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active hydrothermal vent ecosystems

areas of intense biological activity
fueled by chemosynthesis

biomass-dominant taxa are typically endemic,
i.e., only found at active hydrothermal vents




dominant role of microbial
symbionts of invertebrates

these symbiotic associations thrive at the interface
between sulfide-rich vent fluids and oxygen-rich seawater

different host species dominate
in different parts of the world’s ocean




Active Vent Ecosystems: Linear Archipelagoes
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Active hydrothermal vents: Metal foundries on the seabed
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Seafloor Massive Sulfides: Minerals of Economic Interest

* chalcopyrite (copper sulfide
e sphalerite (zinc sulfide

In some settings:
e gold
* silver




seabed mining concept terrestrial copper mine

Nautilus Minerals Bingham Canyon (Kennecott)
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Potential Environmental Impacts

(simplified examples)

Physico-Chemical Impacts (Cause) Biological Impacts (Response)




Why Protect Active
Hydrothermal Vent
Ecosystems?

Dr. Eva Ramirez-Llodra
Senior Researcher

Norwegian Institute of Water Research




Where are the
protected
hydrothermal
vents?

Elisabetta Menini
Duke University, USA



Area Based Management Tools with Deep-sea Hydrothermal Vents
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Number of deep-sea hydrothermal vents within National

jurisdiction
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Deep-sea hydrothermal fields within National Waters

® Managed deep-sea hydrothermal vents in National Waters
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Sovereign States with deep-sea hydrothermal vents within National Jurisdiction
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ABMTs and Regional
Environmental
Management Plans
that might offer
protection to vents
ecosystems

Dr. Pat Halpin
Marine Geospatial Ecology Lab
Duke University



Area Based Management Tools
and Regional Environmental
Management Plans (REMPs)

Patrick N. Halpin
Marine Geospatial Ecology Lab
Duke University




The Area Based Management Tools (ABMTs) considered for Regional Environmental
Management Plans (REMPs) will vary between regions and mineral types and may require
different approaches and thresholds to ensure effective management.
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Previous ABMT planning example: CCZ

The CCZ example relied on large APEI areas The nMAR region presents a very different case
(400x400km) intended to protect large, in terms of both the geophysical and ecological
generalized gradients of habitats and features, but also available knowledge about

specific important sites & areas
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ABMT & REMP preliminary workshops

ABMT
Dinard * Criteria

* Approaches
* Metrics

Environmental Management of
Deep-Sea Chemosynthetic Ecosystems

Marms Adky 35 (201 A7R %1

Justification of and Considerations for
a Spatially-Based Approach
Technical Study: No. 9
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Marine Policy
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SEMPIA (Azores, Lisbon, Sintra)

Designating networks of chemosynthetic ecosystem reserves in the deep sea

The Dinard Workshop Contributo!
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General ABMT approaches

Systematic planning approach Banded APEI approach ) Start W]“" }
coarse-filter

features
Top-down

Bottom-up
Start with
“fine-filter”
features

Spatially precise, optimization approach Spatially coarse, rule-based approach

11/2/2016 P.N. Halpin & D.C. Dunn, SEMPIA-I Sintra, Portugal



ABMT network evaluation
strategy & metrics

Dunn et al. 2018

Criteria scores
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Network Criteria

* Important areas

* Representativity

* Connectivity

* Replication

* Viability & Adequacy
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ISA NMAR REMP process

June 2019
REMP Guidance

Guidance to
facilitate the
development of
Regional
Environmental
Management

Additional  Plans (REMPs)

D .. ................

VME — vulnerability criteria
Fine filter (sites & area criteria)
Course Filter (network criteria)

November 2019
REMP workshop #1

November / December 2020
REMP workshop #2

REPORT OF THE WORKSHOP ON THE REGIONAL ENVIRONMENTAL MANAGEMENT
PLAN FOR THE AREA OF THE NORTHERN MID-ATLANTIC RIDGE

25.29 Novessber 2019, Evcea, Pornugal

INTRODUCTION

1 The lstersaticnal Seabod Authority (ISA) & the orpanioation Drough witch, in sccordance
with the UN Convention on the Law of the Sea ("the Comvention™) and 199 Agreenant relating to the
implancatation of Part X1 of $ae Cosvention (1994 Agrooment™) the Statex Partics s the Comventicn
admmiser the sancral sesosrces in the Area, and costrol and crganize cument explosstion activities, as
well as funure suning activithes, in S Asea for the Denef of mankind as a whole. The Audeorty Is also
mandated 10 take necessary measures with respect to activities in the Area 1o ensure effocsve protection
for the manne envirosment from heemful effects from activities in the Area aad o

adopt
rulex, regalations sd procoderes for, efer afis, the prevestion, soduction and comml e(pdlmm and
over harands 10 Bhe paarine envil e icn mnd o0 of Be satenl sesoerces of the
Arca and the peeveation of damage 10 the flora and fxusa of the manne enviroanment |

2 Pursun! 10 this mandase, the Couscil of ISA (Couscil), durieg ils sevesicent scssion in 2012,
on the basis of he recommendynon of the Legal md Technical Commission (Commission), appeoved
an Environmensl Masagoment Flan (EMP) foe e Clanon-Clippenon Zone (CUZ) 2 This inchaded the
deignation of a network of moe “Arcas of Particube Emviroamental Interet”™ (APEL) s mn intogral
et of that plas.

b3 Builéing on the espemnce of CCZ-EMP, the development of seponad eavironmental

rranagerment phes (REMPy) bocomes sn casential chaneat of the wistegic plas (2019-2023) adopied by

the Assershly 0 201K (ISBAZA/A/10). and sabuaquersdy a central part 1 the g leved acton plan

endorsed by the Assernbly in 2019 (ISBA2S/VLS). Swancgic Dm'hn 3.2 peovides il e ISA s w

“develop. unphament and keep snder seview reghonal eav ond

plns for all mineral provinces in Bie Area whare axplomation or explottation Is takong place w0 enssro
protection of the marme esvironment s raqeined by, tster alla, article 145 and part X1l of the

Cotrvention™

4 At ity twenty-Sourd sesaon, in March 2018, the Councail ook note of a prelimimary strategy
preposad By the Secsetary-General foe the development of REMP foe key provinoes where eaploraticn
activities under coomracts are carried oul3 The Council agreed with the priceity arces Sat had been
I0cntifiod ca a prelinsisary besis as the Mid Atlasic Ridge, the Iaden Ocean triple junction ridge and

1 Unitnd i Commaniom o the Larw of e S, w145
2 See BBATILTOT; ISEAUTHVOS md SBA/IRC22
1 See ISBAIAC,

Evora, Portugal

Workshop on the Development of a REMP for the Area of the
Northern Mid-Atlantic Ridge with a Focus on Polymetallic

Sulphides Deposits

23 November 2020 - 04

ermber 2020

Virtual Meeting

Co-funded by the
teropeas Maritire ard
Faneries bund

Terms of Call for and ion | P Agenda ons to sieeal Agenda
Background Dacuments | Participants | Information Note | Videos

Trw Interrationsl Sesbed Authanity 1SA) will corvene 8 werkshicp on the development of & Regional Emircnmental

Managemant Plan (REMP) for the Arca of the Northe a

(MAR) with 3 foc

allic sulphides

5) deposits, from 23 Nowvensber to & Decembar 2 {week days o via an online maeting placfon

Workshep wars orginally sdeddod 1o take place in St Petersburg, Aussian Federation, n Jure 2020, Howewr, due

ith the pandemic of COVID-15, the dec

D the impl

atons assoc

ated 0 has been made to postpone It The workshop

will be held in collaboration with the Atlantic REMP Prajpct co-funded by the European Marit d Fraharas Fund, the

Ministry of Natural Re: v Erwronment of the Russon on and the All-Russia #c Research

e

rstitute for Ceology and Mineral Resowces of the Ocean (VMO

Tre workshop aimes

o Describe the gecgraphical scope and emdrcnmental goals and cbhRctives for the draflt REMP,

o Idenefy possible clements to be Included in the draft REMF for the Areo of the northem MAR with a foous on FMS
Suposis.

o Identify potentiol MANagEeMent ApRrOAChes and MAIGLIES, with  foCus on FMS dep

the development of 8 REMP, ncluding =

atiol and ron-spatisl messures os well as sppre

cumulathe impacts at the regonal Lleved and

o Discuss the framewerk for implementation, includng priarity s for addressing the knowldie gaps, menitoring

capocity development
of this workshop wil be presented to the Legal o wmission (LTC) in its future meeting for ther

the Arva of the Northern MAR

pration in developng the REME warkshop builds on the results of privicus.

workshops in particuar the Evora Workshep. which reviewed and synthesized scioreic data and information
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25" Session 2019
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23 Sessien 2017
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online




Type of Site or Area

nMAR ABMT approach matrix

Implementation: Protection

Observed & described Inferred or predicted
features or ecosystems | features or ecosystems criteria used

Observation of Sites in need of VME criteria / template
vulnerable Precaution (SINPr)

species/ecosystem

occurrences

Description of specific Areas in need of Important area criteria /
important areas Precaution (AINPr) template

Selection of Representative Representative Network criteria /
Representative / connectivity areas connectivity areas regional analysis
connectivity features

or gradients Application of network criteria and evaluation metrics has not been addressed




ABMT Summary

Sites & Areas in need of protection

A. 11 sites in need of protection
SINP (active hydrothermal vents
areas)

B. 3 Areasin Need of Protection
AINPs (fracture zone systems)

Sites & Areas in need of nrecaution

C. 12sites in need of precaution
(inferred active vent sites)

D. Suitability modeled Areas in
Need of Precaution (octocoral
suitability areas within the ridge

area)

Areas in Need of Protection
(Selected Fracture Zones)

Sites in Need of Protection
(Active Vents)

1,000 km

Areas in Need of Precaution
(Octocoral Habitat Suitability; Ridge Area)
M

arine Geospatial Ecology Lab, Duke University (2020)

Sites in Need of Precaution
(Inferred Active Vents)



Additional scientific workshop(s) to

N €CEssa ry implement network criteria and
N ext Ste ps evaluate ABMT planning metrics

June 2019 November 2019 November 2020
REMP Guidance REMP workshop #1 REMP workshop #2

hop on the D P of a REMP for the Area of the
Northern Mid-Atlantic Ridge with a Focus on Polymetallic
Sulphides Deposits

Sites in Need of Protection Areas in Need of Protection
(Active Vents) (Selected Fracture Zones)

Evora, Portugal ! s R

-

“..The workshop discussed but did not attempt to apply broader scale

network or regional criteria (i.e. representativity, connectivity, replication
or adequacy) in our current work.” (Evora workshop report p79)

Sites in Need of Precaution Areas in Need of Precaution
(Inferred Active Vients) (Octocoral Habitat Suitability, Ridge Area)
Narhe Ceaspatial Eclogy Laz, Duve Ustveruty (2020]
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Necessary
next steps

GOBI inputs

Additional scientific workshop(s) to
implement network criteria and

evaluate ABMT planning metrics

OCEANOGRAPHY

A strategy for the conservation of biodiversity on
mid-ocean ridges from deep-sea mining

Daniel C. Dunn'*", Cindy L. Van Dover™", Ron J, Etter’, Cralg R. Smith", Lisa A. Levin™",
Telmo m’.mm’.mcw.qu.m’,nmum““.
mum‘.n?Lm".mum‘.umA.m“.

Marta Chantal Ribeiro™, Heiko Stuckas™®, Philip Weaver'’, SEMPIA Workshop Participants®

Connectivity analysis

Yearsley et al. 2020

Network Criteria
Representativity
Connectivity
Replication
Viability & Adequacy

Sites in Need of Prof
(Active Vents)

Sites in Need of Precaution Areas in Need of Precaution
(Inferred Active Vents) (Octocoral Habitat Suitability, Ridge Area)
Narne Ceospatial ECongy Loz, Duse Usheruty (2020




Larval links to vent ecosystems
and the mid-water highway

Jon Yearsley
University College Dublin
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Adults are usually poor at
dispersing...

larvae are more likely
to disperse in the
ocean currents

Chiton larvae

e ——

Photo: Acanthopleura hirtosa 0 ¢ 1 mm
Jeremy Shaw & Derek Gerstmann, Univ. Western Australia

Global Active (.), Inferred Active (yellow), and Inactive Hydrothermal Vents ()

Photo: Julia Sigwart



Where can larvae go in the water column?

Larvae from a vent can ascend by:
* Rising in hot waters

500 nm « Upwelling from the axial valley
e Larval buoyancy (fat stores)
1000 m * Larval behaviour

Mid-water
800 m - 1400 m ?
V‘ e

Ridge axis

2000m

/

Depth



Ocean currents at depth

500m Limited current data at dep’rh :

10006 m - — 4 km/day $

N\Id-WGTCI" o Artgo pr-obes

800 m - 1400 m (mid-water currents, 1000 m)

Numerical simulation
(e.g. VIKING20X)

2000m
/

Depth Ridge axis

2



Millions of
neutrally buoyant
particles drifting

IN currents
inferred from
Argo probes

40°N

30°N

20°N

- 104

H

o

N
Particle Abundance

Yearsley et al, Deep Sea Research Il (2020)



Connectivity and barriers
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Minimum Connection Time (davs)

Connection time = Time to reach a connectivity probability of 1 in 10,000 larvae

Yearsley et al, Deep Sea Research Il (2020)



Connectivity and barriers
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Minimum Connection Time (davs)
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Yearsley et al, Deep Sea Research Il (2020)



Connectivity and barriers
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Yearsley et al, Deep Sea Research Il (2020)



Inactive and extinct
sulfide ecosystems as
targets for mining

Dr Cindy van Dover
Duke University, USA



hydrothermally
inactive and extinct
sulfide ecosystems
as targets for mining

BGR Federal Institute for Geosciences and Natural Resources
Germany



The Hydrothermal Cycle

Initiation of hydrothermal activity

Hydrothermal vent communities become established
* Venting duration depends on the geological setting
e For commercial deposits: 1000’s to >100,000 yrs
* Waning of hydrothermal activity caused by, for example
e Earthquakes
* \Volcanic eruptions
* Clogging (mineralization)
 Movement of tectonic plates
Cessation of hydrothermal flow and demise of the vent-obligate taxa

Ultimately, burial beneath pelagic sediment



International Seabed Authority Definitions (2019)

[Hydrothermally] Active Sulfides (aka hydrothermal vents)
e polymetallic sulfides through which warm or hot water is flowing

[Hydrothermally] Inactive (or Dormant) Sulfides

* polymetallic sulfides through which warm water is no longer flowing (i.e., they are “cold”)

Disturbance of these sulfides may result in renewal of hydrothermal fluxes into the water column, turning inactive
sulfides into active sulfides

[Extinct Sulfides]

e Polymetallic sulfides that remain hydrothermally inactive even when disturbed



Biota on hydrothermally
Inactive/extinct sulfides

* Invertebrate populations may be apparently absent or —>
abundant
e so far, invertebrate species occurring on hydrothermally
inactive/extinct sulfides are not known to be
endemic/obligately linked to the sulfide substratum, i.e., they
occur elsewhere on other hard substrata

* no evidence to date of any invertebrate-microbe symbioses
at inactive/extinct sulfides

* megafaunal succession during transition from
hydrothermally active to inactive is not yet well
documented but probably includes a transient scavenger
phase as fluids cease flowing and vent-obligate taxa die off

* microbial succession from active to inactive sulfides has
been documented

* sulfide minerals can be mobilized by microorganisms for
chemosynthesis




RESEARCH GAPS
the ecology of hydrothermally inactive and extinct sulfides
has historically been poorly studied

* Basic ecological studies (environmental baselines) are needed, including
* (Quantitative characterization of microbial and invertebrate community structure
* Who's there? Are there any endemic taxa?

* Trophic interactions and the role (if any) of microorganisms in supporting invertebrate
populations on the sulfides

 How would local and regional biodiversity be impacted by mining activities?

If an inactive sulfide deposit shares a subsurface reservoir with an active vent
ecosystem, how would reactivation of the inactive site impact the ecosystem at the

active site?






