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Eastern Boundary Upwelling Systems

Fredn et al., 2009 (Progress in Oceanography)
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EBUS: upwelling bays
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EBUS: upwelling bays
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EBUS: upwelling bays
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EBUS: harmful algal blooms
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Phytoplankton bloom dynamics

Year
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What are thin layers of phytoplankton?

chlorophyll

Strickland (1968), Durham & Stocker (2012)



What are thin layers of phytoplankton?

chlorophyll
® Thickness <o m

@ Intensity > 2 x Background

@ TLP can extent horizontally
over several km and persist for
several days

Strickland (1968), Durham & Stocker (2012)



How do TLP form?

dispersion

accumulation
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How do TLP form?

a Straining

b

Durham & Stocker (2012)
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Thin layers and harmful algal blooms

R Several studies showed the
presence of toxin-producing
species within TLP

Velo-Suarez et al. (2008), Diaz et al. (2014, 2019), McManus et al., (2003)



Thin layers detection

. . = .D‘ 00‘0000""0‘:‘

Escalera et al., 2012 (Marine Pollution Bulletin)



Thin layers detection
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Escalera et al., 2012 (Marine Pollution Bulletin)



Upwelling bays: the Galician Rias Baixas

<6 hours ~3.3 days

Gilcoto et al., 2017 (Geophysical Research Letters)



Upwelling bays: the Galician Rias Baixas




Harmful algal blooms in the Galician Rias




Harmful algal blooms in the Galician Rias

) N y/




Harmful algal blooms in the Galician Rias

Dinophysis \\ Pseudo-nitzschia
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Photographs: Beatriz Reguera



Harmful algal blooms in the Galician Rias

& Muros e Noia

@ Arousa

Toxin-producing species

¢ Pontevedra
Jpuey (222)

Muros e Noia Arousa Pontevedra Vigo

Sacilotto Detoni et al., (2024), Blanco et al., (2019)




TLP and HAB in the Galician Rias

° @ May-Jdune 2005
. = @ loxin-producing Pseudo-nitzschia TLP
@ Ria de Pontevedra (Bueu-222)

@ Associated with stratification

Velo-Suarez et al., (2008, 2010)



TLP and HAB in the Galician Rias

@ May-dune 2005
@ loxin-producing Pseudo-nitzschia TLP
@ Ria de Pontevedra (Bueu-222)

@ Associated with stratification

@ Co-occurrence with surface Dinophysis acuminata
populations

Velo-Suarez et al., (2008, 2010)



TLP and HAB in the Galician Rias

. @ May-dune 2007
° = @ loxin-producing Pseudo-nitzschia TLP
® Same station in the Ria de Pontevedra (Bueu-222)

@ Modulated by the tidal cycle: high temporal variability

Diaz et al., (2014)



TLP and HAB in the Galician Rias

@ June 2013
@ Diatom-dominated TLP
® ® Same station in the Ria de Pontevedra (Bueu-222)

@ Modulated by the upwelling cycle, associated with the
iIsotherms

Diaz et al., (2019)



TLP and HAB in the Galician Rias

@ June 2013
@ Diatom-dominated TLP
@ Same station in the Ria de Pontevedra (Bueu-222)

@ Modulated by the upwelling cycle, associated with the
iIsotherms

Diaz et al., (2019)



Question 1: is there a relationship between TLP and HAB in the Galician Rias?

Question 2: what are the mechanisms responsible for TLP formation?

Question 3: why is the Ria de Pontevedra a hotspot for toxicity?




Part 1. Historical dataset



Monitoring program (INTECMAR)
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TLP detection

chlorophyll (mg m™)

0 5 10

~ - — Smoothed chlorophyll

< first derivative @ Full width at half maximum <3 m
O

T ©

® Peak value > 2x(background level)

@ Peak intensity = Peak value - background level

Full-width-at-half-maximum
(FWHM) of peak

layer base width (m)

layer intensity above background (l)

Based on Sullivan et al. (2010) criteria



TLP characteristics

Number of TLP

INTECMAR DATASET 2012-2015
@ 118 TLP detected
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TLP characteristics
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Relationship between TLP and HAB
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Relationship between TLP and HAB
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Relationship between TLP and HAB
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Relationship between TLP and HAB
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Relationship between TLP and HAB
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® ~25 % of the TLP were related to Pseudo-nitzschia
and D. acuminata



PC2 (17.0 % of total variation)
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PC2 (17.0 % of total variation)
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® 2 spring-downwelling —» haline stratification



PC2 (17.0 % of total variation)
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Environmental conditions of the spatially-extended TLP

@ 8 spatially-extended TLP events:
® 2 spring-downwelling —» haline stratification
® 6 summer-upwelling —» thermal stratification

N

Precipitation, Mino River Plume, haline stratification...



PC2 (17.0 % of total variation)
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PC2 (17.0 % of total variation)
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® 2 spring-downwelling —» haline stratification
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Air and water temperature, radiation...



Part 1. Wrap-up

@ TLP were more common in the Ria de Pontevedra, also characterized by longer
toxicity episodes due to Dinophysis toxins

@ Our results suggest a relationship between TLP and two HAB groups D. acuminata
and Pseudo-nitzschia

@ [LP formation appears to be related to stratification processes



Part 1. Wrap-up

@ TLP were more common in the Ria de Pontevedra, also characterized by longer
toxicity episodes due to Dinophysis toxins

@ Our results suggest a relationship between TLP and two HAB groups D. acuminata
and Pseudo-nitzschia

@ ILP formation appears to be related to stratification processes

We need specific observations!




Part 2. Field observations



REMEDIOS-TLP cruise
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Spatial observati

a)

101 S02 | I02I ISO3 | [ I03I | ISO4

—
o

I [

1
Survey
— Intensive

T \-‘\\wy | \ \\‘“' fh

|

T DOWNWELLING

(l I 4
’4\\ AN ‘ill“\ }:l u:“ A' “ ‘ // Wit Il ‘
\\\\

B IRVIRTNN RN \\\\\ |

o O

UPWELLING

4
o
|

Wind vectors (m 3'1)
)
|

| 1 1 | | 1 | | | 1 1 | | 1 1 | 1 1 1 | |
26 27 28 29 30 01 02 03 04 05 06 O7 08 09 10 11 12 13 14 15 16 17 18

June-July (days)

4
o

Maximum chlorophyll and its depth at 01=26.4-27

o

25" b — ...:~.......u§nn......;.....uu.in

s

20' Y >

T_.I
g
: R
0 “ 3 3
42°N| T £
15.00'| ¢ 2 8
| e,
10 '8
' 1 é
5F E
0
- - - . - 0
250 I ..._....uuu(,.u.......:.....-n--gu
204 . ..;..........%. ......... ;. )
: : : 10 &
. .~ ]
42°N| s
15.00° §
o} e 205
5' b e e T T A AR AR AR AR A AR AR AR AR AR AR AR AR

36 30



Spatial observatio
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Spatial observations
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Spatial observations
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Intensive observations inside the Ria de Pontevedra
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Bloom dynamics

@ Phytoplankton bloom was associated with a
harrow isopychnal interval

@ Nutrient-rich isopycnals could seed and hide
toxin-producing species offshore

Seegers et al., (2015)
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Bloom dynamics

@ Phytoplankton bloom was associated with a
harrow isopychnal interval

@ Nutrient-rich isopycnals could seed and hide
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Bloom dynamics

@ Phytoplankton bloom was associated with a
harrow isopychnal interval

@ Nutrient-rich isopycnals could seed and hide
toxin-producing species offshore

Seegers et al., (2015)



Mechanisms of TLP formation
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Mechanisms of TLP formation
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Mechanisms of TLP formation
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Ria de Pontevedra: a hotspot for toxicity and TLP
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Subsurface chlorophyll maximum observations
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Subsurface chlorophyll maximum observations
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Subsurface chlorophyll maximum observations

2012-2015 INTECMAR profiles

-5t
10+
15t
20 1
-25
30+ )
std Pontevedra
w— Pontevedra
-39 std Vigo
we=Vigo
-40 ‘ ‘ ‘
0 5 10 15 20
fluorescence

From on-going master thesis by Blanca Marigomez

=10 |

%30
0O

60

100 ¢

UPWELLING

Shelf

Pontevedra

- N W B O

20 40
CTD cast

chlorophyll @ (ug L'1)



The Ria de Pontevedra: a hotspot for toxicity

Turbulent energy production due to bottom

friction during 1.5 months spanning the
REMEDIOS-TLP cruise
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The Ria de Pontevedra: a hotspot for toxicity

Turbulent energy production due to bottom
friction during 1.5 months spanning the TLP number of cases
REMEDIOS-TLP cruise
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The Ria de Pontevedra: a hotspot for toxicity

Turbulent energy production due to bottom

friction during 1.5 months spanning the |
REMEDIOS-TLP cruise MARGALEF’S MANDALA
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Answers



Question 1: is there a relationship between TLP and HAB in the Galician Rias?

® T : Tk — e , T

36 B e - ., - se | e e 800
: : ® .\ - e ; : : e ©Vilagarciade
‘ - ; Vilagarcia de 10 ; : ® . i : ;
z "!’ ; : : ; o ; AvOysa .

Arousa

~
-
o

30
1600

25% of the TLP were related to elevated 2A4'
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Question 2: what are the mechanisms responsible for TLP formation?

Straining and in situ growth under
stratification conditions could explain the TLP
formation in the Ria de Pontevedra




Question 2: what are the mechanisms responsible for TLP formation?

Straining and in situ growth under
stratification conditions could explain the TLP
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formation in the Ria de Pontevedra

This mechanism could explain the co-

occurrence of HABs dominated by Dinophysis
in the surface, and thin layers of Pseudo-
nitzschia within the chlorophyll maximum



Question 3: why is the Ria de Pontevedra a hotspot for toxicity?
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