'aslga:i::d /ﬂp
Mechanism o s L
Increased
1 distribution of | | — M
- ciguatoxic
C I U a t e ra microalgae T
Physical > throughout the
disturbance to the . coral reef [
t b k d t reef (i.e. coral ecosystem
outbrea ue 1o bleaching, reef !
L) Increased
| f probablility
C O ra re e of ciguatoxins
entering the
. food chain
d e ra d at I O n Increased human disease
Decreased burden frorp ciguatera fish
coral reef . poisoning
biodiversity ﬁ y§
.~ > Reduced predation
— to keep microalgae —
numbers in check
(Goater et al., 2011)

Need to close the HIS loop

Figure 2. Linking environmental and human health outcome data to close the HIS loop. SST, sea surface
temperature. The equal sign (=) indicates that increased distribution leads to increased probability.



(Perkins et al., 2024)
idaa

Reef fish as vector
for CFP

idao <

idae

= Ciguatoxin =2
undergo process of
bio-accumulation and
bio-magnification
through the marine

idaa <
idaa <

idiaa 4

food-web

idae 4

* The carnivorous fish
and the top predators

— T I i sk
I Il Herbivore accumulate high
- .ﬁ' concentration of CTX

> % % to cause CFP in human

Number of Species

idae -

idao <

A bar chart showing the ten most common fish families associated with CP occurrences
in alphabetical order along the y-axis. The x-axis represents the number of different
species that have been implicated in CP occurrences within each family



Ecological characteristics of
benthic dinoflagellates,
Gambierdiscus

Wide range distribution and increasing occurrence in the
global coastal oceans



Five benthic
dinoflagellate
genus known to
produce toxic
substances that
causing CFP in
human.

Ciguateric benthic dinoflagellates

Gambierdiscus Coolia monotis

(Faust et al. 2009)

Ostreopsis lenticularis Prorocentrum mexicanum




Gambierdiscus spp

Cells of Gambierdiscus sp. attached to natural and artificial substrates. (A) on the thallus
of Jania sp. (Rhodophyte); (B) on the grilling of a window-screen device (© ILM). ~ (Chinainetal, 2020)




. " Gambierdiscus
Symmertric 4 caribasus
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.- b o ’é@) g&\ !%3 %5& ‘;‘g Gamblerd/scus reported from the Canary 'Islands and including
o w < e their thecal plates. Hypotheca (a) and epitheca (b) of G.
o ¥ — [ N M australes. Epitheca (c) and hypotheca (d) of G. caribaeus.
] t . .. .
Q | sheped 2 g@) 0&@) Epitheca (e) and hypotheca (f) of G. carolinianus. Epitheca (g)
S N2 - 2 H ; ;
% Smooth and hypotheca (h) of G. excentricus. Epitheca (i) and hypotheca
x 7cell surface Gambierdiscus pacificus Gambierdiscus excentricus (J) of G' s/[vae_ For the hypothecae of G' aUStra[es (k) the
m Apical 1

rtc, Iﬁ‘ .o" f“ ”" difference in their staining intensity (asterisk) reveals that they
— ‘3@0 N Qaz s, derived from a recently divided cell. The hypotheca of G.
o o _ _ o _ excentricus () has a less dense upper end of the 2”” plate
Schematic diagram of the identification of different species of Gambierdiscus according to

their morphology. Because of the wide variability in Gambierdiscus cell size, the size of the line (a I’I’OW). Scale bars =10 pm.
drawings does not reflect the true differences in cell sizes.



Table 1. Reported polyether compounds in Gambierdiscus. (Wanget al., 2022)

Species Ciguatoxins (CTXs) Maitotoxins (MTXs) Others

P-Gambierone analogue,

Maitotoxin

Pacific ciguatoxin |

Gambierdiscus australes CTX1B, P-CTX-3C MTX, MTX-3 . . s
putative gambieroxide
Gambierdiscus balechii gambierone
Gambierdiscus belizeanus MTX-3
Gambierdiscus cheloniae MTX-3 gambierone
Gambierdiscus excentricus MTX-4
Gambierdiscus honu MTX-3
5 5 51-hydroxyCTX-3C, i
Gambierdiscus pacificus 2,3-dihydroxyCTX-3C MTX-3
Gambierdiscus P-CTX-4A, P-CTX-4B, P-CTX-3C, MTX 5
polynesiensis M-seco-CTX-3C, 49-epiCTX-3C el
i oz 2 P-CTX-3C, 2,3-dihydroxy Gambieric acids,
bl fovicys P-CTX-3C, P-CTX-4A/B gambierol, gambieroxide

= Many species of Gambierdiscus are
now known to produced CTXs, MTXs,
and some analogous toxins =

: gambierone, gambieric acid,

TOX' ns gambierole, gambieroxide

pI’Od U(_'_ed by = Based on the make-up of the structural

: . backbone of each molecule = 30
Gambierdiscus congeners of CTXs divided into groups ‘\
- CTX3C, Caribbean Sea CTXs (C- i Ganibisrarie
CTXs), Pacific Ocean CTXs (P- R
CTXs/CTX4A), and Indian Ocean CTXs
(I-CTXs)

Figure 4. The predicted 2D and 3D structures of Pacific ciguatoxin 1, maitotoxin, and other products
of Gambierdiscus spp. The framed part indicates the CTX-like moiety, which is the hydrophobic part
of the molecule.



—— G. belizeanus
—— G. caribaeus
—— G. carolinianus
—— G. carpenteri
— G. pacificus
— G. silvae

—— Gambierdiscus sp. type 4
Gambierdiscus sp. type 5

10 20 30 40 50 60 70
Salinity

0.6
——G. belizeanus 06
—— G. caribaeus
054 G. carolinianus
’ —— G. carpenteri 0.5+
—— G. pacificus
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= >
T 0.3 'g 0.3 1
c
S 5
2 @
= 0.2 = .
Relationshi N o
p 0.0 T T T T 0.0
b 16 20 24 28 32 36 0
etwe e n Temperature (°C) (Xu et al., 2016)
. . ilegr: Average growth 16-36°C. For ease of viewing, error bars shown in Fig 6 are omitted Fig2. A ge
Gambierdiscus and

inity of 10-60. For ease of viewing, error bars shown in Fig 1 are omitted here.

= Gambierdiscus = occupy wide range of habitat type

environmental eneronmertalcanions
factors

* Temperature - generally prefer warmer water 2>
optimal range between 19 —31°C = can sustain i

——G. belizeanus
—— G. caribaeus
——— G. carolinianus
—— G. carpenteri
—— G. pacificus
——G. silvae

—— Gambierdiscus sp. type 4
——— Gambierdiscus sp. t

growth between 15 —34°C ‘T%

= Salinity & Gambierdiscus is less sensitive to salinity ° 0319
variation than to temperature - species-specific 2
optimal salinity = generally prefer high and stable 2 02
salinity between 28 — 35 = oceanic salinity between
34 —38 could sustain growth for many Gambierdiscus 0.1+
species

» Irradiance > Gambierdiscus have good tolerance to 0.0

0

low and high irradiance between 11 - 400 pmol
photons.m2.s* - can survive to the depth < 5m or >

T T T T
100 200 300 400 500
Irradiance (umol photons- m?-s™)

150m depth in tropical waters E s are ot e

0umol pl -m . &™. For ease of viewing, error bars shown in



0.040 -

--® - CTX-3B °
0035 - ~a—CH Role of nutrients in Gambierdiscus growth
= el CTX-4A 4 . .
F oo s, and toxin production
; a.025. 1 Decreasing phosphorus . ’
—— - i * Increasing nutrients (NO2, NO3, NH4+, and PO43-) >
q ; generally did not affecting Gambierdiscus abundance >
g s ; ueieh nutrients might not growth limiting factors of
£ ow | Gambierdiscus at ambient concentrations = any growth
= 1 : restrictions to natural Gambierdiscus populations
Qs 1 A ™y s W e resulting from insufficient resources may be due to
06 : (Argyle, 2m8) other factors (Loeffler et al., 2015):
° % . % % 100 = dissolved inorganic carbon
N:P Ratio
» interactions with host substrates, or
Benthic dinoflagellate cell density ) .
Lower < » Higher = processes that disturb the aqueous boundary

layer)

= BUT -2 the availability and ratios of nutrients affect
intercellular activities = increasing toxin production
with a higher N:P ratio (N:P = 30:1) (Loeffler et al., 2015;
Argyle, 2018) = Gambierdiscus toxin production is
higher in P-limited condition (Argyle, 2018)
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(FIrdaus et al, 2021)

n:P ratio = +  N:pratio



Bacteria and Gambierdiscus
relationship

Marine bacteria exhibit both
positive and negative effect
towards Gambierdiscus growth and
toxin production

Bacteria roles in promoting
Gambierdiscus growth:

=  Produce bioactive substance

=  Converting DOM to inorganic matte

=  Produce vitamins and/or trace elements (Wang et al, 2018)
N

However, bacteria also could \,
. . . & Fu
produce toxin or bioactive Nutrients % #

iy L
substance that inhibit ) competition  * \*
photosynthesis or metabolism > o gﬁ \
also can act as competitor in (’
nutrient assimilation
Figure 7. Scheme of the interactions between QS bacteria and Gambierdiscus.



Distribution pattern of
Gambierdiscus and
CFP

Increasing global range and performing jump dispersals to
temperate countries
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Gambierdicus and Fukuyoa specles e — R - —

=2 — T
I TP Sepe . v g ——

|:| F. paulensis . G. balechii . G. carolinianus . G. holmesii |:| G. lapillus D G. toxicus D G. excentricus . G. silvae*
B 7 rvetzieri M G. belizeanus [ G. carpenteri Bcrou [ lewsi B G. viethamensis W G. pacificus
[ F yasumotoi [l G. caribaeus [l G. cheloniae |} G. jejuensis G.scabrosus | G. australes M G. polynesiensis*

Global distribution of the 22 known Gambierdiscus and Fukuyoa dinoflagellate species from multiple global
studies. Note: *Species with confirmed ciguatoxin production.




Global occurrence of CFP

Azores islds. * %

Madeira isld.
Canary islds.

-
X7

French
Polynesia

(Chinainetal., 2021)

I Areas with at least one " Areas where CTXs have been found
local CP case reported in locally caught fish

Northern
Mariana islds.

Marshall
" G uam w islds.

%—.
Palau S '\ s g Kiribati
‘i R
.

Areas where CTXs have been found
in locally caught marine invertebrates




Ghermmbioridive foicns
Giermbierdhscrs pacificis
Giambierdisces fapitius
Covrriididve dliag s furheeditd
acrmrhieroivctes chelontay
& | Cremmhicraivens soabrosis
Crermbierdivcas belizeamns
Crermbicweliseaes hems ]
Geambicrdizere motrale: @
Gamblerdisces excentricos @
Grambvierdiscus carpeniert i
Gimhierdisons caribaens
L ]
L ]
@
®

[ NN R

Crarmlierdisons fefienis

i A o i
Crmmbleraiscus silfvae
Carahiewalsons perlvresfensiy

Caribhean Sea, Gulf of Mexico, ete,

Canary Islands, Mediterrancan Sea, Bluck Sea ete.

East China sea, Korea Strait, Gulf of Thailand, Celebes Sea, etc
Coral Sen, Tasman Sea, Great Austalian Bight, etc.

Pacific Ocean (Hawaian Islands), etc.

Indian Ocean (Comoros) cre, =

Atlantic Ocean (Brazil) CFP records (@) (Wang etal,, 2022)

[Ciambierdisces spp. [ ]

Global distribution of ciguatera food poisoning (CFP) records and Gambierdiscus spp.The locations where Gambierdiscus are present are classified into six
regions (A-G), and the pie charts in the phylogenetic tree show the probability of the locations at each node. The colors of the point on the right side of the
phylogenetic tree are used to distinguish different Gambierdiscus species in the global ocean. Distribution information is obtained from the Ocean
Biodiversity Information System and the IOC Harmful Algal Bloom Programme (Searched on 23 August 2021)




Records of benthic dinoflagellate species associated with CFP

Benthic dinoflagellates which
could potentially caused CFP -
Amphidinium sp., G. toxicus, O.
ovata, O. siamensis, P. lima, P.
concavum, dan P. rhathymum,
Gambierdiscus sp., Ostreopsis sp
- have been reported and
studied from several places in
Indonesia:

Seribu Island

Belitung Island

Bali coastal waters

West coast of South Sumatera

Bintan Island

Padang coastal waters

Lampung Bay

Weh Island coastal waters

Gili Matra

Compiled by: Widiarti 2020

Widiarti 2002, Widiarti 2010, Skinner et al. 2011, Widiarti 2011, Thamrin 2014, Dwivayana 2015, Eboni et al. 2015, Oktavian et al. 2015,
Seygita et al. 2015, Widiarti & Pudjiarto 2015, Widiarti et al. 2016a, Widiarti et al. 2016b, Widiarti & Adi 2016, Widiarti et al. 2019

bHABs and CFP = not yet considered as a major threat to

Indonesian coastal communities or ecosystems (no formal
report or huge cases) = lack of awareness and studies




Global dispersal pattern of CFP

- Regions with endemic ciguatera cases - Regions with only imported ciguatera cases

T
1))
| -
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Q
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o
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=)
=

Global map of endemic ciguatera areas (orange) and imported ciguatera areas (blue). The orange arrows
indicate examples of areas in which imported fish have originated and caused CP cases in another location



Mitigating CFP In
Indonesia

A collaborative initiative between researchers,
government entities, and local communities.




FLOW OF CP RESPONSES AND NEEDS
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Effective CFP mitigation requires a multi-faceted approach, integrating

research, community action, and policy

Improve

Invest and
develop

Integrate

Scale up

Promote

Foster

Improve national surveillance, research, and data
collection

Invest and develop strategies and rapid detection tools
to detect the presence of ciguatoxin

Integrate CFP management into marine conservation
and climate adaptation policy

Scale up community-based monitoring (e.g. Ciguatera
and FishPhyTO PICES project) and public education

Promote sustainable and diversified fisheries practices
(e.g. shift to pelagic species)

Foster a better interdisciplinary and international
collaboration

Community
Action

f@

The three elements of CFP mitigation must
operate in unison.



“Computer Vision for Automatic C = t P = t I I “Satellite Imagery for Eutrophication and
Plankton Idenfitication” I g U a e ra rOJ e C Fisheries Resources Monitoring”

SamE

ika nGIS

Ny | REEEK

(Sidabuter et al 2023)
=3 --

N e
Chzeopiryl. 3 concentration mgim')

Remote Sensing for Early
Warning System (EWS)

Algorithm

C?(;np:_tft_er \:ision Rapid microalgae species FISH-GIS Quick and easy water quality
entirication composition data collection ‘ measurement

Integrative data collecting platform on fish catch, HABs, pollution, and
illegal activities

Monitoring system of HABs by the “Citizen
Scientist” in the coastal communities of Indonesia

PICES Projects like Ciguatera Indonesia and FishPhytO were an international collaborative effort to build and improve the ability to
detect the presence of harmful microalgae and changes in water quality, including algal blooms, in Indonesian waters



Summary

Ciguatera Fish Poisoning = is a hidden but increasing
threat in national seafood safety in Indonesia = due to
its complex symptom and hard-to-detect toxin

Coral reef degradation = promotes the rapid and
uncontrolled growth of ciguateric benthic dinoflagellates
—> produces toxin that undergo bio-magnification and
bio-accumulation = increased risk of CFP exposure due
to consuming fish at higher trophic level

Gambierdiscus = one of the main cause of CFP = have
strong tolerance against many environmental condition
—> wide global distribution with increasing range towards
the sub-tropical waters due to warming ocean

CFP mitigation is complex = especially in large country
in Indonesia where CFP case were not reported or
ignored = but collaborative effort to develop mitigation
strategy has been done




-
O
>
=
c
(O
i o
-

S
0
o
L
o
o
S
9
=
S
A




