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Oceanographic conditions and harmful algae

in the Strait of Georgia, Canada — outcomes of

seven years of monitoring with the citizen
science program.
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Salish Sea Marine Survival Project

What affects juvenile Chinook, Coho, and
Steelhead survival in the Salish Sea

SSMSP managed by the Pacific Salmon
Foundation, Canada and Long Live the Kings,
USA

5 years, 60 organizations, multimillion dollar
project

Full synthesis report — Pearsall, Schmidt et al.,
2021

https://marinesurvival.wpengine.com/wp-
content/uploads/2021PSF-SynthesisPaper-Screen.pdf




PSF Citizen Science Program (CitSci) 2015- ongoing

"scientific work undertaken by members of the general public, often in collaboration with or under the
direction of professional scientists and scientific institutions"

Pacific Salmon Foundation + Ocean Networks Canada + Department
of Fisheries and Oceans
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Raw data

http://www.oceannetworks.ca
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http://sogdatacentre.ca/

pearsalli@psf.ca — Dr. Isobel Pearsall

Atlas of Oceanographic Conditions
in the Strait of Georgia (2015-2017)
based on the Pacific Salmon Foundation
Citizen Science Dataset
Rhys Chappell and Rich Pawlowice

Department of Earth, Ocean and Atmospheric Sciences,
University of British Columbia

April 27, 2018

of Oceanographic Conditions in the

Strait of Georgia

The Strait of Georgia Data Centre

Summary data

R. Pawlowicz, et al, 2020, Atlas of oceanographic conditions in the
Strait of Georgia (2015-2019) based on the Pacific Salmon
Foundation's citizen science dataset, Canadian Technical Report of
Fisheries and Aquatic Sciences 3374

Digital atlas - updated annually
R. Pawlowicz and B. Boufford, Atlas of oceanographic conditions in
the Strait of Georgia, https://sogdatacentre.ca/atlas/




State of the Pacific Ocean -Can.Tech.Rep.Fish.Aquat.Sci.

2019 - Esenkulova, S., Frederickson, N., Pearsall, I. Harmful algal blooms in the Salish Sea. https://waves-vagues.dfo-

mpo.gc.ca/Library/40884569.pdf

2018 - Esenkulova, S., Pearsall, I. Harmful algal blooms in the Salish Sea. https://waves-vagues.dfo-mpo.gc.ca/Library/4081306x.pdf

2017 - Esenkulova, S. Pawlowicz, R., Pearsall, I. Nutrients, the phytoplankton community and harmful algae in the Salish Sea. http://waves-

vagues.dfo-mpo.gc.ca/Library/40717914.pdf

2016 - Esenkulova, S., Pearsall, I. The phytoplankton community in the Salish Sea. http://waves-vagues.dfo-mpo.gc.ca/Library/40617944.pdf
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To be published in SOPO 2021

e Slightly warmer/fresher waters near
surface in 2021

* There were thick blooms of Noctiluca
scintillans in April; dinoflagellates
Alexandrium spp. and Dinophysis spp. R e
(PSP and DSP prodUC|ng taxa) were ve ry Gabriola Island, Aril 20 2021; photo by P. Iverson Pseudo-nitzschia spp

abundant. --

* There were no Heterosigma akashiwo

15.2
blooms; there were local summer 19.2
Dictyocha spp. blooms and diatom 21.4 1.8
blooms (Rhizosolenia setigera, Pseudo- 19.6 5.7
nitzschia spp.), Ditylum brightwellii was ;”13 ‘3‘-1

unusually abundant in June and July. 20.6 e

% of surface samples containing algae, March-September, 4 areas: BS, CB, IS, PR



Harmful Algae News, UNESCO

Esenkulova, S., Pearsall, I., 2019: Citizen Science oceanography in the Strait of Georgia, Canada — an overview of five years operations.
Harmful Algae News 63, 12-13. http://www.e-pages.dk/ku/1439

Ecology of Alexandrium spp. in the Strait of Georgia, British Columbia, Canada 2015. Esenkulova, Pearsall, Novak, 2017: Harmful Algae News
56, 7-8. http://www.e-pages.dk/ku/1276/

Observations of Heterosigma akashiwo bloom and associated wild salmon lethargic behavior in Cowichan Bay, Canada, 2014. Esenkulova,
Luinenburg, Neville, Trudel, 2014. Harmful Algae News 50, 16-18. http://www.e-pages.dk/ku/1086/
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coRtinwe tils irtprn in 2020, 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 cels of Alexandrium spp. Al-
exandrium spp. were observed most
frequently in Ladysmith and Cowichan
Bay samples, while least frequently in
Camphell River, Nanaimo, and Steves-
ton (Tablet). It has to be noted, that the
total number of samples collected in
Ladysmith and Steveston in 2015 were

Eddly Carmach, ries and e
(DFO), " h v Strale. Thi

Hiignd i ek . ki s SRS ey et G R (2 ) ‘
d a ‘mosquito N

kmoum and widsly diswibuted fish lill-  profic organizations [4]. The project of Heterosigma were recorded on

& and the main kil of farmed salmen  secks e improve our understanding of ummmcmnmm;mmy:s

n che Pacc Nortve: rvgom of Ca- - the s of slimon moraly i the 27 whie pursesefsing (Tatle L Fip. ).

ada [1. Nicky Haigh, pers, com. In 1+~ Salish i i ions  Much b i yin

ety (2005 2012 bkl ol msa]reumu«wzrﬂleym 4 the renge of N-1000 sl mL 1 were

looms (HAB) caused $16 million of  part of the project, we initiated

mmemmirlmml’amzdhﬁr mﬂymmnnmrﬁﬂ.ﬂsmﬂw ing,

sh Columbis (BC) salmon, with Heter.  their possible effects on fuvenile salm- m the fist week nf]uuz. Heter-
ioma hei riorthe  om [wild and inthe Cowichan o not exceed

majority of these losses [2], While the By estuary and outer bay b e cbeny and purse

direct effects of Hesrosigma on furmed. From the Degnning of May to mid-  seines [Table 1.2),

BC salmor are evident wild samen  July 2014 a team of technicians from O the beach seining day of the sec-

tosses and fish stress responses during ~ PSF and Fisheries and Oceans Canada  ond week of June, all near shore areas

unique high-

loolk at hang far buck, ¥ g
of prople, and d

\anl\ﬂmp T
on the s

this

and engagens
g g
ast in

hat “historically. omuummm pes i o coesep:
collection relled on specialty
¢la and highly trained scientists
limited lacations, These pew toals re
duce the high cost of sporadic data col-
loctian, Incroasing the g

of quality measurements™

ruu 30
cnavar, AL, V]

019 rusuling in ¢
coverape of |I|-' Sob. Ocear
o with CTs

i R s i vl
P capture I
g monitor mg s part af ervsigm ahashive,
nce Pragram Some algas P (P 4), Gor
canse visible, high cell ¢
Blvoms: (th

Hetercsigma blooms are currently - (DFG) collected fish samples using both  were covered i a highly visible, thick
dersmdisd 3. beach seines (Fig, 1) and parse semes orange bloom. Heterasigma concenTa- farviov (Lacienits wasn Sopermin:
Over the past 20 years, there have  (Fiz. 2). We also collected correspond- ‘reached 3-4 x 104 colls ml-! at il

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 s not as representative as in th
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 densites with only a few cells per
‘ml. (approximately 50% of the samples
had ~ 1 cell ml.? and 25% had ~2 cells
L), The remaining 25% of the sam-
20046 fphuto by Wl Dugiet) ples had densities of 3-18 cells mL*
Coustalwaters of British Columbia (BC),  Foundation, the Department of Fisher-  with al samples with densities >  cells
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toxins n shellfish was established inthe  poral scale not possible before. Proper- ties > 1 cell mL1) are illustrated in Fig
19405 (3].Since then, PSP closures have ties/samples that are being measured/ 3 and Fig. 4.
been occurring every year. In the Strait  collected include phytoplankton, zoo- Temperature and saliniy. There were
of Georgia, PSP is primarily caused by plankton, temperature,salinity, density, 48 cases when temperature and salinity
the genus Alexandrium. Litle is known  dissolved nutrients, fluorescence, oxy~  were recorded (at 0.5 m) along with phy-
about Alexandrium spp. distribution  gen, and turbidity. Sampling for phyto-  toplankion samples containing at leas |
and its environmental preferences in  plankton is performed at approximate- cell mL- of Alexandrium spp. (st 0 m)
the Strait of Georgia. Currently the gov- Iy 80 sites (Figs. 1, 2) throughout the  Alexandrium spp. cells were observed in
ernment does not have a harmful algae  Strait every two weeks from February a wide range of temperatures from 9 0 22
monitoring program in BC. to October, At each site phytoplankton °C and saliniies from 201031 pp (Fg. 5.
Citizen Science Program was  samples are collected from the surface  The highest densities of Alexandbium spp.
initiated in 2015 by the Pacific Salmon (0 m). Among these 80site, thereare ~ (10-13 cells mL1, N=4) were observed in

been dramatic declies in the abur-  ing surfece water samples a each set mmmurmmmuezng.
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faderal and provincial agencies, Firw 20, 21) and Skeleronema costorum (July 17, The highest concentration of 12 x

Fig. 2. Citizen Science sampling areas inthe Strait of Georgia,Canada in 2015
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First peer-reviewed paper on PSF CitSc Program

S. Esenkulova, K. Suchy, R. Pawlowicz, M. Costa, and |. Pearsall, Harmful Algae and
Oceanographic Conditions in the Strait of Georgia, Canada, Based on Citizen Science
Monitoring, Frontiers in Marine Science, 09 September 2021

Harmful Algae Negatively Impacting Finfish Aquaculture in British Columbia

Photographs of algal species that produce toxins harmful to fish are framed with red; species that are mechanically harmful are framed in green; ather - purple.
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Harmful algae are very common in
the Strait of Georgia

They are present in 9% (April) to 51%
(August) of samples from February to
October (n=5000)

They often reach concentrations
associated with negative impacts in
aquaculture (shellfish and salmon)



Harmful algae in the Salish Sea e =

Algae that formed dense blooms:

(> 1000 cells mL?t) during 2015-2021 sampling seasons:
* Heterosigma akashiwo (2018, 2019, 2020)

* Pseudo-nitzschia spp. (2018, 2021)

* Noctiluca scintillans spp. (2018, 2021)

* Rhizosolenia setigera (2017, 2018)

Heterosigma akashiwo

Pseudo-nitzschia spp.

Noctiluca scintillans spp.



Harmful algae

Chaetoceros

. . convolutus and C. Rhizoso{enia Alexandrium spp. Hete;;osz]’fma Dictyocha spp.
I n th e Sa | I S h Se a concavicorne setigera akashiwo
Secchi depth 0.429 -0.645 -0.497 -0.565 -0.406
Spatial patterns Temperature -0.509 0.665 0.753 0.58 0.498
Salinity 0.368 -0.284 -0.363 -0.361 -0.441
Stratification -0.537 0.619 0.611 0.709 0.443
Temporal patterns Nitrate 0.609 -0.477 -0.651 -0.541 -0.408
Phosphate 0.613 -0.312 -0.557 -0.383 0.3
Silicate 0.048 0.003 -0.205 0.04 0.062
Statistically significant interannual and ~ Wind Speed 0.222 -0.074 -0.174 -0.217 -0.225
i _ Rainfall 0.171 -0.417 -0.505 -0.466 -0.225
seasonal relationships between Cloud Cover 0.352 -0.362 -0.653 -0.379 -0.155
environmental drivers and the most Fraser River 0.034 0.066 033 035 0.01
common HA taxa
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Harmful algae - shellfish

AREA CLOSED

verens, cuMs wsses
AND GTHER BeiE MOLLUSCS T
Anex DescnneE sRou o

PSP-total (ug

Py
PeRSCS DO

Alexandrium STXdiHCI Dinophysis TOX-DSP-
Year % eq/100g) % LC (ug/g)
2015 10.7 180 1.7 0.12
2016 16.3 960 0.7 0.008 OH
2017 18.1 2100 1.6 0.13 Saxitoxin is produced by some
Alexandrium species, cause
2018 15.7 900 5.1 0.25 Paralytic Shellfish Poisoning

Higher toxin concentrations of PSP (PSP-total) and DSP (TOX-DSP-LC) in shellfish flesh
were detected in years when Alexandrium spp. and Dinophysis spp. were more prevalent
(Esenkulova et al., 2021)



Harmful algae - salmon

Aquacultured salmon mortalities were reported in years with high concentrations of

Heterosigma and Dictyocha.

There were four reports of salmon mortalities in 2016 (June 14, July 1 and 27, August 29)
overlapping with high Dictyocha levels and five mortality reports in 2018 (at 2 sites on June 2,
June 6, June 12, and August 19) overlapping with high Heterosigma levels.
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Heterosigma akashiwo levels in the SoG, 2018. Citizen Science data

250,000 salmon killed~ $4 M CAD losses



PSF Citizen Science contributing to other research

Stevens, S.W., Pawlowicz, R. and Allen, S.E., 2021. A study of intermediate water circulation in the Strait of
Georgia using tracer-based, Eulerian, and Lagrangian methods. Journal of Physical Oceanography, 51(6),
pp.1875-1893.

Additional studies and contributions:
Biotoxins in water - harmful algae. In 2020 we added sampling for biotoxins for Dr. Andrew Ross, DFO

Zooplankton (SSEC 2018, 2 year data analysis showed large calanoid
copepods and euphausiids was significantly positively
correlated to the relative abundance of diatoms; small to dinoflagellates)

Seasonal dynamics of oceanographic conditions,

Fish studies (e.g. salmon and CitSc oceanography — SSEC snapshot, thtop'ankton'and;gOPt'arfﬂgonin_theMa'aspinaStrait:
raito eorgia
Paper #177)

Svetlana Esenkulova?, Karyn Suchy?3, R. lan Perry>#, Kelly Young?,
Maycira Costa?, Ryan Flagg®, Moira Galbraith?, and Isobel Pearsall®

WA I ( H ro ra m —_ S h a rl n ex e rt I S e *pacific Salmon Foundation; 2Department of Geography, University of Victoria; 3Institute of Ocean Sciences, Fisheries and
Oceans Canada; *Pacific Biological Station, Fisheries and Oceans Canada; SOcean Network Canada
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Ecosystem studies



Citizen Science Program

Tha N k yOu Program Manager

Dr. Isobel Pearsall

QUEStIOnS? pearsalli@psf.ca

Physical oceanography
Dr. Rich Pawlowicz
rich@eos.ubc.ca
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Program Esenkulova svesen@uvic.ca
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