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BACKGROUND

Trait type

Phytoplankton communities are very diverse :

-Size / shape

- Nutrient acquisition

- photo-acclimation
- predation avoidance

- biogeochemical function
- etc.

Morphological

Physiological

ral

Life history Behavio

Plan dee,;&ify

> Abiotic factors

- Water column dynamic :

stratification/MLD/
turbulence
Ecological/physiological - Light/nutrients availability
traits selection driven by
Environmental conditions » Biotic interactions

Ecological function

Reproduction Resource acquisition Predator avoidance

-Resource competition
- Grazing

Cell size

Cell shape

Coloniality

Photosynthesis

Nutrient uptake,
requirements

Nitrogen fixation

Mixotrophy

Assemblage composition
Ecosystem functioning

Motility

Sexual/asexual
reproduction

From Litchman & Klausmeier, 2008

=> BIOREGIONALISATION
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BACKGROUND

Phytoplankton blogeographv

From global
scale ....

WELL - KNOWN

Longhurst Biogeographical Provinces ( 1995)

... to regional (coastal) scale tessstuoeo

Temperate coastal systems dynamic is complex :

mesoscale structures Light/nutrients gradients
- fronts

- filaments/jets Ecological niches

- seasonal variations
- spatial heterogeneity

Understanding of small scale phytoplankton functional diversity distribution is relevant for :
- Biogeochemical budgets (production, export)

- Trophic interactions (fisheries)
- Conservation and management (MPA)
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CENTRAL QUESTIONS

/ How to explain the spatial and temporal changes in phytoplankton \
communities based on environmental gradients (frontal dynamics ,mixed

layer depth, nutrients, etc.) in the Iroise Sea coastal ecosystem ?

What are the main drivers of simulated patterns of biomass and diversity ?

(& %

Journée de rencontre des utilisateurs CAPARMOR

PLOUZANE, 13 mars 2015



PLOUZANE, 13 mars 2015

Wind speed (m.s1)

)

E1N

o
@)
MM
(al
<
O
()]
| -
>
Q
o+
4°)
82
e
>
()
Q
©
()
_
)
C
@)
O
=
Q
S
Q
©
Q
‘Q
=
S
I2)
o
—_

3
L s cartn
A D S T

-
A

“CAP SIZUN
——r

=
L
A
P
{
},.,n
e
1
5 jr
et
¢
.
45

J
£
@
s
-
]
=

g doSaln

P

Wl Tridlen

W
W

*

I

o
IR O §E

15
5

-
15
4

France
Air temperature (°C)

West Brittany,

.Nn
L]
oc
<
>
O
>
—
V)




STUDY AREA™

Strong tidal currents+ seasonal atmospheric
forcing

» Ushant tidal front (June to October)

» Baroclinic instabilities (density gradients)

- Nutrient supply

-=> Enhanced primary production
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Latitude (N)
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ROMS AGRIF 3D (V3)

6 °W

5°W
Longitude (W)

© 8 &8 8 B

Profondeur moyenne (m)

- Horizontal resolution : 1.5 km (120 x 143)
- Vertical resolution : 30 sigma levels

- Atmospheric forcings (T° Air, humidity,
precipitations, wind speed, short- longwaves
radiations) : ALADIN atmospheric system
(CNRM) (3h)

- Boundaries Conditions (T°, S, velocities, NO;
PO,, SiO,) : NEMO PISCES North Atlantic Model
(0.25 °) - 5 days

- Tidal cycle : COMAPI (Coastal Modeling for
Altimetry Product Improvement)

- Rivers (Q, T°, S, NO; PO,, SiO,) : Agence de
I’eau Loire Bretagne et réseau ECOFLUX
(Monthly climatology)

Aulne, Elorne
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Latitude (N)

‘DARWIN’ plankton diversity model

(Follows et al., 2007)

Nutrients

-

r

Detritic
organic matter

& 8 8
Profondeur moyenne {m)

Diatoms
(Si, high p, high ksat)

Nanoeukaryotes
= (high y, high ksat)

Picoplankton (Euk. + Prok.)
(low p, low ksat)

Prochlorococcus ~

6°W 5°W 0 |
Longitude (W)
o Zooplankton I

Functional
diversity

= - - -

->

Phytoplankton

Specific diversity
30 ‘species’ per PFT
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W et

-120 phytoplankton types run

-144 3D advected tracers
- 167 3D diagnostics variables

-Time step = 100 sec
- MPI : 96 CPUs (queue parallel256)

-1 month = 8h -1 restart/month
-1yr =7 days

5 days average outputs :
Stockage = 6 G /month (72 Go /year) (/temp)

Post-processing : matlab on service8
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Latitude

Temp (°C)

SATELLITE MODEL
MODIS ROMS -DARWIN

—5.8 -5.6 -54 -5.2 -5 —4.8

Longitude

NH,

Dec

Nov -

Oct

Sep

Aug -

Jul .l
Jun
May

Apr
Mar
Feb

Jan

6.2 6 58 56 54 5.2 5 48
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RESULTS

ANNUAL PRIMARY PRODUCTION SURFACE CHLOROPHYLL

! SATELLITE MODEL
o _Mopis  ROMS-DARWIN

Spring

Jan FebM Ap MyJ JIAg Sp OctN Dec

Surface Iayer primary production over the
whole domain

summer -

-100

-120

-140

Vertlcal chlofophyll distrlbutlon
( 2008 September 25t)
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RESULTS

Stratification index : vertical density

gradient S

| pfond — psurf |
h

S =

Maximal value of S

Stratification criterion (kg.m-4)

Domain average 5 value

_1)

Surface Chl-a (mg,L

)
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Mixed coastal waters
— Offshore stratified waters
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spatiaﬁﬁtaéogng’gcy'

RESULTS

PHYTOPLANKTON

(g C.m3)

49 °N

0.05

2 NET PRIMARY
ZOOPLANKTON (g C.m?)

PRODUCTIVITY  d?

NO, + NH, (mmolN.m?)

6°W E El

6°W 3 s°w ¥

~Well-mixed area : nutrient recycllng, low- N03/h|gh
NH, NO, - remineralization — high productivity
levels

-Frontal region : low zooplankton biomass/ high
phytoplankton biomass

- Offshore poor-nutrients waters : low biomass
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Offshore
stratified
Waters
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Surface distribution

49°N

Relative contribution (%)

Diatoms

» Lowest
contribution of
diatoms to total
chl a offshore,
during the
summer season
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RESULTS

Offshore
stratified

Waters

Surface distribution

Coastal
Mixed
Waters

Surface distribution

Diversity (#sp)
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Apr  May Jun  Jul Aug Sep Oct Nov Dec

» Low diversity
associated to spring
phytoplankton peak

» Highest diversity
observed in the well-
mixed area

» Very low spatial
variability in relative
contribution of each PFT
to total species richness
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RESULTS

. ™ L
_~ productivity- Wlationﬁp :
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Surface diversity vs.
production
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0 0.2 0.4 0.6 0.8 1 1.2
Primary Production (gC.m _E.d'1}

» Spring phytoplankton peak is associated to low diversity
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RESULTS

PDR distribution (ocean data)
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Vallina et al., Nat.
Comm., 2014

» Transient systems(opportunists)
» Oligotrophic - low diversity offshore waters (April — May)
Primary production (mmol C.m.d%) » Stable — grazers-controlled stationary systems (summer)
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SUMMARY: ™

Main conclusions :

» 3 sub-regions :
- coastal homogeneous and low seasonal variations
- high biomass, highly dynamic Ushant Front
- low biomass — nutrients depleted offshore surface waters

» Spring bloom generally characterized by low diversity
» Strong apparent control of phytoplankton diversity by zooplankton biomass

» Unimodal productivity-diversity relationship

Outlook :

» Impact of functional and trait diversity on ecosystem’s emergent properties

» Comparison with a PFT classic model (PISCES model)

»Model confrontation to observations (taxonomic dataset from in situ sampling)
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