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Our blue planet




Our black planet




European Marine Board: Future Science Brief #12 -Deep Sea Research and Management Needs

Main relevant conventions
Binding instruments

Maritime Baseline 'Territorial Exclusive Economic The
areas Sea ! Zone (EEZ)
12nm - i

miai. 200 am

Depth realm
stratification

m _ : Epipelagic

(-200m

Mesopelagic
200-1000 m

Bathypelagic
1000-4000 m

Abyssopelagic
4000-6000 m

Hadopelagic
>6000 m

llustration not to scale




European Marine Board: Future Science Brief #12 -Deep Sea Research and Management Needs

Main relevant conventions
Binding instruments

Maritime Baseline 'Territorial Exclusive Economic The
areas Sea ! Zone (EEZ)
12nm - i

miai. 200 am

Depth realm
stratification

m _ : Epipelagic

T 0-200 m
. 'E}
o

o

i N— pHO 0o

Bathypelagic
1000-4000 m

Abyssopelagic
4000-6000 m

Hadopelagic
>6000 m

llustration not to scale




Global distribution of hydrothermal vents

Database Ver, 34 2019:42-24
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Hydrothermalism
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Energy rich, reduced
and hot fluids are
venting out of the
deep-sea floor.
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Prime study site:
9°50’ North on the East PaC|f|c Rise

* Unique species
* Well known biodiversity
. Successmn studies after volcanlc eruptlons




Planktonic arval duration Knowing larval dispersal pathways is
crucial to understand population
connectivity at patchy distributed vents.

Vent larvae have been found in:

* Bottom currents
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Tubeworms: =~ £ g

e Important foundation at hydrothermal vents
e Larvae have not beéndetected in the water sofar
* Tubeworms love to sit in cracks of the basalt

- ==Bright, Gollner et al. 2'@24




Knowledge as of 2023

Planktonic larval duration
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Hypothesis:
Larvae can colonize vents
via the subsurface vent channels
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SOl proposal: Subsurface life — from viruses to
animals — at deep-sea hydrothermal vents (PI:
Bright, CO-Pls Gollner, Beinart, Gurguis, Pasulka,
Sievert, Winter); funding of ship-time

NWO Project: SUBLIFE (Pl Gollner, co-Pls as above);
Funding of material costs and post-doc




SOI movie 06 (3 min)
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Whole series of videos from expedition open accessible:

Traveling through Vents | The Underworld of Hydrothermal
Vents - Week 1
https://youtu.be/ILo09UfIWaQ

Curiosity-Driven Science | The Underworld of Hydrothermal
Vents - Week 2
https://youtu.be/M70qvMZriEc

A New World Beneath Vents | The Underworld of
Hydrothermal Vents - Week 3
https://youtu.be/E4 CCzfwKmw

The Underworld of Hydrothermal Vents | 4K ROV Highlights
https://youtu.be/OUHB2dy1lIr4
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 Opened up 6 shallow vent fluid filled cavities:
in 10 cm depth, ~10 cm in height

 Temperature & chemistry in cavities was similar
to surface vents:
~7-25°C
pH 5.5-6.5
min. H2S (Zmol-L-1) 14 — 401

)
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{

* Microbial communties were present in 6 cavities

* Animal communities were present in 5 cavities
-alive & fertile sessile tubeworms
(Riftia up to 0.5 in lenght)
-Oasisia tubeworm more abundant in
subseafloor than on surface
-mobile vent species




Visual mobile animals in crustal subseafloor cavities:

 Many Paralvinella spp. specimens on top of Riftia
pachyptila tubes and below at the cavity bottom.

* Nereis sandersi on roof of cavity

* Branchinotogluma spp.

* Semi-sessile Neomphalus fretterae

* Lepetodrilus spp. from roof of cavity

Ongoing analyses by Lara Baptista on macro- and
meiofaunal communities:
macrofauna surface vent: ~50 species
macrofauna subseafloor vent: ~30 species

-> The vent communities on the surface and in the
subseafloor are connected!




seawater
S5y

Proposed connectivity model between
seafloor surface and crustal
subseafloor hydrothermal vents

Bright, Gollner et al. 2024



Implications of subseafloor animal life on the ecology at deep-sea hydrothermal vent:

Connectivity of vent subseafloor and
seafloor surface habitats may be essential to
persist and maintain local and regional
biodiversity where the habitat is patchy and
transient.

The proposed vent subseafloor connectivity
model adds a new dimension to the known
larval dispersal

Potential migration routes of mobile vent
fauna extend into the crustal subseafloor.

Many of the observed subseafloor animals
are host to dense bacterial communities that
oxidize reduced chemicals and fix carbon,
which has implications for local and regional
geochemical flux measurements



The unknown extent of subseafloor cavities

Extent of the subseafloor cavities at 9°North

East Pacific Rise

* Likely reaches several lava shelfs down (up
to max. a few meters)

* No knowledge on how distant to active
vent sites on the seafloor

Global occurrence of subseafloor cavities

e Likely at intermediate and fast-spreading
ridges (geological formation of lava shelfs
with lava drips known from Juan de Fuca
and EPR)

 Unknown if at slow-spreading ridges?

TECHNOLOGICAL ADVANCEMENT and
INTERDISCIPLINARY RESEARCH needed to
unravel the extend of subseafloor habitat!

Art work commissioned by Cindy van Dover in 1997



Animal life in subseafloor cavities below hydrothermal vents:
implications for management




Deep-sea mineral resources

polymetallic nodules/abyssal plains, polymetallic sulfides/hydrothermal vents, cobalt-rich crusts/seamounts
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Known active vent fields under mineral exploration at nMAR (ABNJ)

Locations of the 11
hydrothermal vent
fields within the Area
on the nMAR and of the
exploration contract
blocks (£ 10 km x 10
km; not to scale)
awarded by the
International Seabed

Authority to date.

From the InterRidge Global
Database of Active Submarine
Hydrothermal Vent Fields
Version 3.4. PANGAEA.

Lsyer Credits: InterRidge v 3.4, VLIZ v10, GRID-Arendsll, ISA, 0 250
GEBCO 2019,Esri, HERE, Garmin (c) OpenStreetiap
contributors, and the GIS user community. Projection: Mollweide

- - Mid Atlantic Ridge Axis

Exclusive Economic Zone
Extended Continental Shelf Submission

Contractor Exploration Areas:

[] Government of the Republic of Poland
Government of the Russian Federation
Ifremer (France)

Vent fields on the nMAR.
a)Lost City

b) Broken Spur

c) TAG

d) Snake Pit

e) Logatchev-1

f) Logatchev-2

g) Semyenov-2

h) Irinovskoe

i) Ashadze-2

j) Ashadze-1

Images copyright Ifremer




Known active vent fields under mineral exploration in the Indian Ocean (ABNJ)

Active hydrothermal vent
ecosystems in the Indian
Ocean are in need of protection

Naomi van der Most™, Pei-Yuan Qian®**, Yan Gao*
and Sabine Gollner*

Vent fields at IOR
(A) Daxi

(B) Wocan
(C) Tianxiu
(D) Onnuri
(E) Dodo

(F) Solitaire
(G) Edmond
(H) Kairei

() Pelagia
(J) Tiancheng
(K) Longqi
(L) Duangiao
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Mineral exploration in areas within national jurisdiction:

example Norway
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~ |~ The Norwegian government has started a process suggesting to open
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Application of scientific criteria

for identifying hydrothermal ecosystems in need of protection
S. Gollner, A. Colago,A. Gebruk, P.N. Halpin, N. Higgs, E. Menini, N.C. Mestre, P.-Y. Qian, J. Sarrazin, K. Szafranski, C.L. Van Dover

Marine Policy
Volume 132, October 2021, 104641

Criteria (e.g. uniqueness, functional significance, fragility,...) adapted from e
FISHING FLSEVIER

Food and Agricultural Organization (FAO)
Vulnerable Marine Ecosystems (VMEs) Application of scientific criteria for
MARITIME ACTIVITIES identifying hydrothermal ecosystems
International Maritime Organization (IMO) in need of protection
PartiCUIar/y SenSitive Sea Areas (PSSAS) S. Gollner? & &, A. Colago b A. Gebruk ¢ P.N. Halpin 4 N. Higgs ¢ E. Menini 4 N.C.
BIOLOGICAL DIVE RSITY Mestre f, P.-Y. Qian 8, ). Sarrazin ", K. Szafranski »J, C.L. Van Dover ¢
Convention on Biological Diversity (CBD)
. . . . .. CRITERION SUBCRITERIA . g s E E HFIRIE
Ecologically or Biologically Significant Areas (EBSAs) HHAHEEEHEHER
Highlights
* Criteria exist to assess vulnerability and importance of marine ecosystems. T - :
* Nine criteria were applied to 11 hydrothermal vents on the Northern Mid- : ;
Atlantic Ridge, and to 12 in the Indian Ocean o ! j

5. Structural complexity. ructures created by biotic and abiotic features.

An area or

stem that is characterized by:

s are dependent on these structured physical systems

* Suites of physico-chemical and biological attributes are unique at each vent field.

6. Biological diversity.

particularly high ra

* All vent fields meet multiple or all criteria for vulnerability and importance. o ke 1 s s

vely higher degree of naturalness due to lack of or low.
or

8. Naturalness.

 While further research always adds insight, enough is known about active
hydrothermal vents now to proceed with their protection (worldwide).

An area or ecosystem that provides or has high
potential to provide:

and functions that underpin other
tion, nutrient cycling)




Transdisciplinary research to protect vents: law & science & policy

* |In draft Regional Environmental Management Plans (REMP) for the nMR, the International
Seabed Authority (ISA) lists active vents as “sites in need of protection” in a “point-

coordinate format”.
e Currently, Norway does not favor mining exploration at active vents.

-> It is thus acknowledged that active vents need protection.
-> but....



Area-based management at vents:

from currently insufficient protection to effective future protection

From a science perspective we know enough to proceed with the protection of the vent
ecosystem.

Current protection in ABNJ includes a point-coordinate for active vents (SINP) and a not
further spatially defined zoning scheme for protection.

Science: There is a need to consider the sphere of vent influence and to define the 3-D
space that protects the unique and fragile active vent to safeguard the high ecosystem
services.

Goal: A standardized approach to define this 3-D space that may be applied by different
bodies.



The vent ecosystem:

Fluids derive from ocean water which

(1) sinks through cracks into crust

(2) gets heated by magma and enriched in
minerals

(3) exits through channels & precipitates
the metals (= black smokers)

ACTIVE INACTIVE

\

4
|/
I/

—
—

/

A
/

OR (=INACTIVE VENTS)

(4) Fluids can’t exit anymore (channels
naturally blocked thus stopping temporally
vent fluid emissions).

ACTIVE and INACTIVE vents Within the C0|d Seawater recharge \_ﬁ_,>

same active vent field are spatially very High-temperature flow —>

close to each other! Former fluid pathways ——>»
*Features not drawn to scale

e modified after Jamieson & Gartman 2020



Currently
protected

ACTIVE
Currently

considered

Cold seawater recharge ——»
High-temperature flow —>»
Former fluid pathways —>»

*Features not drawn to scale

resources

re modified after Jamieson & Gartman 2020



Art work commissioned by Cindy van Dover in 1997

What if subseafloor vent life
extends to inactive areas?

->Resource extraction could harm
unique active vent communities.

->Knowledge on extent of shallow
subseafloor communities needed.




Insufficient scientific knowledge on pathways of vent fluids through the crust

What if resource extraction reactivates inactive vents and draws away energy from nearby active
vents?

->Resource extraction at inactive vents could harm unique active vent communities.

->Knowledge on extent of subseafloor circulation system needed.



Potentially needed 3-D protected area to safeguard unique life and ecosystem function of
active vents, recognizing the sphere of vent influence & acknowledging the knowledge gaps

ACTIVE INACTIVE

Cold seawater rechd™gg
High-temperature flow
Former fluid pathways —>»

*Features not drawn to scale

re modified after Jamieson & Gartman 2020



Take home messages:

 THhe deep sea is full of surprises.

« \ent animal life exists in the earths crust.._' 2t

* Precaution is needed with regards to deep-
sea mining at polymetallic sulfides. 3-D.
protecting zones are required.

Royal Netherland

NIOZ Institute for

Sea Research
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