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Is Gambierdiscus expanding its 
geographicrangeinthePacificregion?
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The genus Gambierdiscus is known 
from tropical regions world-wide [1-4]. 
Species in this genus produce ciguatox-
ins (CTXs) and/or maitotoxins (MTX), 
which are regarded as the causative 
agents of ciguatera fish poisoning (CFP) 
[1-4]. At the beginning of 2017, fourteen 
species of Gambierdiscus had been de-
scribed [5-6] with three of these being 
described in 2016, an increase of nearly 
30% in one year. The newly described 
species were G. balechii, G. cheloniae 
and G. lapillus [7-9]. Over the past few 
years, species which were previously 
only known in the Caribbean have been 
recorded in the Pacific [3], although this 
could be due to the greater research ef-
fort in recent years rather than due to 
introductions. Currently only G. caro-

linianus [6], G. excentricus and G. silvae 
[10] have not been detected in the Pa-
cific region (Table 1).

Recently, genetically and morpho-
logically identical isolates from as far 
apart as the Kermadec Islands (a New 
Zealand territory), the Cook Islands 
(Fig. 1) and the Kingdom of Tonga were 
determined to be unique. These iso-
lates are maintained in the Cawthron 
Institute Culture Collection of Micro-
algae (CAWD242 (Fig. 2), CAWD233 
and CAWD250 respectively) and the de-
scription is currently in review. Identi-
cal DNA sequence data to this currently 
undescribed species have also been 
recorded for an isolate from eastern 
Australia, although the isolate did not 
survive [2]. If accepted as a new species 

Fig. 1. Top, macroalgae in lagoonal waters, Rarotonga, Cook Islands, from where Gambi-
erdiscus sp. CAWD233 was isolated, and bottom, Phoebe Argyle sampling from eel grass in 
Tongatapu, Kingdom of Tonga.
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Species	reported	
in	the	Pacific	

region 

Countries	where	
reported 

Toxins	
produced 

(LCMS/MS*) 
References 

G.	australes	 Cook Islands; 
French Polynesia; 
Hawaii (USA); 
Japan; 
Tonga 

MTX 
MTX-3	

Chinain et al. 1999 [26]; 
Kohli et al. 2015 [3] 

G.	balechii	 Celebes Sea, Indonesia (positive MBA) Fraga et al. 2016 [7] 
G.	belizeanus	 Australia (Queensland); 

Malaysia 
 

(positive RBA) Kohli et al. 2015 [3];  
Leaw et al. 2011 [28]; 
Tester 2015 [22] 

G.	caribaeus	 French Polynesia; 
Hawaii (USA); 
Korea; 
Republic of Palau;  
Thailand 

(positive MBA) Kohli et al. 2015 [3]; 
Litaker et al. 2009 [6] 
Tawong et al. 2016 [29] 

G.	carpenteri	 Australia (New South Wales);  
Fiji Islands; 
French Polynesia; 
Guam (US territory); 
Hawaii; 
Mariana Islands 

MTX-3* 
 

Kohli et al. 2015 [3] 
Litaker et al. 2009 [6]; 
 

G.	cheloniae	 Cook Islands MTX-3 Smith 2016 [8] 
G.	lapillus	   Kretzschmar et al. 2016 

[9] 
G.	pacificus	 French Polynesia; 

Cook Islands; 
Republic of the Marshall 
Islands; 
Republic of Tonga; 
Vietnam 

MTX-3 Chinain et al. 1999 [26]; 
Kohli et al. 2015 [3] 

G.	polynesiensis	 Cook Islands ; 
French Polynesia; 
Vietnam 

CTX 
MTX-3 

Chinain et al. 1999 [26]; 
Chinain et al. 2010 [27]; 
Kohli et al. 2015 [3] 

G.	scabrosus	 Japan (positive MBA) Nishimura 2014 [30] 
G.	toxicus	 Australia (Queensland); 

Fiji Islands; 
French Polynesia; 
Guam (US territory); 
Hawaii; 
New Caledonia; 
Republic of Palau; 
Republic of the Marshall 
Islands; 
Vietnam 

(positive RBA) Kohli et al. 2015 [3]; 
Richlen et al.2008 [4] 
 

Gambierdiscus	
genus†		

New Zealand NT Chang 1996 [15] 

Gambierdiscus	sp.	
(isolates	
CAWD242,	233	
and	250)	

Cook Islands;  
Kermadec Islands (NZ 
territory);  
Republic of Tonga 

MTX-3 Richlen et al. 2008 [4];  
Smith et al. 2016 [8] 

Species	not	yet	reported	in	the	Pacific	region:	G.	carolinianus,	G.	excentricus,	G.	silvae	
[6,10].	

Table 1: Geographic occurrence and toxin production (as determined by LCMS/MS) of Gambierdiscus species in the 
Pacific region. 

MTX: maitotoxin; MTX-3: putative maitotoxin-3; CTX: ciguatoxin; MBA: mouse bioassay; RBA: receptor binding assay; 
NT: not tested; †: Reported as G. toxicus but species unconfirmed. 
*Where LCMS/MS results are either negative or unavailable results of bioassays are presented in brackets; **Australian 
isolates of G. carpenteri were negative for MTX by LC-MS/MS but positive by MBA [31].
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this will bring the number of Gambier-
discus species to fifteen. 

A related species, originally de-
scribed as G. yasumotoi, was reported in 
coastal waters of Northland, New Zea-
land, and in tropical eastern Australia 
[11-13]. It was later assigned to a new 
genus, Fukuyoa [14], and was reclas-
sified as Fukuyoa paulensis. The three 
described species in the genus, F. pau-
lensis, F. ruetzleri and F. yasumotoi, are 
not included in this discussion. Gambi-
erdiscus was also reported as G. toxicus 
in northern New Zealand in 1995 [14], 
but without scanning electron micros-
copy or DNA sequencing data the spe-

cies identification is uncertain. Howev-
er, the presence of Gambierdiscus [15] 
and Fukuyoa [11] in New Zealand in-
dicates that Northland’s coastal waters 
can support those genera with the risk 
that cells concentrations could increase 
to form blooms under favourable envi-
ronmental conditions.

Climate change, in particular rising 
sea temperatures and changing cur-
rents, means that an expansion in the 
geographic range of Gambierdiscus is 
likely to continue and possibly acceler-
ate [16-17]. Certainly average annual in-
creases in sea water temperatures have 
been reported for both south-eastern 

Fig. 2. Scanning electron micrographs of cells of Gambierdiscus sp., isolate CAWD242, from the 
Kermadec Islands: (A) view of cingulum and apical pore, (B) apical pore complex, (C) antapi-
cal hypotheca.

Fig. 3. Map of Pacific region showing the geographic distribution of Gambierdiscus species (2017).

Australia and for New Zealand’s coastal 
waters [18-19]. The appearance of G. 
carpenteri in the more temperate wa-
ters south of Sydney, New South Wales 
(NSW), Australia [16] may be explained 
by currents bringing cells from tropical 
Queensland to the warming NSW seas, 
but the adaptation of G. carpenteri to 
cooler temperatures may also contrib-
ute to the NSW records. The risk of CFP 
occurring in New Zealand’s northern 
sub-tropical waters continues to in-
crease and may impact on recreational 
fishing in the future and, potentially, the 
development of the commercial fishery.

Not all Gambierdiscus species pro-
duce CTXs or MTXs (Table 1). LCMS/
MS allows specific and sensitive analy-
sis of the targeted toxin groups and, 
based on our results, G. polynesiensis 
produces CTXs and G. australes MTX-1 
[3,20]. However, all described species 
produce putative MTX-3. The toxicity of 
CTX is high by both intraperitoneal (ip) 
injection and by oral administration in 
mice, whereas MTX-1 is highly toxic by 
ip injection of mice, but much less so 
orally [20] and MTX-3 has relatively low 
ip and oral toxicity (R. Munday, unpub-
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lished data). The role of MTXs in ciguat-
era fish poisoning is uncertain and due 
to its low oral toxicity may only play a 
small part in toxic events [21]. 

A range of cell-based assays is avail-
able to detect CFP-related toxins, includ-
ing receptor binding (RBA), Ca2+  flux, 
N2A and haemolytic assays [21] as well as 
whole animal assays (for example, mouse 
and larval bioassays [22-23]). Results of 
all these assays are not presented in detail 
here, but extracts of isolates of all species 
tested so far have shown a response in at 
least some of these bioassays, as can be 
seen in Table 1. These results suggest that 
compounds other than MTX-1 and CTXs 
may be produced by the species listed in 
Table 1. Other toxins known to be pro-
duced by Gambierdiscus species include 
gambieric acids, gambieroxide, gambierol 
and gambierone [20]. Despite the raft of 
methods available, the toxicity of isolates 
of Gambierdiscus still requires resolution 
to improve the knowledge of the function-
al biogeography of the genus.

The risk of ciguatera poisoning is 
clearly Pacific-wide and in some islands 
has caused many illnesses and even deaths 
[24]. The poisoning can have serious eco-
nomic impacts, particularly on smaller 
Pacific Island communities [25]. The key 
producer of CTXs, G. polynesiensis, has 
been found from the far western edges of 
the Pacific (Vietnam) to eastern French 
Polynesia (Fig. 3) and is likely to be 
found further south with warming seas. Of 
course, the greater sampling efforts being 
undertaken are likely to add to the increas-
ing detections. 

Species such as Ostreopsis ovata and 
Coolia malayensis occur in the Cook Is-
lands and French Polynesia, where G. 
polynesiensis has been reported. These 
co-occurring species with Gambierdis-
cus are also found in Melanesia, for ex-
ample, Tongatapu, Kingdom of Tonga 
(Phoebe Argyle, unpublished data; Fig. 
1) and the Fiji Islands. They also occur 
in Micronesia, for example, the Republic 
of the Marshall Islands, the US territory 
of Guam, and Tol-truk, Federated States 
of Micronesia [3]. This suggests that the 
environmental conditions may be suitable 
for the expansion of G. polynesiensis to 
these areas.

State-of-the-art molecular tools are 
likely to result in increased reports of all 
the known species of Gambierdiscus glob-
ally and assist in the discovery of new spe-
cies. DNA sequencing data is critical for 

descriptions of new species as conserva-
tive morphological differences can be dif-
ficult to identify. Quantitative PCR assays 
and metabarcoding are already generating 
considerably more data than can be gener-
ated by traditional methods. New species 
records are being made at new sites, for 
example, in Northland, New Zealand, and 
the Cook Islands (K. Smith, unpubl. data). 

Ciguatera fish poisoning has been 
known in the tropical Pacific region for 
centuries, but the increase in species num-
bers and the expansion of the geographic 
range of Gambierdiscus species over the 
last few years (for example, G. carpenteri 
in NSW, Australia [31]; Fig. 3) suggests 
that CFP will also become of greater con-
cern for more temperate regions in the Pa-
cific in the future. 
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From only 15 species in 1965, currently 
49 Pseudo-nitzschia species have been 
described, of which 22 have the abil-
ity to produce the toxin domoic acid 
(DA), along with two Nitzschia species 
[1]. Both numbers are steadily increas-
ing, illustrating an unexpectedly high 
diversity within the genus. Many of the 

Toxin production in lab-rat-diatoms 
(e.g. Pseudo-nitzschia) in the presence 
of copepods

species are morphologically similar, e.g. 
species in the P. pseudodelicatissima 
complex, making identification of Pseu-
do-nitzschia species difficult. The high 
and steadily increasing number of toxic 
species emphasizes the importance of 
considering Pseudo-nitzschia species to 
be toxic for monitoring purposes, un-

less proven otherwise. One may in fact 
ask whether all Pseudo-nitzschia spe-
cies are toxic - given the right circum-
stances as several factors such as phys-
ics and chemistry as well as biological 
interactions are known to affect toxin 
production [reviewed in 2, 3].

Toxicity in the laboratory and in 
thefield–andcopepods
It has been observed that Pseudo-
nitzschia cultures tend to lose toxicity 
(toxin content per cell) over time in cul-

 

Factor	 Initial	DA	cell-1	 Final	DA	cell-1	
Times	increase	
in	DA	content	

Species	 Ref	

Copepod1 

 
0.1 13.1 130.0 P.	seriata	 9 

Copepod2 0.1 4.15 40.5 P.	seriata	 9 
Copepod3 0.46 2.34 4.1 P.	seriata	 11 
Copepod2 0.36 1.98 4.5 P.	seriata	 11 
Copepod4 0.4 13.1 31.8 P.	seriata	 3 
Copepod4 0.1 2.6 25.0 P.	seriata	 3 
Copepod5 0.2 2.4 11.0 P.	seriata	 3 
Copepod4 0.0* 0-2 24.0 P.	obtusa	 3 
Copepod2 1.27 2.52 1.0 P.	multiseries	 10 
!pH (8.4"7.9) 26 106 4.0 P.	multiseries	 12 

!pH (8.4"7.9) 0.046 0.076 0.8 P.	multiseries	 12 
↑pH (7.9"8.4) 1.9 4.2 1.2 P.	multiseries	 13 

↑pH (7.9"8.4) 4.2 140 32.3 P.	multiseries	 13 

↑pH (7.9"8.4) 158 213 0.4 Nitzschia	navis-
varingica	

13 

P depletion 0.046 26 49.0 P.	multiseries	 12 
P depletion 0.076 106 141.0 P.	multiseries	 12 
P depletion 1.0 5.9 5.9 P.seriata	 14 
Si depletion  BD** 14.7  P.seriata	 14 
Si depletion 0.002 0.3 125.3 P.multiseries	 15 
Si depletion 3.86 11.9 3.1 P.multiseries	 16 
↑temperature 0.176 176 99.0 P.	multiseries	 17 
↑temperature 0.126 66 49.0 P.	multiseries	 17 
↑salinity 4.3 20.4 3.7 P.	multiseries	 18 
Photoperiod 
short to long 

1.4 2.4 0.7 P.	seriata	 19 

Bacteria7 0.03 0.52 16.3 P.	multiseries	 20 
Bacteria7 0.17 3.27 18.2 P.	multiseries	 20 
Bacteria7 0.04 0.32 7.0 P.	multiseries	 20 
Bacteria7 0.01 0.38 37.0 P.	multiseries	 20 
Bacteria7 0.88 8.23 8.35 P.	multiseries	 20 
!Cell size  3.6 0.4 -0.9 P.	multiseries	 4 

!Cell size  2.4 0.05 -1.0 P.	multiseries	 4 
	
	 	

Table 1. Factors affecting production of DA in diatoms

*For calculation purposes set at the detection limit, **Below detection limits; 1Calanus hyperboreus; 2Calanus finmarchicus; 
3Calanus glacialis; 4Calanus copepodites; 5Calanus copepodamides; 6Estimated from the publication; 7Comparing axenic with 
non-axenic.
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ture and that these cells may end up as 
being non-toxic (see refs in [1]). This 
decrease in toxin content over time has 
been related to a simultaneous decrease 
in cell size [4], as Pseudo-nitzschia cells, 
like other vegetative cells of diatoms, 
decrease in cell size with time and thus 
contain less toxin per cell. This hypothe-
sis has been supported by observations 
of P. cuspidata of which some (but not 
all) of the large cells after sexual repro-
duction are more toxic than the smaller 
parent cells [5]. Another explanation 
for the decrease in toxin content over 
time is related to bacteria. A correlation 
between decreases in Pseudo-nitzschia 
toxin content and simultaneous chang-
es over time in bacterial communities in 
Pseudo-nitzschia cultures has been hy-
pothesized. Because some bacteria have 
been shown to promote DA production 
whereas others degrade DA, changes 
in bacterial communities might poten-
tially be an explanation [6]. Changes in 
bacterial communities over time have 
been observed in some studies, but not 
others [7, 8]. 

In recent studies on interactions be-
tween copepods and Pseudo-nitzschia, 
grazing copepods (like Calanus species) 
have been shown to trigger an increase 
in toxin production [3, 9-11]. We hy-
pothesize that the reason for a decrease 
in DA production over time in labora-
tory cultures might be related to a lack 
of grazers in laboratory cultures. When 
exposed to grazing copepods, toxin pro-
duction has been shown to increase up 

to 130 times, depending on exposure 
time (12 hours to 10 days) as well as 
concentration and species of copepod 
(Table 1, 2-5). One can easily imagine 
that the lack of such a potent toxin-
trigger will have an effect. When estab-
lishing clonal cultures in the laboratory, 
single cells are removed from the natu-
ral environment and kept in pure cul-
tures without exposure to grazers. The 
lack of the triggering factor that grazers 
exercise thus results in a continuous de-
crease in toxin production. 

Toxin-inducing factors
A lack of copepod grazers may also ex-
plain why field data on cellular toxin 
content shows higher toxin levels than 
laboratory cultures of the same spe-
cies from the same area [5]. But several 
other factors also influence production 
of DA. A preliminary comparison of 
some of the factors affecting DA pro-
duction shows that toxin production 
may increase more than 100 times 
due to copepod grazing or depletion of 
phosphate and silicate, whereas pres-
ence of bacteria, salinity increase or 
pH increase showed a smaller degree 
of induction (See Table 1). This is not 
an exhaustive comparison and does 
not include the rate of toxin induction 
as the time of incubation was not avail-
able for many of the experiments, but 
may nonetheless give an indication of 
the importance of some of the factors 
affecting DA-production. 

Apart from increasing toxin produc-
tion in already toxic species/strains, 
presence of grazers may even induce 
toxin production in species previously 
considered non-toxic, as shown for P. 
obtusa [3]. It is therefore relevant to 
consider that all Pseudo-nitzschia spe-
cies might have the potential to pro-
duce DA, given the appropriate trigger-
ing conditions. The results mentioned 
above illustrate the importance of con-
sidering different chemical, physical as 
well as biological factors when predict-
ing and modelling toxicity of Pseudo-
nitzschia in the field.
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Ecology of Alexandrium spp. in the 
Strait of Georgia, British Columbia, 
 Canada 2015

Coastal waters of British Columbia (BC), 
Canada have one of the longest docu-
mented histories of Paralytic Shellfish 
Poisoning (PSP) in the world [1, 2]. A 
monitoring program for the presence of 
toxins in shellfish was established in the 
1940s [3]. Since then, PSP closures have 
been occurring every year. In the Strait 
of Georgia, PSP is primarily caused by 
the genus Alexandrium. Little is known 
about Alexandrium spp. distribution 
and its environmental preferences in 
the Strait of Georgia. Currently, the gov-
ernment does not have a harmful algae 
monitoring program in BC.

The Citizen Science Program was 
initiated in 2015 by the Pacific Salmon 

Foundation, the Department of Fisher-
ies and Oceans Canada, and Ocean Net-
works Canada. The purpose of the pro-
gram is to monitor the Strait of Georgia 
and provide data at a spatial and tem-
poral scale not possible before. Proper-
ties/samples that are being measured/
collected include phytoplankton, zoo-
plankton, temperature, salinity, density, 
dissolved nutrients, fluorescence, oxy-
gen, and turbidity. Sampling for phyto-
plankton is performed at approximate-
ly 80 sites (Figs. 1, 2) throughout the 
Strait every two weeks from February 
to October. At each site phytoplankton 
samples are collected from the surface 
(0 m). Among these 80 sites, there are ~ 

10 stations where additional samples at 
5, 10, and 20 m are collected. Nutrients 
and environmental data are collected at 
~30 sites. The majority of the data can 
be found at the Ocean Networks Canada 
and Strait of Georgia Data Centre web-
sites – http://www.oceannetworks.ca 
and http://www.sogdatacentre.ca. Here 
we share observations on distribution, 
abundance, and environmental prefer-
ences of Alexandrium spp. in the Strait 
of Georgia.

In 2015, 1037 sea surface water 
samples were collected in the Strait of 
Georgia. Of these samples, 107 (10.3%) 
contained cells of Alexandrium spp. Al-
exandrium spp. were observed most 
frequently in Ladysmith and Cowichan 
Bay samples, while least frequently in 
Campbell River, Nanaimo, and Steves-
ton (Table1). It has to be noted, that the 
total number of samples collected in 
Ladysmith and Steveston in 2015 were 
very low (Ladysmith was an opportun-
istic area sampled by the Stz’uminus 
First Nations when possible and Ste-
veston area was added to the Citizen 
Science Program half way through the 
sampling season). Thus, the frequency 
of occurrence in Ladysmith and Steves-
ton is not as representative as in the 
rest of the areas, where sampling was 
done more systematically. As for the 
temporal distribution, cells of Alexan-
drium spp. were the most abundant in 
May – August samples (Table 1). 
Cell densities. The majority of samples 
containing Alexandrium spp. showed 
low densities with only a few cells per 
mL (approximately 50% of the samples 
had ~ 1 cell mL-1 and 25% had ~2 cells 
mL-1). The remaining 25% of the sam-
ples had densities of 3-18 cells mL-1 
with all samples with densities > 8 cells 
mL-1 (N=15) occurring in Ladysmith 
and Cowichan Bay samples. Temporal 
patterns in these two areas (with aver-
aged per area Alexandrium spp. densi-
ties > 1 cell mL-1) are illustrated in Fig. 
3 and Fig. 4. 
Temperature and salinity. There were 
48 cases when temperature and salinity 
were recorded (at 0.5 m) along with phy-
toplankton samples containing at least 1 
cell mL-1 of Alexandrium spp. (at 0 m). 
Alexandrium spp. cells were observed in 
a wide range of temperatures from 9 to 22 
°C and salinities from 20 to 31 ppt (Fig. 5). 
The highest densities of Alexandrium spp. 
(10-13 cells mL-1, N=4) were observed in 

Fig. 1 Citizen Science sampling stations in the Strait of Georgia, Canada in 2015. 

Fig. 2. Citizen Science sampling areas in the Strait of Georgia, Canada in 2015.
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a range of 16-19 °C and 
26-28 ppt.
Nutrients. There were 
only 20 cases when 
dissolved nutrient sam-
ples were collected (at 
2 and 20 m) along with 
phytoplankton sam-
ples containing at least 
1 cell mL-1 of Alexan-
drium spp. (at 0 m) and 
where nutrient values 
were above zero within 
analytical uncertainty. 
Nutrient values varied 
dramatically (Table 3) 
and due to the small 
sample size, no clear 
pattern between nutrient 
values and Alexandrium 
spp. presence was estab-
lished. An interesting 
observation was that out 
of these 20 cases, there 
were only 2 with high 
Alexandrium spp. den-
sity (~8 and ~10 cells 
mL-1; the remaining 18 
cases had 1-3 cells mL-

1) and in both of these 
cases, nitrate and nitrite 
values (at 2 m) were rel-
atively high (7.44 and 
6.7 µmoles L-1, respec-
tively).

The year of 2015 
was unusually warm 
due to El Niño. In the 
Strait of Georgia the 
majority of the total 
phytoplankton bio-
mass was comprised 
of diatoms, while the 
dinoflagellate contri-
bution was very low 

Fig. 3. Average density of Alexandrium spp. at the Ladysmith 
sites (N=5) from June to September, 2015

Fig. 4. Average density of Alexandrium spp. at the Cowichan Bay 
sites (N=13) from July to September, 2015

Fig. 5. Temperature and salinity values at 0.5 m when Alexandri-
um spp. cells were present at 0 m in 1 mL of the sample (N=48)

Table 1. Number of water samples (N) collected by the Citizen Science Program, frequency of 
samples with Alexandrium spp. presence (Alex. +), and number of water samples with Alexan-
drium spp. cells present by month, Strait of Georgia 2015 (n/a - no samples were collected).

Table 2. Descriptive statistics of dissolved nutrients values 
(µmol/L) at 2 and 20 m when Alexandrium spp. cells were pre-
sent at 0 m in 1 mL of the sample  (N=20 samples)

Area Samples
		(N)

	(%)
Alex. + Mar Apr May Jun Jul Aug Sep

Ladysmith 27 63 n/a n/a 1 10 4 n/a 2
Cowichan	Bay 149 26 1 10 n/a 18 6 4
Lund 128 13 3 6 5 1 1
Irvine	Sechel 83 11 1 1 3 4
Baynes	sound 98 9 2 1 4 1
Victoria 99 6 2 3 1
Powell	River 162 4 1 1 2 3
Campbell	River 144 2 1 2
Nanaimo 107 2 1 1
Steveston 40 0

NO3
	+	NO2

SiO3 PO4
NO3
	+	NO2

SiO3 PO4

Min 0,03 11,30 0,24 10,70 8,97 1,31
Max 19,31 45,98 1,81 24,97 47,87 2,27
Mean 4,22 24,17 0,84 16,97 34,15 1,77
SE 1,18 2,25 0,09 1,13 2,16 0,07
Var 27,67 101,33 0,17 25,65 93,08 0,10

Nutrients	at	0	m Nutrients	at	20	m

and silicoflagellates and raphidophytes 
were almost absent (Pacific Salmon 
Foundation, internal data). Hence, data 
on Alexandrium spp. distribution, abun-
dance and environmental preferences 
reported here are limited and represent 
the behaviour of such harmful algae in 
an unusual year. The most important 
observation of the Alexandrium spp. dis-
tribution in the Strait of Georgia in 2015 
was that location and season were the 
most important factors in Alexandrium 
spp. presence and absence. The Citizen 
Science Program supported by PSF is 
continuing the collection and analysis 
of samples through 2016 and 2017. 
This anticipated 3 year continuation of 
data collection will be highly beneficial 
in understanding the local ecology of 
PSP-causing species.
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Aclarificationofthreeunnamed
 raphidophytes previously described 
from British Columbia

An algal bloom implicated in the mass 
deaths of farmed salmon in Simoom 
Sound, BC, in early October 1990, was 
partly described in 1992 [1] and largely 
misdescribed in 2010 [2]. It was domi-
nated by cold temperate raphidophytes, 
recorded, respectively as ‘Raphido-
phytes 1 & 2’, and Chattonella sp. and 
described in Waters et al [3] and Forbes 
& Waters [4].  The water temperature 
during the bloom was 13°C and the sa-
linity 26ppt. 

The Chattonella sp. grouping was a 
combination of two unrelated species, 
chiefly an unnamed dictyochophyte 
whose rapid change of form (see be-
low) brings it into the genus Vicicitus as 
characterised by Chang et al [5] p. 409. 
The motile cells of Vicicitus sp. from 
this bloom were examined in a settling 
chamber using an inverted microscope. 
Most of the cells were globular, ~30-50 
µm long and brownish to greenish gold 
in appearance. The chloroplasts were 
discoid, diameter 2.0-3.4 µm. Numer-

ous minute osmiophilic particles in the 
cell periphery were interspersed with 
small vesicles. The cell recreated in Fig. 
1 glided forward slowly, with the lead-
ing flagellum held straight, vibrating 
at high speed, while the other flagel-
lum lashed around from time to time. 
The flagella arose together from a cir-
cular, conical, anterior depression that 
came into view when the cell turned 
downwards. After a while the cell flat-
tened and suddenly became amoeboid, 
with several pseudopodia of different 
widths (see description in ([5] p. 408). 
These spread outwards fast, a long way, 
stopped briefly and returned slowly, 
all within 30 seconds (see [5] p. 408). 
This activity was repeated for at least 
5 minutes most probably in an appar-
ent attempt to find other cells (see [5] 
p. 408), but they were too far away and 
the amoeboid one eventually became 
inactive. The chloroplasts had single 
pyrenoids that showed up in the Lugol-
fixed amoeboid cell in Fig. 2 #3. An elon-

gated motile cell with very similar chlo-
roplasts and the oval Lugol-fixed cell in 
Fig. 2 #3 were probably equivalent to 
the long cells formed by V. globosus in 
stationary growth (see [5] Figs. 7 & 8). 

Raphidophyte 2 [3] (Fig. 2 #2), a 
bloom-forming species [4], may belong 
to the same genus as Raphidophyte 1 
(below). A basic ventral view of a mo-
tile cell in Waters et al [3] is reproduced 
here as Fig. 3. Its jagged outline is due 
to its protruding extrusomes. The cells 
are dorsoventrally narrow, concave 
ventrally, convex dorsally, 8-13 µm long, 
6-10 µm wide, with 4-6 yellow-brown 
discoid chloroplasts. The normal swim-
ming action is a swivelling glide direct-
ed by the curving of the anterior flagel-
lum. 

Raphidophyte 1 [2]/F.J.R. Taylor’s 
Undescribed chloromonad [6] is M.R. 
Droop’s fragile, golden-brown Flagel-
late X [7]. Droop’s species germinated at 
a water temperature of 6°C and formed 
a bloom at 7°C in upper Loch Striven, 
Argyll, Scotland, in early May 1979 [7]. 
It is described as follows: “Examination 
of live material (figure 5) suggested it to 
be a chloromonad  related to Vacuolaria 
and Gonyostomum. It seemed especially 
similar to Olisthodiscus” (Droop et al 
[7]). The drawings in Droop’s Fig. 5 are 

Fig. 1. Vicicitus sp. Motile cell, 47 µm long, 55 
µm wide.

Fig. 2. Simplified depictions of six marine flagellates fixed with acid Lugol’s solution. Scale bar 
10 µm. #1: Raphidophyte 1 from the 1990 bloom; #2: Raphidophyte 2 from the 1990 bloom 
and ocean surface waters; #3: Vicicitus sp. from the 1990 bloom; #6 H. akashiwo: from the 
1990 bloom. 
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Fig. 4. Flagellate X from Droop 1979. Cell size about 20 µm. #1 Ventral face, 
anterior end down; note the thin and overlapping chloroplasts. #2  The same 
cell under stress, its ejected extrusomes apparently unfilled. #3  A cell shrunk 
by the apparent transfer of mucilage to the extrusomes, which have released 
it and dispersed (#1-3 captions are interpretations from the author). 

reproduced here at a smaller size (Fig. 
4) and are interpreted (in the figure 
caption) by the author. 

Photographs of motile cells under 
stress received from Nicky Haigh (Mi-
crothalassia) (not shown here) reveal 
that the extrusomes are flexible and not 
the impediment to motility that they 
appear to be in Fig. 4 #2. They are more 
evenly distributed and more uniform 
in width except for constricted distal 
ends. Nicky’s cells have a tubular pos-
terior invagination on their ventral side 
and a corresponding shallow recess on 
their dorsal, which may explain why 
the cells in the 1990 bloom split open 
in the fixative (Fig. 2 #1). Those cells 
were growing fast when they were col-

lected. Slow-growing cells have round 
chloroplasts in Lugol’s-fixed material, 
where they can resemble Heterosigma 
akashiwo (Fig. 2 #6). Although the two 
species have different water tempera-
ture requirements, they can both be 
present at high concentrations in the 
same bloom in BC coastal waters [2,4].  
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Fig. 3. Raphidophyte 2 from a culture in 
1974. Motile cell, ventral view 11.5 µm long.

The IOC and IAEA are proud to an-
nounce the publication of IOC Manu-
als & Guides no 59 

This manual is intended as an introduc-
tion to basic analytical techniques that 
can be applied when designing a stand-
ard sampling protocol for both plank-
tonic and benthic microalgae (and asso-

ciated environmental conditions) and 
vectors of biotoxins (shellfish and fish). 
This standardization of methods will en-
able more robust data comparisons be-
tween countries and will yield improved 
risk assessments of potentially toxic 
HABs events. http://unesdoc.unesco.
org/images/0021/002145/214510e.pdf 

IOC-IAEA guide for designing and implementing a plan to monitor 
toxin-producing microalgae

IntergovernmentalOceanographic Commission

Manuals and Guides 59
GUIDE FOR DESIGNING AND IMPLEMENTING 

A PLAN TO MONITOR TOXIN-PRODUCING MICROALGAE 
Second Edition

Beatriz Reguera, Rosalba Alonso, Ángel Moreira, 

Silvia Méndez and Marie-Yasmine Dechraoui Bottein
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Autumnal algal bloom succession 
in northern coasts of Gulf of Oman

The composition of harmful algal 
blooms is determined by the diversity 
and abundance of different species pre-
sent. Temporal fluctuations in phyto-
plankton populations can lead to a suc-
cession of different species dominating 
the phytoplankton community. Typi-
cally, phytoplankton blooms dominated 
by small and fast growing diatoms is 
followed by slow-growing larger dia-
toms which in turn is followed by the 
occurrence of large dinoflagellates [1]. 
Bloom succession is mainly controlled 
by physical factors, nutrient availability, 
mixotrophy and competition/preda-
tion [2]. The diversity within temporal 
phytoplankton bloom succession is dis-
cussed on the basis of decadal [3], an-
nual [4], or seasonal [5] changes in spe-
cies composition. Finer-scale changes 
(e.g. diurnal) may also occur [6]. The 
first phytoplankton bloom report in 
Gulf of Oman dates back to 1970s [7]. 
Since then, there have been regular re-
ports of red tide incidents within the 
Gulf area which peaked in 2009 with 
more than 12 events in a single year [7]. 
To assess the autumnal succession of 
algal blooms on the northern coasts of 
Gulf of Oman, phytoplankton sampling 
was conducted irregularly (i.e. based on 
incidence of water discoloration) along 
Chabahar coasts (Fig. 1). Bloom spe-
cies were identified and counted using 
light microscopy. The first detectable 
discoloration occurred on 26 October 
2016 with a dominance of Alexandrium 
sp. (Table 1). This event was followed 
by a extensive bloom of Prorocentrum 
sp that lasted three days. This bloom 
resulted in the failure of a desalination 
plant in the city as a result of clogging. 

Next, an outbreak of Cochlodinium pol-
ykrikoides covered nearly the whole 
Chabahar Bay (i.e. from Ramin coast to 
Chabahar Bay). Cell densities at the time 
of the bloom exceeded 1.5 x 106 cells L-1 
(Table 1). Approximately 20 days later, a 
green tide reported by local fisherman, 
occurred along almost the whole coast. 

Fine examination of water samples in-
dicated predominance of green Nocti-
luca scintillans (Fig. 2) in surface waters 
(Table 1). Finally, a dense bloom of Mes-
odinium rubrum (Fig. 2) occurred on 4th 
December 2016. To our knowledge this 
is the first report of Mesodinium rubrum 
blooms in the Gulf of Oman. During the 
course of these algal blooms, the maxi-
mum pH, temperature and dissolved 
oxygen coincided with the Cochlod-
inium polykrikoides bloom, while maxi-
mum salinity was recorded at the time 
of the Noctiluca scintillans bloom (Ta-
ble 1). Recent evidence suggests that 
dinoflagellates are replacing diatoms 
(e.g. Lauderia punctata, Chaetoceros 
spp., Guinardia striata and Thalassiosira 
spp.) in the Gulf of Oman and becoming 
dominant the HAB species [8]. In this 
case, controlling future algal blooms 
may become more difficult in the region 
since dinoflagellate blooms are less pre-
dictable and more ephemeral compared 
to diatom blooms [9].

Fig. 1. Map of the study area

Fig. 2. Top, green tide of Noctiluca and bottom, bloom of Mesodinium  rubrum in Chakbahar, 
Gulf of Oman, autumn 2016.
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Table 1. Maximal mean density of the observed bloom species and physical-chemical properties of the near-shore waters during autumnal algal 
blooms in the northern Gulf of Oman 

Date Species/ Genus Mean density maxima (×106) Temperature Salinity pH DO(mg/L) 
26 October 2016  Alexandrium sp. 1.5 24.4 36.3 8.10 8.30 

04 November 2016 Prorocentrum	sp. 1.53 25.5 37.8 8.00 5.10 
09 November 2016 Cochlodinium	polykrikoides 1.7 27.0 36.4 8.40 11.20 
29 November 2016 Noctiluca	scintillans 0.007 25.1 36.6 8.14 6.58 
03 December 2016 Mesodinium	sp. 3.1 25.5 36.6 8.25 9.50 

 

 

 

 

 

 

Over 400 scientists and producers of 
micro- and macro-algal products are 
expected to meet during the 6th Con-
gress of the International Society for 

6th Congress of the International  Society for Applied Phycology (ISAP)
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Nodularin accumulation in New Zealand 
shortfineelfromLakeForsyth/TeWairewa

Lake Forsyth is a small coastal lake on 
the Banks Peninsula in the Canterbury 
region of New Zealand; 7.8 km long 
and 1.3 km at its widest point (Fig. 1). 
The Māori name for the lake, Te Roto o 
Wairewa, means ‘water lifted up’ and in 
Māori legends Te Wairewa was the last 
lake to be dug out by Rākaihautū as he 
sculpted the lakes and mountains of the 
South Island of New Zealand. The lake 
is very important to the local Rūnanga 
(tribe) and has provided an important 
food source, both historically and at 
present. In early historic times Lake 
Forsyth/Te Wairewa was an estuarine 
environment, however persistent depo-
sition of gravel from nearby rivers even-
tually led to the closing of the estuary 
mouth. The closure and a significant 
increase in sediment flow into the lake 
over the last 150 years due to defor-
estation has, in part led to a decline in 
the lake’s water quality [1] and since 
the early 1900s it has been described 
as eutrophic, suffering from persistent 
blooms of the cyanobacterium Nodu-
laria spumigena (Fig. 2).

The water levels of Lake Forsyth/
Te Wairewa must be artificially con-
trolled to mitigate the risk from land 
inundation. To do this, a channel was 
cut through the gravel to link the lake 
to the sea. Typically the shortest route 
was taken. The channels are temporary; 
quickly filled in due to the high-energy 
waves moving gravel along the shore 
plus the dominant drift of sediment 
down the coast from the braided rivers 
located to the north. The earliest re-
corded artificial opening of the lake was 

in 1866 [2] and, from the 
1940’s onwards, open-
ings have been carried 
out regularly. In 2008, 
the rūnanga attempted 
to create a permanent 
opening by constructing 
a 900 m canal and 300 
m groyne at the eastern 
end of the beach against 
the cliffs. Although the 
end of this canal can be-
come blocked, it is a more 
straightforward process 
to re-open it than creating 
a beach channel. The flow 

rates of the canal are also considerably 
lower than that generated from a beach 
channel. This has an advantage of being 
able to control lake levels more effec-
tively and the less turbulent flow-rate 
may assist in the recruitment of elvers 
(glass eels) during spring openings. 
There has been some improvement 
in water quality and lake ecology over 
this time (e.g., growth of macrophyte 
beds and resulting clear water within 
the beds), which may be attributed to 
better control of lake levels. However, 
the lake has had a recent downturn in 
2016, with some of the most severe and 
prolonged cyanobacteria blooms re-
ported to-date. As Nodularia spumigena 
commonly produces the hepatotoxin 
nodularin, farm stock deaths have been 
encountered along the shores of Lake 
Forsyth/Te Wairewa. In 2016, 30 sheep 
were reported to have died after drink-
ing from the lake, as well as several dogs 
belonging to nearby residents.

Lake Forsyth/Te Wairewa is a valu-
able wetland ecosystem, providing 
homes for a variety of waterfowl and 
aquatic animals such as flounder, bul-
lies, whitebait, banded kōkopu and 
eel (or tuna in Māori). Introduced fish 
species such as perch and brown trout 
can also be found in the lake. As nodu-
larin has been shown to accumulate in 
aquatic animals [3-7], we investigated 
the accumulation of the toxin in short-
fin eel (Anguilla australis) from the lake 
[8] . Shortfin eel are native to New Zea-
land, but are also found in south-east-
ern Australia and some Pacific islands. 
In many of New Zealand’s freshwater 

food webs they are the apex predator, 
and as opportunistic scavengers, they 
play an important role in recycling nu-
trients. They are primarily found in 
lowland lakes, estuaries and the lower 
reaches of rivers, and can reach a maxi-
mum size of approximately 3 kg and 1.1 
m in length [9]. They are catadromous, 
and on reaching maturity (6-24 yrs for 
males, 10-34 yrs for females), the eels 
stop feeding and migrate up to three or 
four thousand kilometres over approxi-
mately four months to a deep water 
spawning ground somewhere off New 
Caledonia [10]. 

In New Zealand, tuna (eels) have 
huge customary and cultural signifi-
cance to the indigenous Māori popula-
tion. They are integral to their whakapa-
pa (genealogies or stories which create 
a foundation of meaning for the people) 
and are an important mahinga kai (tra-
ditional food source). In recognition of 
the importance of eels to Māori, the New 
Zealand government set aside a number 
of waterways for eel fishing by only the 
local Māori people, including Lake For-
syth/Te Wairewa. In autumn, migrating 
eels gather at the gravel bar separat-
ing the lake from the sea where small 
channels are dug into the gravel bar at 
the bottom of the lake (Fig.3A; Site in-
dicated on Fig.1). As the eels gather in 
the channels, they are gaffed (speared) 
using a pole with a sharp hook on the 
end (Fig. 3B). Historically, up to several 
hundred eels were harvested per night 
when conditions were suitable. More 
recent studies suggest that shortfin eel 
populations in the lake are in a state of 
decline [11].

Because of the persistent cyanobac-
terial blooms and the human consump-
tion of these eels, we assessed if nodu-
larin accumulated in shortfin eels from 
Lake Forsyth/Te Wairewa, and whether 
the concentrations would pose a risk 
to the health of humans who consume 
them [8].  Nodularin is heat-stable and 
thus not destroyed by cooking. With the 
help of the local rūnanga and others we 
collected migratory and feeding (non-
migratory) shortfin eels, and analysed 
the liver and muscle tissue for nodular-
in content. Surface water samples were 
also collected to assess the concentra-
tion of N. spumigena and nodularin in 
the water. The samples were collected 
opportunistically between 2004 and 
2014.

Fig. 1. Map showing Lake Forsyth/Te Wairewa, the eel gaff-
ing site and the location of the lake in New Zealand (inset).
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The data from the water samples 
indicated that there was seasonal vari-
ation in concentrations of N. spumigena 
and nodularin, but that the severity of 
the blooms were decreasing over the 
study period [8]. Being able to maintain 
higher lake levels via the new canal may 
have contributed to these decreases in 
N. spumigena blooms. However, high 
concentrations of other phytoplankton 
(including cyanobacteria) remain per-
sistent in the lake and it is still consid-
ered hypertrophic [12]. In December 
2016, a statutory plan for reducing sed-
iment and phosphorus inputs into Lake 
Forsyth/Te Wairewa was announced 
and this may lead to further reductions 
in phytoplankton blooms in the lake.

In the eel samples, higher nodula-
rin concentrations were observed in 
the liver of the eels than in the muscle 
tissue of the corresponding specimen. 
This was consistent with similar studies 
on nodularin accumulation in aquatic 
animals [4,13,14]. The highest nodula-
rin concentrations detected in the eels 
from Lake Forsyth/Te Wairewa (29 μg 
kg-1 wet-weight in muscle tissue and 
147 μg kg-1 wet-weight in liver) [8] were 
within the same order of magnitude for 
those reported in aquatic organisms 
gathered from other ecosystems expe-
riencing N. spumigena blooms (473 μg 
kg-1 dry-weight in flounder muscle tis-

sue, 139 μg kg-1 dry-weight in mussels 
and 399 μg kg-1 dry-weight in floun-
der liver) [4,7,13]. Mulvenna et al. [15] 
suggested a guideline for safe human 
consumption of microcystin and/or 
nodularin in fish of 24 μg toxin kg-1 (for 
a 2-16 year age group). The concentra-
tions in the muscle of shortfin eels from 
Lake Forsyth/Te Wairewa exceeded 
this suggested safe human consump-
tion guideline only on one occasion (29 
µg kg-1 wet weight). Concentrations de-
tected in the liver exceeded the suggest-
ed value in 36% of samples analysed. 
Fortunately, local Rūnanga (who are the 
main consumers of the eels) currently 
remove the liver prior to consumption, 
and removal of the gut/organs would 
be recommended for anyone consum-
ing aquatic foodstuffs from bloom-af-
fected waters.

Shortfin eels from Lake Forsyth/Te 
Wairewa are an important mahinga kai 
source for the local rūnanga of Waire-
wa and are a taonga species (treas-
ured species) around New Zealand. 
Our study suggested that, provided the 
liver (and other intestinal organs) are 
removed, the risk of adverse effects to 
human health from consumption of 
the eels was low [8]. The data from our 
study also indicated that the concentra-
tions of nodularin in the water column 
impacted on the levels detected in the 

eels. Therefore, the assumption of low 
human health risk may need to be re-
visited now that intense and prolonged 
blooms have returned to Lake Forsyth/
Te Wairewa. While the risk to humans 
may be considered low, the conse-
quences of nodularin exposure on the 
eels remains unknown. We suggest that 
better understanding of these effects 
and improving knowledge on the trans-
port of nodularin through trophic levels 
should be a priority for future research 
in this area.
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Wairewa catching eels in the channels by gaffing (B; photo provided by Jack Jacob).
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The Scottish Coastal Observatory

Scotland’s coastal environment is sub-
ject to inherent variability resulting 
from short term processes such as tides 
and weather, the seasonal cycle, multi-
annual cycles such as the North Atlantic 
Oscillation and larger scale influences 
such as climate change and ocean acidi-
fication. In order to understand how 
these processes impact the ecosystem 
goods and services produced in Scottish 
coastal waters, long term time series of 
data are needed.   

Scientists in Marine Scotland Sci-
ence (MSS), along with a small group of 
voluntary citizen-scientists, have been 
monitoring the physics, chemistry and 
biology at multiple sites in Scotland’s 
coastal waters since 1997. Sustained 
time series of ecological data such as 
these are scarce and interest in this data 

set is growing at both a national and in-
ternational level, both for assessments 
of the status and health of our marine 
ecosystems as well as for input to blue-
skies research, such as project propos-
als and studentships.  

MSS has recently re-badged this 
monitoring programme as the Scot-
tish Coastal Observatory (SCObs). As a 
first step to improve information and 
the availability of data from this pro-
gramme, a three part report [1] has 
been compiled to provide a basic de-
scription of the seasonality and vari-
ability of the main parameters exam-
ined between 1997 and 2013. These 
include temperature, salinity, nutri-
ents, carbonate chemistry, chlorophyll 
a, algal toxins measured using passive 
sampling, phytoplankton and zooplank-

ton. A chapter summarising supportive 
meteorological (air temperature, frost, 
sunshine) and river flow data has also 
been included. The data used in this 
report are available on request with a 
summary of monthly means of the pa-
rameters described in the report avail-
able for download [2]. 

HAB highlights include a description 
of the regional and interannual variation 
of shellfish toxin producing phytoplank-
ton genera at the SCObs monitoring 
sites. A slight increase in the abundance 
of Alexandrium was observed at moni-
toring sites on the west coast towards 
the end of the period covered by the re-
port. The diatom Pseudo-nitzschia was 
present in nearly every phytoplankton 
sample analysed but in contrast to the 
other SCObs monitoring sites is not a 
component of the spring bloom diatom 
community at the monitoring site at 
Scalloway in the Shetland Islands. Di-
nophysis cell densities showed the most 
variability between sites and years with 
cell densities increasing in at the moni-
toring site at Millport in the Clyde, and 
decreasing at Scapa Bay in Orkney dur-
ing the monitoring period covered by 
[1].  Passive sampling methods revealed 
the increased detection of the algal 
toxin, azaspiracid, in the water column 
during winter months. 

Monitoring at the SCObs sites is on-
going. Data from SCObs is a national re-
source and its value increases the more 
it is used. If you would like to find out 
more about SCObs or use these data, 
please email Scobs@gov.scot.
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The“RedFAN”network:aworkinggroup
to deal with HABs in Mexico
In October 2014 the network RedFAN 
(from the acronym in Spanish: “Red 
temática sobre Florecimientos Algales 
Nocivos) was created with the financial 
support of the Mexican National Coun-
cil of Science and Technology (CONA-
CyT). This network integrates the aca-
demic community (researchers and 
students), the public health, produc-
tion and government sectors interested 
in problems related to harmful algal 
blooms in the coastal and offshore ma-
rine environments. The goal of RedFAN 
is to contribute to the understanding of 
HABs, their impact on the public health 
and ecosystems and, under an interdis-
ciplinary approach, to propose mitiga-
tion actions and management plans for 
HABs in Mexico. This network looks 
for the integration of different social 
sectors affected by HAB phenomena to 
consolidate collaboration and to elabo-
rate and implement a National Plan to 
respond to the increasing problem of 
the presence of HABs and their impacts 
in Mexico.

The organization of RedFAN started 
in 2014 with a small group of colleagues 

working on diverse aspects of harmful 
blooms in Mexico. In one of the work-
ing sessions, Juan Blanco (CIMA, Spain) 
shared his experience and made recom-
mendations. A working plan was devel-
oped and five programs were created 
focused on the study of HABs: ecology, 
autecology, toxinology, taxonomy, miti-
gation, and socioeconomic impacts. An 
academic technical committee leads the 
actions and operation of the network. 

Currently RedFAN has 120 mem-
bers: 98% belong to the academic sec-
tor, i.e. researchers and students from 
Universities and research centers. Only 
2% of the membership is from public 
health departments and the private sec-
tor. Most members represent institu-
tions situated in Mexican coastal states. 
Participants of interior states are prac-
tically missing and only members from 
Mexico City (capital of the Country) 
form part of the network.

Activities began formally in June 
2015 with a workshop on HAB in shelf 
waters, held in Cuernavaca, Morelos. It 
was followed by a workshop on emerg-
ing toxins held in La Paz, Baja California 

Sur in November, with Andrew Turner 
(CEFAS, UK) as a special guest. A last 
workshop on science dissemination 
was held in Ensenada, Baja California in 
December of the same year. In addition 
to these workshops, an introductory 
course on the study of HABs was creat-
ed and has been offered to pre and post 
graduate students. This course pro-
vides an introductory overview of dif-
ferent aspects of HABs and presents the 
state of knowledge about them in Mexi-
co. The course has been already held in 
Ensenada, Baja California in September 
2015 and in La Paz, Baja California Sur 
in 2016. Professors from different insti-
tutes and expertise, all of them RedFAN 
members, participated in the course. 
Students (around 20), most of them 
supported by RedFAN, were from differ-
ent regions of Mexico and from Central 
and South America (Panama and Peru). 

In 2016 different actions for the 
internationalization of RedFAN were 
undertaken. The RedFAN network sup-
ported a research stay of Allan Cem-
bella AWI, Germany) in La Paz, B.C.S., 
Mexico, where he collaborated with col-
leagues and students of two research 
centers: IPN-CICIMAR and CIBNOR. 

Fig. 1. Web page of the Mexican Network RedFAN (http://redfan.cicese.mx) 

Continued at page 21
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Caribbean Ciguatera Experts Discuss 
a Risk Management System for the 
IOCARIBE Region

Over the past three decades the inci-
dence of ciguatera has increased in the 
Caribbean countries by about 32% [1]. 
Despite the evidence of toxic events and 
their potential consequences on public 
health, fisheries and tourism, very few 
countries in the region have developed 
management plans to address this is-
sue. To analyze the situation, IOCARIBE, 
ANCA and the CCO (Colombian Ocean 
Commission), convened a workshop of 
Caribbean experts.

The objective of the meeting, held 
on 17th and18th August, 2016 at INVE-
MAR (Santa Marta, Colombia), was to 
propose a risk management system for 
the Greater Caribbean concerning HAB 
events, with a particular focus on Cigu-
atera Fish Poisoning.

Representatives from many institu-
tions – the General Maritime Director, 
the National Navy of Colombia, the Min-
istry of Health and Social Protection, 
the National Institute of Health, Health 
Secretariats of Sucre, San Andres Island, 
Antioquia and Magdalena, the National 
Authority for Aquaculture and Fisher-
ies, INVEMAR, National University of 
Colombia, and the Colombian Commis-
sion of the Ocean - attended the work-
shop. In addition, there were partici-
pants from Cuba (National Toxicology 
Center of Cuba and Fisheries Research 
Center) and Panama (University of 

Panama and the Panamanian Maritime 
Authority).

During the workshop, the status of 
ciguatera in the IOCARIBE region was 
discussed, with particular emphasis 
on medical issues. Cuba, Colombia and 
Panama, presented national reports, 
showing some similar problems and 
the mechanisms developed to deal with 
ciguatera problems in each country. The 
experts analyzed the main needs in the 
region in terms of knowledge, resourc-
es and legislation.

Resulting from the meeting was a 
recognition by the experts of the need 
for a regional risk management system 
for the Greater Caribbean to deal with 
ciguatera fish poisoning. This system 
should incorporate the largest number 
of IOC Member States impacted, coordi-
nate actions with other regional initia-
tives and projects and optimize the ex-
isting infrastructure in the region.

The IOC-ANCA group, supported by 
IOCARIBE, should continue to serve as a 
coordination mechanism to strengthen 
this system. In this respect participants 
agreed upon specific commitments, 
such as:
• Preparation of guidelines for research 
and capacity building .
• Summarize the status of Ciguatera in 
each country.
• Assess the gaps, requirements, con-

straints, and bottle-necks of the system.
To contribute to the global IOC 

strategy on Ciguatera and reduce vul-
nerability through the generation of 
knowledge about the biology, ecology, 
physiology and toxicity of benthic mi-
croalgae present in marine ecosystems, 
the experts proposed to develop a joint 
macro-regional plan with WESTPAC 
(ANCA-WESTPAC).
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IOC/WESTPACScientistsShapethe
FutureofRegionalHABResearch

More than twenty experts from coun-
tries in the Western Pacific gathered in 
Nha Trang, Vietnam, 19-22 December 
2016 to foster cooperation and define 
research priorities for Harmful Algal 
Blooms (HABs) in the region (Fig. 1).

The East and Southeast Asian coun-
tries in the Western Pacific are populat-
ed by more than 3 billion people whose 
activities have been inextricably linked 
to ocean, with large impacts on the sur-
rounding coastal waters and marine 
ecosystems.

Primarily associated with escalating 
human activities, coastal aquaculture, 
nutrient inputs and water quality degra-
dation in coastal systems are expected 
to increase in many areas in the region. 
According to recent reports, the occur-
rence of HABs and their social-econom-
ic impacts seem to be increasing in the 

WESTPAC area. Therefore, it is essential 
for HAB scientists in the region to pro-
vide scientific input, transfer of technol-
ogy, and bridge the gap between science 
and management in order to better as-
sist countries in mitigating the negative 
impacts of HABs.

The regional workshop entitled 
“The Development of a Research Strat-
egy for Harmful Algal Blooms: what 
we know, and what we do not know on 
HABs”, was initiated by the UNESCO/
IOC Sub-Commission for the Western 
Pacific (WESTPAC), and kindly hosted 
by the Institute of Oceanography, Vi-
etnam. The workshop was structured 
around three objectives: 
1) to review current knowledge on HAB; 
2) to identify scientific problems/ques-
tions/gaps, and 3) to develop a research 
strategy for HAB sciences in the region. 

Following a series of institutional and 
national reports on current status and 
issues on HABs, scientific reviews were 
provided by some leading scientists to 
cover various aspects of HAB science 
in the region, including: (1) the biol-
ogy and ecophysiology of HABs species 
(taxonomy, phylogeny and geographi-
cal distribution, bloom dynamics); (2) 
marine biotoxins (responsible species 
and their toxins, and fate of toxins in 
ecosystems); (3) fish kills mechanisms 
(causative mechanisms, including fac-
tors related to harmful substances and 
environment) and (4) socio-economic 
aspects of HAB outbreaks (economic 
losses, preventive measures and man-
agement) (Fig. 2).

Throughout the four-day workshop, 
all participants demonstrated their pas-
sion for closer cooperation among in-
stitutions and countries in the region. 
Lively discussions took place about the 
need for a regional research strategy 
with a view to addressing national and/
or regional specific HABs and synergiz-

Fig. 1. Participants of the WESTPAC-HAB Workshop at the Institute of Oceanography, Nha Trang, Vietnam, 19-22 December 2016

Fig. 2. Talk on management and socio- economy of HABs by 
Dr. Kazumi Wakita.

Fig. 3. Prof. Gires Usup, IPHAB Chair, and Dr. Po Teen Lim, GlobalHAB 
SSC member, (first and second from left).
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ing the ongoing HAB research and ca-
pacity building efforts at these levels. 
Dr. Po Teen Lim presented the science 
and implementation plans of the IOC-
SCOR sponsored new GlobalHAB re-
search program (Fig. 3). It was widely 
recognized that national and regional 
efforts are complementary to global ef-
forts, which form a strong and essential 
basis to achieve the global objectives 
of HAB science. The workshop further 
identified the importance of multidisci-
plinary work to clarify bloom forming 
mechanisms, fish stress and fish mor-
talities and shellfish toxin accumulation 
(including fate  of toxins in shellfish and 
why shellfish do not depurate toxins).

After the workshop, continued ef-
forts are ongoing to develop a draft 
strategy and associated outreach ma-
terials. The draft will be distributed for 
further inputs during the 10th WEST-
PAC International Scientific Conference, 
17-20 April 2017, in Qingdao, China to 
encourage participation of HAB scien-
tists in the region, and to strengthen 
networking and involvement of HABs 
researchers in both regional and inter-
national programs. 
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IOC-SCORGlobalHABScientificSteeringCommitteeMeeting

The GlobalHAB programme was launched in January 
2016, with financial support the the U.S. National 
Science Foundation (through SCOR) and from IOC. 
During this first year, the Scientific Steering Commit-
tee of GlobalHAB elaborated the draft of the Science 
and Implementation Plan of the programme. This 
document was based on suggestions from the inter-
national HAB community participating in the Open 
Science Meeting in Paris, April 2013, at the sunset 
of the former program GEOHAB. The draft was also enriched by many other 
contributions during the first year of the programme and subsequent inputs at 
the International Conference on Harmful Algae in Florianópolis, Brazil (October, 
2016) and submitted to external revision.

The GlobalHAB SSC members will held their second meeting in Naples, Italy, 
from 28 to 30 March 2017. The objectives of this meeting will be to finish edi-
tion of the revised Science and Implementation Plan. This document constitutes 
an addendum to the GEOHAB Science Plan. An analysis of the activities that can 
be implemented at short (1-2 years) and longer (until 2025) term, will also be 
conducted. The information will be soon available at the new webpage www.
globalhab.info.

Contact: Elisa Berdalet (berdalet@icm.csic.es )

ICES-IOCWorkingGrouponHarmfulAlgalBloomDynamics
The ICES-IOC WGHABD will meet on 25 - 
28 April 2017, at the Finnish Environment 
Institute, Helsinki, Finland. Terms of refer-
ence to be addressed include production of 
a status report about harmful algal events in 
the ICES area, national reports, new findings 
and the ecology of Alexandrium ostenfeldii and cyanobacteria from the Baltic.

For more information, contact the WGHABD Chair at: E.Bresnan@marlab.ac.uk

13th Session of the IOC Intergovernmental Panel on Harmful 
Algal Blooms 

The thirteenth Session of the IOC Intergovernmental Panel on Harmful Algal 
Blooms (IOC-IPHAB) will be held from 3 to 5 of May 2017 at the IOC headquar-
ters in Paris, France. Detailed information on the agenda, list of participants and 
working documents will be available at: http://hab.ioc-unesco.org/ (Upcoming 
Events). 

By 1st April 2017, Member States should send detail of their delegation, com-
ments on the draft provisional agenda, name of candidates to chair discussion 
panels, and nominate candidates for the post of Chair and Vice-chair of IPHAB. 
Member States which never participated in IPHAB sessions are invited to do so 
and to send a letter of interest for the programme together with the detail of 
their delegation to the session of its intergovernmental body.

Contact: Henrik O. Enevoldsen, IOC-HAB Programme Coordinator
h.enevoldsen@bio.ku.dk
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In memory of Paul Harrison

With great sorrow, we learned of the 
recent unexpected passing of our col-
league, mentor and friend Paul J. Har-
rison. Among his many contributions, 
Paul was a founding member of the Sci-
entific Committee on Oceanic Research 
(SCOR) working Group 137 “SCOR WG 
137 “ Global Patterns of Phytoplank-
ton Dynamics in Coastal Ecosystems: 
Comparative Analysis of Time Series 
Observations” and the recently-formed 
IOC Working Group to “Investigate 
Climate Change and Global Trends of 
Phytoplankton in the Oceans”  (IOC 
WG TrendsPO). Few people have had 
a larger impact on the oceanographic 
community than Paul. He was excep-
tional through his contributions as a 
scientist, and his ability to motivate 
others. Paul had a rich life that included 
a deep commitment to family, and the 
people he worked with. He also loved 
to share his excitement and knowledge 
of the oceans and never missed an op-
portunity to include family when pos-
sible. He was doing both this past De-
cember, giving natural history lectures 
to passengers on a Caribbean cruise, 
accompanied by members of his family. 
Unexpectedly, he became very ill while 
on board and passed away due to com-
plications associated with influenza. 

Paul grew up on a 300-acre farm and 
attended a one-room schoolhouse near 
the town of Uxbridge, northeast of To-
ronto. He had a passion for plants, and 
after completing a Bachelor’s degree at 
the University of Toronto, he went on to 
do a Master’s degree in plant ecology at 
the University of Guelph. While attend-
ing university in Toronto, he met Victo-
ria; they were soon married and over 
the next 51 years embarked on many 
adventures together. The first big ad-
venture was after Paul graduated from 
the University of Guelph. They signed 
up with CUSO (Canadian University 
Students Overseas) and headed off to 
Ghana on a two-year teaching contract. 
They used this opportunity to travel the 
Nile, climbed Mount Kilimanjaro and 
travel throughout East and West Af-
rica. It was also here that they charted 
a course for the future that included 
pursing a PhD in oceanography with 
Dick Dugdale at the University of Wash-
ington.

Paul entered graduate school in 
1967 and was soon interrogating phy-
toplankton and exploring their physi-
ological response to varying nutrient 
supplies. This work led to a series of 
seminal papers on the nutrient physi-
ology of diatoms and was the stimulus 
that led Paul to begin his lifelong pur-
suit of understanding phytoplankton 
growth, their population dynamics and 
their central role in ocean ecosystems. 

Most of Paul’s career was at the Uni-
versity of British Columbia, where he 
began a faculty position in the Institute 
of Oceanography and the Department 
of Botany in 1975. He rapidly built an 
internationally recognized program in 
biological oceanography that attracted 
trainees from far and wide. Two of us 
(Curtis Suttle and Kedong Yin) were 
among the early students in Paul’s lab, 
but there were many others in those 
beginning days, including Dave Turpin 
(President of the University of Alberta), 
Charlie Trick (University of Western 
Ontario), Neil Price (McGill Universi-
ty), Peter Thompson and John Parslow 
(CSIRO, Tasmania), Bill Cochlan (Uni-
versity of San Francisco), Greg Douc-
ette (NOAA), Lee Jackson (University of 
Calgary) and Maurice Levasseur (Laval 
University); others that went on to pro-
ductive non-academic careers ranging 
from medicine to environmental con-
sulting. The students and post-docs 
kept coming to learn from the guru of 
phytoplankton, and over the years 45 
graduate students, 15 postdoctoral 
scholars and countless undergraduates 
trained with him. Many of these peo-

ple, too many to list here, went on to be 
leaders in academia, government and 
industry. Paul never stopped mentoring 
and inspiring those around him. Very 
appropriately and deservedly, he was 
honored as the inaugural recipient of 
UBC’s graduate teaching award in 1992. 

Paul’s scientific contributions in-
clude over 300 refereed scientific pa-
pers, and he is one of the most cited 
authors in biological oceanography. 
His work was much broader than phy-
toplankton, and he co-authored “The 
Bible” of seaweed physiology and ecol-
ogy; investigated the impact of large-
scale iron fertilization experiments in 
the North Pacific on primary productiv-
ity, the impacts of pollution and nutri-
ent enrichment from sewage treatment, 
nutrient cycling and climate change. His 
scholarship has attracted many honors, 
including being elected a Fellow of the 
Royal Society of Canada, and a recipi-
ent of the Timothy R. Parsons Medal. 
Despite all of the accolades, Paul always 
remained humble and well-grounded, 
and was always the first to put the 
achievements of others above his own. 
He was truly inspirational.

He left UBC in 2002 to direct the 
program in Atmospheric and Marine 
Science at Hong Kong University of Sci-
ence and Technology, and help build 
the reputation and the faculty associ-
ated with marine science at HKUST. 
As well as instigating foundational re-
search and inspiring researchers in 
Hong Kong, he cultivated the growth 
of biological oceanography and coastal 
marine science in China. His work was 
some of the first in the region exploring 
red tides, dead zones, and the role of the 
ocean in reducing global warming and 
climate change. 

He returned to UBC in 2010 as Pro-
fessor Emeritus, and continued to be as 
active as ever. He published nearly 50 
papers in the last five years, mentored 
students and junior faculty, and pro-
moted the research and reputations of 
his trainees and colleagues. He contin-
ued to organize and teach courses for 
advanced students and postdocs, and 
provide advisory and leadership roles 
to national and international scientific 
committees and government agencies 
as an authority on water quality and 

Paul and Victoria Harrison.  
Photo from Rachel Harrison
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supply, marine resources, climate 
change impacts and environmental 
protection. His voice and perspec-
tive will be sorely absent.

Paul will be greatly missed by 
those he touched, but especially by 
Victoria, his wife of 51 years, and 
their children Rachel, Richard and 
Christina.

A scholarship fund that has been 
set up in Paul’s memory and is ac-
cepting donations can be found at: 
http://memorial.supporting.ubc.ca/
paul-j-harrison/.
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Keynote Presenters announced for 11th ICMSS in Galway

advancement in HAB methods, LC-MS/
MS Technology and Regulatory Matters. 
In addition to the HAB and Toxin issues 
there is a full theme of Microbiological 
and Virus sessions, and many of these 
are plenary to promote a level of cross 
pollination between disciplines! 

No week in Galway would be com-
plete without experiencing the hos-
pitality that the west of Ireland is re-
nowned for, and a full programme of 
social activities will be provided. The 
organising committee are very pleased 
with the standard of submitted presen-
tations and these will be presented in 
plenary, parallel and poster sessions. 
Attendees will have the opportunity 
to see first-hand the latest research 
and developments in our field and dis-
cuss and collaborate with colleagues 
from all around the globe. To register 
for the conference please go to www. 
ICMSS2017.com .

During his visit, Dr. Cembella shared his 
knowledge on the biotransformation of 
toxins in clams. RedFAN also partially 
supported the participation of some of 
its members in the 17th International 
Conference on Harmful Algae held in 
Brazil in October 2016. In this event, 
the Mexican bid, presented by Christine 
Band Schmidt (CICIMAR),was the win-
ner to become the local organizer of the 
19th International Conference on Harm-
ful Algae. RedFAN will be involved in 
the organization of this important event 
that will be held in Los Cabos, B.C.S., 
Mexico in October 2020.

In 2015 RedFAN gave partial finan-
cial support to some members for at-
tending the third congress of SOMEFAN 
(Mexican Society for the Study of HABs) 
and in 2017 it will be an important 
support for the organization of the 4th 
Congress of the Society which will be 
held together with the 2nd Meeting of 
the Latin American Association for the 
Study of Harmful Algae (ALEAN) in Oc-
tober in Cancun, Quintana Roo, Mexico 
(www.somefan.org).

Further, the RedFAN published a 
state of knowledge book in Spanish, de-

Continued from page 16 tailing the incidence of HABs, effects, 
ecology, taxonomy and physiology in 
Mexico. The book chapters are authored 
by members of RedFAN. In addition, a 
bulletin with news on HAB occurrence 
and RedFAN activities is published pe-
riodically. As part of the dissemination 
tasks, a contribution on HAB topics was 
published in the national newspaper 
La Jornada, and a webpage about Red-
FAN (Spanish and English) developed 
(http://redfan.cicese.mx; Fig. 1). Red-
FAN looks forward to the consolidation 
of an interdisciplinary working group in 
a short time to prepare a National Pro-
gram to deal with HAB events in Mexico.

RedFAN contact: ergarcía@cicese.mx
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The International Conference on Mol-
luscan Shellfish Safety, organized by the 
Marine Institute in Galway, Ireland will 
take place from 14th May to 18th May 
2017 at the National University of Ire-
land, Galway. The conference provide an 
opportunity to bring together experts 
from all over the world to exchange 
ideas, information and the most up to 
date findings, allowing us to review 
current state of the art and future pros-
pects in molluscan shellfish safety. Key-
note presentations from Dorothy Jean 
McCoubrey (Public Health Specialist, 
New Zealand), Jim Oliver (University 
of North Carolina, USA), Andy Turner 
(Cefas Weymouth, UK), Don Anderson 

(Woods Hole, USA), Jan Vinjé (Centers 
for Disease Control, Atlanta USA), Ana 
Gago-Martinez (EU Reference Labora-
tory for Biotoxins, Vigo, Spain), Philipp 
Hess (Ifremer, Nantes France) and Rob-
ert Atmar (Baylor College of Medicine 
Texas USA) will set the tone for what 
promises to be an exciting and timely 
conference. 

Topics including risk assessment 
approaches, molecular techniques, 
emerging toxins and regional events 
will be presented in over 150 presen-
tations, and an additional day of Sci-
ence Café presentations on the Friday 
19th will allow for a hands on relaxed 
format to present, discuss and explore 
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11thInternationalConferenceonModernandFossilDinoflagellates
The University of Bordeaux (France) is 
the organiser of the 11th International 
Conference on Modern and Fossil Dino-
flagellates, DINO11, which will be held 
from 17 to 21 July 2017 at Bordeaux, 
France. This series of conference was 
first held in 1978 in Colorado Springs, 
Colorado (United States) (DINO1) and 
the 11th DINO meeting will be held for 
the first time in France. 

Dinoflagellates and their cysts have 
shown major research interest for both, 
biologists working with modern dino-
flagellates and geologists working with 
fossil dinoflagellates. From a biological 

viewpoint, this major plankton group 
has major interests in their taxonomy, 
genetics and ecology, and particularly 
in the study of  toxic dinoflagellates 
(e.g. Alexandrium, Dinophysis) that can 

endanger human health through intoxi-
cation of shellfish or other organisms 
higher up the food chain. From a geo-
logical viewpoint, fossils dinoflagellate 
cysts are routinely used in biostratig-
raphy and palaeoclimatological appli-
cations. The international conference 
DINO11 will serve as a platform for ex-
changes between biologists and geolo-
gists concerning all these themes.

More information can be found on: 
http://www.laplf.org/dino11/calquedi-
no11.htm

Understanding the Exposure and 
Global Health Risks Associated with 
Naturally Occurring  Environmental 
Biotoxins in a Rapidly Changing 
World 
This meeting will be held from 18-23 
June, 2017 at Stonehill College, Easton, 
MA, United States. Chairs: Kathi Lefeb-
vre & Paul Turner.

If you have any questions or would 
like further information, please contact 
Megan Totten (mtotten@grc.org)

Additionally, a Gordon Research 
Seminar will be held in conjunction 
with the above GRC. The Mycotoxins & 
Phycotoxins GRS is scheduled to take 
place from June 17-18, 2017 at Stonehill 
College, Easton, MA and will be chaired 
by Katherine Perri & David McMullin.

Website: http://www.grc.org/
programs .aspx?id=14794

An IOC sponsored workshop to be held 
from 3 to 14 July 2017 at the Sir Alis-
ter Hardy Foundation for Ocean Science 
(SAHFOS), Plymouth, Devon, United 
Kingdom.

This workshop is aimed at early ca-
reer scientists, technicians, postgradu-
ates and marine ecologists with a basic 
knowledge of marine phytoplankton. 
This interactive workshop focuses on 

SAHFOS4thInternationalMarinePhytoplanktonTaxonomyWorkshop 

2017 Gordon Research Conference on Mycotoxins & Phyco toxins 

the identification of key marine phyto-
plankton found in North Atlantic and 
European waters.

A combination of seminars and 
hands-on practicals led by internation-
ally renowned experts covering sam-
pling techniques, settling and slide 
preparation, cell counting, isolation and 
microscopy and culturing.

Please note the application deadline 

for the 2017 course has passed, and the 
workshop is fully subscribed. 

More information can be found at 
the SAHFOS website: https://www.sah-
fos.ac.uk/ (Training Courses and Work-
shops)

Contact: djoh@sahfos.ac.uk
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A now traditional IOC course on identi-
fication of harmful marine microalgae, 
including optional workshops on enu-
meration and culture techniques.

The 2017 course will be held from 
6 to 19 August at the IOC Science and 
Communication Centre on Harmful 
 Algae in Copenhagen, Denmark.

Since 1993 the IOC has conducted 
training courses on harmful microalgae. 
The purpose has been to improve the 
taxonomic and identification skills of 
the participants for research purposes 
and for practical monitoring of harmful 
algal blooms. The course includes 100 
hours of teaching and is divided into 
two parts.
• The first part of the course is an in-

ternet teaching programme giving 
general introductions to the various 

IOCQualificationsinIdentificationandEnumerationofHarmfulMarine
Microalgae 

groups of harmful algae; this part is 
mainly for self-study and estimated 
to 40 hours of reading.

• The second part is a practical course 
in species identification including 2 
optional workshops in enumeration 
and culture techniques (see tentative 
programme below). It may be possi-
ble to participate in both workshops, 
or alternatively spent the time exam-
ining mixed samples from various 
geographical regions and/or own 
samples. Part 2 includes 60 hours 
of teaching and a microscope will be 
available to each participant during 
the entire period.

From 2006 the IOC training in HAB 
identification has been offered within a 
new framework which gives accredita-

tion. The present course includes now a 
practical exam at the end of the course 
with an IOC Certificate of Proficiency in 
Identification of Harmful Algae issued 
to participants who pass the exam. We 
know by experience that many of the 
more than 500 trainees we have had 
over the years have wished the courses 
to give accreditation, and in some coun-
tries, the IOC courses have become a ref-
erence for laboratories to be approved 
for carrying out regulatory monitoring 
for harmful microalgae.

Detailed information on the course  
can be found in “Upcoming Events” at 
the IOC website: http://hab.ioc-unesco.
org/

SessiononCiguateraatthe10IPFC
A theme session on ciguatera, Ciguatera 
fish poisoning in the Indo-Pacific region: 
incidence, toxin dynamics, impacts on 
socio-ecosystems, and risk management, 
will be held at the 10 Indo-Pacific Fish 
Conference (10 IPFC ), 2-6 October 
2017, Tahiti, French Polynesia (https://
ipfc10.criobe.pf/). 

Organizers: Mireille Chinain, Susan na 
Piovano, Jean Turquet, Marie- Yas-mine 
Dechraoui-Bottein (mchinain @ilm.pf;  
susanna.piovano@usp.ac.fj; Turquet.arda 
@orange.fr; M-Y.Bottein@iaea.org)

The Ciguatera session (H5) is 
planned as part of Theme H (The Fu-
ture of Fish and Human Interactions). 
The call for abstract is now open: htt-
ps://ipfc10.criobe.pf/program/call-for-
abstracts/

Scope: Fish products are the nu-
tritional basis of many island popula-
tions globally. Ciguatera Fish Poisoning 
(CFP) results from the consumption of 
fish that have accumulated ciguatox-
ins (CTXs) produced by benthic dino-
flagellates in the genera Gambierdiscus 
and Fukuyoa. Over the past decades, 
the frequency and distribution of CFP 
have increased significantly in the Indo-
Pacific region, a likely consequence of 

numerous environmental changes in 
coastal and lagoon ecosystems. Despite 
increased knowledge about the impacts 
of climatic cycles and biogeography of 
Gambierdiscus, ciguatera events are still 
very difficult to predict. Likewise, the 
uptake, tissue distribution, accumula-
tion and toxicity of CTXs in fish are still 
poorly understood. The existence of 
numerous structural variants (conge-

ners) of the toxin, and the lack of a duly 
validated reference test for CTXs both 
constitute a major obstacle in the sus-
tainable exploitation of fish resources. 
In addition to the direct effects of cigu-
atera on public health and the economy 
of nations highly dependent on fish 
consumption, the fear of ciguatera of-
ten leads to reduced fishing in many 
indigenous Pacific populations, which 
reminds us that the impact of cigu-
atera risk must also be examined from 
sociological and societal perspectives 
and not only from a public health stand-
point. Recently, several initiatives to im-
plement a more efficient management 
of CFP risk globally have emerged with-
in the scientific community. The main 
objective of this session is to present 
the recent advances in these research 
fields and to foster networking between 
scientists and stakeholders concerned 
with seafood safety. 

Expected Audience: The targeted au-
dience includes researchers (biologists, 
eco-toxicologist, modelists, economists, 
etc.) and managers interested in marine 
biotoxins and seafood safety issues. A 
group of 20 attendees from the Pacific 
region, Japan, Europe, and La Réunion 
is expected.

Photo from Institut Louis Malarde, French 
Polynesia, in Clausing et al, IOC Manual and 
Guides 59, 2016 
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Taxonomic Note

Alexandrium catenella vs. A. fundyense
The Nomenclature Committee for Algae 
has decided (Prud’homme van Reine, 
2017) that the name Gonyaulax catenel-
la (Alexandrium catenella) should not 
be rejected and that A. fundyense and A. 
catenella are conspecific having nomen-
clatural priority the name A. catenella.
Prud’homme van Reine, 2017, Taxon 

6 6 ( 1 ) : 1 9 1 - 1 9 2 . 
[https://doi.org/10. 
12705/661.16]

The March 2017 Oceanography spe-
cial issue on International Coopera-
tion on Harmful Algal Bloom Science 
will be available online by the end of 
March. The table of contents can be 
found at  https://tos.org/oceanog-
raphy/issue/volume-30-issue-01

Articles in this issue synthesize 
achievements and identify pending 
questions within different Core 
Research Projects from the SCOR-
IOC GEOHAB Programme (2000-
2013). The recently launched 
new programme, GlobalHAB, is 
introduced.

Oceanography special issue

Alexandrium catenella 
from Huichas Islands, 
Aysén, Chile. Micrograph 
from Pablo Salgado.


