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The scientific community has produced lots 

of data, analyses and recommendations, the 

directives are there!

We need science! buté

Reductionism must be upgraded



NF IV paved the 

way to the approach 

of NF V: Marine 

Sciences must 

evolve into Marine 

Science



AND NOW: THE MISSIONS

ñMan on the moonò is often taken 

as a paradigmatic ñMissionò

But the Earth is much more complex

than the Moon and the mission is not just 

to get there and plant a flag!



The long and winding road of EU legislation 

towards sustainability. From Abiotic features, to 

Habitats and Species, to Biodiversity and 

Ecosystem Functioning, in a spatial framework



Marine Strategy Framework Directive calls for Good Environmental Status (Healthy Oceané) in all EU waters by 2020

biodiversity

aliens fish networks distrophy bottom

hydrology contaminants litter energy

GES indicators



In the light of all this, to protect and manage the 

environment we need to know BEF.

Oh oh: ocean observations mostly focus on 

biogeochemistry and physics!



observation 

systems must 

be upgraded 

so as to 

comprise also

BEF



Descriptor 1 of GES prescribes that Biodiversity 

is maintainedé but only charismatic expressions 

of biodiversity are covered

ÅIconic habitats or species are 

not representative enough

ÅThe protection of patterns of 

biodiversity distribution (hot 

spots) is not sufficient

ÅThe processes that allow for 

the persistence of biodiversity 

hot spots must be considered

ÅWe need to manage and 

protect both patterns and 

processes, i.e. BEF

Protected Areas are not enough

How to frame biodiversity and ecosystems 

into a spatial context and achieve GES in ALL waters?



Sustainability is a must

Many different measures 

in the same space

MPA

networks

Maritime

spatial

planning

Marine

spatial

planning

Other Effective

Conservation 

Measures

Integrated

coastal zone

management

Sites of

Community

Importance



The ocean is ONE and it covers 71% of the Earth surface

The ocean, however, is a volume and represents more than 

90% of the life-inhabited space



The formation of 

sea ice produces 

dense waters that 

sink and come 

back to surface in a 

grand circulation

system where the 

bulk of ecosystem 

processes takes 

place

The Great Ocean Conveyor

connects all oceans

A DYNAMIC AND 

CONNECTED SPACE



for billions of 

years life 

functioned in this 

way

the microbial pathway

Most ecosystem processes 

take place in the water 

column where matter flows 

along different pathways



the microbes-

crustacea-fish 

pathway

our favorite 

one 



the herbivorous 

gelatinous 

plankton 

pathway

a rather neglected one



the carnivorous gelatinous 

plankton pathway

the most 

disliked 

one



ALL TOGETHER 

NOW!

with carbon 

sequestration



ωlife cycles: intra specific fluxes from 
one generation to the next

ωtrophic networks: inter specific 
fluxes from one species to another 
one 

ωbiogeochemical cycles: extra specific 
fluxes from living to non living 
matter and from non living to living 
matter

The four pathways that lead to 
ecosystems functioning occur through a 
series of fluxes: the processesthat link 

biodiversity structures



living 

matter

living 

matter

living 

matter

intra-inter-extra-specific fluxes

life 

cycles

ANIMALS

PROTISTS

FUNGI

MONERA

PLANTS

PROTISTS

MONERA



living 

matter

living 

matter

living 

matter

intra-inter-extra-specific fluxes

trophic 

networks

life 

cycles

ZOO-

DECOMPOSITION

ZOO-

SYNTHESIS

ANIMALS

PROTISTS

FUNGI

MONERA

PLANTS

PROTISTS

MONERA



living 

matter

living 

matter

living 

matter

intra-inter-extra-specific fluxes

trophic 

networks

life 

cycles

ZOO-

DECOMPOSITION

ZOO-

SYNTHESIS

BACTERIAL-

DECOMPOSITION

ANIMALS

PROTISTS

FUNGI

MONERA

PLANTS

PROTISTS

MONERA

BACTERIAL-

SYNTHESIS



living 

matter

living 

matter

living 

matter

intra-inter-extra-specific fluxes

biogeo-

chemical

fluxes
trophic 

networks

life 

cycles

ZOO-

DECOMPOSITION

ZOO-

SYNTHESIS

BACTERIAL-

DECOMPOSITION

MINERALIZATION

BACTERIAL-

SYNTHESIS

AUTO-

SYNTHESIS

ANIMALS

PROTISTS

FUNGI

MONERA

PLANTS

PROTISTS

MONERA



Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

ZD

TN

ZD

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

ZD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes



Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

BFD

ZD

BFD
TN

ZD

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

FUNGI

MONERA

Bacterial-
fungal
synthesis

Decomposers

M
LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

BFD

ZD

BFD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

ZD

TN

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

ZD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes



Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

BFD

ZD

BFD
TN

ZD

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

FUNGI

MONERA

Bacterial-
fungal
synthesis

Decomposers

M
LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

BFD

ZD

BFD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

ZD

TN

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

ZD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

ZD



Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

BFD

ZD

BFD
TN

ZD

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

FUNGI

MONERA

Bacterial-
fungal
synthesis

Decomposers

M
LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

ZD

BFD

ZD

BFD

BGC

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

BFD

ZD

BFD
TN

ZD

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

FUNGI

MONERA

Bacterial-
fungal
synthesis

Decomposers

M
LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

BFD

ZD

BFD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

ZD

TN

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

ZD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

BFD

ZD

BFD
TN

ZD

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

FUNGI

MONERA

Bacterial-
fungal
synthesis

Decomposers

M
LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

BFD

ZD

BFD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

Primary
Producers

Photo-
chemio

synthesis

LC

PLANTA

PROTISTA

MONERA

ZD

TN

ANIMALIA

PROTISTA

Zoo-
synthesis

Secondary
Producers

LC

Zoo-
synthesis

Tertiary
Producers

LC

Zoo-
synthesis

Higher
Trophic
Levels

LC

ANIMALIA

ZD

BFD= Bacterial-Fungal Decomposition

ZD = ZooDecomposition

M = Mineralization

BGC = Biogeochemical cycles = Extra-specific Fluxes 

LC = Life cycles = Intra-specific Fluxes

TN = Trophic Networks = Inter-specific Fluxes

ZD



PLANKTON BENTHOS AND NEKTON?



SEASONS SHUFFLE THE CARDS

SPRING

SUMMER

WINTER

FALL



The ocean is not a surface: it is a 

volume! and it keeps changing

A 4D OCEAN

A 4th 

dimension 

(time) must 

be added to 

the 3 spatial 

dimensions

Predictive 

science eh?


