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The Oceans 
Huge & Diverse 

• Huge 70% of the planet’s surface and more 
than 90% of the available volume: 170 
times more space available to life than all 
other combined ecosystems. 

• Unknown In deep sea only a small area 
corresponding has actually been ground-
truthed from a scientific point of view. 

• Diverse A predicted number of marine 
species is 2.2 million, of which 91% still 
waiting description. A lot more Phyla 
represented when compared with 
terrestrial envoronments. 

• Miscellaneous deep ocean is a miscellany 
with several levels of productivity and 
biomass. 

• Rich In the seafloor and sub-seafloor there 
are abundant minerals, biominerals and 
energy deposits. 



How Many Species in the Ocean? 

C Mora et al. PLoS Biology| August 2011 | Volume 9 | Issue 8 | e1001127 

91.3% 
still left to discover 



Average New Species / year 

P. Bouchet 2006. The Magnitude of Marine Biodiversity 



Most of Biodiversity Hidden in Hotspots 

The majority of species 
that remain to be 
discovered are likely to be 
small-ranged occurring in 
hotspots and less 
explored areas such as 
the deep sea. 

P Bouchet 2006. The Magnitude of Marine Biodiversity 

Yeti crab & Michel Segonzac IFREMER 



Beyond the Blue 

Finding Nemo © Walt Disney Pictures & PIXAR Studios 



 Until around the first half of the 20th 
century 
 The deep-sea floor was seen as an kind of empty 

and monotonous environment with low richness 

 Actually the deep-sea floor is seen as an 
heterogeneous and changing 
environment 
 Large animals move, feed and reproduce there 

creating mounds, depressions and trails  

 Water currents move sediment surface around 

 Large carcasses sink to the bottom and create 
food hot-spots 

 Occasionally slides of sediment, like underwater 
avalanches, sweep everything away 

 In terms of life there are big expectations in new 
bio-molecules 

  Microbial diversity is the higher in the planet, and 
the sub seafloor only recently is being search for 
genetic resources 

 Rich in biodiversity, new molecules and new 
chemistry. 

 Rich in mineral resources 

Changing perceptions of the Deep Sea 

Coryphaenoides armatus 
3460m deep 
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Holland et al. 2005 (Nature) 



Dimension of our ignorance 

The deep-sea is the major environment on Earth but one of the least studied 

Eva Ramirez-Llodra, et al. 2010. Biogeosciences, 7: 2851-2899  

It includes a unique variety of habitats, with a great number of discoveries 

during the last 50 years 



Diversity with depth 

Bathymetric patterns of 

expected species diversity 

(no. of species expected in 

random sample of 50  

individuals).  

(a) Gastropods 

(b) Polychaetes 

(c) Protobranch bivalves 

(d) Cumaceans 

(e) Invertebrate megafauna 

(f) Fish 

(Rex et al. 1981 Ann Rev Ecol 

Syst 12: 331-353) 



High local diversity, many rare species 

Very high local diversity – the more 
samples, the more species 
 
No single species >10% of sample 
 
10 species made up ~ 42% of samples 
 
Many rare species 



Life at Extreme Conditions 
Structurally Unique Molecules  

• Deep-sea organisms survive under:  
– absence of light, low levels of oxygen, intensely high 

pressures, increasingly low temperatures 

• At volcanic active areas, where hydrothermal vents 
exist generating chemosynthetic communities life 
proliferate under 
– low pH, toxic metals, high temperature, low oxygen, 

seismic activity, radio-active elements. 

• Deep-sea fauna are expected to have a greater genetic 
diversity, than their shallow-water counterparts, and a 
higher probability of containing structurally unique 
molecules with potential application in biotechnology.  
 

D. Skropeta 2008. Natural Product Reports 
R. K. Pettit 2011. Marine Biotechnology 



Deep-sea Vents 



Antarctic Hydrothermal Vent 
ca. - 2400 m deep 

2009 -2010 

Undescribed peltospiroid gastropod 
surrounding undescribed single Kiwa 
n. sp. and partially covered by 
Lepetodrilus n. sp.  

An undescribed seven-arm sea 
star predatory on the stalked 

barnacles cf. Vulcanolepas 

Unidentified octopus 

Rogers et al. 2012 PLoS Biology | Januay, 2012 | vol. 107 | Issue 1  



Farming Bacteria for Food 

This species of yeti crab 
“farms” colonies of 
bacteria on its claws. 
To help them grow, it 
waves its pincers over 
methane and sulfide 
vents, fertilizing the 
bacteria and making 
them good enough to 
eat. 

Thurber AR et al. 2011 PLoS one | November 2011 |Volume 6 | Issue 11 | e262431  



- small fluctuations in the rather constant overall percentage coverage (~50%) were explained by 
subtle changes in hydrothermal activity. 
- time was shown not to be a structuring factor,  
- rate of change is (…) slower than that observed on sulfide edifices from faster-spreading ridges 
in the North-East Pacific.  
 

Rate of change in community dynamics at a slow-spreading ridge 

Cuvelier et al. DSRII 2010 & L&O 2011 



a) Acoustic Retrievable Cage with  Vent 

Mussels at the Hydrothermal Vent Field 

Menez Gwen: - 870 metres deep. ©Ifremer- 

ATOS2001 

 

b) Recovery of Cage with 

RV Arquipélago ©ImagDOP; 

 

c) Inside Acclimatised LabHorta with Pressured 

Chambers and Sulphide / Methane Chemically 

Controlled Seawater Aquaria. ©ImagDOP 

LabHorta – “Large Scale Facility” For 

Experimental Studies with 

deep-sea Vent Organisms 

Ana Colaço et al. 2011 



86065 potential genes were sequenced from which 44000 proteins 
were identified  

 New genes were identified, like the genes involved on 
immunological and inflammatory reactions of the mussels.  

Bettencourt R et al. 2010. BMC Genomics, 11 



Highest antimalarial activity  



Of the genes associated with 
WIPO patents, 17% are of 
unknown taxonomic origin, 
and almost none of the patent 
claims examined disclosed 
the geographic origin of 
material.  
 
Although states compromised 
in promoting establishment of 
sharing agreements under 
CBD, this is not a legally 
binding agreement and so does 
not imply that companies will 
necessarily comply. 



Açores 2009 e 2010 ©
 FRN, EMEPC & DOP/UAç 

Seamounts 



S. Baillon et al. 2012. Frontiers in Ecology and Environment 



A. Braga-Henriques et al. 2012. under submission 





Growing Interest on the Deep-sea 
Fisheries 

Global tendencies of mean depth in world fisheries from 1950 -2001 

Morato T et al. 2006,  Fish and Fisheries: Fishing down the deep 
Serrão Santos R et al. 2012. Natural Resources, Sustainability and Humanity, Ch5. Springer  



Serrão Santos R et al. 2012. Natural Resources, Sustainability and Humanity, Ch5. Springer  



Growing Interest on the Deep-sea 
Mining of Minerals 

Map – Steve Scott courtesy 

Serrão Santos R et al. 2012. Natural Resources, Sustainability and Humanity, Ch5. Springer  



Crust and manganese nodules 

Carbonate, with manganese crust 

Anenome growing on manganese 

crust in the Great Australian Bight 

at a depth of about 1620 metres 

Crusts and nodules are among the slowest-forming mineral deposits 

known: from 1 to 20 mm/million years.  Crust thicknesses range from 

< 1 mm to as much as 240 mm (common between 20 and 40 mm in 

thickness) (Verlaan 1992) Manganese nodules 



Ramirez-Llodra E, Tyler PA, Baker MC, Bergstad OA, et al. (2011) Man and the Last Great Wilderness: Human Impact on the Deep Sea. PLoS ONE 
6(8): e22588. doi:10.1371/journal.pone.0022588 
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0022588 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0022588


Adams et al. 2012. Oceanography 

Connectivity 



Threaten Habitats  



A view from the Atlantic: 

Our Seas in the OSPAR Area. 

Deep-sea Shallow 

Sea 34% 
76% 

EEZs (% of area) 

High Seas EEZs 

57% 43% 

OSPAR (% of area) 

OSPAR (% of area) 

Deep-sea 
Shallow 

Sea 
85% 15% 

High Seas 

EEZs 

EEZs 

Mean depth of the seafloor in the OSPAR regions: 2159m 

The Quantitative Relevance of the Deep-Sea 





Azores seamounts  
ca. 434 



Ground-truth mapping 

Multibeam datasets available online at a resolution better than 300m 

Portugal 
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courtesy F Tempera 



F. Tempera et al. 2011. Bulletin of the Geological Society of Finland 



Future directions 

The North-Eastern Atlantic provides a basis for an increasing  range of economic 

interests in the deep-sea 

There is a need for continued research on the identification of vulnerable 

marine ecosystems and clear assessment and mitigation of impacts 

MSFD establishes that the seafloor remain healthy and productive for future 

generations 
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High-resolution map of seabed morphology and habitats is essential to underpin 

the European integrated maritime policy 

Cooperation in the establishment of a European Atlantic Seabed Mapping. 

We need to know a lot more about connectivity, ecosystem functioning and 

services. 
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High Seas 

EEZs 

EEZs 

Mean depth of the seafloor in the OSPAR region: 2 159m 

A view from the Atlantic: the OSPAR Area 

Shallow
15%

Deep-sea
85%

Shallow
31%

Deep-sea
69%

% OSPAR area 

High Sea
43%

EEZ
57%

% EEZ area 


