UNIVERSIDADE DE SAO PAULO

Instituto
Oceanografico

Mar Profundo:
Vida e sub-superficie
Crostas e nodulos
polimetalicos

Vivian Pellizari

IDUSF

LEC(COM

Laboratério de ﬂ;‘r_xl:_xgm Microbiana




* Sedimento

e Sub-superficie e conexdes

* Crosta e nédulo

* Resultados cold seep e organic fall
e Santos sedimento



Microrganismos no sedimento e em sub-superficie

* Drilling: revelou grande diversidade microbiana

Coral Reef
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PROGRAMA INTERNACIONAL DE PESQUISA EM OCEANOS -

|ODP

Programa IODP/CAPES-Brasil
BRASIL MEMBRO DO I0DP 2012 L __
‘ ‘ - (International Ocean Discovery Program) Rl i
»

SCIENCE PLAN FOR 2013-2023

Beneficios:

* Aumento do entendimento como o Clima da Terra e os
Oceanos respondem as rapidas mudancas ambientais

* Melhor conhecimento sobre os processos de riscos
geoldgicos (terremotos, tsunamis, etc) com vista a
antecipacao e melhor preparacao destes eventos

* Quantificar o armanezamento e fluxo do carbono, fontes
criticas de recursos da Terra

* Treinar a proxima geracao de cientistas, engenheiros e
educadores na estratégia Interdisciplinares e uso de
ferramentas quantitativas

JOIDES RESOLUTION - JR * Engajar da melhor maneira possivel comunidades de
educadores, estudantes e publico em geral



Expedicoes com participacoes de
Brasileiros (até Oct/17)

* JODP JOIDES Resolution expaditions
® Expeditiona with Brazil scientiata
© Brazil acientists staffed to aail

Expeaditions to be staffed
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Propostas de sondagem por brasileiros Expedi¢des 2022/23
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Figure 13. Bacterial abundances as a func-
tion of sub-bottom sediment depth as seen
in ODP boreholes down to ~ 750 mbsf.
Figure reprinted with permission from
Parkes, RJ., B.A. Cragg and P.Wellsbury, #
Recent studies on bacterial populations

0.1 -

and processes in subseafloor sediments:A

Volcanic
Glass

Figure 14. Photo at the right is of a section of basalt collected from about 290 meters below the seafloor, or
about 54 meters into the volcanic basement, on DSDP Leg 82. The glass and clay in the photo are evident by
their different colors. Wispy dark lines in the glass and dark areas in the clay and at the glass-clay margin are
where iron oxides have formed in response to microbial activity. Ghosts of wispy lines can be seen in some
areas of clay near the glass. ODP samples have established that this type of alteration exists throughout the

review, Hydrogeol. Jour., 8, Figure 2b, p.15,
copyright Springer-Verlag, 2000.
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Figure 1.10 Clobal distribution of - @posicao da matéria organica regides muito oligotroficas:

subseafloor sedimentary cell abun-

S poucos mm cada 1000 anos.
ber of cells. rinted fr .
oinpadrng e Baixa conc. O 2
mission from National Academy of
Sciences.
SR et Vida se sustenta por manter o minimo de energia para
comor W “sobreviver” (Bradley et al 2019)

Respiracao 100 vezes menor que na superficie do sedimento
Células : 100- 1000 células cm-3

Jorgensen 2011 — células reproduzem uma vez apenas - periodo de
mais de cem anos.

0 2000 4000 6000

Protecao do ataque de virus e protistas

Células foram reativada e o metabolismo aumentado até 1000
vezes ( Morono et al 2011)

Material recuperado de 2,5 Km na costa do japao ( 10-100cm-3) a
diversidade rRNA 16S era similar ao solo de floresta do que
sedimentos marinhos ( MO?)

Arqueias tem maior biomassa do que as bactérias?



A VIDA EM MAR PROFUNDO E SUBSUPERFICIE

How low can life go?

The deepest-dwelling organisms on Earth are bacteria,
but members of life’s other kingdoms are also found at
depth, stretching the known boundaries of life on Earth

-
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ﬁ Bactérias vivas em sedimentos de
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ESTRELAS NO UNIVERSO 1024

2017, Plumper, N&T

Merino et al. 2019. Front M Sc;[Zaremba-Niedzwiedzka et al..2017. Nature.




COMO ESTUDAR A DIVERSIDADE DE MICRO-
ORGANISMOS SEM CULTIVAR?

Describing microbial communities

Metatranscriptome/
Metaproteome Flying Driving Bake Eating Sleeping
Metagenome Pilot Driver  Baker Officer Postman
Amplicon sequencing  Alejandra Ricardo en Liliana  Jonathan

Nt




Sequenciamento do gene do rRNA 16$

Como estudar a Diversidade de
micro-organismos no ambiente?
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Reconstrucao genoma a partir do
metagenome (MAGS)

Unknown taxa

Assembled into contigs
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Primary metagenome
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Binned into single taxon assemblies
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SCIENCE ADVANCES | RESEARCH ARTICLE

ECOLOGY

Archaea dominate oxic subseafloor communities over
multimillion-year time scales

Auréle Vuillemin', Scott D. Wankel?, Omer K. Coskun’', Tobias Magritsch’, Sergio Vargas’,
Emily R. Estes3, Arthur J. Spivack“, David C. Smith®, Robert Pockalny“,
Richard W. Murray®, Steven D’Hondt®, William D. Orsi'®*

Ammonia-oxidizing archaea (AOA) dominate microbial communities throughout oxic subseafloor sediment
deposited over millions of years in the North Atlantic Ocean. Rates of nitrification correlated with the abundance
of these dominant AOA populations, whose metabolism is characterized by ammonia oxidation, mixotrophic utili-
zation of organic nitrogen, deamination, and the energetically efficient chemolithoautotrophic hydroxypropionate/
hydroxybutyrate carbon fixation cycle. These AOA thus have the potential to couple mixotro phic and chemolithoau-
totrophic metabolism via mixotrophic deamination of organic nitrogen, followed by oxidation of the regenerated
ammonia for additional energy to fuel carbon fixation. This metabolic feature likely reduces energy loss and im-
proves AOA fitness under energy-starved, oxic conditions, thereby allowing them to outcompete other taxa for

millions of years.
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Aerobic microbial life persists in oxic marine
sediment as old as 101.5 million years

Yuki Morono® 2%, Motoo Ito® 2, Tatsuhiko Hoshino'2, Takeshi Terada3, Tomoyuki Hori® 4,
Minoru lkehara® >, Steven D'Hondt® ® & Fumio Inagaki ® 27.8%

Sparse microbial populations persist from seafloor to basement in the slowly accumulating
oxic sediment of the oligotrophic South Pacific Gyre (SPG). The physiological status of these
communities, including their substrate metabolism, is previously unconstrained. Here we
show that diverse aerobic members of communities in SPG sediments (4.3-101.5 Ma) are
capable of readily incorporating carbon and nitrogen substrates and dividing. Most of the
6986 individual cells analyzed with nanometer-scale secondary ion mass spectrometry
(NanoSIMS) actively incorporated isotope-labeled substrates. Many cells responded rapidly
to incubation conditions, increasing total numbers by 4 orders of magnitude and taking up
labeled carbon and nitrogen within 68 days after incubation. The response was generally
faster (on average, 3.09 times) for nitrogen incorporation than for carbon incorporation. In
contrast, anaerobic microbes were only minimally revived from this oxic sediment. Our
Lignite coal Iay1 results suggest that microbial communities widely distributed in organic-poor abyssal sedi-
& coal-bed methane ment consist mainly of aerobes that retain their metabolic potential under extremely low-
energy conditions for up to 101.5 Ma.
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Isolation of anarchaeon at the prokaryote-
eukaryote interface

https://doi.org/10.1038/s41586-019-1916-6  Hiroyuki Imachi*"*, Masaru K. Nobu®"*, Nozomi Nakahara"**, Yuki Morono*, Miyuki Ogawara
3 Yoshihiro Takaki', Yoshinori Takano®, Katsuyuki Uematsu®, Tetsuro Ikuta’, Motoo Ito®,
Received: 6 August 2019 Yohei Matsui®, M. ki Miyazaki’, K hi Murata®, Yumi Saito’, S Sakai',
Accepted: 5 December 2019 Chihong Song®, Eiji Tasumi', Yuko Yamanaka', Takashi Yamaguchi®, Yoichi Kamagata®,
. - I '2 m
Published online: 15 January 2020 e & Kon Takni

Open access

The origin of eukaryotes remains unclear' . Current data suggest that eukaryotes
may have emerged fromanarchaeal lineage known as ‘Asgard’ archaea®®. Despite the
eukaryote-like genomic features that are found in these archaea, the evolutionary
transition fromarchaea to eukaryotes remains unclear, owing to the lack of cultured
representatives and corresponding physiological insights. Here we report the decade-
5 ' longisolation of an Asgard archaeonrelated to Lokiarchaeota from deep marine
A,chaea Thor - Odin - Lok - Heimdal Eckarya Bacteria sediment. The archaeon—'Candidatus Prometheoarchaeum syntrophicum’ strain
MK-D1—is an anaerobic, extremely slow-growing, small coccus (around 550 nmin
diameter) that degrades amino acids through syntrophy. Although eukaryote-like
intracellular complexes have been proposed for Asgard archaea®, theisolate has no
visible organelle-like structure. Instead, Ca. P. syntrophicum is morphologically
complex and has unique protrusions that are long and often branching. On the basis
I oftheavailable data obtained from cultivation and genomics, and reasoned
interpretations of the existing literature, we propose a hypothetical model for
eukaryogenesis, termed the entangle-engulf-endogenize (also known as E*) model.
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a,Maximum-likelthood tree (100 bootstrap replicates) ol’ MK-D1andselect
cultured archaea, eukaryotes and bacteria based on 31 ribosomal protelns that
are conserved across the three domalns (Supplementary Tables 7,8). Bootstrap
values around critical branching points are also shown. We used 14,024 sltes of
the alignment for tree construction. b, The presence or absence of aminoactd
degradation, electron metabolism, fermentation, Cimetabollsm, sulfur
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(complete pathway, full circle; mostly complete pathway, half circle). For aminc
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Figure 2 | Sedimentary profiles of cell abundance and chemical concentrations". Data are keyed to site location colours In Fig. 1: a, cell concentration
(logarithmic scales), b, dissolved O3, ¢, dissolved NO3;~, d, dissolved PO, ~, e, dissolved Inorganic carbon, 1, total organic carbon. Profiles span the
sadiment column, from sea floor to basement. Vertical line In a marks the minimum quantification limit (MQL). Because optode-based O; measurements
are lass noisy than electrode-based measurements, O; profiles In b are limited to optode data except where sadimentary fabric prevented optode

deployment (the lowermost portion of U1367, as well as most of U1368 and U131).

Comparison of our SPG results against other sites throughout
the ocean indicates that dissolved O, penetrates the entire
sediment column where mean sediment accumulation rate and
total sediment thickness are both low (Fig. 4 and Supplementary
Information). This result is consistent with the complexities
outlined above. Organic flux to the sea floor broadly co-varies
with sedimentation rate'*, and at very low sediment accumulation
rates, most organic matter is consumed at or near the sea
floor'®*, Dependence on sediment thickness is consistent with the
exponential effect of distance on diffusive timescale; where sediment
thickness is high, O, disappears faster than it can diffuse to the
greatest depths.

O, em camadas mais profundas depende da taxa de sedimentacao e espessura do sedimento



Regions where dissolved O, and aerobic activity may occur throughout the sediment.

Red dots indicate sites where O, is known to occur throughout the sediment
Black dots indicate sites where O, disappears centimetres to metres below the sea floor. Y
Yellow dots indicate sites where O, penetrates many mbsf and may penetrate to basement but is not

characterized throughout the sediment column
Dissolved O, may be present in the basement over a greater area, due to seawater advection

through the basement.



Global diversity of microbial communities in
marine sediment

Tatsuhiko Hoshino®", Hideyuki Doi®' @, Go-Ichiro Uramoto®2®, Lars Wérmer9, Rishi R. Adhikari“®, Nan Xiao™®,
Yuki Morono?, Steven D’Hondt’®, Kai-Uwe Hinrichs“4®, and Fumio Inagaki®®'

PNAS | November 3,2020 | vol. 117 | no.44 | 27587-27597

 Sedimento: 2.9 x 10%° - 5.4 x 1022 cel., para 0.18% a 3.6%
Biomassa total viva da Terra.

« Abundancia diminui com a prof. e o aumento da idade do
sedimento.

* O, e concentracao de Carbono organico define a composicao
taxondmica e diversidade microbiana no sedimento.

 Estimativa Global: (Riqueza)
e 7,85x103-6.10 x 10° Arqueias
e 3,28 x10°- 2,46 x 108 Bactéria

» Sedimento superficial ( até 600m prof.) similar ao sistema pelagico



Location of sampling sites.

Tatsuhiko Hoshino et al.

©2020 by National Academy of Sciences

PNAS 2020;117:44:27587-27597



* Despite these limitations, studies of 16S ribosomal RNA (rRNA) gene
sequences have demonstrated that

1) diverse bacterial and archaeal taxa are ubiquitous in organic-rich
anoxic sediment,

* 2) microbial communities are stratified by sediment depth, and

 3) geochemical and sedimentological properties influence microbial
community composition

* In addition, single-cell genomic, metagenomic, and functional gene
analyses have demonstrated that predominant bacterial and archaeal
taxa (e.g., members of the Atribacteria and Bathyarchaeota) possess
metabolic capabilities that can contribute to the heterotrophic
subseafloor ecosystem, such as homoacetogenesis and the ability to
degrade diverse organic compounds.



Comparison of the microbial community compositions of marine sediment, seawater, and

Archaea
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Fig.3. Comparison of the microbial community compositions of marine sediment, seawater, and topsoil. (A) Archaeal and bacterial community compositions
obtained by using the 16S rRNA universal primers. The gene sequences of seawater and topsoil samples were compiled from previous publications (19, 44,
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Beta diversity of microbial communities in marine sediment.
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Depth profiles of microbial richness in oxic marine sediment and anoxic marine sediment.
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Fig. 6. Depth profiles of microbial richness in oxic marine sediment and anoxic marine sediment. (A-C) Archaeal (ARC), bacterial (BAC), and universal (UNI)
ASV richness (Chao-1 estimator), calculated using data rarified to 1,000 reads per sample. Small, pale points represent the 100 resamplings per sample, and
large points represent the mean values of the resamplings.
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Conclusoes

e 299 amostras sedimentos marinhos estudadas
e 2 grupos: aerobio e anaerobio

* Diversidade diminui com profundidade
* Menor diminuicao para arqueias
» Diversidade bactéria € maior em diferentes profundidades

* Biomas distintos ( solo, agua do mar, sedimento)
* Rigueza com similaridades a nivel global
* Bactéria mais diversa que as arqueias na biosfera em nivel global



From: Abundance and distribution of Archaea in the subseafloor sedimentary biosphere.
ISE J. 2019.
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Circles and squares indicate marginal and open-ocean sites, respectively. Sediment
samples were collected at different depths from the surface to 392 m below seafloor
during 13 scientific drilling cruises from 38 drilling sites the sediment
logarithmically decreasing trend with increasing sediment depth




archaeal contribution to the anaerobic microbial ecosystem is
more prominent than to the aerobic ecosystem
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The highest archaeal abundance of up to 50.4% was observed at the Integrated Ocean

0-1000m 10004000 m > 4000 m
n=49 n=134 n=33
Water dapth

Drilling Program

Site 1322 in the Mars-Ursa salt-withdrawal basin on the north-eastern Gulf of Mexico continental slope
(Fig. 2a, Supplementary Table S1), where nutrients and energy substrates were additionally supplied

from the continent via the Mississippi River to the slope deposit



https://www.nature.com/articles/s41396-018-0253-3
https://www.nature.com/articles/s41396-018-0253-3

Conclusao/ Arqueias em subsuperficie
221 cores de sedimento - [ODP

* Arqueias constituem 37,3% do total das células microbianas
* Correspondendo a 1,1 x102%° células na Terra
* 40% margens oceanicas e 12,8% areas oceanicas

* Abundancia relativa de genes 16SrRNA diminui com a profundidade
da agua nos ambientes estudados
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Minerais marinhos de mar profundo

Nédulos de Fe-Mn Macicos de sulfetos Crosta de Fe-Mn

Fonte: Aldred, 2019



Minerais marinhos de mar profundo
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Sulfetos macicos — fontes hidrotermais
 Crostas de Fe-Mn
* Nodulos de Fe-Mn

Fonte: Copyright British Geological Survey © UKRI 2018



Minerais marinhos de mar profundo

Distribuicao nos oceanos

' Polymetallic nodules Cobalt-rich crusts
©  Polymetallic sulphides / vents Exclusive economic zones

Atlantic
Ocean

<‘

Fonte: Miller et al, 2018
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Historico

1870 | 20.000 Léguas Submarinas, Julio Verne.

"Nas profundezas do oceano, existem minas de zinco,
ferro, prata e ouro que seriam bastante faceis de
explorar.” Capitdo Nemo.

1872-1876 | No&Odulos s3do descobertos na
Expedicdo Challenger. :

2

1965 | Oceandgrafo John L. Mero estimou enorme quantidade de nédulos no
Oceano Pacitico e previu suprimento infinito de metais como Mn, Cu, Ni e Co.

1977 | Descoberta de 'fontes termais submarinas’ com metais em Galdpagos.

1979 | Sulfetos macicos no fundo do mar . Imagem: Encyclopaedia Britannica



Historico
1982 | Convencao das Nagdes Unidas sobre o Direito do Mar, inicio da criagcdo do
codigo de mineragdo marinha

1994 | Autoridade Internacional dos Fundos Marinhos parte da ONU, 161 paises
2000 | Regulamentos sobre Prospeccéo e Exploracdo de Nédulos.
2010 | Regulamentos sobre Prospeccéo e Exploracio de Sulfetos.

2012 | Regulamentos sobre Prospeccéo e Exploracio de Crostas.

53>

=

e

\ON4,
FAASE
>
>
Z S
T

O

<

Fonte:



vinctal rrocessiig

Fonte: Volkmann and Lehnen (2017). and Refining Plant
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Biological effects 26 years after simulated | Gllc{ll‘dldll
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Scientists fear impact of deep-sea

. . . AR P NOT )
Schoening, Jens Greinert & Daniel O. B. Jones mining on search for new medicines ]( 00 B¢

Scientific Reports 9, Article number: 8040 (2019) | Cite this article

Rare Earth Elements: The Future
of the Market to 2024 - High
Demand from Emerging
Economies
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Seabed mining is coming — bringing
mineral riches and fears of epic
extinctions

Plans are advancing to harvest precious ores from the ocean floor, but scientists
say that companies have not tested them enough to avoid devastating damage.

Olive Heffernan

RESEARCH ARTICLE  APPLIED ECOLOGY ScienceAdvances

Effects of a deep-sea mining experiment on seafloor
microbial communities and functions after 26 years

T. R. Vonnahme'**, M. Molari', F. Janssen"2, F. Wenzhdfer":2, M. Haeckel3, J. Titschack®® and A. Boetius'%*
+ See all authors and affiliations
Science Advances 29 Apr 2020:

Vol. 6, no. 18, eaaz5922
DOI: 10.1126/sciadv.aaz5922



Minerais marinhos de mar profundo

Nédulos de Fe-Mn Sulfetos macicos Crosta de Fe-Mn



Génese: Formam-se na superficie do sedimento do
oceano, ou logo abaixo dele.

b Hydrogenetic

High: Low:
Nédulos de Fe-Mn S r il Bl
Hydrogenetic

Fe-Mn nodules

Composicao: Niguel, cobalto,

5 ) Diagenetic
cobre e manganés High: Low:
5 * Mn/Fe OQa e Th/U
Ocorréncia: Bacias oceanicas, Oxidation of Mn? +Fe?* | :Il/iHo "H

results in precipitation
of a mixed Fe-Mn
oxyhydroxide phase

3,500 —6,500m

Diagenetic Mn nodules

Producdao: 1 mm a cada 1 milhao

de anos
of 7-A and 10-A Mn oxides

Oxidation of dissolved 1
Mn? results in the formation |1 T




Nodulos de Fe-Mn

Biomineralizacao: Oxidacao dos
cations do nddulos como fonte de
energia para 0S micro-organismaos,
seria um ecossistema fechado?

Colwelliasp. &

D shewanellasp.

£\
Mn(ll)  Mn(IV

\ N 4

Shewanellasp. Blothe et al., 2015
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Sulfetos macicos

Composicao: Cobre, chumbo, zinco,
ouro e prata

Ocorréncia: Fontes hidrotermais,
1,000 -4, 000 m

Producdo: 1,5 milhoes toneladas
podem ser produzidas a cada cem
anos

Génese: A agua do mar penetra nas fissuras no fundo do

mar e é aquecida (400 C). A agua aguecida &€ menos
densa, por isso sobe rapidamente e volta ao mar. No

oceano, a nuvem de agua quente esfria rapidamente. Isso
faz com que os metais dissolvidos se liguem em pequenas
particulas de sulfeto e precipitam.
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https://wwz.ifremer.fr/gm_eng
https://wwz.ifremer.fr/gm_eng
https://mission-blue.org/2013/07/deep-sea-mining-%E2%88%92-the-pacific-experiment/
https://wwz.ifremer.fr/gm_eng
https://www.whoi.edu/oceanus/feature/vent-shrimp-symbiosis/

Crosta de Fe-Mn

Composicao: Cobalto, vanadio,
molibdénio, platina e teldrio.

Ocorréncia: Montes submarinos

e elevacoes,
400—-7,000m

Producdo: 1 -5 mmacadal

milhao de anos

Génese: ions metalicos da agua ligam—se a moléculas de

ferro-hidroxido e oxidos de manganés e precipitam em
superficies duras dos montes submarinos.
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Crosta de Fe-Mn Biofilm ‘) P
@

Biotic
mineralization

mineralization

Biomineralizacao: Agregados
esféricos semelhantes aos Nucleation platform Subsequent growth Mineral laminae
estromatolitos

Bactérias oxidantes do Mn —
Bacillus e Arthrobacter

Xiao-Dong et al., 2017



Biomineralizacao: microbioma das crostas
envolvido nos ciclos biogeoguimicos do C, N,
S, Fe e Mn, e assim contribuindo para a

formacao das crostas.

Crosta de Fe-Mn

= p ;
Smkmg:partlculates _ FeOOH pin o, Seawater
' Carbon fixation 90 colloidal particles
CO, Adsorption?
Urea
: iti NH,* | Nitrification O . :
: | Decomposition 4 itrincatio -
: - ot MnO Biofilm formation
y z \ NO, Mn oxidation 2 \
Ve - - 2+ ~ -
o ‘A - NO, Carbon fixation Mn
20 5 CcO \é
) > MnO, 2 MnO,
FeOOH Sulfur assimilation] p1ne- FeOOH
JSquur oxidation SO 2 .
MnO 4 ~ Mn reduction
2 AMnO,
FeOOH

& Deltaproteobacteria spp.

@D Nitrospira spp., Nitrospina spp.
MnO, | O nitrosospira spp.

@ Other microorganisms

A Extracellular proteins Kato et al., 2019

FeOOH

. MnTgO01 thaumarchaeon

. MnTg02 alphaproteobacterium
-MnTgOS gammaproteobacterium
‘ MnTg04 gammaproteobacterium Fe-Mn crust
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Ciclo do Fe no oceano Atlantico

Southern Fe limitation N/P limitation

Ocean
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Importancia economica

Nédulos de Fe-Mn Macicos de sulfetos Crosta de Fe-Mn



Importancia econdmica O Construction materials
7,000 O Industrial minerals
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Figure 2. Global metals and minerals extraction.
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Figure 5. Global chromium and nickel consumption.

Figure 3. Global aluminum, copper, lead, and zinc consumption. Fonte: Rogich et al.
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Environmental, social and
economic impacts
Cradle-to-gate production of nickel sulfate,
manganese sulfate, cobalt sulfate and copper cathode
Serving size 1 billion electric cars
R ——————
Land Nodules % change
Climate change
GWP - CO2 equivalent emissions, Gt 1.5 0.4 -70%
Stored carbon at risk, Gt 9.3 0.6 -94%
Nonliving resources
Ore use, Gt 25 6 -75%
Land use, km? 156,000 9,800 -94%
Incl. Forest use, km? 66,000 5,200 -92%
Seabed use, km? 2,000 508,000 +99.6%
Water use, km? 45 5 -89%
Primary and secondary energy extracted, PJ 24,500 25,300 +3%
Waste streams
Solid waste, Gt 64 0 -100%
Terrestrial ecotoxicity, 1,4-DCB equivalent Mt 33 0.5 -98%
Freshwater ecotoxicity, 1,4-DCB equivalent Gt 21 0.1 -99%
Eutrophication potential, PO4 equivalent Mt 80 0.6 -99%
Human & wildlife health
Human toxicity, 1,4-DCB equivalent Mt 37,000 286 -99%
SOx and NOx emissions, Mt 180 18 -90%
Human lives at risk, number 1,800 47 -97%
Megafauna wildlife at risk, trillion organisms 47 3 -93%
Biomass at risk, Mt 568 42 -93%
Biodiversity loss risk Present Present
Economic impact
Nickel sulfate production cost, USD per tonne Ni 14,500 7,700 -47%
Jobs created (non-artisanal), worker-years 600,000 150,000 -75%

Ecosystem Impacts of
Metal Production.
Seabed mining
operations are far and
away better and

safer from any
standpoint, except
habitat effects. This is
where we need to be
very careful and come
up with innovative
solutions.

PAULIKAS ET AL.



Impacts of deep-sea mining on microbial ecosystem services

F: Desulfurobacterium

Ferroangnese Active Sulfides Inactive Sulfides Cobalt Cruéts
Nodules

Seamount
B C D
Abyssal Plains
A Mid-Ocean Ridge

Limnology and Oceanography, Volume: 65, Issue: 7, Pages: 1489-1510, First published: 13 January 2020, DOI: (10.1002/In0.11403)



Impacts of deep-sea mining on microbial ecosystem services
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Impacts of deep-sea mining on microbial ecosystem services

Manganese Nodules

Limnology and Oceanography, Volume: 65, Issue: 7, Pages: 1489-1510, First published: 13 January 2020, DOI: (10.1002/In0.11403)



Sci Adv

. 2020 Apr 29;6(18):eaaz5922.

doi: 10.1126/sciadv.aaz5922. eCollection 2020 May.

Effects of a deep-sea mining experiment on seafloor microbial communities and
functions after 26 years

T R Vonnahmel, M Molarii, F Jansseni2, F Wenzhoferi2, M Haeckel3, J Titschack#2, A
Boetiusi24

* DOI: 10.1126/sciadv.aaz5922

Abstract

Future supplies of rare minerals for global industries with high-tech products may depend
on deep-sea mining. However, environmental standards for seafloor integrity and
recovery from environmental impacts are missing. We revisited the only midsize deep-
sea disturbance and recolonization experiment carried out in 1989 in the Peru Basin
nodule field to compare habitat integrity, remineralization rates, and carbon flow with
undisturbed sites. Plough tracks were still visible, indicating sites where sediment was
either removed or compacted. Locally, microbial activity was reduced up to fourfold in
the affected areas. Microbial cell numbers were reduced by ~50% in fresh "tracks" and by
<30% in the old tracks. Growth estimates suggest that microbially mediated
biogeochemical functions need over 50 years to return to undisturbed levels. This study
contributes to developing environmental standards for deep-sea mining while addressing
limits to maintaining and recovering ecological integrity during large-scale nodule mining.
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A

Fig. 1. Photographs of the sampling sites. (A) DEA
plough track (photo credit: ROV K EBS track Reference
iel 6000 Team, GEOMAR), showing the different
microhabitat samples; (B) EBS track [photo credit:
Ocean Floor Observation System (OFQS), Alfred-
Wegener Institute (AWI)]; and (C) the Reference (photo
credit: ROV Kiel 6000 Team, GEOMAR). (D to F)
Schematic representation of the sampling design (A)
and different microhabitats observed (photo credit:

Autun Purser)




. Synthesis of the observed disturbance
gradient. (A) Schematic representation of
increasing degree of impact from left to
right, i.e., green to red color. (B) Schematic
summary of the differences between the
different disturbance levels. (C and D)
Overview of biogeochemical activity per area
(C) and per cell numbers (D). Light yellow
fields indicate more activity, while orange
and red colors represent less activity. The
distribution of relatively more and less
activity can be seen in the color key
histogram on top. The activity is summarized
as the median of the z-scaled values (mean =
0, standard deviation = 1). Asterisks indicate
significant differences from the reference
sites (Kruskal-Wallis, P < 0.05; table S1).
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Estudo de caso

Micro-organismos em Crostas e N6édulos de Fe-Mn:
Estudo Comparativo entre o Oceano Atlantico Norte e Sul

Ndédulos de Fe-Mn Crosta de Fe-Mn
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Micro-organismos em Crostas e N6édulos de Fe-Mn:
Estudo Comparativo entre o Oceano Atlantico Norte e Sul

Perguntas

Quem sao os micro-organismos dos depdsitos Fe-Mn no Oceano Atlantico ?
Existem diferencas na diversidade de depdsitos de Fe-Mn nos Oceanos Atlantico e Pacifico?

Existem diferencas na diversidade de depdsitos de Fe-Mn entre o monte submarino Tropic (Oceano
Atlantico Norte) e a Elevacao de Rio Grande (Oceano Atlantico Sul)?

Existe diferenca na diversidade entre substratos de Fe-Mn?

Quem sao os micro-organismos redutores de Fe e oxidantes de Mn depdsitos Fe-Mn no Oceano
Atlantico ?
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Areas de Estudo

Elevacdo de Rio Grande
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Conclusoes

Estrutura e composi¢do da comunidade microbiana sdo semelhantes em crostas, nédulos e sedimentos
do mesmo Oceano (montes submarinos do Atlantico ou Pacifico), mas diferentes em escala local, uma
vez que estao altamente associados as varidveis ambientais e de profundidade

Por outro lado, padrdes heterogéneos locais provavelmente enfatizam a importéncia de caracteristicas
como conteldo de metal nos substratos de Fe-Mn, profundidades da dgua, local de amostragem,
disponibilidade de nutrientes e dindmica fisica na formagao de nichos microbianos.

Beta diversidade mostrou uma nitida separacao entre sedimentos, e crostas e nédulos, indicando micro
habitats diferentes para a vida na RGR e no Trépico.

Crostas e nédulos apresentaram maior abundancia de micro-organismos potencialmente envolvidos
nos ciclo dos metais (Pseudomonas, Burkholderiaceae, Colwelliaceae, Alteromonadaceae).
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