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Ciguatera Poisoning

e Seafood poisoning (primarily reef fish)
* Originates in (sub)tropical regions
e Affects tens of thousands of people annually
e 1,000 people in Florida are afflicted each year
~ * S30+ million annual impact |n the U.S. alone g
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Ciguatera Poisoning

* Gastrointestinal symptoms "It was the worst | ever felt"

* Neurological symptoms
“when | stood up and took a few steps - |

felt as if I'd stepped into a hole, so my body

* Lasts weeks to years ; -
SIS UVEEKSED. ¥, didn't seem to register that my feet were

* Triggers for relapses actually making contact with the ground!"
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My real life experience

i MCP SRS "horrible! | couldn't walk on the tile floor; it
R 2 felt like it was burning me."
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Ciguatera Poisoning

* Thought to be caused by toxins (or precursors)
produced by some members of the
dinoflagellate genus, Gambierdiscus

e ciguatoxins (CTX)
e 18 characterized species
* Found worldwide in tropical and sub-tropical oceans

* They are epiphytic - known to attach to the |
surface of macroalgae — =
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Reef fish and invertebrates
eat the toxic cells while
grazing on coral reefs

p D

Predatory fish
- eatthe
 herbivores and

make the toxins =

more potent 2 “’"\

,Beﬁ’p{e‘%_énsume toxic fish and get
Cig atera“Polsﬁ' n |
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US Seafood Imports

* The US is the largest importer of seafood (by value) in
the world (FAO)

e US seafood imports have tripled in the last 20 years
(FAQO)

~____ *0Over90% of the seafood consumed in the US is
.~ imported (NOAA)
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How can we monitor (or predict) toxin
transfer from Dino to Dinner?

e Factors to consider:
* Cell densities versus algal toxin load
e Substrate vector (habitat preference, palatability)
* Trophic transfer dynamics




2018-2020 Sample Collections

Florida Keys St. Thomas
Burrfish
- .Black Paint
-Flat Cay
'Cheena Rocks -5 calibisa
Heine Grasshed
2o _South Capella

-I(eys Marine Lab

Tennessee Reef Lighthouse
. 'Hind Bank East

‘Gran'lmanik Tiger
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e Sample strategy enables comparisons across geography and over environmental gradients

e Five sites in Florida Keys and six sites in St. Thomas sampled quarterly
« Different habitats (near-shore, off-shore, sea grass beds coral reefs) and depths
Multlple taxa collected: Dictyota, Laurencia, Lobophora, Sargassum, Hallmeda Thalassm
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Assessing Gambierdiscus community composition

DAPI TxRd FITC

E pmbes . . . .

Gambierdiscus
sampled from
substrate

Gambierdiscus species enumerated in samples using fluorescent in situ hybrldlzatlon (FISH) with molecular probes:
G. belizeanus, G. carpenteri, G. carolinianus, G. caribaeus, G. silvae (Pitz et al. 2021)



Regional differences in Gambierdiscus species composition .

G.belizeanus

Florida Keys (n=158) St. Thomas (n=226) AN
‘ \! . G.carolinianus
.Burrﬂsh ‘ e . G.carpenteri
‘ a ¥ . G.silvae
.Flatcay
‘.Ghmaﬂm:hs ‘

i Heine Grasshed

\
G _x: Marine Lab

.Tennasm Reef Lighthouse
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Proportional abundance of Gambierdiscus carolinianus and G. caribaeus highest across almost all sites in
both locations
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.Er.'lm'nanik Tiger

e ““Superbug” species Gambierdiscus silvae observed at all field sites in St. Thomas; absent or scarce in the
Florida Keys
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Cell Counts Versus Algal Toxin Load: Cell Toxicity

Species*

6 6 O O O O 6 O O

. silvae

. caribaeus *
. caribaeus *#

. carolinianus *

. carolinianus
. carpenteri
. carpenteri

. belizeanus #

. silvae

-'-_

# Isolates
Tested

16
1

6
1

2
1

20

Origin

usvi
FLK

usvi
FLK

usvi
FLK
usvi

USVI
FLK

Toxin Cell Quota
(pg C-CTX-1/cell)

0.001—0.01
ND
0.001—0.012
ND

ND

ND
0.003—0.28
2.1—4.8

ND: Below detection, not detected

# Other toxins detected in some isolates,
batch purification in process

* Species confirmed by ribosomal
sequencing
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= e ~ USVI: United States Virgin Islands (Caribbean)
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FLK: Florida Keys —

Robertson et al.,in prep.




Cell Counts Versus Algal Toxin Load
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4= Benner Bay

- Flat Cay

o

Robertson et al., in prep.:
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Cell counts may not match up with algal toxin load



Algal Palatability

* Not all algae are equally palatable

i ﬁ Based on Cruz-Rivera and Villareal (2006)




The various Gambierdiscus species may exhibit host preferences
(Rains & Parsons 2015)

What if the most toxic Gambierdiscus cells (@) prefer to settle on
the most palatable host algae?




Naso feeding preferences influence toxin loading

(based on data provided by Meyer and Holland,
2005 & Clausing et al., 2016a)
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Least-preferred algae
cr (Halimeda
macroloba)

Average Most-preferred algae cr

Parameter consumption Median cr ) .
P (Valonia fastgiata)
rate (cr)

0.8 27.2 0.5

. s g ww algae consumed d! 2.4

# G. silvae needed
(cells gt wet wt algae)

# G. belizeanus needed
(cells gt wet wt algae)
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Ciguatoxins
bicaccumulate in the
coral reef food web,
during which they are
biotransformed and

Modeling ciguatoxin flux:
 Benthic community composition & macroalgal assemblage

~ » Abundance and species composition of Gambierdiscus populations within region and |
sites (derived from FISH), and across different algal substrates (e.g., Dictyota,
Halimeda, turf algae)

* Toxin potential of Gambierdiscus assemblages based on community composition and
cellular toxin content of Gambierdiscus species

__ . Herblvorous fish grazing preferences on algal substrates and grazmg rates
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Turf continues to demonstrate it is a primary vector
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Gambierdiscus abundance

High Low

_ Turf Which algal hosts are

&0 Dictyota ? .
L, T Vector - vectors and which are
Q
o0 Worst for CP refuges?
O
o]0]
c
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G Halimeda

> Sand Based on: Littler et al. 1983; Cruz-

o Refuge - Best for Rivera & Villareal 2006; Parsons et

Gambierdiscus al. 2011
growth




Bioaccumulation

 Clausing et al. (2016a)
 Herbivorous fish can reach CTX thresholds within weeks
* ¥8% of toxin was retained




Bioaccumulation & Depuration of CTXs

0.10- '
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Bioaccumulation: Conceptual Model

Projected with
continued
exposure

Actual response e

Depuration model response

I
@ Bioaccumulation
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Gambierdiscus High source CTX ' Low source CTX  High/Mod CTX
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Bioaccumulation and Depuration

e Ciguatoxins can reach threshold levels within weeks
e But can also be depurated within months

* Does trophic transfer of CTX have to be relatively quick, then (months)?

Disturbance
i ')&v 10 months

-- ___ s
ey

— - . . AT natural )
Clausing et al. (2016b) | f/. -
mon

anthropogenic u

Figure 4. Graphic depicting the lag-time from environmental disturbances to occurrence of Gambierdiscus cells and transfer of ciguatoxins
into the food web and ultimately to humans.




Trophic pathways

e Herbivores
e As mentioned earlier

* Detritivores
* Including some surgeonfishes
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-ish Types associated with ciguatera cases in
-lorida: 2000 — 2011 (Radke et al. 2015)

# of CFP cases Average landings %CFP cases : %landings
(%) Ibs (%)
Hogfish 30 (7) 296,154 (0.3)
Barracuda 75 (18) 897,461 (0.8) 23
Amberjack 32 (8) 2,638,570 (2) 4
| Grouper 129 (31) 8,942,747 (8)

Snapper 34 (8) 8,200,017 (7)
& Other jack 11 (3) 4,717,613 (4)

Mackerel/kingfish 22 (5) 16,825,185 (15)

Mahi mabhi 8 (2) 6,731,426 (6)




Hogtish (Lachnolaimus maximus

From Randall (1967) (49 stations; 80 individuals; USVI
and Puerto Rico)

Bivalves
Gastropods
Crabs

»+  Hermit crabs

=53
s
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Echinoids

% Amphipods
! Scaphopods

=== Barnacles

=

0.5

Diet Volume (%)

42.6
39.7
6.1
4.9
4.6
1.0
0.6




The GOAL:
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Proposed model depicting cellular genotoxic
responses following CTX exposure (Rob Sobol: USA)
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CEC Dissemination Research

Researchers input on
channels and materials

Spec Aim 1: ‘
Stakeholder 2
interviews o
Materials

1 3
Planning and Developing
Strategy Materials and
Pretesting

Research

6

Feedback
to Refine

4

Implementation

Program
Spec Aim 3:
d  Feedback from CEC =
- o= Advisory board, Ef?:ifiﬂgss
S stakeholders,

Stakeholder/Ad
Board feedback
on materials

Spec Aim 2:
Town Halls



How to Connect

WwWw.ciguacohh.org

Greater Caribbean
Center for Ciguc:’rero
| _Re_seqrch_ -

= S - T =

'h:- sl

< 0l ) A A = ciguacohh.org i O O

i Job Postings _xico Aliance STEM Resourc_ve Postdocs Galaxy Ecolog PhD Career Guide SciPnD VersatiePhD OpeninPapers NPR Apple Google Bing Yahoo Facebook

"MGCCCR

Center for Oceans and Human Health

k#t
*\S‘:’

e E—

NIH

NIEHS B
-

GCCCR Mission

The Greater Caribbean Center for Ciguatera Research (GCCCR) was established to be a center of excellence in the study Ciguatera
Poisoning (CP). We have assembled an experienced team of oceanographers, ecologists, toxicologists, chemists, medical scientists, cell &
molecular biologists to establish the GCCCR, with a combined 100+ years in ciguatera research and 60+ years in cellular biology. CP is caused
by potent neurotoxins called ciguatoxins that arise from toxigenic algae in coral reefs and is predicted to increase in the Greater Caribbean
reaion (GCR) in response to climate chanae. Our acal is to determine how climate chanace impacts the production of these toxins. detail the
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