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Diversity of deep sea habitats

•Only 1-2 percent of pre-clinical candidates 
become commercial products

Hydrothermal vents 1977 
Cold water corals – first 
Scientific work around 1979
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- Cold water coral reefs discovered by fishermen 250 years ago. Scientific work in 1979 (Ireland), First ever live video in 1982 (Norway).
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Block et al (2011) Tracking apex marine predator movements in a dynamic ocean. Nature

Coastal areas are connected to the offshore



Oceans support human life
• Absorbs 95% of sun’s radiation

• CO2 Sequestration and storage 
– Oceans taken up as much as half of all anthropogenic carbon emissions over the past two centuries. 500 million tonnes by 

high seas alone - ~30-50% of emissions – worth $74-222 billion/yr

• Over half the oxygen we breathe

• Major role in nutrient cycling and in Earth’s water cycle

• 20% of animal protein
– Supplies 10 million tonnes of fish, worth $16 billion/yr

– 68% global fish harvests captured in EEZs and high seas

• Transport

• Waste disposal

• Biodiversity
– Breeding, feeding and nursery habitat and migratory corridor

• Medicines and technologies

• Cultural importance
Rogers et al., 2014. The High Seas and Us
http://www.globaloceancommission.org

http://www.globaloceancommission.org


Marine species and biotechnology
• ~0.5-2.2 million marine species (Costello, 2012 - Mora, 2011) to 0.7 -1.0 

million (Appeltans, 2012)

• ~2,000 new species described per year (World Register of Marine 

Species)

• Many of actual or potential interest for biotechnology

• The ratio of potentially useful natural compounds is higher in marine 

than terrestrial organisms

• There is a higher probability of commercial success with marine-

sourced material – potential for high financial rewards

• “Extremophiles”, including from hydrothermal vents, have shown 

promise for commercial development



Many patents related to hydrothermal 
vent micro-organisms

Map from InterRidge



Examples of patents/applications likely 
from beyond national jurisdiction

• Pyrolobus fumaria – 6 patents and applications for polymerase to be used in biotechnology. 
Verenium Corporation, USA.

• Pyrodictium abyssi –10 patents and applications for proteins, nucleic acid encoding and 
enzymes. Verenium Corporation (Diversa) and Novo Nordisk, Denmark. 

• Thermococcus barophilus – 5 patents and applications for enzymes and hydrogen 
production. Korea Ocean Research and Development Inst., Novozymes, New England Biolabs.

• Thermococcus marinus Patent application for a heat-resistant DNA polymerase. Univ. 
Sungkyunkwan, Korea

• Thermococcus nautilus – 2 patents and applications for thermostable DNA polymerase. 
Institut Pasteur, France.

• Thermococcus thioreducens – Mentioned in 28 patents for possible use as DNA polymerase
• Vibrio diabolicaus – 10 patents and applications for use in bone repair and other medical 

purposes. IFREMER, France. Also mentioned in 28 other patents.
• Alcanivorax dieselolei – 3 patents for environmental remediation – bacteria degrade alkanes 

(saturated hydrocarbons).  No. 3 Institute of Oceanography, China
• Thermodesulfatator indicus –3 patents and applications for thermostable DNA polymerase. 

GeneSys Ltd, UK. 
• Alvinella pompejana – 2 patents for collagen for recombinant gelatins. FibroGen, Inc.
• Marinitoga piezophila – Patent for protein fragment completion assay. William Marsh Rice U. 

Aspergillus ustus – 106 patents for production of enzymes used in carbon sequestration

The global market for industrial enzymes was $3.3 billion in 2010; with 6.6% 
growth rates & anticipated 2015 revenues of $4.4 billion



The open oceans
• Open ocean micro-organisms (bacteria, archaea) are largely 

unknown, but a source of active research and biotechnology 
interest. Viruses are still relatively unexplored.

• For every liter of ocean water, there are about 1 billion 
bacteria and 10 billion viruses, leading to a large 
potential for discovery

• Open ocean bacteria have yielded potential anti-cancer 
medicines (Micromonospora marina) and enzymes that are 
able to function at low temperatures (Pseudoalteromonas
haloplanktis)

• Some other areas of interest are proteins from 
bioluminescent organisms, antifreeze proteins from fish, 
seaweeds and enzymes for biofuel development, cosmetics 
and anti-aging products.



Cumulative impacts are growing 

Presenter
Presentation Notes
This analysis shows that over 40% of the world's oceans are heavily affected by human activities and few if any areas remain untouched.



CBD EBSA 
Scientific Criteria

FAO VME Criteria IMO criteria for the 
identification and 
designation of PSSAs

1. Uniqueness or rarity
2. Special importance for 
life history of species
3. Importance for 
threatened, endangered 
or declining species 
and/or habitats
4. Vulnerability, fragility, 
sensitivity, slow recovery
5. Biological productivity
6. Biological diversity
7. Naturalness 

1. Uniqueness or rarity
2. Functional 
significance of the 
habitat
3. Fragility
4. Life-history traits of 
component species that 
make recovery difficult
5. Structural complexity

1. Uniqueness or rarity
2. Spawning or breeding 
grounds
3.Critical habitat
4. Fragility
5. Productivity
6. Diversity
7. Naturalness
8. Dependency

Sectoral coordination challenge: Many area-based 
initiatives exits, but need to understand/apply 
holistically



Geographical gaps: Different instruments 
have different coverage - Regional Seas 

mostly do not cover ABNJ

Presenter
Presentation Notes
- only four of 18 Regional Seas programmes currently have the mandate to address ABNJ: (i) the Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR Convention); (ii) the Convention on the Conservation of Antarctic Marine Living Resources (CAMLR Convention); (iii) the Convention for the Protection of the Natural Resources and Environment of the South Pacific (SPREP Convention); and (iv) the Convention on the Protection of the Marine Environment and the Coastal Region of the Mediterranean (Barcelona Convention). To these four conventions must be added the Protocol on Environmental Protection to the Antarctic Treaty, or Madrid Protocol, which also applies in ABNJ. 



Summary

• The deep and open ocean contains a diversity of ecosystems, 
species and genetic resources that provide enormous and multiple 
benefits to humankind

• This biodiversity is is threatened by human pressures, often acting 
cumulatively

• The current legal, policy and institutional regime is fragmented and 
lacks structure, consistence and coherence

• Modern conservation principles and tools, such as ecosystem 
approach, area-based management and EIA/SEA not consistently 
incorporated in existing instruments
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