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IntroductIon: Harmful 
algal Blooms and 
HealtH Impacts

 Harmful algal blooms (HABs) 
occur in all aquatic ecosystems and 
are a significant global environ-
mental management challenge for 
coastal and inland communities, 
especially with respect to algae that 
produce dangerous natural toxins. 
In freshwater environments, HABs 
threaten drinking water availability 
and recreational activities, while 
in marine and estuarine habitats, 
HABs may trigger foodborne poi-
sonings. Here, we focus on marine 
HAB toxin-linked diseases with 
major global health impact, name-

ly, diarrhetic shellfish poisoning 
(DSP), ciguatera poisoning, amne-
sic shellfish poisoning (ASP), para-
lytic shellfish poisoning (PSP), and 
neurotoxic (brevetoxin) shellfish 
poisoning (NSP).1–4 Together with 
ciguatera poisoning, DSP is regard-
ed as the most common harmful 
algal toxin-linked marine poison-
ing, with gastrointestinal symp-
toms that typically resolve after 2-3 
days.4 DSP-linked toxins include 
okadaic acid, which is a tumor pro-
moter that may also increase risks of 
colon cancer.5 Ciguatera poisoning 
affects 10,000-50,000 people an-
nually and is most commonly tied 
to the consumption of carnivorous 
reef fish, although outbreaks have 
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Harmful algal blooms (HABs) are a signifi-
cant global environmental management 
challenge, especially with respect to micro-
algae that produce dangerous natural toxins. 
Examples of HAB toxin diseases with major 
global health impact include: ciguatera poi-
soning, paralytic shellfish poisoning (PSP), 
amnesic shellfish poisoning (ASP), diarrhetic 
shellfish poisoning (DSP), and neurotoxic 
(brevetoxin) shellfish poisoning (NSP). Such 
diseases affect communities globally and 
contribute to health inequalities within the 
United States and beyond. Sharing data and 
lessons learned about the factors deter-
mining bloom occurrence and associated 
exposure to contaminated seafood across 
locations can reduce public health risks. 
Knowledge sharing is particularly important 
as ongoing global environmental changes 
seem to alter the intensity, location, and 
timing of toxic HAB events, reducing the 
reliability of conventional guidance where 
toxin risks have been endemic and leading 
to emerging challenges in new settings. 
Political changes that disrupt membership in 
knowledge-sharing networks may impede 
efforts to share scientific expertise and best 
practices. In this commentary, we stress 
the importance of community and expert 
knowledge sharing for reducing HAB risks, 
both for vulnerable communities in the 
United States and globally. Considering the 
impacts of political changes, we note the 
indirect engagement sometimes required 
for continued participation in international 
coordination programs. As an example, 
we highlight how lessons learned from a 
Native-led toxin monitoring and testing 
program (the Southeast Alaska Tribal Ocean 
Research partnership) can inform programs 
in other settings. We also describe how in-
ternational knowledge is mutually valuable 
for this program in Southeast Alaska. Ethn 
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also been tied to  the consumption 
of some invertebrates (eg, giant 
clams).3 ASP leads to gastrointesti-
nal and/or neurological symptoms 
and death in severe cases.2 PSP can 
also be fatal, with death within 
2-12 hours after consumption and 

particularly among populations 
at increased risk from preexisting 
conditions such as asthma; and, 
the distribution areas of brevetox-
in-linked blooms are expanding.7,8

 HAB toxin-caused diseases 
also contribute to health inequali-
ties. Within the United States, the 
culturally central consumption of 
non-commercial shellfish elevates 
PSP risk for Alaska Native commu-
nities. Approximately 20% of Alas-
ka Natives report a history of PSP, 
and the prevalence ratio for PSP 
history comparing Alaska Natives 
to non-Natives is 11.6.9 In Florida, 
Hispanics have high exposure to 
ciguatera risk factors and dispro-
portionately high ciguatera poison-
ing incidence rates.10 Primary pre-
vention of algal toxin poisonings 
and associated health disparities 
requires anticipation of when and 
where the blooms and toxins that 
cause disease are likely to occur, 
which necessitates data collection, 
modeling, and knowledge sharing.11 

 HABs and related toxin expo-
sures are sensitive to environmen-
tal conditions, and anthropogenic 
forces seem to alter the intensity, 
location, and timing of toxic HAB 
events.12–14 While there may or may 
not be more HAB risks from climate 
change,15 climate change is driving 
increasing heterogeneity in expo-
sures, including previously lesser-
known exposures. For example, po-
lar latitudes that do not currently 
have high exposure risks may expe-
rience increasing HAB events unex-
pected to local populations.16–18 In 
addition to changing temperatures, 
currents, and other dynamics asso-
ciated with climate change, nutri-

ent run-off related to other anthro-
pogenic factors also contributes to 
HAB events, with increasing spatial 
variation as globalization drives 
new human exposures.19,20 These 
environmental shifts reduce the re-
liability of conventional guidance 
where toxin risks have been en-
demic and lead to new unexpected 
exposures for which knowledge is 
lacking. Given this dynamic con-
text, studying HABs on a case-by-
case basis that considers location-
specific environmental parameters 
is critical. A need for context-
specific study makes data sharing 
among experts and affected com-
munities all the more important.

Importance of 
Knowledge sHarIng

 Recent research has made the 
case for robust and transparent risk 
communication, including the shar-
ing of scientific research and moni-
toring data to facilitate public edu-
cation and notification and reduce 
exposure risks.21 This includes calls 
for scaling up existing HAB moni-
toring and forecasting to a global 
observing system.22 Comprehen-
sive knowledge sharing ensures that 
existing knowledge can be applied 
to understand new exposures. For 
new climate change-related risks, 
an improved understanding of how 
temperature and hydrological shifts 
associate with HAB events in dif-
ferent places can inform HAB risk 
assessment in places where HABs 
have previously not been a concern. 
Similar calls for global surveillance 
systems have been made for track-

Primary prevention of 
algal toxin poisonings 
and associated health 
disparities requires 

anticipation of when and 
where the blooms and 

toxins that cause disease 
are likely to occur, which 

necessitates data collection, 
modeling, and knowledge 

sharing.11

child mortality rates are as high as 
50%.2,6 In addition to gastrointesti-
nal and/or neurological symptoms 
with the consumption of contami-
nated shellfish, brevetoxin exposure 
contributes to respiratory ailments, 
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ing crop diseases, also citing chang-
ing environmental conditions and 
gaps in information sharing.23

 Despite the crucial importance 
of global knowledge sharing, na-
tional and international political 
changes have disrupted membership 
in knowledge-sharing networks and 
have impeded efforts to share scien-
tific expertise and best practices. In 
2017, the United States’ withdraw-
al from UNESCO24,25 ended US fi-
nancial contributions to UNESCO 
Intergovernmental Oceanographic 
Commission (IOC), which main-
tains a global HAB expertise net-
work. In this specific instance,  the 
United States leaving UNESCO 
did not prevent knowledge shar-
ing since alternative pathways en-
abled continued engagement with 
the IOC-HAB network. How-
ever, curtailed direct funding and 
more complicated involvement 
in UNESCO IOC HAB manage-
ment, research, and capacity devel-
opment opportunities undermined 
knowledge sharing. Greater dif-
ficulty accessing global networks 
may particularly hurt Indigenous 
communities and other vulner-
able communities that experience 
chronic state disinvestment and 
rely on global connections to offset 
this abandonment. These commu-
nities especially may also welcome 
insights and support from similar 
social-cultural contexts globally.
 Transparency around data mon-
itoring, management, and avail-
ability can be turned into increased 
confidence in commercial markets 
and among the general public. 
However, as data on HAB events 
are often, but not always, linked 

to harvest opening and closing, 
product marketing, and even legal 
conflicts, there is some hesitation 
among countries and communi-
ties to share HAB monitoring data 
on species occurrences or toxins. 
Difficult-to-harmonize data and 
minimal reporting of environmen-
tal and human impacts data across 
contexts further reduce response 
capacities.26 In recent decades, the 
trend is toward more open and 
timely sharing of HAB monitor-
ing data. Nevertheless, gaps such as 
no established sharing mechanism 
for large HAB-specific datasets (eg, 
time-series data for deeper analysis 
of patterns in HAB occurrences in 
specific systems or locations) and 
claims of commercially proprietary 
data can limit network effectiveness.

tHe HaB networK 
wItHIn tHe 
Intergovernmental 
oceanograpHIc 
commIssIon of unesco

 The HAB expertise network 
within the IOC (IOC-HAB) is a 
global network that aims to meet 
pressing knowledge sharing needs. 
IOC-HAB formed following grow-
ing recognition in the late 1980s 
and early 1990s that harmful al-
gae and their causes and impacts 
were important to study to iden-
tify new monitoring and manage-
ment techniques. As HAB research 
is necessarily interdisciplinary and 
as expertise was initially dispersed 
both within countries as well as 
regionally and globally, HABs 
became the focus of a new pro-

gram in UNESCO IOC in 1991. 
 The IOC-HAB27 and its govern-
ing body, the IOC-FAO Intergov-
ernmental Panel on HABs, today 
provide the framework for setting 
international priorities for HAB 
research collaboration, data ex-
change, and capacity development. 
An early priority was sharing HAB 
event data to understand and docu-
ment local, regional, and global im-
pacts and trends, particularly events 
harmful to human health. Today, 
this global initiative is a principal 
component of the Harmful Algal 
Information System (HAIS), which 
combines HAB species occurrence 
data from the Ocean Biodiversity 
Information System (OBIS) with 
HAB event data primarily from na-
tional and regional HAB monitor-
ing programs for seafood safety, as 
well as scientific research and moni-
toring. To develop a strong research 
component, the IOC partnered 
with the Scientific Committee on 
Oceanic Research (SCOR) in 2000 
to develop the Global Ecology and 
Oceanography of HABs (GEO-
HAB) program,28 which, over the 
following 10 years, implemented 
a global plan for HAB research, 
transcending national efforts and 
enabling interdisciplinary, com-
parative study across regions, eco-
systems, and HAB species. In 2013, 
GEOHAB transitioned into its suc-
cessor, GlobalHAB, which contin-
ues to facilitate communication 
among scientists and community 
stakeholders across the world via 
sponsored initiatives and a consoli-
dated network of HAB-relevant in-
ternational and regional programs 
and organizations. This network in-
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cludes, for example, the North Pa-
cific Marine Science Organization 
(PICES), the International Coun-
cil for the Exploration of the Sea 
(ICES), the US National Oceanic 
and Atmospheric Administration 
(NOAA), the Food and Agriculture 
Organization of the United Nations 
(FAO), the International Atomic 
Energy Agency (IAEA), the Global 
Ocean Observing System (GOOS), 
and the Intergovernmental Pan-
el on Climate Change (IPCC). 
 One of the main limitations to 
international HAB networks now 
is economic investment. While the 
United States supports GlobalHAB 
via the US National Science Foun-
dation (NSF), the United States is 
absent from and does not contrib-
ute to UNESCO, GlobalHAB’s 
other primary funding source. Ac-
tive participation in international 
and regional knowledge-sharing 
networks and in international 
projects to analyze and share HAB 
data can increase general under-
standing of HAB risks, enhance 
prediction capabilities, and pro-
tect public health. However, po-
litical changes that disrupt national 
membership in knowledge-sharing 
networks impede efforts to share 
scientific expertise and best prac-
tices and hamper HAB risk man-
agement progress across scales, 
from the local to national level.

lessons from toxIn 
monItorIng In 
soutHeast alasKa 

 Examples of toxin monitoring 
and efforts to reduce exposure risks 

illustrate why knowledge sharing is 
important. We draw on a new pro-
gram in Southeast Alaska to em-
phasize co-benefits of knowledge 
sharing.29,30 In the community of 
Sitka, the Alaska Department of 
Fish and Game Division of Sub-
sistence recorded 146,387 pounds 
of marine invertebrates harvested 
for subsistence use in 2013.31 Shell-
fish harvesting features in Alaska 
Native artwork32 and is part of 
traditional foods education for 
Native youth.33,34 Despite the im-
portance of shellfish harvesting to 
Native cultures, subsistence and 
recreational shellfish toxins are 
not routinely monitored or ad-
dressed by the State of Alaska.35 
With the lack of state subsistence 
and recreational monitoring, local 
tribal governments have stepped 
in as local risk managers, creating 
new partnerships that provide real-
time results from samples collected 
at key community harvest sites.
 The Southeast Alaska Tribal 
Ocean Research (SEATOR) net-
work identifies local gaps in moni-
toring and laboratory analysis and 
is a model for regional, Indige-
nous-led monitoring programs.36 
SEATOR is a partnership of 16 
tribal governments throughout 
Southeast Alaska led by the Sitka 
Tribe, which serves more than 
4,000 citizens of Tlingit, Haida, 
Aleut, and Tsimshian heritage.37 

The SEATOR network is integral 
to the National Harmful Algal 
Bloom Observing Network (NHA-
BON), created by the US National 
Oceanographic and Atmospheric 
Administration’s (NOAA) Inte-
grated Ocean Observing System 

(IOOS) and National Centers for 
Coastal Ocean Science (NCCOS) 
to promote scientific collaboration 
and information sharing; identify 
gaps in local, regional, and state 
monitoring programs; and support 
forecast systems and models. With-
in Alaska, participation in the Alas-
ka Harmful Algal Bloom Network 
(AHABN) facilitates statewide in-
formation and resource-sharing. 
 The monitoring program in 
Southeast Alaska involves week-
ly sampling of coastal waters for 
toxin-producing algae and at least 
biweekly sampling of shellfish for 
algal toxins, with higher inten-
sity sampling during the summer 
season, when biotoxin spikes are 
most common.38 A community sci-
ence approach is encouraged for 
subsistence shellfish harvesters to 
provide shellfish samples for re-
search, as well as food samples for 
safety testing, but dedicated tribal 
staff ensure regular data collection. 
Toxin data from shellfish sampling 
are managed using the SoundTox-
ins database infrastructure,36,39 and 
counts of harmful algae cells from 
water monitoring are shared with 
NOAA for their Phytoplankton 
Monitoring Network database.40 

Toxin risk management also in-
volves culturally relevant education 
around subsistence shellfish har-
vesting and shellfish toxins to in-
crease understanding of poisoning 
risks and reduce harmful exposures. 
Centering Indigenous culture and 
values is not only contextually ap-
propriate and important but may 
also increase community engage-
ment and program sustainability.41

 The partnership in Southeast 
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Alaska taps a breadth of knowledge 
relevant to HAB risks by merging 
traditional culture, knowledge, and 
practice with Earth science exper-
tise. Traditional ecological knowl-
edge is a useful starting point for 
context-specific study that exam-
ines exposures and risks and weighs 
adaptation techniques. However, 
new climate change impacts, such 
as increasing ocean temperatures, 
are expanding the season during 
which HABs are likely to occur 
and challenging the applicabil-
ity of traditional ecological knowl-
edge. In Alaska, HAB exposures 
are most common in the South-
east, but shifting environmental 
conditions are expanding HAB 
risks north, and Arctic and Sub-
Arctic communities are already 
at risk for PSP toxin exposure.42 

Earth sciences complement expe-
riential Indigenous knowledge by 
pinpointing potential causes of 
environmental changes and spe-
cific pathways of influence and 
enhancing predictive capabilities.43 

Knowledge sHarIng and 
gloBal and rural us 
populatIons 

 HABs occur globally, with still 
unknown exposures and risks. 
HAB-causing organisms thrive 
under specific environmental con-
ditions (eg, temperature, water 
circulation), and these conditions 
change across space and time and 
are influenced by climate change 
and other anthropogenic factors. 
Sharing relevant knowledge is thus 
critical to continued research that 

seeks to understand and identify 
the where and when of exposures. 
Knowledge sharing is particularly 
important for populations in ar-
eas lacking robust local monitor-
ing programs, as identifying expo-
sure risks in these areas must rely 
on a more general understanding 

 Political factors that jeopar-
dize global knowledge-sharing 
networks undermine crucial HAB 
monitoring and predictive capaci-
ties, particularly for traditionally 
underserved communities within 
the United States and globally. 
Therefore, to enable communica-
tion among scientists, the general 
public, other stakeholders, and 
policy makers, these networks must 
be impervious to the whims of lo-
cal, national, and international po-
litical actions. Essential aspects 
include funding, infrastructure, 
personnel, accessible databases, 
and other resources. One example 
of a knowledge-sharing network 
is the ciguatera poisoning surveil-
lance run by the Louis Malardé 
Institute (French Polynesia), where 
health professionals and members 
of the public report poisoning 
cases to a publicly available online 
database and mapping system.44

 Through strong global networks, 
programs such as SEATOR in 
Southeast Alaska can inform efforts 
in similar environmental and social-
cultural contexts. The SEATOR 
partnership might serve as a model 
to integrate traditional ecological 
knowledge with analytical capaci-
ties to inform community members 
of toxin risks. Regional networks 
and projects (eg, Blue Climate 
Initiative) might draw on aspects 
of the program’s culturally driven 
and community-led education ac-
tivities or community-engaged 
monitoring techniques.45,46 Other 
tribal networks within Alaska and 
California as well as First Nations 
in Canada have already expressed 
interest in using the SEATOR part-

Knowledge sharing is 
particularly important 
for populations in areas 

lacking robust local 
monitoring programs, 
as identifying exposure 
risks in these areas must 
rely on a more general 
understanding of HAB 

drivers and mechanisms.

of HAB drivers and mechanisms. 
Both globally and within the 
United States, these places may be 
both more under-resourced and 
remote. The globalization of food 
sources makes tracking and sharing 
HAB data from under-monitored 
places increasingly important.
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nership as a model to develop simi-
larly robust monitoring programs. 
These programs can synergize 
tribal government efforts as well 
as link back to national networks.
 At the same time, knowledge-
sharing networks can support com-
munity efforts like SEATOR by 
offering additional expertise and 
insight to further fill the neglect in 
state and federal support that lo-
cal monitoring programs attempt 
to alleviate. Technology transfers 
of approved biotoxin testing meth-
ods from NCCOS to the SEATOR 
program have built regional capac-
ity and facilitated an integrated 
partnership with NOAA. With 
emerging toxins as a potential 
threat, the NCCOS partnership 
will also provide analytical meth-
ods for testing domoic acid and 
okadaic acid. Regional and national 
networks like AHABN and NHA-
BON have supported SEATOR’s 
activities and are useful to under-
stand impacts in new exposure ar-
eas. However, global networks like 
IOC-HAB and GlobalHAB are 
also critical as knowledge is rap-
idly changing and global networks 
are more expansive and inclusive. 

conclusIons

 New and persistent challenges 
to local and global HAB monitor-
ing and poisoning prevention re-
quire comprehensive knowledge 
sharing. Scaling up existing HAB 
monitoring and forecasting systems 
to a global observing system may 
meet this need. However, nation-
al and international knowledge-

sharing networks alike should be 
resilient to political changes, par-
ticularly those that disrupt mem-
ber participation and funding. 
Networks tied to governmental or 
intergovernmental organizations 
offer structure and encourage wide 
participation but are vulnerable to 
political shifts that cut funding and 
weaken the institutions behind net-
works. National and international 
networks should be made more 
resilient to politics. The inclusion 
of local monitoring programs in 
networks is also invaluable. Besides 
filing gaps in state monitoring, lo-
cal programs such as SEATOR 
critically enrich knowledge-sharing 
networks by sharing community 
science practices, traditional eco-
logical knowledge, and context-
specific information and data. 

acKnowledgments

 Funding comes from the National 
Institutes of Health grant number 
7R01ES029165, Prevention of Paralytic 
Shellfish Poisoning in Subsistence Shellfish 
Harvest Communities of Southeast Alaska, 
and the T32 Cancer Prevention and Con-
trol Training Program at the University of 
Alabama at Birmingham. 

Conflict of Interest
 No conflicts of interest to report. 

Author Contributions
 Research concept and design: Roland, 
Whitehead, Berdalet, Gribble; Acquisition 
of data: Whitehead; Data analysis and in-
terpretation: Enevoldsen, Gribble; Manu-
script draft: Roland, Berdalet, Enevoldsen; 
Acquisition of funding: Whitehead, 
Gribble; Administrative: Roland, White-
head, Fleming, Berdalet, Enevoldsen; 
Supervision: Roland, Berdalet, Gribble

References
1. Young N, Sharpe RA, Barciela R, et al. 

Marine harmful algal blooms and hu-
man health: A systematic scoping review. 
Harmful Algae. 2020;98:101901. https://

doi.org/10.1016/j.hal.2020.101901 
PMID:33129458

2. Farabegoli F, Blanco L, Rodríguez LP, Vie-
ites JM, Cabado AG. Phycotoxins in ma-
rine shellfish: origin, occurrence and effects 
on humans. Mar Drugs. 2018;16(6):188. 
https://doi.org/10.3390/md16060188 
PMID:29844286

3. Chinain M, Gatti CMI, Darius HT, 
Quod JP, Tester PA. Ciguatera poison-
ings: A global review of occurrences and 
trends. Harmful Algae. 2021;102:101873. 
https://doi.org/10.1016/j.hal.2020.101873 
PMID:33875186

4. Morabito S, Silvestro S, Faggio C. How 
the marine biotoxins affect human health. 
Nat Prod Res. 2018;32(6):621-631. https://
doi.org/10.1080/14786419.2017.1329734 
PMID:28532167

5. Jiménez-Cárcamo D, García C, Contreras 
HR. Toxins of okadaic acid-group increase 
malignant properties in cells of colon 
cancer. Toxins (Basel). 2020;12(3):179. 
https://doi.org/10.3390/toxins12030179 
PMID:32183214

6. Rodrigue DC, Etzel RA, Hall S, et al. Le-
thal paralytic shellfish poisoning in Guate-
mala. Am J Trop Med Hyg. 1990;42(3):267-
271. https://doi.org/10.4269/
ajtmh.1990.42.267 PMID:2316796

7. Spaulding KM. The effects of aerosolized 
brevetoxin exposure on the human respira-
tory system. Intl J Global Health and Health 
Disparities. 2009;6(1):64-71.

8. Fleming LE, Kirkpatrick B, Backer LC, et 
al. Aerosolized red-tide toxins (brevetoxins) 
and asthma. Chest. 2007;131(1):187-194. 
https://doi.org/10.1378/chest.06-1830 
PMID:17218574

9. Gessner BD, Schloss M. A population-
based study of paralytic shellfish poisoning 
in Alaska. Alsk Med. 1996;38(2):54-58, 68. 
PMID:8712300

10. Radke EG, Reich A, Morris JG Jr. 
Epidemiology of ciguatera in Florida. Am 
J Trop Med Hyg. 2015;93(2):425-432. 
https://doi.org/10.4269/ajtmh.14-0400 
PMID:26123957

11. Anderson CR, Kudela RM, Kahru M, et 
al. Initial skill assessment of the California 
Harmful Algae Risk Mapping (C-HARM) 
system. Harmful Algae. 2016;59:1-18. 
https://doi.org/10.1016/j.hal.2016.08.006 
PMID:28073500

12. Laabir M, Collos Y, Masseret E, et al. 
Influence of environmental factors on 
the paralytic shellfish toxin content and 
profile of Alexandrium catenella (Dino-
phyceae) isolated from the Mediterranean 
Sea. Mar Drugs. 2013;11(5):1583-1601. 
https://doi.org/10.3390/md11051583 
PMID:23676417

13. Hoshiai G, Suzuki T, Kamiyama T, Yama-
saki M, Ichimi K. Water temperature and 

https://doi.org/10.1016/j.hal.2020.101901
https://doi.org/10.1016/j.hal.2020.101901
https://www.ncbi.nlm.nih.gov/pubmed/33129458
https://doi.org/10.3390/md16060188
https://www.ncbi.nlm.nih.gov/pubmed/29844286
https://doi.org/10.1016/j.hal.2020.101873
https://www.ncbi.nlm.nih.gov/pubmed/33875186
https://doi.org/10.1080/14786419.2017.1329734
https://doi.org/10.1080/14786419.2017.1329734
https://www.ncbi.nlm.nih.gov/pubmed/28532167
https://doi.org/10.3390/toxins12030179
https://www.ncbi.nlm.nih.gov/pubmed/32183214
https://doi.org/10.4269/ajtmh.1990.42.267
https://doi.org/10.4269/ajtmh.1990.42.267
https://www.ncbi.nlm.nih.gov/pubmed/2316796
https://doi.org/10.1378/chest.06-1830
https://www.ncbi.nlm.nih.gov/pubmed/17218574
https://www.ncbi.nlm.nih.gov/pubmed/8712300
https://doi.org/10.4269/ajtmh.14-0400
https://www.ncbi.nlm.nih.gov/pubmed/26123957
https://doi.org/10.1016/j.hal.2016.08.006
https://www.ncbi.nlm.nih.gov/pubmed/28073500
https://doi.org/10.3390/md11051583
https://www.ncbi.nlm.nih.gov/pubmed/23676417


Ethnicity & Disease, Volume 32, Number 4, Autumn 2022 291

Harmful Algal Blooms and Toxin Exposures - Roland et al

salinity during the occurrence of dinophysis 
fortii and D. acuminata in Kesennuma Bay, 
Northern Japan. Fish Sci. 2003;69(6):1303-
1305. https://doi.org/10.1111/j.0919-
9268.2003.00760.x

14. Bill BD, Moore SK, Hay LR, Anderson 
DM, Trainer VL. Effects of temperature 
and salinity on the growth of Alexandrium 
(Dinophyceae) isolates from the Salish Sea. 
J Phycol. 2016;52(2):230-238. https://doi.
org/10.1111/jpy.12386 PMID:27037588

15. Hallegraeff GM, Anderson DM, Belin C, et 
al. Perceived global increase in algal blooms 
is attributable to intensified monitoring 
and emerging bloom impacts. Commun 
Earth Environ. 2021;2(1):117. https://doi.
org/10.1038/s43247-021-00178-8

16. Delmont TO, Hammar KM, Ducklow 
HW, Yager PL, Post AF. Phaeocystis ant-
arctica blooms strongly influence bacterial 
community structures in the Amundsen 
Sea polynya. Front Microbiol. 2014;5:646. 
https://doi.org/10.3389/fmicb.2014.00646 
PMID:25566197

17. Ho KC, Kang SH, Lam IHY, Hodgkiss J. 
Distribution of alexandrium tamarense in 
Drake Passage and the threat of harmful 
algal blooms in the Antarctic Ocean. Ocean 
Polar Res. 2003;25(4):625-631. https://doi.
org/10.4217/OPR.2003.25.4.625

18. Richlen ML, Zielinski O, Holinde L, et 
al. Distribution of Alexandrium fundyense 
(Dinophyceae) cysts in Greenland and 
Iceland, with an emphasis on viability and 
growth in the Arctic. Mar Ecol Prog Ser. 
2016;547:33-46. https://doi.org/10.3354/
meps11660 PMID:27721528

19. Hallegraeff GM. Ocean climate change, 
phytoplankton community responses, and 
harmful algal blooms: a formidable predic-
tive challenge. J Phycol. 2010;46(2):220-
235. https://doi.org/10.1111/j.1529-
8817.2010.00815.x

20. Spatharis S, Danielidis DB, Tsirtsis G. 
Recurrent pseudo-nitzschia calliantha 
(bacillariophyceae) and alexandrium 
insuetum (dinophyceae) winter blooms 
induced by agricultural runoff. Harmful 
Algae. 2007;6(6):811-822. https://doi.
org/10.1016/j.hal.2007.04.006

21. Hoagland P, Kirkpatrick B, Jin D, et al. 
Lessening the hazards of Florida red tides: 
a common sense approach. Front Mar Sci. 
2020;7(538):538. https://doi.org/10.3389/
fmars.2020.00538

22. Anderson CR, Berdalet E, Kudela RM, et 
al. Scaling up from regional case studies 
to a global harmful algal bloom observing 
system. Front Mar Sci. 2019;6(250):250. 
https://doi.org/10.3389/fmars.2019.00250

23. Carvajal-Yepes M, Cardwell K, Nelson A, 
et al. A global surveillance system for crop 
diseases. Science. 2019;364(6447):1237-
1239. https://doi.org/10.1126/science.

aaw1572 PMID:31249049
24. Rosenberg E, Morello C. US withdraws 

from UNESCO, the UN’s cultural 
organization, citing anti-Israel bias. The 
Washington Post. October 12, 2017. Last 
accessed August 10, 2022 from https://
www.washingtonpost.com/news/post-na-
tion/wp/2017/10/12/u-s-withdraws-from-
unesco-the-u-n-s-cultural-organization-
citing-anti-israel-bias/

25. Ravid B. Israel says it wouldn’t oppose 
U.S. return to UNESCO. Axios. February 
9, 2022. Last accessed from https://www.
axios.com/2022/02/09/israel-us-return-
unesco

26. Thompson PA, Carstensen J. Global 
observing for phytoplankton? a perspective. 
J Plankton Res. 2022;fbab090. https://doi.
org/10.1093/plankt/fbab090

27. Harmful Algal Bloom Programme. UNES-
CO Intergovernmental Oceanographic 
Commission [webpage]. Last accessed 
February 14, 2022 from https://dev.hab.
ioc-unesco.org/

28. Glibert P, Berdalet E, Burford MA, Pitcher 
G, Zhou M. Introduction to the global 
ecology and oceanography of harmful algal 
blooms (GEOHAB) synthesis.  In: Glibert 
P, Berdalet E, Burford MA, Pitcher G, eds. 
GEOHAB Global Ecology and Oceanography 
of Harmful Algal Blooms. Ecological Studies, 
2018;232.  https://doi.org/10.1007/978-3-
319-70069-4_1

29. Monitoring Group: Southeast Alaska Tribal 
Ocean Research (SEATOR). Alaska Ocean 
Observing System [webpage]. 2022. Last 
accessed August 9, 2022 from https://
legacy.aoos.org/alaska-hab-network/moni-
toring-group-southeast-alaska-tribal-ocean-
research-seator/

30. Harley JR, Lanphier K, Kennedy EG, et 
al. The Southeast Alaska Tribal Ocean 
Research (SEATOR) partnership: ad-
dressing data gaps in harmful algal bloom 
monitoring and shellfish safety in Southeast 
Alaska. Toxins (Basel). 2020;12(6):407. 
https://doi.org/10.3390/toxins12060407 
PMID:32575620

31. Alaska Department of Fish and Game. 
Alaska Department of Subsistence. 
Community Subsistence Information 
System. Sitka 2013 (Representative 
Year). Last accessed August 9, 2022 
from http://www.adfg.alaska.gov/sb/
CSIS/index.cfm?ADFG=commInfo.
Summary&CommID=313&Year=2013

32. Thorsen S, Knapp M. Carved History: The 
Totem Poles and House Posts of Sitka Na-
tional Historic Park. Anchorage, AK: Alaska 
Geographic Association; 2008.

33. Alaska Public Media. Neumann E. AK: 
Culture Camp. KCAW Sitka [webpage]. 
July 26, 2013. Last accessed August 9, 2022 
from https://alaskapublic.org/2013/07/26/

ak-culture-camp/
34. Southeast Alaska Regional Health Consor-

tium. Haida Culture Camp in Hydaburg 
[webpage]. Last accessed February 15, 2022 
from https://searhc.org/haida-culture-
camp-hydaburg/

35. Alaska Department of Fish and Game. 
Subsistence in Alaska. Overview: Defini-
tion, Responsibilities and Management 
[webpage]. Last accessed August 9, 2022 
from http://www.adfg.alaska.gov/index.
cfm?adfg=subsistence.definition

36. Southeast Alaska Tribal Ocean Research 
(SEATOR). SEATOR: Culture, Science, 
Community [webpage]. Last accessed Au-
gust 9, 2022 from https://www.seator.org/

37. Sitka Tribe of Alaska. Sitka Tribe of Alaska 
[website]. Last accessed August 9, 2022. 
https://www.sitkatribe.org/

38. Southeast Alaska Tribal Toxins (SEATT). 
A Partnership to Monitor Harmful Algal 
Blooms. Sampling Manual. Last accessed 
August 9, 2022 from http://www.seator.
org/PDF_Documents/SEATT_Sampling_
Manual_2015.pdf

39. SoundToxins. NOAA Northwest Fisheries 
Science Center, Washington SeaGrant, and 
Washington State Department of Health 
[website]. Last accessed August 9, 2022 
from https://www.soundtoxins.org/

40. National Oceanic and Atmospheric Ad-
ministration. National Centers for Coastal 
Ocean Science. Phytoplankton Monitoring 
Network (PMN): Better understanding 
of harmful algal blooms through volun-
teer monitoring [webpage]. Last accessed 
August 9, 2022 from https://coastalscience.
noaa.gov/research/stressor-impacts-mitiga-
tion/pmn/

41. Hilgendorf A, Guy Reiter A, Gauthier 
J, et al. Language, Culture, and col-
lectivism: uniting coalition partners 
and promoting holistic health in the 
Menominee Nation. Health Educ Behav. 
2019;46(1_suppl)(suppl):81S-87S. https://
doi.org/10.1177/1090198119859401 
PMID:31549556

42. Lefebvre KA, Quakenbush L, Frame E, et 
al. Prevalence of algal toxins in Alaskan ma-
rine mammals foraging in a changing arctic 
and subarctic environment. Harmful Algae. 
2016;55:13-24. https://doi.org/10.1016/j.
hal.2016.01.007 PMID:28073526

43. Lazrus H, Maldonado J, Blanchard P, 
Souza MK, Thomas B, Wildcat D. Culture 
change to address climate change: Collabo-
rations with Indigenous and earth sciences 
for more just, equitable, and sustainable 
responses to our climate crisis. PLOS 
Climate. 2022;1(2):e0000005. https://doi.
org/10.1371/journal.pclm.0000005

44. Louis Malardé Institute. Louis Malardé Insti-
tute [website]. Last accessed August 9, 2022 
from https://www.ciguatera.pf/index.php/en/

https://doi.org/10.1111/j.0919-9268.2003.00760.x
https://doi.org/10.1111/j.0919-9268.2003.00760.x
https://doi.org/10.1111/jpy.12386
https://doi.org/10.1111/jpy.12386
https://www.ncbi.nlm.nih.gov/pubmed/27037588
https://doi.org/10.1038/s43247-021-00178-8
https://doi.org/10.1038/s43247-021-00178-8
https://doi.org/10.3389/fmicb.2014.00646
https://www.ncbi.nlm.nih.gov/pubmed/25566197
https://doi.org/10.4217/OPR.2003.25.4.625
https://doi.org/10.4217/OPR.2003.25.4.625
https://doi.org/10.3354/meps11660
https://doi.org/10.3354/meps11660
https://www.ncbi.nlm.nih.gov/pubmed/27721528
https://doi.org/10.1111/j.1529-8817.2010.00815.x
https://doi.org/10.1111/j.1529-8817.2010.00815.x
https://doi.org/10.1016/j.hal.2007.04.006
https://doi.org/10.1016/j.hal.2007.04.006
https://doi.org/10.3389/fmars.2020.00538
https://doi.org/10.3389/fmars.2020.00538
https://doi.org/10.3389/fmars.2019.00250
https://doi.org/10.1126/science.aaw1572
https://doi.org/10.1126/science.aaw1572
https://www.ncbi.nlm.nih.gov/pubmed/31249049
https://www.washingtonpost.com/news/post-nation/wp/2017/10/12/u-s-withdraws-from-unesco-the-u-n-s-cultural-organization-citing-anti-israel-bias/
https://www.washingtonpost.com/news/post-nation/wp/2017/10/12/u-s-withdraws-from-unesco-the-u-n-s-cultural-organization-citing-anti-israel-bias/
https://www.washingtonpost.com/news/post-nation/wp/2017/10/12/u-s-withdraws-from-unesco-the-u-n-s-cultural-organization-citing-anti-israel-bias/
https://www.washingtonpost.com/news/post-nation/wp/2017/10/12/u-s-withdraws-from-unesco-the-u-n-s-cultural-organization-citing-anti-israel-bias/
https://www.washingtonpost.com/news/post-nation/wp/2017/10/12/u-s-withdraws-from-unesco-the-u-n-s-cultural-organization-citing-anti-israel-bias/
https://www.axios.com/2022/02/09/israel-us-return-unesco
https://www.axios.com/2022/02/09/israel-us-return-unesco
https://www.axios.com/2022/02/09/israel-us-return-unesco
https://doi.org/10.1093/plankt/fbab090
https://doi.org/10.1093/plankt/fbab090
https://dev.hab.ioc-unesco.org/
https://dev.hab.ioc-unesco.org/
https://doi.org/10.1007/978-3-319-70069-4_1
https://doi.org/10.1007/978-3-319-70069-4_1
https://legacy.aoos.org/alaska-hab-network/monitoring-group-southeast-alaska-tribal-ocean-research-seator/
https://legacy.aoos.org/alaska-hab-network/monitoring-group-southeast-alaska-tribal-ocean-research-seator/
https://legacy.aoos.org/alaska-hab-network/monitoring-group-southeast-alaska-tribal-ocean-research-seator/
https://legacy.aoos.org/alaska-hab-network/monitoring-group-southeast-alaska-tribal-ocean-research-seator/
https://doi.org/10.3390/toxins12060407
https://www.ncbi.nlm.nih.gov/pubmed/32575620
http://www.adfg.alaska.gov/sb/CSIS/index.cfm?ADFG=commInfo.Summary&CommID=313&Year=2013
http://www.adfg.alaska.gov/sb/CSIS/index.cfm?ADFG=commInfo.Summary&CommID=313&Year=2013
http://www.adfg.alaska.gov/sb/CSIS/index.cfm?ADFG=commInfo.Summary&CommID=313&Year=2013
https://alaskapublic.org/2013/07/26/ak-culture-camp/
https://alaskapublic.org/2013/07/26/ak-culture-camp/
https://searhc.org/haida-culture-camp-hydaburg/
https://searhc.org/haida-culture-camp-hydaburg/
http://www.adfg.alaska.gov/index.cfm?adfg=subsistence.definition
http://www.adfg.alaska.gov/index.cfm?adfg=subsistence.definition
https://www.seator.org/
https://www.sitkatribe.org/
http://www.seator.org/PDF_Documents/SEATT_Sampling_Manual_2015.pdf
http://www.seator.org/PDF_Documents/SEATT_Sampling_Manual_2015.pdf
http://www.seator.org/PDF_Documents/SEATT_Sampling_Manual_2015.pdf
https://www.soundtoxins.org/
https://coastalscience.noaa.gov/research/stressor-impacts-mitigation/pmn/
https://coastalscience.noaa.gov/research/stressor-impacts-mitigation/pmn/
https://coastalscience.noaa.gov/research/stressor-impacts-mitigation/pmn/
https://doi.org/10.1177/1090198119859401
https://doi.org/10.1177/1090198119859401
https://www.ncbi.nlm.nih.gov/pubmed/31549556
https://doi.org/10.1016/j.hal.2016.01.007
https://doi.org/10.1016/j.hal.2016.01.007
https://www.ncbi.nlm.nih.gov/pubmed/28073526
https://doi.org/10.1371/journal.pclm.0000005
https://doi.org/10.1371/journal.pclm.0000005
https://www.ciguatera.pf/index.php/en/


Ethnicity & Disease, Volume 32, Number 4, Autumn 2022292

Harmful Algal Blooms and Toxin Exposures - Roland et al

45. Blue Climate Initiative Community 
Awards. Blue Climate Initiative [webpage]. 
2022. Last accessed August 9, 2022 from 
https://www.blueclimateinitiative.org/
community-awards

46. Blue Climate Initiative. United Nations 
Decade of Ocean Science for Sustainable 
Development [webpage]. 2022. Last ac-
cessed August 9, 2022 from https://www.
oceandecade.org/actions/blue-climate-ini-
tiative-solutions-for-people-ocean-planet/

https://www.blueclimateinitiative.org/community-awards
https://www.blueclimateinitiative.org/community-awards
https://www.oceandecade.org/actions/blue-climate-initiative-solutions-for-people-ocean-planet/
https://www.oceandecade.org/actions/blue-climate-initiative-solutions-for-people-ocean-planet/
https://www.oceandecade.org/actions/blue-climate-initiative-solutions-for-people-ocean-planet/



