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Marine Microbes and Society
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Azam and Malfatti, 2007 Nature Reviews Microbiology 10:782


Microbial fingerprint on planet Earth 
and Human Society 
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Climate
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Microbes and Society:  
how to integrate Microbes in 
Ocean planet management?
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Microbes and Ecosystem Services

• Bacteria and Archaea have 

invented biogeochemistry on 

Earth 

• We are in the Anthropocene 

(no more Holocene) 

• The baseline and the old 

knowledge have changed
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Ecosystems consist of organisms, their environments, and all of the interactions 
among the organisms and environments
The organisms are members of populations and communities and are adapted to 
habitats —> species richness and abundance

Ecosystem & Ecosystem services

Ecosystem services: 
outputs, conditions, or 
processes of natural systems 
that directly or indirectly 
benefit humans 
or enhance social welfare

 

https://www.millenniumassessment.org/en/
index.html
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https://www.merriam-webster.com/dictionary/enhance
https://www.millenniumassessment.org/en/index.html


https://
www.nature.scot/

scotlands-biodiversity/
scottish-biodiversity-
strategy-and-cop15/
ecosystem-approach/
ecosystem-services-
natures-benefits 9



https://www.millenniumassessment.org/en/index.html
https://ocean-climate.org/en/marine-and-coastal-ecosystem-services/

Marine and coastal ecosystems produce various services, 
including:

•Provisioning services: fisheries, building materials;


•Supporting services: life-cycle maintenance for both fauna and 
local, element and nutrient cycling;


•Regulating services: carbon sequestration and storage, erosion 
prevention, waste-water treatment, moderation of extreme 
events;


•Cultural services: tourism, recreational, aesthetic, and spiritual 
benefits.
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Microbes drive ecosystem services

Bodelier, 2011 11



Unique goal of microbial life: survival, 
maintenance, generation of ATP (energy 
storage), reducing power, growth of new cells

12

Microbial life provides ecosystem services

…… in an ecosystem context 



Microbial functions on Earth Ecosystems
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Roles of the ocean microbiome 

The ocean microbiome (centre) is composed of a 
range of prokaryotes, eukaryotic microbes and 
viruses, which have a range of different lifestyles 
driving microbial interactions 

The essential ecosystem services they provide, 
such as biogeochemical cycling (e.g. CO2 
capture, O2 generation and carbon removal), 
mitigation of human activities, bioresources, 
biodiversity and resources for the entire ocean 
food web, are shown in green


Humans impact ocean functioning thus microbial 
functioning in the ocean


Other aspects of the ocean environment are indicated in blue, and 
interconnections between different components are shown with 
arrows

14

Ta
ra

 O
ce

an
 F

ou
nd

at
io

n 
et

 a
l.,

 2
02

2



Integrated One Health microbial impact
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Preindustrial, 1850



Lewis & Maslin, 2015

Defining the beginning of the Anthropocene

Human dominated geological epoch: 
• Proposed beginning: 1610 and 1964 
• Great acceleration in socio-economic trends: 
• Population 
• Energy use 
• Water use 
• Fertilizer consumption 
• Transportation 

Great acceleration in earth system trends: 
• Nitrous oxide 
• Methane 
• Marine fish capture 
• Aquaculture 
• Tropical forest loss 
• New sedimentation fluxes (cement, plastic, 

petrol-derived entities, pharmaceuticals)

www.anthropocene.info
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Ocean services
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SDG  14: Conserve  and  sustainably use the oceans, seas 
and marine resources for sustainable development

The 17 UN Sustainable Development Goals are a 
call for action by all to promote prosperity while 
protecting the planet



https://www.globalgoals.org/14-life-below-water

Conserve and sustainably use the 
oceans, seas and marine resources for 

sustainable development

EU Directive 2008/56/CE on marine strategy (MSFD) and the 
Good Environmental Status (GES)

The Science We Need 
For The Ocean We Want
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SDG 14: Life below Water
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EU Directive 2008/56/CE on marine strategy and the Good 
Environmental Status (GES)
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EU Directive 2008/56/CE on marine strategy and the Good 
Environmental Status (GES)
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Summary of the main challenge of each Ocean Decade 
outcome and the scientific solutions identified

Caruso et al., 2022
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EU- level: Mission Starfish 2030
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EU- level: 
Mission Starfish 
2030
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MOB-based hierarchy of understanding for 
science, society, and economy

Crise & Malfatti et al., 2018

WHY?

Science-based  
governance of 

the ocean
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