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★Inclusivity statement: 

My laboratory and my philosophy aim to create an inclusive environment 

in which students of all backgrounds, cultures and orientations can feel 

safe learning, growing, and participating within their community. 

From my experience and working with many people in my field, I have 

found this to be an important topic to bring up and present myself as a 

resource for those who find they might need it.
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You belong here



BEFORE AFTER

Microbes are 
everywhere and will 

always be…

Microbes as ecosystem 
engineers

Microbes keep the 
ecosystem functioning

Humans and biota as 
microbial ecosystems

Holistic managing of 
marine ecosystems

Microbes not 
important


Microbes=Disease
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1. Microbes in the Marine Environment 
2. Metabolic Diversity and Ecophysiology of Marine Microbes 
3. Diversity of Marine Bacteria, Archaea and Viruses 
4. Microbes in Ocean Processes: Carbon, Nitrogen, Sulfur, Iron, 

Phosphorus, and Silicon Cycles 
5. Marine Microbial Symbioses and Marine Microbial Diseases 
6. Marine Microbes, Climate and Society 

TOPICS



Testing the knowledge

Equal to 50% of the final grade: individual presentation 
on a specific topic related to the course, in English

Equal to 50% of the final grade: 1 hr paper-critique  
written test on 3 open questions, in English

Evaluation criteria: correctness, completeness, organization, 
clarity and use of specific terms
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Equal to 50% of the final grade: individual presentation on 
a specific topic related to the course, in English

Topic: “Multiple Ocean Stressors: A Scientific Summary 
for Policy Makers” and marine microbes (Bacteria and 

Archaea only)
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Testing the knowledge: presentation
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Marine Microbiology

Ecology & Applications Third Edition
By Colin B. Munn
Edition 3rd Edition

Imprint CRC Press
DOI https://doi.org/10.1201/9780429061042
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Tell me and I will forget,  

show me and I may remember, 

involve me and I will understand.
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Brief self-introduction 
and future career
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Mechanistic integrative approach 

Structure

Metabolism (physiology 
& biochemistry)

Function

Phylogeny & Diversity Interaction

microbiology  
from microscale  
to macroscale

14



C
ris

e 
A

, R
ib

er
a 

d’
A

lc
al

à 
M

, M
ar

ia
ni

 P
, P

et
ih

ak
is

 G
, R

ob
id

ar
t J

, 
Iu

di
co

ne
 D

, B
ac

hm
ay

er
 R

 a
nd

 M
al

fa
tti

 F
 

(2
01

8)
 A

 C
on

ce
pt

ua
l F

ra
m

ew
or

k 
fo

r D
ev

el
op

in
g 

th
e 

N
ex

t 
G

en
er

at
io

n 
of

 M
ar

in
e 

O
B

se
rv

at
or

ie
s 

(M
O

B
s)

 fo
r S

ci
en

ce
 a

nd
 

So
ci

et
y.

 F
ro

nt
. M

ar
. S

ci
. 5

:3
18

. d
oi

: 1
0.

33
89

/fm
ar

s.
20

18
.0

03
18

15

Observation

ENVIRONMENT - MODEL ORGANISM



A world of words to discover!
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Intro: Where do we 
stand?…..anatomy 

of the Ocean



https://scripps.ucsd.edu/
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Expect the 
unexpected!
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https://scripps.ucsd.edu/
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What do you know 
about the ocean?
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How do you describe 
the ocean …….by its 

features?
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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.un.org/sustainabledevelopment/sustainable-development-goals/
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500 years of a changing ocean…and still changing

NOISE
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CO2
Temperature

Sea level rising
pH

Pollution (chemical and 
particles)

Plastic pollution
Decline biodiversity

Lower  oxygen
Sea  Ice melting

Invasive species
Decline in  fish catch



Long-term changes in the Ocean

Are Monitoring, Experimenting and Observing the Ocean 
good approaches for a global  sustainable society? 
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How do I/You think 
about the microbes?

Where are the 
microbes in the ocean?
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A few challenges to 
overcome…



118 µm

88 µm

10 µm
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I see microbes
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From micro to nanoscale….at their scale
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A few challenges to 
overcome…

We need to: 

1  See/count them

2 Identify them 

3 Measure their metabolic rates
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L01: Microbes in the 
Marine Environment


Ocean as a microbial 
habitat
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..scale matters
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ZooplanktonBacteria

Viruses

Phytoplankton

Dinoflagellates

Diatoms

Phaeocystis

Malfatti, Jaffe, Countway 36



Microbial size range
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Macroscale

nanosense.sri.com
38



Microscale
39nanosense.sri.com



NanoscaleYarza et al. 2014 40nanosense.sri.com



Definition of ocean:
 the whole body of salt water that covers nearly three fourths of the 
surface of the earth

The ocean covers most of our planet, regulates our weather and climate, 
absorbs vast amounts of carbon dioxide, provides most of our oxygen, and 
feeds much of the human population.
— National Oceanic and Atmospheric Administration, NOAA

https://www.merriam-webster.com/
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Definition of sea
: a great body of salt water 
that covers much of the earth
broadly : the waters of the earth 
as distinguished from the land 
and air

: a body of salt water of second 
rank more or less landlocked
the Mediterranean sea

https://www.merriam-webster.com/
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Definition of coast 
: the land near a 
shore : SEASHORE

https://www.merriam-webster.com/dictionary/seashore


More than 80% unexplored 
Most of the ocean is unseen by human eyes — more than 80% of our ocean is unmapped, unobserved and unexplored.


Coastal habitat is about 7% of ocean area 
The Great Barrier Reef in Australia is the largest living organism on Earth and can be seen from the moon.


99% of the Earth’s water 
The ocean contains more than 96 percent of the Earth’s water.


Upper layer is well lit, warm, and highly oxygenated with 
low salinity, density and nutrients 

Bottom layer with relatively high salinity, density, and 
nutrients and low temperature and salinity, low constant 

oxygen and dark 
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Ocean
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Earth-Ocean
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M

icrobial E
volution in a B

ottle
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Temperature

Salinity/ Ionic strength


Pressure 

pH


Solar radiations

Light/Dark



Ocean environment, II
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https://youtu.be/i-icXZ2tMRM

Azam & Malfatti 2007
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Specific microbial adaptations 
to grow in  the 
microenvironment
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Oxygen 

Organic matter


3D organic matter structure in 
space and time


Nutrients

State of water


Other micro/macro-organisms 
(gut, skin, etc…)
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Australia
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Origin of the OCEAN

LUCA: Last 
Universal 
Common 
Ancestor 47

About 4-4.2 to 3.9 billion years ago, the water condensed into rain which filled the basins that 
we now know as our world ocean

Atmosphere and the ocean accumulated gradually over millions and millions of years with the 
continual 'degassing' of the Earth's interior (water coming from meteorites)

4.
2

Betts et al., 2018 
Moody et al., 2024



Open vs Coastal ocean
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Ocean habitats can be divided into two: coastal and open ocean habitats


Ocean and coastal habitats can be created by species living in them



Marine natural habitats

49

ht
tp

s:
//w

w
w

.n
ps

.g
ov

/s
ub

je
ct

s/
oc

ea
ns

/o
ce

an
-h

ab
ita

ts
.h

tm



Open Ocean in the Anthropocene

Flemming & Wuertz, 2019 3650



Marine habitats
• Human infrastructures
• Harbours
• Boats
• Ballast water tank
• Ships
• Oil rig
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Microscale
• Microbes live in a microbial world


• Microbes interact intimately with molecules


• Gradients are ephemeral in space and time


• Unknown is behind the corner…dark corner!


• On a face value, at the microscale all living things/organisms are the 

same —> sugars, proteins and lipids —> hot spot of organic matter


• All the surfaces are the same, due to the molecular coating
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https://www.oceandecade.org/vision-mission/

https://www.ipcc.ch/srocc/chapter/chapter-5/

https://oceanliteracy.unesco.org/?post-types=all&sort=popular

https://www.marinetraffic.com/en/ais/home/centerx:-63.9/
centery:26.9/zoom:2

https://www.emodnet-humanactivities.eu/view-data.php 


https://oceanservice.noaa.gov/facts/ 


https://education.nationalgeographic.org/resource/ocean/

https://unesdoc.unesco.org/search/592f5d69-cb9e-4d96-8b23-
f77bb4050676

https://www.emodnet-humanactivities.eu/view-data.php
https://oceanservice.noaa.gov/facts/

