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Abstract

Traditionally, the Arctic has been considered to present unfavorable conditions for toxin-
producing marine harmful algal blooms (HABs) to occur. However, it has recently been
postulated that: 1) marine algae may, in fact, be producing phycotoxins in the Arctic
based on studies in the Alaskan and Greenlandic sector, and 2) global climate change-
related impacts in the Arctic may present toxin-producing algae with a new set of
environmental conditions favoring their growth. As a result, the importance of research
and monitoring of arctic marine toxin-producing algae is gaining significant attention.
Here, we present an in-depth literature review of the occurrence of toxin-producing
marine algal species in the Canadian Arctic within its five Biogeographic Regions
(eastern Canadian Arctic, western Canadian Arctic, Canadian Arctic Basin, and Hudson
Bay Complex) and in adjacent waters of western Greenland, northern Alaska and the
Chukchi Sea. We show that almost 70% of species globally considered toxic are already
present across various habitats of the Canadian Arctic and adjacent waters. Further, we
present maps of their reported occurrence. The most prevalent taxonomic classes
belonged to Dinophyceae and Bacillariophyceae, followed by Haptophyceae and
Raphidophyceae. There are a few published studies documenting presence of marine
phycotoxins in the Alaskan and Greenlandic sectors of the Arctic Ocean, but not in the
Canadian sector as yet. Finally, we discuss implications of toxin-producing species
presence in the Canadian Arctic and identify the most pressing scientific questions that

need to be addressed.



Résumé

Par le passé, I’ Arctique était considéré comme présentant des conditions défavorables a la
prolifération d’algues marines nuisibles productrices de toxines. Toutefois, les
hypothéses suivantes ont réecemment été émises : 1) les algues marines peuvent, en fait,
produire des phycotoxines dans I’ Arctique d’apres des études menées dans le secteur de
I’Alaska et du Groenland, et 2) les répercussions liées aux changements climatiques
mondiaux dans I’Arctique peuvent présenter un nouvel ensemble de conditions
environnementales qui favorisent la croissance des algues produisant des toxines. Par
conséquent, la recherche et la surveillance des algues marines arctiques productrices de
toxines gagnent en importance. Nous présentons ici une analyse documentaire
approfondie de la présence d’espéces d’algues marines productrices de toxines dans
I’ Arctique canadien dans ses cinq régions biogéographiques (est de 1’ Arctique canadien,
ouest de I’Arctique canadien, bassin de 1’Arctique canadien, complexe de la baie
d’Hudson) et dans les eaux adjacentes de I’ouest du Groenland, du nord de I’ Alaska et de
la mer des Tchouktches. Nous démontrons que prés de 70 % des espéces considérées
comme toxiques a 1’échelle mondiale sont déja présentes dans divers habitats de
I’ Arctique canadien et des eaux adjacentes. De plus, nous presentons des cartes de leur
occurrence signalée. Les classes taxonomiques les plus répandues appartenaient aux
Dinophycées et aux Bacillariophyceées, suivies des Haptophycées et des Raphidophyceées.
Quelques études publiées font état de la présence de phycotoxines marines dans les
secteurs de 1’Alaska et du Groenland de 1’océan Arctique, mais pas encore dans le secteur
canadien. Enfin, nous discutons des répercussions de la présence d’espéces productrices
de toxines dans 1I’Arctique canadien et définissons les questions scientifiques les plus

urgentes qui doivent étre abordées.
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1. Introduction

Worldwide, there are about 40 known marine phytoplankton species that can
produce marine toxins (Gerssen et al. 2010). Most toxin-producing marine algal species
belong to taxonomic classes Dinophyceae or Bacillariophyceae (Smayda 1997). Toxin-
producing phytoplankton cells are usually present in marine waters in concentrations low
enough not to cause acute effects on the health of other marine organisms or humans.
However, under favorable climatic and hydrographic conditions, toxin-producing algae
may proliferate forming dense aggregations of cells classified under the broad term of
harmful algal blooms (HABs) (Van Dolah 2000). The HAB designation is a societal
concept rather than a scientific definition. Blooms are considered to fit the HAB criterion
if they cause injury to human health, components of aquatic ecosystems, or to socio-
economic interests (Anderson et al. 2012).

Marine toxins are classified into several classes based on their chemical structure
and the syndromes they cause in contaminated shellfish, and include domoic acid (DA),
saxitoxins (STX), brevotoxins, okadaic acid, yessotoxins, azaspiracids, and cyclic imine
toxins (Gerssen et al. 2010). All of these groups of toxins, and various analogues
identified within these groups, have different physical-chemical properties which will
ultimately determine their distinct environmental behavior and toxico-kinetics such as
water solubility, bioavailability, bioaccumulation potential, or retention/excretion rates by
biota. The most prevalent and ubiquitous marine toxins are DA and STX with >10 and
>58 analogues, respectively (Vilarifio et al. 2018). These are also the most hydrophilic of
all marine algal toxins with relatively high water solubility, high bioconcentration and
low bioaccumulation potential, low bioavailability, and short half-life in most tissues due
to high elimination rates from most organisms (Vilarifio et al. 2018). Neurological
syndromes caused by DA and STX are referred to as Amnesic Shellfish Poisoning (ASP)
syndrome and Paralytic Shellfish Poisoning (PSP) syndrome, respectively.

Marine toxins can bioaccumulate in various marine species such as fish,
crustaceans (e.g., crabs) or filter-feeding bivalves (shellfish) including mussels, oysters,
scallops and clams. In shellfish, marine toxins accumulate primarily in digestive glands

and usually do not cause acute effects. However, they can cause acute adverse effects



including severe intoxication and death when contaminated shellfish are ingested by
consumers such as fish, whales, birds or humans (Gerssen et al. 2010). Health effects of
chronic exposure to low levels of marine toxins are very poorly understood (Vilarifio et
al. 2018). Traditionally, health effects of sub-acute doses of marine toxins, particularly
those from hydrophilic groups, were believed to be temporary and fully reversible.
However, some recent studies suggest that chronic exposure to lower concentrations of
marine toxins can, in fact, have long-lasting effects on human health including decreased
toxin sensitivity or permanent memory decline (EFSA 2009; Grattan et al. 2018).

Most occurrences of HABs have been reported in temperate and tropical regions,
and have been on the rise with regards to frequency, intensity, and geographical
expansion over the past few decades (Hallegraef 1993; Van Dolah 2000). On a global
scale, a few thousand cases of human poisoning (~15% mortality rate) with marine algal
toxins after consumption of contaminated shellfish or fish are being reported each year;
most of them a result of DA and STX toxicity (Hallegraef 1993). The marine Arctic has
traditionally been considered to present highly unfavorable conditions for HABs to
develop. A few studies have linked the presence of marine algal species or marine toxins
to aquaculture mortality in the Arctic (Skreslet et al. 1993; Baggesen et al. 2012).
However, after recent publication of a study documenting presence of DA and STX in
tissues of arctic and sub-arctic marine mammals from Alaska in concentrations that could
potentially impact their health, the issue of HABs in the Arctic gained significant
attention in the scientific community (Lefebvre et al. 2016). Questions of whether toxin-
producing species are present in the Arctic, which habitats favor their growth, and if
HABs are extremely rare or are present but simply remain under-documented in remote
Arctic regions had now become of high relevance.

On-going global climate change-related shifts, in particular the reduction in sea
ice extent and thickness, the increase of water temperatures, and changes in water
stratification, have all been postulated to increase the probability of HABs in the Arctic
(Lefebvre et al. 2016). The Canadian Arctic is experiencing profound changes caused by
climate change including sea ice reduction, temperature increases, water stratification and
circulation shifts, and increase in shipping (Michel 2013, Michel et al. 2015). As a result,

this region can potentially become more vulnerable to HABs and their effects on marine



wildlife and humans, in particular when paired with relatively strong dependence of
Canadian Northern communities on traditional diets (Wesche and Chan 2010).

The objectives of this report are to: 1) summarize the current state of knowledge
on the presence of marine toxin-producing algae in the Canadian Arctic waters and
adjacent marine regions (Chukchi Sea, Northern Alaska and the Western Greenland), and
2) to identify scientific gaps that need to be addressed in order to understand the
probability of occurrence and risks associated with HABs in the Canadian Arctic in the

future.

2. Methods

The literature review was carried out following a step-wise strategy. First, a
literature search was carried out using the Search Engines Web of Science (Institute for
Scientific Information), Google Scholar (Google) and ResearchGate scientific social
network. The following words, and their combinations, were searched for: algae, Arctic,
bloom, community, harmful, harmful algal bloom, phytoplankton, plankton, polar,
protists, sea ice, toxic, toxin. Geographic regions of interest comprised the Canadian
Arctic Biogeographic Regions (eastern Canadian Arctic, western Canadian Arctic,
Canadian Arctic Basin, and Hudson Bay Complex) (DFO 2009) and adjacent waters of
western Greenland, northern Alaska and the Chukchi Sea (Figure 1). Latin and vernacular
names of toxic algae listed in Poulin et al. (2011) for the Arctic were also included in the
literature search. The references gathered by the initial search were analyzed for
relevance and cited studies were also assessed. Authors’ searches expanded the list of
references from authors of relevant studies. We reviewed studies reporting composition
of phytoplankton and ice algae communities in the Canadian Arctic and adjacent waters
for the presence of toxin-producing algae. Species listed in Lassus et al. (2016),
AlgaeBase (Guiry and Guiry 2018) and the 10C-UNESCO list of harmful microalgae

(Moestrup et al. 2018) were specifically searched for.



90 °N

70°N

50 °N -
180 °W 150 °W 120 °W 90 W 60 °W 30 °W
Figure 1. Canadian Arctic Biogeographic Regions for which the review of marine toxin-

producing algae occurrence was carried out. Regions defined after DFO (2009).

In this document, we refer to algae species that are known to produce toxins under
some circumstances as “toxin-producing”. The following two conditions needed to be
fulfilled for a species to be included in the list of toxin-producing algae reported herein:
1) at least one report documenting the species to produce toxins, not limited to Arctic
regions, and 2) at least one report documenting the presence of the species in the
Canadian Arctic and/or adjacent waters. All toxic algae included in tables and figures of
this report were identified to species level by means of traditional taxonomy (inverted
microscopy) or molecular taxonomy, i.e., environmental DNA methods. Some studies
referenced herein report potentially toxic algae identified only to genus level (Table 2),
and these are included in the maps depicting toxin-producing algae occurrence in the
Canadian Arctic and adjacent waters across 4 reported taxonomic classes (Figures 2-5).
The focus of this review is on toxin-producing marine algae and as such, does not include

cyanobacteria and non-toxic harmful algae such as Phaeocystis pouchetii, a species



responsible for clogging of fishing nets and accumulation of foam due to formation of

mucilaginous aggregations.

3. Results and Discussion

There are 27 species of marine toxin-producing algae reported for the Canadian
Arctic and adjacent waters, the majority belonging to taxonomic classes Dinophyceae (18
species) and Bacillariophyceae (8 species) (Table 1). In addition to reports of toxin-
producing algae identified to species level, there are numerous studies documenting the
presence of four algae genera that present challenges in identification to species level
(Gymnodinium  spp./Gyrodinium  spp. complex, Cochlodinium  spp. and
Chrysochromulina spp.) but are well known to contain at least one toxin-producing
species (Table 2). The most ubiquitous genera and species with regards to geographic
occurrence were Gymnodinium spp./Gyrodinium spp. complex (Dinophyceae) and two
species of potentially toxic Bacillariophyceae: Pseudo-nitzschia delicatissima and
Pseudo-nitzschia seriata (Tables 2 and 3). They were present in each of the Canadian
Arctic Biogeographic Regions as well as in the adjacent waters of western Greenland,
northern Alaska and the Chukchi Sea. Toxin-producing species were recorded across
various marine habitats such as sea ice, water column or sediment (Table 4). Species
belonging to Bacillariophyceae were commonly present in both sea ice and pelagic

habitats, while Dinophyceae and Raphidophyceae tend to be pelagic.



Table 1. List of toxin-producing species of marine algae reported in the Canadian Arctic

and adjacent waters.

Class

Species or genus

Bacillariophyceae

Halamphora cf. coffeaformis var. borealis (Agardh) Levkov 2009
Pseudo-nitzschia delicatissima (Cleve) Heiden 1928
Pseudo-nitzschia granii (Hasle) Hasle 1974

Pseudo-nitzschia obtusa (Cleve) Hasle and Lundholm 2005
Pseudo-nitzschia pseudodelicatissima (Hasle) Hasle 1993
Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle 1993
Pseudo-nitzschia seriata (Cleve) Peragallo 1899
Pseudo-nitzschia turgidula (Hustedt) Hasle 1993

Dinophyceae

Alexandrium tamarense (Lebour 1925) Balech 1995

Alexandrium fundyense Balech 1985

Alexandrium ostenfeldii (Paulsen 1904) Balech and Tangen 1985
Amphidinium aff. carterae Hulburt 1957

Amphidinium operculatum Claparéde and Lachmann 1859
Amphidinium gibbosum (Maranda and Shimizu) Jargensen and Murray
2004

Dinophysis acuminata Claparéde and Lachmann 1859

Dinophysis acuta Ehrenberg 1839

Dinophysis norvegica Claparéde and Lachmann 1859

Gonyaulax cf. spinifera (Claparéde and Lachmann) Diesing 1866
Karenia brevis (Davis) G. Hansen and Moestrup 2000

Karlodinium veneficum (Ballantine) J. Larsen 2000

Margalefidinium polykroides (Margalef) Gdmez, Richlen and Anderson
2017

Phalacroma rotundatum (Claparéde and Lachmann) Kofoid and Michener
1911

Prorocentrum cordatum (Ostenfeld) Dodge 1975

Prorocentrum lima (Ehrenberg) Stein 1878

Protoceratium reticulatum (Claparéde and Lachmann) Biitschli 1885
Protoperidinium crassipes (Kofoid) Balech 1974

Raphidophyceae

Heterosigma cf. akashiwo (Hada) Hara and Chihara 1987




Table 2. Presence/absence of toxin-producing marine algae identified to genera level in the Canadian Arctic and adjacent waters. X

indicates that the genus was reported at least once within the region: AB — Arctic Basin, W — Western Arctic, AR — Arctic
Archipelago, E — Eastern Arctic, HB — Hudson Bay Complex, CS — Chukchi Sea, NA — Northern Alaska, WG — Western Greenland

(see Figure 1 for geographic boundaries of the Canadian Arctic regions).

Canadian Arctic Adjacent waters
Class Genus References
AB W AR E HB|CS NA WG
Dinophyceae ~ Gymnodinium Bursa 1961; Elferink et al. 2017; Horner and
spp./Gyrodinium spp. Schrader 1982; Hsiao 1979a; Hsiao and
complex Pinkewycz 1985; Lapoussiére et al. 2009;
X X X X X | X X X Michel and Lessard unpublished data;
Mikkelsen et al. 2008; Monier et al. 2014;
Quillfeldt et al. 2003; Riedel et al. 2003;
Rozanska et al. 2009
Cochlodinium spp. X Michel and Lessard unpublished data
Haptophyceae Lapoussiére et al. 2009; Lovejoy et al. 2002;
Chrysochromulina spp. % X X X Michel and Lessard unpublished data;

Mikkelsen et al. 2008; Mundy et al. 2011;
Terrado et al. 2011




Table 3. Presence/absence of toxin-producing marine algae species in the Canadian Arctic and adjacent waters. X indicates that the
species was reported at least once within the region: AB — Arctic Basin, W — Western Arctic, AR — Arctic Archipelago, E — Eastern
Arctic, HB — Hudson Bay Complex, CS — Chukchi Sea, NA — Northern Alaska, WG — Western Greenland (see Figure 1 for

geographic boundaries of the Canadian Arctic regions).

Canadian Arctic Adjacent waters
Class Species References
AB W AR E HB|CS NA WG

Bacillariophyceae  Halamphora cf.
coffeaformis var. X Quillfeldt et al. 2003

borealis
Anderson and Roff 1981; Booth 1984; Borstad and
Gower 1984; Bursa 1963; Campbell et al. 2018; Cross
1982; Hasle 2002; Horner and Schrader 1982; Hsiao
Pseudo-nitzschia 1979a; Hsiao and Pinkewycz 1985; Lapoussiére et al.
delicatissima 2009; Lovejoy et al. 2002; Melnikov et al. 2002;
Philippe 2013; Poulin et al. 1983; Quillfeldt et al.
2003; Riedel et al. 2003; Rozanska et al. 2009; Smith
etal. 1993, 1997

Pseudo-nitzschia

granii X X X Balzano et al. 2017; Lovejoy et al. 2002; et al. 2003
: ; Campbell et al. 2018; Hardardottir et al. 2015; Hasle
Pseudo-nitzschia X X X X X X 2002; Hasle and Lundholm 2005; Michel and Lessard
obtusa unpublished data; Quillfeldt et al. 2003
Michel and Wiktor unpublished data; Hasle 2002;
Pseudo-nitzschia % % % Mundy et al. 2011; Philippe 2013; Quillfeldt et al.
pseudodelicatissima 2003; Roézanska et al. 2008; Rozanska et al. 2009;
Simard 2003

Pseudo-nitzschia X X X X Bursa 1961; Quillfeldt et al. 2003; Rozanska et al.



pungens

Pseudo-nitzschia
seriata

Pseudo-nitzschia
turgidula

2009; Sukhanova et al. 2009

Anderson and Roff 1981; Booth 1984; Borstad and
Gower 1984; Bursa 1961, 1963; Campbell et al. 2018;
Cross 1982; Foy and Hsiao 1976; Hardardottir et al.
2015; Hasle 2002; Horner and Schrader 1982; Hsiao
1976, 1979b, 1980; Hsiao and Pinkewycz 1985; Hsiao
et al. 1978; Lapoussiere et al. 2009; Melnikov et al.
2002; Michel and Wiktor unpublished data; Miesner
et al. 2016; Onodera et al. 2015; Philippe 2013;
Quillfeldt et al. 2003; Rozanska et al. 2009; Risz
Hansen et al. 2011; Smith et al. 1994, 1995;
Stapleford and Smith 1996; Tammilehto et al. 2012,
2015

Rozanska et al. 2009

Dinophyceae

Alexandrium
tamarense

Alexandrium
fundyense
Alexandrium
ostenfeldii
Amphidinium aff.
carterae
Amphidinium
operculatum
Amphidinium
gibbosum

Dinophysis
acuminata

Bursa 1961, 1963; Hsiao and Pinkewycz 1985;
Matsuno et al. 2014; Natsuike et al. 2017a; Niemi et
al. 2011; Riedel et al. 2003; Rozanska 2009

Baggesen et al. 2012; Gu et al. 2013; Natsuike et al.
2013, 20173; Richlen et al. 2016; Tillmann et al. 2016

Bursa 1961; Natsuike et al. 2017b; Tillmann et al.
2014

Lovejoy et al. 2002

Bursa 1963

Bursa 1963

Anderson and Roff 1981; Bursa 1963; Hsiao 1976;
Hsiao and Pinkewycz 1985; Lapoussiere et al. 2009;
Melnikov et al. 2002; Rozanska 2009; Rozanska et al.
2008
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Anderson and Roff 1981; Bursa 1961, 1963; Matsuno

Dinophysis acuta X et al. 2014; Melnikov et al. 2002
Dinophysis Anderso_n\ and Roff 1981; Bursa 1961, 1963;
A X Lapoussiére et al. 2009; Matsuno et al. 2014;
norvegica Melnikov et al. 2002
.. Heikkild et al. 2016; Lovejoy et al. 2002; Melnikov et
Gonyaulax spinifera X
al. 2002
Karenia brevis X Roff and Legendre 1986
Karlodinium
. Terrado et al. 2011
veneficum
Margalefidinium
. Terrado et al. 2011
polykroides
Phalacroma .
X Anderson and Roff 1981; Melnikov et al. 2002
rotundatum
Prorocentrum Matsuno et al. 2014; Michel and Lessard unpublished
cordatum data
Prorocentrum lima Niemi et al. 2011
Protoceratium Bursa 1961, 1’963; Heikkild et al._2016; Lovejoy et al.
icul X 2002; Sala-Pérez et al. 2016; Tillmann et al. 2014;
reticulatum Mertens et al. 2018
Protoperidinium _
. Melnikov et al. 2002
crassipes
Raphidophyceae Heterosigma cf. > Michel and Lessard unpublished data; Riedel et al.

akashiwo

2003
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Table 4. Presence/absence of toxin-producing marine algae species in different types of
habitat (ice, water column, sediment) in the Canadian Arctic and adjacent waters. X
indicates that the species was reported at least once within the habitat.

Habitat type
Class Species
Ice Water Sediment

Bacillariophyceae  Halamphora cf. coffeaformis var. borealis
Pseudo-nitzschia delicatissima
Pseudo-nitzschia granii
Pseudo-nitzschia obtusa
Pseudo-nitzschia pseudodelicatissima
Pseudo-nitzschia pungens
Pseudo-nitzschia seriata
Pseudo-nitzschia turgidula

X X X

X XX XXX XXX
XXX XXX

Dinophyceae Alexandrium tamarense
Alexandrium fundyense
Alexandrium ostenfeldii
Amphidinium aff. carterae
Amphidinium gibbosum
Dinophysis acuminata X
Dinophysis acuta
Dinophysis norvegica
Gonyaulax spinifera
Karenia brevis
Karlodinium veneficum
Margalefidinium polykroides
Phalacroma rotundatum
Prorocentrum cordatum
Prorocentrum lima X
Prorocentrum minimum
Protoceratium reticulatum
Protoperidinium crassipes

XIXAKXAXAXAXAXXXXXXXX XXX XX

Raphidophyceae Heterosigma cf. akashiwo
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Maps of reported occurrence of toxin-producing Bacillariophyceae, Dinophyceae,
Haptophyceae, and Radiophyceae are presented in Figures 2-5. These figures indicate a
widespread occurrence of Bacillariophyceae and Dinophyceae throughout the Canadian
Arctic and adjacent waters, and more local occurrence of species belonging to
Haptophyceae and Radiophyceae classes. Notably, these occurrence maps should be
looked at as depiction of recorded occurrence rather than true geographic distributions.
First, many publications did not provide exact geographic sampling coordinates, and thus,
could not be included in Figures 2-5. Second, vast areas of the Canadian Arctic and
adjacent waters are not sampled or analyzed for marine algal species biodiversity.
Therefore, the lack of species in certain areas may simply indicate lack of data rather than

actual absence of species.
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Figure 2. Occurrence of toxin-producing Bacillariophyceae in the Canadian Arctic and
adjacent waters; includes Bacillariophyceae identified to at least genus level where exact

sampling coordinates were available.
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Figure 3. Occurrence of toxin-producing Dinophyceae in the Canadian Arctic and
adjacent waters; includes Dinophyceae identified to at least genus level where exact

sampling coordinates were available.
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Figure 4. Occurrence of toxin-producing Haptophyceae in the Canadian Arctic and
adjacent waters; includes Haptophyceae identified to at least genus level where exact

sampling coordinates were available.
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Figure 5. Occurrence of toxin-producing Raphidophyceae in the Canadian Arctic and
adjacent waters; includes Raphidophyceae identified to at least genus level where exact

sampling coordinates were available.

Production of toxins is a complex process with multiple modes of regulation
which are believed to be not only species-specific but also life-stage and region-specific,
and remain greatly under-studied (Granéli and Flynn 2006). While many isolates of the
same species display qualitatively similar toxin profiles, they are commonly able to turn
off/on toxin production as well as alter its intensity. Virtually all the information
available on the mechanisms of marine toxin production and its regulation originates
from outside of the polar regions. Factors suggested as toxigenicity regulators include
physiological parameters such as life stage, cell size, proliferation rate, and
environmental controls such as micro- and macro-nutrient concentrations, irradiance,
temperature, salinity-induced hypoosmotic stress, hydrodynamics, and abundance of
certain free-living or epibiont bacteria (Cusack et al. 2002; Errera and Campbell 2011;
Fawcett et al. 2007; Hold et al. 2001; Navarro et al. 2006). Widespread presence of toxin-
producing marine algal species in the Canadian Arctic does not mean that these species
actually produce toxins in their Arctic habitat. It does indicate, however, that the potential
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for toxigenicity exists. In the waters of western Greenland and the Chukchi Sea, Psedo-
nitzschia spp., Alexandrium spp. and Protoceratium sp. have been shown to produce
domoic acid, saxitoxins and spirolides, and yessotoxins, respectively (Baggesen et al.
2012; Gu et al. 2013; Hardardottir et al. 2015; Miesner et al. 2016; Natsuike et al. 20173;
Riusz Hansen et al. 2011; Sala-Pérez et al. 2016; Tammilehto et al. 2012, 2015; Tillmann
et al. 2014, 2016) (Table 5).

The Arctic presents species with a set of distinctively different environmental
conditions from temperate and tropical regions. The presence of sea ice, cold
temperatures, pronounced water column stratification, and polar day/night cycle provide
for pronounced uniqueness of this region. As a result, toxin production rates and their
regulatory mechanisms and pathways, toxin half-lives as well as bioaccumulation and
depuration rates of arctic organisms are likely to be much different from those established
in other regions. Our significantly limited understanding of toxigenic marine algae
responses to multifactorial drivers of toxin production and toxicokinetics in arctic settings
calls for urgent attention. Moreover, the relatively high rate at which the Arctic and the
Canadian Arctic are experiencing global climate-change related change presents us with a
set of additionally pressing questions associated with whether the changing arctic
environment may become more favorable for toxic HABs to occur. We have evidence
that diverse toxigenic algal communities are already present across various marine
habitats of the Canadian Arctic. An important knowledge gap pertains to whether these
communities are producing toxins, and whether these toxins make their way to the arctic

food web.

4. Conclusions

The Arctic has been traditionally considered to present unfavorable conditions for
toxin-producing HABs to occur. However, recent studies in the Alaskan sector present
strong evidence that arctic marine algae are producing phycotoxins, and that those toxins
make their way into the arctic food web (Lefebvre et al. 2016). Here, we show that

almost 70% of species globally considered toxic are already present across various
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habitats of the Canadian Arctic and adjacent waters. The most prevalent taxonomic
classes belong to Dinophyceae and Bacillariophyceae, followed by Haptophyceae and
Raphidophyceae. Since this diverse toxigenic algal community is present in the Canadian
Arctic, areal potential of phycotoxins production and bioaccumulation by higher trophic
levels including commercially and subsistence harvested species exists. It is of pressing
importance to establish whether potentially-toxic marine algae are producing phycotoxins
in the Canadian sector of the Arctic, and if so, whether these toxins are present in the
Canadian arctic food chain.
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Table 5. List of toxin-producing species for which toxins were detected and identified in waters adjacent to the Canadian Arctic. CS —
Chukchi Sea, WG — Western Greenland.

. Region Toxin detected
Class Species g References
CS WG Class Analogues
Bacillariophyceae  Pseudo-nitzschia obtusa X | Domoic Acid NA Hardardéttir et al. 2015
DA. Isomer IA Hardardottir et al. 2015; Miesner et al. 2016;
Pseudo-nitzschia seriata X | Domoic Acid ’ ’ Riusz Hansen et al. 2011; Tammilehto et al.
Isomer 1B
2012, 2015
Dinophyceae STX, neosTX, Baggesen et al. 2012; Gu et al. 2013; Natsuike
Alexandrium fundyense X X | Saxitoxins GTX1, GTX2, et al. 2017a: Tillmann et al, 2016
GTX3, GTX4, C2
SPX-1, Spirolide C,
- Spirolide H, 20-meG,
. .. Spirolides .
Alexandrium ostenfeldii X X Cpl,Cp2,Cp3,Cp | Tillmannetal 2014
4,Cp5,Cpb6,Cp7,
Cp8
Protoceratium X X | Yessotoxins  YTX Sala-Pérez et al. 2016

reticulatum

NA — not available
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