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Scientific Significance Statement

In the past 20 yr, ciguatera poisoning, once considered limited to tropical and subtropical regions, has been reported in new
areas, including the northeast Atlantic archipelagos of Madeira (Portugal) and the Canary Islands (Spain). The present study
investigated benthic microalgae in the temperate Azores archipelago (> 39°N), following a marine heatwave that produced sea
surface temperature anomalies exceeding 2°C and coincided with a mass mortality event of wild groupers caused by Viral Ner-
vous Necrosis (VNN). Detailed investigation of the microalgal community resulted in the detection of Gambierdiscus. Morpho-
logical and phylogenetic studies allowed the identification of G. carolinianus with higher affinity with West Atlantic
populations, than with populations from Madeira or the Canary Islands within the same biogeographical region. This suggests
possible connectivity between the two regions driven by oceanographic processes.

Abstract

The dinoflagellate genus Gambierdiscus was detected for the first time in the Azores Archipelago, representing its
northernmost record to date (> 39°N). Two strains were isolated from macroalgal substrates on Corvo and Faial
Islands during the summer of 2024, coinciding with a marine heatwave in which sea-surface temperature
anomalies exceeded +2°C. Morphological and molecular analyses identified both isolates as Gambierdiscus car-
olinianus, extending further North the known range of this genus in the Atlantic and complementing previous
records from other Macaronesian archipelagos. The Azorean isolate from Corvo clustered more closely with
western Atlantic populations than with Madeira or the Canary Islands strains, suggesting long-range connectiv-
ity potentially driven by oceanographic processes. Although no ciguatera poisoning (CP) cases have been
reported in the Azores, the occurrence of Gambierdiscus highlights the need for sustained monitoring and
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ecological assessments to evaluate the risk of CP emergence in this remote temperate archipelago under shifting

environmental conditions.

The dinoflagellate genus Gambierdiscus is particularly rele-
vant due to its association with ciguatera poisoning (CP),
which is one of the most common nonbacterial illnesses
related to the consumption of coral reef fish toxified with
ciguatoxins (CTX) in tropical and subtropical regions. Over
the past few decades, CP has been reported in areas where it
was previously unreported, such as the NE Atlantic archipela-
gos of Madeira and the Canary Islands (Rodriguez et al. 2017;
Costa et al. 2023). While the expansion of CP is evident from
reported human poisoning cases, the geographic spread of the
causative toxin-producing dinoflagellates is harder to detect,
as it is constrained by limited routine monitoring, the logisti-
cal challenges of sampling benthic substrates across regions,
and the difficulty of accurately identifying and characterizing
these taxa (Gouveia et al. 2026).

Over four decades ago, the geographic distribution of the
causative dinoflagellates of the genera Gambierdiscus and Fukuyoa
was considered confined to endemic areas in the Pacific and
Indian oceans and the Caribbean, between 35°N and 35°S
(Adachi and Fukuyo 1979; Taylor 1979; Gillespie et al. 1985;
Chinain et al. 2021). Expansion to new areas is supported by
increasing reports from subtropical and temperate regions,
including the Mediterranean Sea (Aligizaki and Nikolaidis 2008;
Tudo et al. 2020b), and the NE Atlantic Macaronesian region,
including Selvagens, Madeira (Reverté et al. 2018; Godinho
et al. 2023) and the Canary Islands, where high species diversity
occurs (Fraga et al. 2011; Fraga and Rodriguez 2014; Fernandez-
Zabala et al. 2022). Additionally, Gambierdiscus DNA was recently
detected in the northern Iberian Atlantic (Mengs et al. 2024). In
2015, Silva and co-authors presented evidence for the presence
of ciguatoxins in marine invertebrates from the Azores, the
northernmost archipelago of Macaronesia (Silva et al. 2015).
However, the presence of Gambierdiscus remained unreported.

In the summer of 2024, exceptionally high sea surface tem-
peratures (SST) were recorded in this northern Archipelago of
the Macaronesia. On August 25, SST reached a maximum
daily value of 27.3°C, the highest value recorded at least since
1941. Positive SST anomalies exceeded +2°C across the
region, peaking at +2.7°C, which made it the hottest summer
in the region in the last 80 yr (IPMA 2024). In the following
month, an unusual mortality event involving dusky grouper
(Epinephelus marginatus) was observed, with affected individ-
uals showing abnormal behavior and external lesions, poten-
tially linked to thermal stress (Gomes et al. 2025).
Nevertheless, other hypotheses were considered and, given
the limited knowledge of benthic harmful algal bloom (BHAB)
species assemblages in the Azores, for the first time in the
archipelago, seawater and macroalgal samples were collected
from impacted habitats specifically targeting BHABs. At the
time of sampling, the only published record of BHAB species

in the archipelago was based on phytoplankton surveys con-
ducted along the coast of S. Miguel Island, which reported the
presence of Ostreopsis cf ovata, O. cf. siamensis and
O. heptagona (Silva et al. 2010).

The 2024 sampling campaign led to the first detection of
Gambierdiscus in the Azores Archipelago, with morphological
and molecular analyses identifying the isolates as G. carolinianus.
This record extends the known northern limit of the genus in
the Atlantic Ocean beyond 39°N and provides new insights in
the understanding of Gambierdiscus biogeography.

Materials and methods

Study area

The Azores Archipelago is the most remote island group in
the North Atlantic Ocean, located between 36°55'-39°43'N
and 24°46'-31°16'W. The archipelago lies approximately
1500 km west of mainland Portugal and about 2000 km east
of North America. The islands are distributed along a WNW-
ESE axis on the triple junction of the Eurasian, African, and
North American tectonic plates.

The Azores region holds significant scientific interest due
to its critical role in North Atlantic circulation and biological
enrichment across the Mid- and North Atlantic. Oceanograph-
ically, the area is an oceanic confluence zone shaped by major
North Atlantic circulation systems (Caldeira and Reis 2017).
To the west, the Gulf Stream, originating in the Gulf of
Mexico and flowing northeast along the eastern coast of the
United States, splits near the Grand Banks into the North
Atlantic Current (NAC) and the Azores Current (AzC). The
NAC flows north of the archipelago, transporting warm, saline
waters poleward, while the AzC moves eastward south of the
islands, delineating the northern boundary of the subtropical
gyre. The interaction between these currents generates a pro-
nounced mesoscale eddy field, characterized by cyclonic and
anticyclonic eddies propagating around the islands.

Sampling and culture conditions

Five macroalgal samples targeting dominant macroalgae
species were collected by scuba diving in September 2024 off
Corvo Island, Western Group (39°40'N, 31°06'W), and Faial
Island, Central Group (38°34'N, 28°42'W), at 15 and 25 m
depth, respectively (Fig. 1). At the time of sampling, seawater
temperature and salinity were 23.2°C and 36 PSU at Corvo,
and 23.7°C and 36 PSU at Faial, respectively (IPMA 2024).
After collection, the epiphytic assemblage was recovered by
vigorously shaking the blades inside a zip-lock plastic bag
with local seawater and subsequently sieving the water
through a 20 ym nylon sieve and retrieving the retained cells.

In the laboratory, 14 single cells were isolated by micro-
pipetting under an inverted light microscope (Zeiss Axioscope,
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Fig. 1. The Azores Archipelago and geographic reports of Gambierdiscus species in the Portuguese Atlantic Islands (A), and detailed distribution in the

Azores archipelago (B) (Portugal, NE Atlantic).

Germany), from which two clonal strains were successfully
established in culture and further characterized, namely
IPMA-GBAZO1 and IPMA-GBAZO2 (Supporting Information
Table S1). The strains were grown in a vented T-flask (50 cm?)
(SARSTEDT, Germany) containing 25 mL of modified K
medium prepared without adding tris-base, silicate solution,
and copper solution (Keller and Guillard 1985). The cells were
incubated at 24°C under a 12 : 12 h light-dark cycle, with a
photon flux density of approximately 100 ymolm 2s !
(Fitoclima 600PL, Aralab, Portugal).

For growth rate analysis, each strain was monitored in
three replicate cultures. Sub-samples of 3 mL were collected
every 5d over a 25-d period. Growth rates were calculated
using cell counts obtained between day 5 and day 15 after

subculturing. Growth rates (divisions per day, k) were calcu-
lated according to (Wood et al. 2005):

log, (ZI\VT(;)

k (divd‘1> -

(1)
where N, is the population size at the beginning of the time
interval, N; the population size at the end of the time interval,
and At the length of the time interval.

Morphological analysis

Morphological observations were conducted by light
microscopy (LM) and scanning electron microscopy (SEM),
using the strain IPMA-GBAZO1l. LM observations were
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performed with a Leica DMi8 inverted microscope (Leica
Microsystems CMS GmbH, Wetzlar, Germany), equipped
with differential interference contrast optics and fluores-
cence at 400x magnification. Digital images were cap-
tured wusing a Leica DFC7000 T camera (Leica
Microsystems CMS GmbH, Wetzlar, Germany). Thecal
plates were visualized by staining with Calcofluor White
(Fluka Analytical, Sigma-Aldrich, Germany). Thecal plate
nomenclature followed the Kofoidian tabulation system,
as applied to Gambierdiscus by Fraga et al. (2011), where
thecal plates are grouped into positional series, provid-
ing a standardized framework for taxonomic identifica-
tion. Morphometric measurements included dorso-
ventral depth (DV), width (W), antero-posterior length
(L), apical pore plate dimensions, and specific plate
ratios following Bravo et al. (2019) (Table 1, Fig. 2,
Supporting Information Table S2). Measurements were
performed using Leica Application Suite X imaging soft-
ware (LAS X; Leica Microsystems, Wetzlar, Germany). All
morphometric measurements are available on Zenodo
(Barbosa et al. 2026a).

Considering SEM analysis, sample preparation followed a
protocol previously optimized for Gambierdiscus cells.
A 1.5 mL subsample of culture was fixed overnight at 4°C in
1% glutaraldehyde. Samples were centrifuged at 2700g for
3 min (Eppendorf 5810, New York, USA), and the supernatant
was discarded. The cell pellet was washed in sterile seawater
followed by five centrifugation-resuspension steps in sterilized
demineralized water. Final pellets (0.1-0.2 mL) were air-dried
overnight on carbon adhesive SEM stubs. Images were
acquired using a Hitachi TM4000 SEM (Hitachi High-Tech
Corporation, Tokyo, Japan) under standard vacuum condi-
tions. Metal coating was not applied, as the contrast of dried
cellulose thecas was found to be sufficient for SEM imaging.
For surface imaging, the SE (surface electrons) detector at 5 kV
(Mode 3) was used; for general cell morphology, the BSE

Northernmost Gambierdiscus record

(back-scattering electrons) or mix of SE and BSE detectors typi-
cally at 10 kV (Mode 3) was employed.

DNA extraction and amplification

For DNA extraction, 5 mL of culture (exponential phase)
were centrifuged at 2700g for 5 min (Eppendorf 5810, New
York, USA). The pellet was stored at —20°C until extraction.
Genomic DNA was extracted using the DNeasy Plant Mini
Kit (Qiagen, Hilden, Germany), following the manufac-
turer’s protocol. PCR amplification of the D8-D10 region of
the LSU rRNA gene was performed with FD8/RB primers
(Chinain et al. 1999) and the 2x Xpert Fast Hotstart DNA
Polymerase Master Mix (GRiSP, Portugal) in 20 uL reactions.
Cycling conditions: initial denaturation step at 95°C for
3 min; 35 cycles at 95°C for 15s, 46°C for 15s, 72°C for
1 min; final extension at 72°C for 3 min (Bioer TC-24/H
thermal cycler, Bioer Technology Co. Ltd, China).
Amplicons were size-verified by agarose gel electrophoresis
and purified using AMPure XP Beads (Beckman Coulter,
USA). Sequencing was performed by a commercial provider
(StabVida, Portugal).

Phylogenetic analysis

Sequences were manually edited using BioEdit v7.7.1
(Hall 1999) and compared with Gambierdiscus sequences avail-
able in NCBI GenBank. The sequences obtained in this study
were deposited in GenBank (Supporting Information
Table S1). For phylogenetic analysis of the D8-D10 LSU rDNA
region, isolates IPMA-GBAZO1 and IPMA-GBAZO2 were
aligned with 40 Gambierdiscus reference sequences, including
sequences for each described species whenever available and
all available G. carolinianus sequences covering this region.
Fukuyoa paulensis was used as outgroup.

A multi sequence alignment (MSA) performed with the
MAFT algorithm (Katoh et al. 2017) was subjected to a
phylogenetic analysis in MEGA12 (Kumar et al. 2024). The
MSA was manually trimmed to equal sequence length and

Table 1. Morphological characteristics of Gambierdiscus carolinianus from the Azores Islands determined using epifluorescence
microscopy with calcofluor staining. Data include mean value + standard deviation and range.

G. carolinianus IPMA-GBAZO01 Mean + SD Range
Dorso-ventral axis (depth) (um) 74.38 + 6.93 57.33-86.88 (N = 69)
Width (um) 81.77 +£ 6.58 66.62-95.30 (N = 69)
Antero-posterior axis (length) (um) 49.81 +5.39 38.9-49.05(N=12)
Ratio DV:W 0.91 £+ 0.06 0.71-1.06 (N = 69)
Apical pore plate Length (um) 9.09 + 0.65 7.47-10.9 (N = 26)
Width (um) 6.18 +£ 0.98 4.35-9.45 (N = 26)
L:W 1.5+ 0.98 1.09-2.02 (N = 26)
2" plate Length (um) 49.4 +5.57 30.49-57.15 (N = 31)
Width (um) 37.62 +£ 0.98 21.69-44.03 (N = 31)
L: W (R3) 1.32 £ 0.09 1.19-1.61 (N = 31)
Ratio 2’1" 2'/3" (R1) 0.54 + 0.08 0.34-0.66 (N = 24)
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Fig. 2. Morphometry of Gambierdiscus carolinianus IPMA-GBAZO1 in
comparison with Gambierdiscus species occurring in Macaronesia (Bravo
et al. 2019; Tudd et al. 2020a) and with the original description of
G. carolinianus (Litaker et al. 2009). (A) Comparison of dorsoventral axis
(depth) vs. width values (mean + SD). (B) Comparison of RI1
2'/1":2'/3")y and R3 (2""Plate L:W) ratios (mean + SD) (Bravo
etal. 2019).

elimination of internal gaps involving more than 50% of
the sequences, yielding a final MSA with 782 positions.

The phylogenetic tree was reconstructed using the Maxi-
mum Likelihood (ML) method. The Jukes-Cantor model of
nucleotide substitutions was applied (Jukes and Cantor 1969).
Bootstrap support was assessed with 3000 replicates. Gaps and
missing data were included in the analysis by using all sites.
The final alignment used for phylogenetic analysis was depos-
ited in Zenodo (Barbosa et al. 2026b).

Northernmost Gambierdiscus record

Results

Specimens of the genus Gambierdiscus were found in sam-
ples from Corvo and Faial islands (Fig. 1). The strain IPMA-
GBAZO01 was isolated from samples of the macroalga Zonaria
tournefortii (Phaeophyceae), collected in Corvo Island. The
strain IPMA-GBAZ02 was isolated from a mixed algal commu-
nity collected in Faial Island, composed of Asparagopsis tax-
iformis (Rhodophyta) and  Rugulopteryx okamurae
(Phaeophyceae), two non-native species in the Azores
(Supporting Information Table S1). Other common co-
occurring benthic dinoflagellate taxa were also observed in
the assemblages, including representatives of the genera
Prorocentrum, Ostreopsis, Coolia, and Amphidinium. Under stud-
ied culture conditions, strains IPMA-GBAZO1 and IPMA-
GBAZ02 showed growth rates of 0.20 & 0.04 and 0.18 £ 0.03

div. d' (n=3), respectively (Supporting Information
Table S1).
Morphology

The cells of strain IPMA-GBAZO1 investigated in this
study displayed the characteristic lenticular morphology of
the genus Gambierdiscus, with pronounced anteroposterior
compression. In apical view, the cells were rounded to
slightly oblong, while in lateral view they exhibited a sym-
metrical and flattened profile. The cell surface appeared
smooth under light microscopy (LM), and the arrangement
of thecal plates and pores was consistent with the typical
Gambierdiscus pattern. Morphometric analysis (Table 1,
Fig. 2) revealed that the cells had an average dorso-ventral
depth of 74.38 £ 6.93 ym (range: 57.33-86.88 ym; n = 69),
a width of 81.77 £6.58um (range: 66.62-95.30 ym;
n=69), and an antero-posterior length of 49.81 £+ 5.39 ym
(range: 38.9-49.05 ym; n = 12). The depth-to-width ratio
averaged 0.91 + 0.06 (range: 0.71-1.06), indicating a shape
slightly wider than deep.

The thecal plate tabulation of the strain IPMA-GBAZO01 had
the characteristic plate formula of Gambierdiscus: Po, 4/, 6",
6c, ?s, 5", 1p, 2""". The second apical plate (2) was the largest
of the apical series and hatchet-shaped (Fig. 3A). Within the
precingular series (1”-6"), pate 2" was notably the largest.
The 6" plate was small and positioned near the sulcal area. In
antapical view (Fig. 3B), five postcingular plates (1"'-5"") and
the large antapical plate 2" were evident. The Sp plate and
5" formed the posterior boundary of the sulcal region. In ven-
tral view (Fig. 3C), sulcal plates Sa, Sda, Sdp, Ssp and Ssa were
visible, forming a deep sulcal cavity. The elliptical apical pore
complex (Fig. 3D) had a fishhook-shaped slit and was sur-
rounded by Plates 2/, 3’ and 4'.

Phylogeny

The Maximum Likelihood (ML) phylogenetic tree inferred
from the D8-D10 region of the LSU rRNA gene encompassed
all recognized species of Gambierdiscus with available
sequences of the target region, including the sequences
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Fig. 3. Scanning electron microscopy (SEM) images of Gambierdiscus carolinianus (strain IPMA-GBAZO01). (A) Apical view, (B) Antapical view, (C) Ventral

view, (D) Po Plate.

generated in this study (Fig. 4). Bootstrap support values for
the main nodes exceeded 65%, reinforcing the robustness of
the inferred relationships. Our isolates clustered strongly
(BS = 100) in the G. carolinianus cluster (Gambierdiscus clade
I1I), showing no affinity with the Gambierdiscus clades I and
11, as well as with Fukuyoa paulensis (outgroup).

The G. carolinianus clade appeared mainly divided into two
well-supported subclades, as the isolate IPMA-GBAZO02 groups
apart. One subclade (A) groups strains from tropical to sub-
tropical regions (approximately 20-28°N): Bahamas, Mexico,
Canary Islands. The other subclade (B) clusters the Azorean
isolate IPMA-GBAZ01 obtained in this study, and the other
strains, most of them from temperate and subtropical waters
at higher latitudes (approximately 32-39°N): North Carolina
(USA) and the Bermuda Islands. However, the strain BZ08066
from Belize (17°N), also clusters in this sub-clade. The genetic

distances between all these isolates ranged from 0% to 2%
(data not shown).

Discussion

Cell morphology

The morphology of the studied strains fitted the original
description of G. carolinianus (Litaker et al. 2009), with an
average depth of 78.2 £ 4.8 ym, a width of 87.1 £7.1 ym,
and a similar depth-to-width ratio (0.90) (Supporting Informa-
tion Table S2). The deviations in length and plate ratios could
reflect variability typically observed in cultured cells.

Considering the Gambierdiscus species previously reported
from Macaronesia (Bravo et al. 2019; Tudoé et al. 2020a), sev-
eral key morphometric parameters overlap among
G. carolinianus, G. australes, G. caribaeus, and G. excentricus
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Fig. 4. Phylogenetic tree of Gambierdiscus, including G. carolinianus (IPMA-GBAZ01 and IPMA-GBAZ02) inferred from D8-D10 LSU rDNA sequences,
using the Maximum Likelihood method and Jukes-Cantor model of nucleotide substitutions. The tree with the highest log likelihood (—4485.18) is
shown. Numbers on the nodes represent bootstrap values, and only values above 65% are shown. Sequences obtained in this study are in bold. The
sequences used to construct the phylogenetic tree are presented with the strain code and isolation region. Scale bar refers to nucleotide substitutions per
site. G. carolinianus BZ08066 represents an exception to the latitudinal interval associated with subclade B lineage.
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(Fig. 2). Discrimination among species was only possible when
the different parameters were considered in combination. In
addition, G. carolinianus has high intraspecific morphological
variability (Fig. 3), a pattern that is expected within the genus
and has been previously reported (Litaker et al. 2009). These
observations underscore the limitations of morphology alone
for reliable species-level identification. As demonstrated by
Litaker et al. (2009), subtle morphological distinctions often
require complementary molecular methods to achieve reliable
taxonomic resolution.

Molecular identification and phylogenetic analysis

The phylogenetic analysis of the Gambierdiscus confirmed a
well-supported topology, consistent with previously published
phylogenies (Fig. 4) (Godinho et al. 2023; Kretzschmar
et al. 2019; Nguyen-Ngoc et al. 2023). Gambierdiscus car-
olinianus segregates with strong support from a sister clade,
also highly supported, clustering G. polynesiensis, G. holmesii,
G. silvae, and the recently described G. bagnisii (Murray et al.
2025). Both clades group in a highly supported main clade,
reflecting their close phylogenetic relationship.

Within the G. carolinianus cluster, the Azorean isolates did
not group with the available Canary Islands sequence despite
geographic proximity (Fig. 4). Instead, the isolate IPMA-GBAZ01
showed closer affinity with the isolates from North Carolina.
This pattern is potentially related to the connectivity offered by
the Gulf Stream and the North Atlantic Current, which are
known to transport warm, nutrient-rich waters and associated
biota from the western Atlantic toward the northeastern Atlantic
(Etter and Bower 2015; Mccarthy et al. 2017). Additionally, the
Azores Current, which flows east-southeast south of the Azores,
and the broader North Atlantic Subtropical Gyre, which bathes
both the Azores and Bermuda, may facilitate long-distance dis-
persal and connectivity between these archipelagos (Sala
et al. 2016). In contrast, the Canary Islands are more influenced
by the southward-flowing Canary Current and the North African
upwelling regime, which could limit genetic exchange with
northern populations despite relatively similar environmental
conditions across the Macaronesian islands.

On the other hand, shipping routes have been recognized
as potential vectors for the dispersal of harmful algal bloom
(HAB) species, including benthic dinoflagellates, through bal-
last water discharge and biofouling (Chainho et al. 2015;
Wells et al. 2020). Furthermore, recent studies have shown
the capacity of plastics and other floating debris to act as colo-
nization substrates for harmful microalgae, which could fur-
ther enhance their dispersal across oceanic basins (Leite et al.
2022; Pires et al. 2025). These vectors, combined with oceano-
graphic features, could offer a possible explanation for the
presence of G. carolinianus in the Azores islands.

Northern expansion of Gambierdiscus
From a different perspective, the presence of Gambierdiscus
in the Azores reported in this study represents a northward

Northernmost Gambierdiscus record

extension of its known distribution within the Macaronesian
region and the North Atlantic Ocean. It aligns with recent
reports of the expansion to temperate and subtropical Atlantic
regions of CF and the associated causative species (Tester
et al. 2020; Chinain et al. 2021). Gambierdiscus species have
been documented in the Canary Islands (Fraga et al. 2011;
Rodriguez et al. 2017), the Selvagens Islands (Godinho
et al. 2023), Madeira (Kaufmann and Bohm-Beck 2013; Hop-
penrath et al. 2019; Silva et al. 2022), the Balearic Islands in
the western Mediterranean (Tudé et al. 2020a), and Morocco
(Ennaffah and Chaira 2015). In the Selvagens Islands, only
G. australes was identified, with genetic differentiation among
strains suggesting localized evolutionary processes (Godinho
et al. 2023), whereas in Madeira only G. excentricus was
reported (Hoppenrath et al. 2019). By contrast, the Canary
Islands host a diverse assemblage of species, including
G. australes, G. belizeanus, G. caribaeus, G. carolinianus, G. exc-
entricus, and G. silvae (Rodriguez et al. 2017; Tudé
et al. 2020a). Notably, G. carolinianus has also been reported
from several higher latitude western Atlantic locations, includ-
ing Bermuda, North Carolina, and the Flower Garden Banks
(Litaker et al. 2010), suggesting that this species may be partic-
ularly well suited to persist across a broader thermal range
than many tropical congeners.

The unusually high sea surface temperatures recorded dur-
ing summer 2024, with August SST anomalies reaching 2.7°C
(IPMA 2024), may have facilitated the detection of
G. carolinianus in the Azores, but are unlikely to fully explain
its occurrence at such high latitudes. Because this study is
based on a single sampling campaign conducted in
September 2024, during relatively warm-water conditions, it
cannot determine whether G. carolinianus populations are
established year-round or whether they are able to persist
through winter temperatures in the region. This is particu-
larly relevant given that regional SST typically ranges from
15 to 16°C in winter to 24-25°C in summer, approaching
the lower growth limits reported for G. carolinianus in previ-
ous culture-based experiments (Tester et al. 2020; Xu
et al. 2016). Therefore, this occurrence of G. carolinianus in a
temperate archipelago should be interpreted with caution
until seasonal sampling and culture-based experiments deter-
mine its local temperature optima and tolerance limits.

Further work is needed to determine whether G. car-
olinianus in the Azores reflects a recent introduction, facili-
tated by ocean warming or human-mediated transport, or a
previously undetected component of regional benthic dinofla-
gellate assemblages. Its detection during the first targeted
BHAB survey in the archipelago is noteworthy and highlights
the urgent need for systematic assessment of BHAB diversity,
distribution and potential toxicity in the region. Future sea-
sonal surveys, including winter sampling, together with con-
trolled growth experiments using the Azorean isolates, will be
necessary to assess whether this species can persist under local
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temperature regimes and whether populations are established
in the archipelago. Reports of ciguatoxins in starfish collected
on Sao Miguel Island (Azores) suggest that Gambierdiscus spp.
have been present at least since 2013 (Silva et al. 2015).
Regarding the dusky grouper mortality event in Azores, which
triggered the present investigation, it was not related to any
contamination by dinoflagellate biotoxins. The cause was ulti-
mately attributed to a viral pathogen (Gomes et al. 2025).

Conclusion

This study provides the first record of the genus
Gambierdiscus in the Azores Archipelago, expanding its known
distribution in the North Atlantic to latitudes above 39°N.
Our results show one Azorean isolate identified as
G. carolinianus exhibit morphological and genetic features
consistent with West Atlantic populations of this species.
Pending further investigation, G. carolinianus should be con-
sidered cryptogenic in the Azores.

Occurrences of Gambierdiscus and reports of ciguatera poison-
ing (CP) in Portugal have so far been restricted to Madeira and
the southern Selvagens Islands. The detection of Gambierdiscus
in the Azores therefore warrants further investigation into local
population dynamics, substrate preferences, toxin profiles, and
potential CP transmission pathways. These findings highlight
the need for implementing monitoring and risk assessment pro-
grams to address the potential public health implications of
Gambierdiscus’ presence in the Azores archipelago.
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