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Following Storm Impacts: Understanding Coastal
Ecosystem Variability

* Nutrients in the temperate coastal seas are strongly depleted in summer.
e Storm forcing introduces nutrients through mixing and river inflow.

Phytoplankton community
structure responses to
storm forcing?
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Study area: Eastern English Channel (EEC)

Temperate coastal sea
Macro tidal region
Influence of the rivers in coastal

waters

In-situ flow cytometry counts of
phytoplankton:
DYPHYRAD campaign (2012-2022)
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Material: DYPHYRAD campaign (~ weekly frequency)

DYPHYRAD campaign (9 location; RO—R4):
=  Coastal stations: RO—R2
= Offshore stations: R2'-R4

* Frontal system: R1'-R2’

= All observation are collected at the subsurface 1-2 m.

DYPHYRAD dataset

« Météo-France: Wind & precipitation (Boulogne-sur-Mer).

= River inflow data: Eaufrance data for Slack and Wimereux rivers

(local rivers).
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Flow cytometry counts of phytoplankton groups

(Hubert et al., 2026, Thyssen et al., 2022)

Phytoplankton groups

Phytoplankton

OraPicoProk (< 3 um)

Synechococcus, unicellular photosynthetic

cyanobacteria

RedPico (< 3 um)

Picoeukaryotes

RedNano (= 3—20 um)

Nanoeukaryotes including haptophytes

(Phaeocystis globosa)

OraNano (= 3—20 pum)

Cryptophytes

HsNano (= 3—20 pum)

Coccolithophorids

RedMicro (cells or chains > 20 um)

Diatoms, Phaeocystis globosa colony

Size based PFG classification (6

groups)

In vivo by automated “pulse-shape

recording” flow cytometry

Flow cytometers (CytoSense and
CytoSub, manufactured by
CytoBuoy b.v., Woerden, the

Netherlands)



Methods

Wind speed distribution (30 years)
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Storm identification: Extreme wind events, with a threshold 11.3 m s 7( N I bere

10000

Frequency
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Wind Speed (m s~ 1)
Storm selection: 10 Events were selected for the period 2012-2022, focusing on the months of June and July.

Wind and river data analyzed over a £3-day storm period.

Pre- and post-storm chlorophyll a (Chl-a) and phytoplankton abundances were compared.



Methods: Wind stress & River inflow response to storm (+3-day)

Wind stress Wind stress
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Four combinations of impacts (Inflow/Wind stress)
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Impact of inflow on Chl-a (+14-day)

High inflow storm

High inflow storm
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Seasonality of phytoplankton groups

Decadal 15-day climatological mean (RO—R4), Coastal stations (R0O—R2) and

Summer bloom: Diatoms,
nanoeukaryotes, Cryptophytes

and Picophytoplankton

Strong summer spatial gradient

in diatoms and synechococcus.
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2016-06-20

Inflow

Wind stress

Increased Diatom,
Synechococcus

e Extreme diatom

abundances in coastal

stations (RO—R2)

* Extreme Synechococcus

abundances in offshore

stations (R2—R4)

Storm impact on

phytoplankton groups

Exceedance probability

Exceedance probability

Decreased Cryptophytes,

Nanophytoplankton
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2016-07-02

Inflow

Wind stress

Increased Diatom
Cryptophytes
 Extreme abundances in all

stations (RO—R4)

Decreased Synechococcus

Picoeukaryotes
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Inflow

2015-07-13

Wind stress
Increased Nanoeukaryotes,
Cryptophytes

e Extreme abundances in

all stations (RO—R4)

Decreased Diatomes,
Synechococcus,

Picoeukaryotes
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Inflow

2022-06-06

Wind stress

Increased Synechococcus,
Picoeukaryotes
e Extreme abundances in all

stations (RO—R4)

No increase in diatoms
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Interannual variability: Wet vs dry summer

201

15+

Wet summers: Extreme Days higher >

wind speed 10-

abundances of diatoms and less (8 ms1)

extreme of picoeukaryotes

Diatoms in June -

Dry summers: Extreme

Diatoms in July -

abundances of nano-,

Cryptophyta -
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Summary: Storm impact on phytoplankton composition

High
River input

Inflow T

Low
River input

[T Diatoms T Synechococcus]

T Diatoms T Cryptophytes
Picopytoplankton |

T Nanoeukaryoteas
[T Picopytoplankton]
Picopytoplankton | Diatoms |
Weak Wind Stress - Strong

mixing

mixing
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Conclusion

 Summer storms maintained environmental heterogeneity in the EEC and repeatedly reset

ecological succession.

* Interannual variability in storm impacts (wind/river inflow) is reflected in community

structure.
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Seasonality of environmental variables

Decadal 15-day climatological mean (RO—R4), Coastal stations (R0O—R2) and

Salinity convergence in summer

Nutrients are depleted in the
summer
Chl-a additional peaks in

summer and autumn
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2016-07-02: High Inflow, High Wind Stress Storm

Total precipitation (mm)
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2015-07-13: Low Inflow, High Wind Stress Storm
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2022-06-06: Low Inflow, Low Wind Stress Storm
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Exceedance probability

Exceedance probability
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Exceedance probability

Exceedance probability
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Low inflow, high wind stress storm: 2015-06-02
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Consecutive storm: 2020-06-06 (preceding 2020-06-16)

Pre-storm (coastal/offshore)
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Low inflow, high wind stress storm: 2020-07-27

e Pre-storm (coastal/offshore)
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