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Although planet
Earth looks
mostly blue
from space...




...water Is
relatively scarce.

Life appeared In,
and Is sustained
by, the Ocean.

INustration: Félix Pharand-Deschénes / Globaia
Concept: Adam NiemanA
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A four year expedition

* To explore marine planktonic
ecosystems and their sensitivity
to climate change-induced
modifications to the ocean

* To popularize science
* To educate

* To iImprove ocean governance
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the ocean ?
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Plankton are very small




Marine micro-eukaryotes are found
throughout the tree of life
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Excavates

Caron et al. Ann Rev Mar Sci 2011
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Standardized sampling
and analysis pipelines
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The entire community,
Tara Oceans: towards global ocean

from viruses to small animals

B Plankton size fractions NL Protists /. et o Metazoans :
7T LT ' ! 5 N y Planktonic
2 hy O \ organisms

PN @ACKESS Frasty avallabia caline PLOS siowoav

Virus 5 Community Page
Bacteria

: LD

— o R \ J 3 g

Picoplankton b Nanoplankton  Microplankton Mesoplankton * Macroplankton Megaplankton

Who is there, what do they do, with whom, and why ?




A smaller, faster, cheaper,

Sport, sex, and testosterone
route to fusion energy 785
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Making C-N bonds from
nitro groups. pp. 863 & 886

. of plankton

Marine biodiversity
surveyed by the schooner Tara
Pp.865& 873
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in the sunlit ocean
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Which plankton group is the most
abundant ?

Which plankton group is the most
diverse ?
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Diplonemids are the most diverse eukaryotic grou
In the ocean
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Eukaryotic plankton diversity in the
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a.k.a The Ocean’s facebook.

OCEAN PLANKTON
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The global plankton interactome —

. .. X : . ‘. ; P e ®ttssscccssssscnsscns :.:‘:.'}.:.
........ ; - .'l ann O.I ..o L) .. ' .c.- i L4 ; : 0.
TR ¢ i . 127,995 associations
. .g oo e : «® ‘:? e " o' g -,; ‘. we . 92,633 taxon'taxon
L Teaw t L olee L AT Sl e 35,362 taxon-env
'o.'-: .:'.‘. o .:{ 2 » ....' '.l .:~ :. "‘.. : ‘s .-' " 0. »
e, L K » .. - o % :. i .'..:.:.—‘.A"' ’..o ” N 7 "‘- - : .‘ - < :
St et d ol AR L 7
*g * P-"nl e el B od = -'nf. "-..:—0 o 9:'.:‘\..‘. Z ‘.:7‘..‘ e o’
. 2, '::

Determinants of community structure
in the global plankton interactome

A

- : 9

TAR




Chaetognatha
Apicomplexa e
Rickettsiales - .
Spirotrichea o Syndiniales
Oceanospirillales
Other Aleveolata

Cyanobacteria

Acantharea /

Bacillariophyta — \

\ ~~——— Arthropoda
/ .'\

Prymnesiophyceae G

MAST

Polycystinea — ——————Dinophyceae

Positive associations Negative associations

N = 68,856 N = 23,777

Cooperation is more important than competition

Lima-Mendez et al. Science (2015)




The global plankton interactome —
a playground to discover new interactions
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=» Do we find Symbiodinium in \‘4:
symbiosis with plankton ?
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...widely distributed in the ocean
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ORIGINAL ARTICLE

The symbiotic life of Symbiodinium in the open
ocean within a new species of calcifying ciliate
(Tiarina sp.)
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The Tara'sinspiring
20 yearsatsea

Aresearch ship’s voyages tounderstand
marine biodiversity show how visionary
thinking can boost understanding of the
natural world —and help to better preserveiit.

cientists have known for decades that the
biodiversity we know is a fraction of the
biodiversity that exists. Even whenit comes to
perhaps the simplest measure, the number of
species, researchers estimate that there could
be anywhere between 3 million and 100 million species,
ofwhichsome 1.7 millionhave been described. Every year,
thenames of some 10,000 new ones get added to the list.
Gathering good biodiversity datacanbe amissioninitself,
especially onmarine biodiversity. One dependablesourceis
aschooner called Tara, which celebrates 20 yearsat seaas a
researchship thisyear. Tarahas beento theArcticOceanand
the Mediterranean Sea. Last week, researchersreported the
results of itslatest voyage, TaraPacific, atwo-year expedition
across the Pacific Ocean, publishedina collectionof articles
in Springer Nature journals (go.nature.com/45puzhk).
Coralreefsare among Earth’s most diverse ecosystems,
supporting25%of marinelife and providingservicessuchas
food,jobsand coastal protection to nearly onebillion people
worldwide. One region of the Pacific, the Coral Triangle —
whichincludes the waters of Indonesia, Malaysia and the
Philippines — has around 75% of the world’s coral species.
Butthese nurseries for marinelife are under threat: globally,
around 50% of living corals have been lost since the 1950s
(T. D. Eddy et al. One Earth 4,1278-1285; 2021). Moreover,
climate change posesa largerisk to theircontinuedsurvival.
One of Tara Pacific’s research groups has been focus-
ing on genetic diversity —in particular, that of microbial
communities (bacteria and archaea) living in Pacific
Oceancorals.Thescientists, led by marine microbiologist
Pierre Galand at the Banyuls Oceanological Observatory
in Banyuls-sur-Mer, France, collected more than 5,000
samples,and focused onanalysing the 16S ribosomal DNA
marker gene, which isused to identify and classify micro-
organisms. They found around halfa milliondistinct DNA
sequences known as amplicon sequence variants (ASVs),
which canbe used as ameasure of the genetic diversity
ina sample (Nature https://doi.org/kddz; 2023). From
these data, the researchers estimated that the micro-
bial diversity of coral reefs globally is probably around
2.8 million ASVs (P. E. Galand et al. Nature Commun. 14,
3039;2023). For comparison, thisis close to the lower end
of one genetic-diversity estimate of all of Earth’s bacte-
rialand archaeal communities — a proposed range of 2.72
million and 5.44 million ASVs (S. Loucaetal. PLoS Biol. 17,
€3000106;2019). Galand and his colleagues’ work, which

The Tara during its 100,000-kilometre voyage around the Pacific Ocean.
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Theresearch
hasastirring
and unusual
back story.”

builds on smaller-scale studies of coral reefs (M. Chiarello
etal. Proc. R. Soc. B 287,20200642; 2020), confirms that
Earth’s microbial genetic diversity is much higher and
richerthan previously thought.

Theresearchship has astirring and unusual backstory.
Its original captain was Peter Blake, a much-decorated
professional yachtsman from New Zealand. After retire-
ment, Blake became an environmental envoy to the
United Nations but was killed by pirates at the mouth of
the Amazon River while on an expeditionin 2001. Agnés
Troublé, aFrenchfashion designer known as Agnés B, and
her son Etienne Bourgois acquired the boat, determined
to continue Blake’s original vision. They established the
TaraOcean Foundationand invited scientists and research
funderstojoin them on various missions.

Thelogistics of converting a schooner into a floating
laboratory and taking it on a100,000-kilometre journey
cannot beunderestimated, especially considering the pres-
ent complicated relations between Pacific nations. And
then there’sthelogistics of the research itself: organizing
3,000 dives; sending samples for PCR analysis enroute;
keeping the voyage on track.

Researchers must continue to build on the work being
reported andrefine our understanding of theimportance
of diversity for safeguarding ecosystemstability and func-
tion. The projectis a great example of visionary thinkers
such as Troublé and Bourgois working closely with funders
and scientists to help us to understand the breathtaking
diversity of the world around us before itis too late. When
it comesto preserving the natural systems we all depend
on, more such collaborations are needed.

Nature | Vol618 | 8 June 2023 | 213







Homo sapiens —the superpower




DAILY SEA SURFACE TEMPERATURE 60°S—-60°N A\ Climae
Data: ERAS 1979-2023 « Credit: C3S/ECMWF & change service
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Evidence of the effects of ocean
acidification on marine ecosystems ?

TARA (2009-2013)

Foraminifera calcification has 4
decreased in the last 150 years

Quantifying the Effect of
Anthropogenic Climate Change
on Calcifying Plankton
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Photosynthetic bacteria Photosynthetic symbionts

e —

Global Trends in Marine Plankton Diversity
across Kingdoms of Life

Six plankton functional groups have highly explanatory GAMs



a. Sea surface temperature change d. Integrated net primary productivity change

100°E 160°W

IPCC CMIP5 model outputs
Bopp et al. 2013
Dots show areas of highest certainty
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Photosynthetic bacteria Heterotrophic bacteria Photosynthetic eukaryotes
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Diversity anomalies
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1 Our eco-systems biology approach has shed light on a
complex invisible ecosystem at global scale

| Multiple new discoveries have been made about ocean
life, together with a wealth of open-access resources

- | Provides a baseline for understanding the effects of
climate change on marine ecosystems
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