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Investigating the Deep Ocean — A personal perspective

Outline

Brief overview of deep-sea history & developments

Scientific Questions & Methodological Challenges

Exploring & Understanding the Deep Ocean

Managing human impacts in the Deep Sea
(examples from EU initiative MIDAS)

Broad Scale versus Targetet Research (CHESSO example)
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Investigating the Deep Ocean - Origins

HMS Challenger Expedition: 1872-1876

REPORT

SCIENTIFIC RESULTS

VOYAGE OF H.M.S. CHALLENGER

PORING THE YEARS 80014
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Investigating the Deep Ocean - Origins
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Investigating the Deep Ocean — Principal Challenges

Where to go p) Remote sensing (satellite)
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Investigating the Deep Ocean — Principal Challenges/Questions

How do we sample the deep sea?

*  How many species & where?

*  How many ecosystems & function?

- » Spatial & temporal scale/variability
Far coral, \ ‘A = Giant Isopod Bathynomus of ha bitats?

*  What is man’s impact
on the deep sea?
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Investigating the Deep Ocean — Principal Challenges

HOW TO PRIORITISE? ilands \ [

Peru implied in court that its

* How many species; when, where & why?

(diversity and ecophysiology) \Gdeirs ekt sha e o e
interpreted as an EEZ

* Ecosystems & function?

(exploration versus targeted approach)

» Spatial & temporal scale/variability
of habitats?
(mapping & monitoring)

Chile’s EEZ:
3 681 989 km?

 What is man’s impact

on the deep sea?
(socio-economic needs — ecosystem functioning- sustainability)
(eg fisheries, mining...)
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Investigating the Deep Ocean - Principal Challenges

Ecosystem Complexity & Diversity -

Solar

“Pelagic and benthos = . < oA
Coupled” |

X Marine

Cold seep
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vent

: Time
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Glover, Thatje et al. Adv Mar Biol 2010
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Investigating the Deep Ocean — Principal Challenges

Changes in space and time?

‘Human’ climate change?
B @ ¢
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observational ecology

0.01 1 _ Resilience?
B=Remote sensing . . .
) Functioning/Services?
4 C= Ralaeontolog/cal .
1x107 1 proxies Time scale?

__ Local disturbance
| (competition, predation)

1X10_6 : T ‘l T T T T
1x10™ 0.01 1 100 1x10% 1x10°8 1x108

Time (yrs)

Space (km?)

UNIVERSITY OF

Sven Thatje Southampton

National Oceanography ' 0' ‘; i’ Fﬁﬁ 7
Centre, South t A ;. : ‘
e, . M CTEN( M

UNNERSITY OF AMD
NATURAL




Investigating the Deep Ocean - Principal Challenges

Ecosystem Change & Succession... existing monitoring sites
T
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Investigating the Deep Ocean — Principal Challenges
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Investigating the Deep Ocean — Species inventory (diversity)

Quantifying the living Resources

* Taxonomy (Experts)

* Securing knowledge (collections & management)

* Filling the Gaps (exploration)
* Making knowledge available

* =>> how to balance the effort?
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Investigating the Deep Ocean - biodiversity & patterns

How many species?
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Investigating the Deep Ocean - biodiversity & patterns

Where?

Continental margin Abyssal plain
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Investigating the Deep Ocean — Species inventory (genetic diversity/identity)

Broadcaster (dispersal & pop. connectivity)
“SHALLOW”

1000 m (& :
Raupach, That je et al
Mar Biol. 2010

1500 m

2000 m

2500 m

“DEEP”

mitochondrial cytochrome oxidase I (COI) gene
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Investigating the Deep Ocean — Species inventory (genetic diversity/identity)

Vol 447|17 May 2007 |doi:10.1038/nature05827 nature

First insights into the biodiversity and biogeography
of the Southern Ocean deep sea e
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Investigating the Deep Ocean — Mapping the deep ocean

Habitat Mapping: What to map, how and why?

eMorphology (i.e. bathymetry)

eSubstrate/seabed sediment

ePhysical or chemical parameters
(e.g. temperature, salinity, C-content
of the sediment)

eHabitats

eFeature locations

eDerived variables: slope, aspect,
seabed rugosity, habitat patchiness...

=> Assessment of biological &
geological environment
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Investigating the Deep Ocean — Mapping the deep ocean

Traditional methods & development

Optical (electromagnetic)
e\Very much depth-limited

eOnly useful for sea surface
measurements, shallow waters or
instruments close to seabed

Acoustic
eGood penetration of water column

eInformation about depth and
reflectivity of the seabed

oStill affected by attenuation: trade-
off between depth & resolution
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Investigating the Deep Ocean — Mapping the deep ocean

Methods: it's all about scale

Fine-scale mapping is necessary to understand true
deep-sea topography/morphology
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Investigating the Deep Ocean — Mapping the deep ocean

30m distance muS;L\i/I bzeoaong
50cm pixel on front of
ISIS
e Surveys at
4 different
nOm' distances
a from cliff
7m distance a
10cm pixel
92m.

99m'

transformation; 70%
coral cover
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Marine Mineral Resources from the Deep Sea

Mn-Nodules Cobalt Crusts Massive Sulphides
grow around a nucleus on grow on the flanks of form along mid-ocean ridge or at
sedimented abyssal plains old volcanoes (800-2500m) young active volcanoes

(3000-6000m) Co, Ni, Cu (100-5000m)
Ni, Co, Cu Cu, Au, Zn, Ag
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MI /\S MANAGING IMPACTS OF DEEP
LI1TT\ SEA RESOURCE EXPLOITATION

Seafloor Production System
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Environmental impacts from deep-sea mining
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What pollutants could we consider?

Deep-sea mining

1) Metals and metal cocktails

Nodules (Mn, Co, Cu, Pb...)

Disposa I Of ta i I i ng Manganese crusts (Co, Pt group elements, Ni and rare earths)

Hydrothermal vents (Zn, Cu, Ag, Au...)

ECE 01 s
Oxyanions, (HPO,”*, HVO,*, CrO,*, HAsO,*), REE, Trace Metals

O Metalliferous Sediments

O Iron-Magnesium Crusts H*.CrI, Fe®' Mn?*, - f__--"'E';,.;;\ved“.-'

H,SIO,, *He, H,S, CH,, CO, Hy, — Moo
Ca*, K*, ", Cu*, Zn*" PO* (1200°C|

2) Lubricating muds

Nautilus™ - deep sea drilling in
the Bismarck Sea, PNG

(Crowhurst & Lowe, 2011)

3) Polymetallic sulfides

(Cu, Zn, Pb, Ag, Au, Ba...)

4) Methane hydrates—

methane, CO,, low oxygen

(being dealt with in other
projects?)

5) Organic enrichment?

suspended clay minerals?

EcosyStem impaCtS? 6) Rare earth elements in deep sea muds

(e.g. yttrium)
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MIDAS (FP7) Work Programme

Coordinator: Phil Weaver (contact: phil.weaver@seascapeconsultants.co.uk)

Identifying the scale Determining the Sustainable Working with policy
of the problem impact and its management: working to enshrine best
duration with industry to find practice in law

workable solutions

WP4 Impact on

WP1 Geological species connectivity '.\
impacts wt |
P I - WP7 Industry ‘
l management practice
WP2 Plumes in a WPS5 Impact on ud WP9 Societal
dynamic environment ecosystem function ‘} framework and legal
and services instruments
_ I/ WP8 Developing |
WP3 Ecotoxicology | ( protocols and standards

WP6 Ecosystem
resilience and [
recovery

WP 10 New monitoring technology

Developing a science/industry interface to deliver new technology to facilitate scientific
understanding, monitor impact and ensure compliance

WP11 Project management and coordination
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Informing stakeholders — influencing decision making

State / ISA
— (" Spatial planning N
AppllFa’F|on / -Creating of mining blocks
submission of -Creation of reserve areas / APEI
workplan \_* _Invitation to apply J Stakeholder
( E\IiA ‘. Due diligence, and assessment of A oversight
N information received
i v * Informed by SEA y -other sea
EMMP } J users
) { Decision to grant licence } -other States
(or not to) -the public
Performance of licensed — -NGOs
DSM activities Monitoring performance } _affected
(data review, site visits) ~
communities
\ 4 \4
Reporting / [ Enforcement of licence terms }
[ provision of data (sanctions / penalties)

A

Judicial oversight
-appeal of State decision -civil or criminal actions for wrongdoing by DSM Co.

. UNIVERSITY OF VYV (ONGRESa2015.
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Investigating the Deep Ocean — Targeted Approach (multi-disciplinary)

OPEN @ ACCESS Freely available online PLOS sioLoGy

The Discovery of New Deep-Sea Hydrothermal Vent
Communities in the Southern Ocean and Implications for
Biogeography

Bachraty et al. 2009 and Southern Ocean species data
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Investigating the Deep Ocean — Targeted Approach (multi-disciplinary)
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Investigating the Deep Ocean — Targeted Approach (multi-disciplinary)

Kiwa tyleri sp.now.
Potential host-symbiont
Association

Thatje et al.
PLOS ONE (June 2015)

Courtesy:
K. Zwirglmeier
et al. MicrobiolOpen (2014)
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Investigating the Deep Ocean — Targeted Approach (multi-disciplinary)
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Investigating the Deep Ocean — Targeted Approach (multi-disciplinary)

'E9 Vent Field Decrease in proxmity to vent fluid exit
380.2°C* 10-12°C* CTD average -0.05°C

Gametogenesis - Gonochoric; Iteroparous, asynchronous witihin overall population; females spatially synchronous

Mating - within or between Embryonic development - Synchronous within brood; spatially synchronous.
Kiwa B and C Assemblage? Duration?
Juvenile recruitment - Larval release -
Periodic? Environmental or physiological cue? Asynchronous
Larval development -
Lecithotrophic.
Duration?

Dispersal capabilities?
Brooding females move to periphery P

—_—

Juveniles (reported size at first maturity
+—— 3t 1536 mm CL)
move towards Kiwa C assemblage
After release of larvae, females molt
& move towards Kiwa assemblages?

¢ 4 7%2@1@ e

1% W

Kiwa Kiwa Kiwa  Gastropod &
Fluid exit A B c Burnacis Ass, Anemone Assemblage Substratum Assemblage and Peripheral Fauna
m"‘n:f “Marshland” "Marshland Periphery”
= X Ovi Ovigerous Females
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Investigating the Deep Ocean — Targeted Approach (multi-disciplinary)

Triassic Jurassic Cretaceous Palaecogene Neogene Q

O i Hippa adactyla

Munida spinosa
Shinkaia crosnieri A
Munidopsis cf. serricornis
Aegla alacalufi
age estimates {95% HPD} Lomis hirta
*fossil calibrations
©*205.8 Ma {199.6-220.4}
@©7146.1 Ma {145.5-148.3}
© 123.4Ma {111.4-137.5}
© 114.8 Ma {101.3-129.5}
© 106.4 Ma {92.8-121.1}
©7102.0 Ma {99.6-108.9}
@ 73.5Ma{61.2-87.2}
© 38.4Ma (30.7-47.2} & : Pristinaspina gelasina
© 30.6 Ma {22.7-39.3} ® cold seep
@ 19.1Ma {13.4-25.9} A hydrothermal vent
@ 12.7Ma {7.8-18.5}
® 1.5Ma {0.6-2.6}

250 240 220 200 180 160 140 120 100 80 60 40 20 0

aaa (Ma)

Eumunida funambulus
Eumunida picta

Kiwa puravida [ ]
Kiwa hirsuta A
Kiwa ESR A
Kiwa SWIR A
Gastroptychus formosus
Gastroptychus rogeri
Uroptychus scambus
Gastroptychus sp. 3804
Chirostylus aff. stellaris
Uroptychus sp. 3836
Uroptychus rubrovittatus
Uroptychus sp. 3730
Uroptychodes grandirostris

CR SA

0

0Ma Ant

CR WS\:{ WiR
NCR 7
Mﬁ \\\‘\/ /)\q\ﬂ <L

Roterman et al. Proc B 2013 A'PRf AAR
16 Ma

Evolutionary origins of life in the Deep
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Deep-Sea Research in the 215t Century
Prospects & Challenges
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Life on the edge — Kiwa tyleri sp nov. approaching vent fluid (PLoS ONE- June 2015)

In hot and cold water: differential life history traits are key to
success in contrasting thermal deep-sea environments

Leigh Marsh, Jon Copley, Supplement Video 3
Paul Tyler and Sven Thatje

A
Ocean and Earth Science, V% Avoiding'the extremes

University of Southampton

Journal of Animal Ecology
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