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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)

Investigating the Deep Ocean – A personal perspective
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HMS Challenger Expedition: 1872-1876

Investigating the Deep Ocean - Origins
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Investigating the Deep Ocean - Origins

Nautile (6000m)

Sampling Gear
(past & present)
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Box coreTrawl
Sediment

trap

Transponder Towed

pinger

Moorings ROV

AUV …Gliders.. drifters

Investigating the Deep Ocean – Principal Challenges

Where to go?
How to assess
an area?

Remote sensing (satellite)
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• How do we sample the deep sea?

• How many species & where?

• How many ecosystems & function?

• Spatial & temporal scale/variability
of habitats?

• What is man’s impact 
on the deep sea?

ROV Isis

Deep-water coral

Lophelia pertusa Fan coral
Giant Isopod Bathynomus

Abyssal plains Canyons Hydrothermal vents Cold seeps

Overfishing

Accidental loss

Oil exploration Overfishing

Investigating the Deep Ocean – Principal Challenges/Questions



Sven Thatje 

Chile’s EEZ: 
3 681 989 km2

Investigating the Deep Ocean – Principal Challenges

HOW TO PRIORITISE?

• How many species; when, where & why?
(diversity and ecophysiology)

• Ecosystems & function?
(exploration versus targeted approach)

• Spatial & temporal scale/variability
of habitats?

(mapping & monitoring)

• What is man’s impact 
on the deep sea?

(socio-economic needs – ecosystem functioning- sustainability)
(eg fisheries, mining…)
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Glover, Thatje et al. Adv Mar Biol 2010

Investigating the Deep Ocean – Principal Challenges

Ecosystem Complexity & Diversity

“Pelagic and benthos
Coupled”

Abyssal plains Canyons Hydrothermal vents Cold seeps
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Changes in space and time?

Rates of change?
Driving forces?
Ecosystem stability?
Resilience?
Functioning/Services?
Time scale?

Investigating the Deep Ocean – Principal Challenges

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

Ecosystem Change & Succession… existing monitoring sites

Glover, Thatje et al. Adv Mar Biol 2010
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Devine et al. (2006) Nature 439:  p29

99.6% 93.3%

Investigating the Deep Ocean – Principal Challenges

Existing 
human
impacts

Deep-Sea Fish 
follow global
decline
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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

NW Atlantic 2100m depth

North Pacific

See Gage JD and Tyler PA 1991 Deep-Sea Biology
San Diego Trough

Central N Pacific

Aleutian Trench

Santa Catalina

Basin

How many species?
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Brown & Thatje Biol. Rev. 2014

Investigating the Deep Ocean – biodiversity & patterns

Species Diversity against depth 

Gastropoda Polychaeta Protobranchs 

Cumaceans 

Megafauna 

Fish 

See Gage JD and Tyler PA 1991 Deep-Sea Biology NW Atlantic  

Where?
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Investigating the Deep Ocean – Species inventory (genetic diversity/identity)

mitochondrial cytochrome oxidase I (COI) gene 

Chorismus antarcticus

Nematocarcinus lanceopes

Broadcaster (dispersal & pop. connectivity)

Raupach, Thatje et al. 
Mar Biol. 2010

“SHALLOW”

“DEEP”
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Brandt et al. 2007

Investigating the Deep Ocean – Species inventory (genetic diversity/identity)
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•Morphology (i.e. bathymetry)

•Substrate/seabed sediment

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

•Habitats

•Feature locations

•Derived variables: slope, aspect, 
seabed rugosity, habitat patchiness… 

=> Assessment of biological & 
geological environment

Investigating the Deep Ocean – Mapping the deep ocean

Habitat Mapping: What to map, how and why?
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Optical (electromagnetic)

•Very much depth-limited

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

Acoustic

•Good penetration of water column

•Information about depth and 
reflectivity of the seabed

•Still affected by attenuation: trade-
off between depth & resolution

www.biologyreference.com

www.postandbeamss.com

Investigating the Deep Ocean – Mapping the deep ocean

Traditional methods & development
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Methods: it’s all about scale

Fine-scale mapping is necessary to understand true 
deep-sea topography/morphology

ROV ISIS 
SM2000 

bathy, no 
vertical 
exagg.

Investigating the Deep Ocean – Mapping the deep ocean
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Solitary soft corals

Patches of Lophelia on extreme topography

Anthomastus on softer substrates
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30m distance

50cm pixel

7m 

distance

Top-hat 

transformation: 70% 

coral cover

7m distance

10cm pixel

SM2000 
multibeam
on front of 

ISIS

Surveys at 
4 different 
distances 
from cliff

Investigating the Deep Ocean – Mapping the deep ocean
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Cobalt Crusts

grow on the flanks of 
old volcanoes (800-2500m)

Co, Ni, Cu

Massive Sulphides

form along mid-ocean ridge or at 
young active volcanoes 

(100-5000m)

Cu, Au, Zn, Ag

Mn-Nodules

grow around a nucleus on 
sedimented abyssal plains

(3000-6000m)

Ni, Co, Cu

Marine Mineral Resources from the Deep Sea
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Coordinator: P. Weaver; phil.weaver@seascapeconsultants.co.uk
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Environmental impacts from deep-sea mining

trans-shipment 
plume

Secretariat of the Pacific Community (2103) Deep Sea Minerals: Sea Floor Massive Sulphides, a physical, biological, environmental, and 
technical review. Vol. 1A, SPC

plume volume, 
depth of release, 
temperature, 
particle size, 
toxicity

plume volume, 
particle size
toxicity

Total area impacted 
and its configuration

Deep-sea mining
Disposal of tailing??
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What pollutants could we consider?

1) Metals and metal cocktails

Nodules (Mn, Co, Cu, Pb…)

Manganese crusts (Co, Pt group elements, Ni and rare earths) 

Hydrothermal vents (Zn, Cu, Ag, Au…)

3) Polymetallic sulfides

(Cu, Zn, Pb, Ag, Au, Ba…) 

6) Rare earth elements in deep sea muds 
(e.g. yttrium)

2) Lubricating muds 

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

(Crowhurst & Lowe, 2011)

5) Organic enrichment? 

suspended clay minerals?

4) Methane hydrates–

methane, CO2, low oxygen

(being dealt with in other 
projects?)

Deep-sea mining
Disposal of tailing

Ecosystem impacts?
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MIDAS (FP7) Work Programme
Coordinator: Phil Weaver (contact: phil.weaver@seascapeconsultants.co.uk)
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Informing stakeholders – influencing decision making

Application / 
submission of 

workplan

Reporting / 
provision of data

Enforcement of licence terms
(sanctions / penalties)

EIA

Monitoring performance
(data review, site visits)

Performance of licensed 
DSM activities

Decision to grant licence 
(or not to)

• Due diligence, and assessment of 
information received
• Informed by SEA

• Spatial planning
-Creating of mining blocks
-Creation of reserve areas / APEI

• Invitation to apply

EMMP

Stakeholder 
oversight

-other sea 
users

-other States
-the public

-NGOs
-affected 

communities

Deep Sea mining 
company State / ISA 

Judicial oversight
-appeal of State decision -civil or criminal actions for wrongdoing by DSM Co.
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The Discovery of New Deep-Sea Hydrothermal Vent
Communities in the Southern Ocean and Implications for
Biogeography
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Graham4, Darryl R. H. Green3, Jeff rey A. Hawkes2,3, Laura Hepburn2, Ana Hilario9, Veer le A. I. Huvenne3,

Leigh Marsh2, Eva Ramirez-Llod ra10, Wil liam D. K. Reid6, Christopher N. Roterman1,2, Christopher J.

Sweet ing6, Sven That je2, Katrin Zwirglmaier4

1 Department of Zoology, University of Oxford, Oxford, United Kingdom, 2 Ocean and Earth Science, National Oceanography Centre, Southampton, University of

Southampton, Southampton, United Kingdom, 3 Natural Environment Research Council, National Oceanography Centre, Southampton, Southampton, United Kingdom,

4 British Antarctic Survey, Cambridge, United Kingdom, 5 School of Chemistry, University of Bristol, Bristol, United Kingdom, 6 School of Marine Science and Technology,

Newcastle University, Newcastle upon Tyne, United Kingdom, 7 Woods Hole Oceanographic Institution, Woods Hole, Massachusetts, United States of America, 8 Scottish

Oceans Institute, University of St Andrews, St Andrews, United Kingdom, 9 Centro de Estudos do Ambiente e do Mar, Departmento Biologia, Universidade de Aveiro,

Aveiro, Portugal, 10 Institut de Ciències del Mar, Consejo Superior de Investigaciones Cientı́ficas, Barcelona, Spain

Abst ract

Since the first discovery of deep-sea hydrothermal vents along the Galápagos Rift in 1977, numerous vent sites and endemic
faunal assemblages have been found along mid-ocean ridges and back-arc basins at low to mid latitudes. These discoveries
have suggested the existence of separate biogeographic provinces in the Atlantic and the North West Pacific, the existence
of a province including the South West Pacific and Indian Ocean, and a separation of the North East Pacific, North East
Pacific Rise, and South East Pacific Rise. The Southern Ocean is known to be a region of high deep-sea species diversity and
centre of origin for the global deep-sea fauna. It has also been proposed as a gateway connecting hydrothermal vents in
different oceans but is little explored because of extreme conditions. Since 2009 we have explored two segments of the East
Scotia Ridge (ESR) in the Southern Ocean using a remotely operated vehicle. In each segment we located deep-sea
hydrothermal vents hosting high-temperature black smokers up to 382.8uC and diffuse venting. The chemosynthetic
ecosystems hosted by these vents are dominated by a new yeti crab (Kiwa n. sp.), stalked barnacles, limpets, peltospiroid
gastropods, anemones, and a predatory sea star. Taxa abundant in vent ecosystems in other oceans, including polychaete
worms (Siboglinidae), bathymodiolid mussels, and alvinocaridid shrimps, are absent from the ESR vents. These groups,
except the Siboglinidae, possess planktotrophic larvae, rare in Antarctic marine invertebrates, suggesting that the
environmental conditions of the Southern Ocean may act as a dispersal filter for vent taxa. Evidence from the distinctive
fauna, the unique community structure, and multivariate analyses suggest that the Antarctic vent ecosystems represent a
new vent biogeographic province. However, multivariate analyses of species present at the ESR and at other deep-sea
hydrothermal vents globally indicate that vent biogeography is more complex than previously recognised.

Citat ion: Rogers AD, Tyler PA, Connelly DP, Copley JT, James R, et al. (2012) The Discovery of New Deep-Sea Hydrothermal Vent Communities in the Southern
Ocean and Implications for Biogeography. PLoS Biol 10(1): e1001234. doi:10.1371/journal.pbio.1001234
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Our data from ventsat E2 and E9 along the ESR provide three
lines of evidence that the fauna at these sites represents a separate

and new biogeographic province from those previously described

for the global ocean [7,8]. First, the taxa of the vent fields at E2

and E9 are distinct from those of other provinces at least at the

species level (e.g., Kiwa n. sp., Vulcanolepas n. sp., and Lepetodrilus n.

sp.). Second, the structure of the assemblages differs from that of
other provinces where fauna are shared at higher taxonomic

levels. For example, at the nearest vent site where another species

of Kiwa has been reported (K. hirsuta; 38uS, Pacific-Antarctic

Ridge), that species occurs in the periphery with a reported

population density of 0.1–0.2 m2 2, and in diffuse venting areas

along with other widespread vent fauna, such as Bathymodiolus sp.
and bythograeid crabs [9]. In contrast, at the ESR vents, Kiwa n.

sp. occurs at high population densities (, 600 m2 2) proximal to

fluid exits, in the niches usually taken by taxa such as alvinellid

polychaetes[45] or aggregations of alvinocaridid shrimp [46]. Also

distinct in the assemblages of the ESR vents is the variety of vent-

endemic anemones, and thepresence of an undescribed seven-arm
stichasterid sea star as a predator, and a conspicuous rarity of

polychaetes, other than polynoid scale worms. Finally, the MRT
analyses of the combined dataset indicate that using the most

common optimal tree, E2 and E9 form a separate cluster from

other vent provinces. These analyses also indicated that several

other areas, especially the eastern Pacific vent sites south of the

Easter Microplate, consistently form a separate biogeographic

province in a range of optimal trees. This region has been
recognised as a biogeographic boundary, known as the Easter

Microplate boundary, in several other studies [6].

With regards to the third line of evidence, the MRT results

should be interpreted with care. First, the Indian Ocean, South

East Pacific Rise, and Antarctic sites are significantly under-

sampled compared to sites in the northern and central East Pacific

Rise, the Mid-Atlantic Ridge, and western Pacific back-arc basins.

Second, the species lists presented in Bachraty et al. [8] do not
account for many of the cryptic species that have been identified

amongst some groups of vent taxa (e.g., Lepetodrilus [33]). Both of

these factors introduce significant potential errors into the

resolution of biogeographic patterns of the vent fauna using

multivariate methods. Notwithstanding these problems, our

analysis failed to reproduce the six-province model proposed by

Bachraty et al. [8], and we see two major problems with their
analysis. The first concerns the stability of the statistical method

they used; the second concernsthe choice of constraining variables

for the cluster analysis. Regarding stability, the MRT method does

not give a clear preference to a certain number of provinces, but

rather a series of similarly ‘‘good’’ trees. The reason for the choice

of the six-province model, given the data of Bachraty et al. [8], is

unclear. Breiman et al. [47] recommend picking the smallest tree

within one standard error of the minimum tree when there is no

clear optimum, which would lead to a model with three provinces

for both the Bachraty et al. [8] dataset and the combined dataset

used in this study. We chose instead to present models with more

than three provinces in this study, based on the results of multiple

cross-validation. However, we suspect that the lack of stability of

tree size is based on a combination of two things. First, vent

biogeographic provincesappear to be hard to resolve based on the
current presence/ absence data alone. This idea is supported by

the marginal differences between a range of preferential trees in

the MRT (Figure 5) and by variation in the results across a

number of unconstrained agglomerative cluster analyses we

undertook whilst exploring the Bachraty et al. [8] and combined
datasets for thisstudy (seeText S1 and Figure S5). It isalso notable

that studies of other deep-sea ecosystems have demonstrated that

analyses of species presence/ absence can miss significant differ-

ences in the structure of marine communities that can be resolved

using species abundance or ranked abundance data (e.g.,

seamounts [48]). Secondly, we think that latitude and longitude

are not a sensible choice of constraining variables both from a

mathematical and a biological perspective. In the MRT analysis,

latitude and longitude are effectively treated as Cartesian

coordinates, which is not an appropriate representation of

geographic distances on the Earth’s surface. This introduces a

biaswhere sites at high latitude appear to be more distant along a

Figure 6. Results of geographically constrained clustering using mult ivariate regression trees. An 11-province model based on the
combined dataset was the most frequent optimal model when using multiple cross-validations. Vent provinces are resolved comprising the Mid-
Atlantic Ridge, the ESR, the northern, central, and southern East Pacific Rise, a further province located south of the Easter Microplate, four provinces
in the western Pacific, and a further Indian Ocean province.
doi:10.1371/journal.pbio.1001234.g006

New Southern Ocean Hydrothermal Vent Communities

PLoS Biology | www.plosbiology.org 11 January 2012 | Volume 10 | Issue 1 | e1001234

Investigating the Deep Ocean – Targeted Approach (multi-disciplinary)
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Investigating the Deep Ocean – Targeted Approach (multi-disciplinary)
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Fig 1 

Kiwa tyleri sp.now.
Potential host-symbiont
Association

Thatje et al.
PLOS ONE (June 2015)

Courtesy: 
K.  Zwirglmeier
et al. MicrobiolOpen (2014)

Investigating the Deep Ocean – Targeted Approach (multi-disciplinary)
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Marsh et al.,  DSR I (2013) 

Investigating the Deep Ocean – Targeted Approach (multi-disciplinary)
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Marsh et al.,  DSR I (2013) 
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Marsh et al.,  J. Animal Ecology (2015) 

Investigating the Deep Ocean – Targeted Approach (multi-disciplinary)
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Roterman et al. Proc B 2013

Evolutionary origins of life in the Deep

Investigating the Deep Ocean – Targeted Approach (multi-disciplinary)
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Deep-Sea Research in the 21st Century 
Prospects & Challenges
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Life on the edge – Kiwa tyleri sp nov. approaching vent fluid (PLoS ONE- June 2015)
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Contact: svth@noc.soton.ac.uk
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