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Marine biodiversity knowledge is key to 

realise the full potential of marine 

biotechnology: 

Infrastructures for exploration, discovery, 

access to species, species information and 

data 
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Content and conclusions 

• Marine biodiversity: rationale for exploration 

• Importance 

• Characteristics 

• Threats and unknowns 

• Scope for new discoveries 

 

• Infrastructure needs 

• Access to resources: expeditions and sampling 

• Observatories 

• Generate high quality data: taxonomic backbone is key 

• Data- and information infrastructures to capture, 

document, integrate and redistribute data 
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A
lthough Earth has undergone many 
periods of significant environmen-
tal change, the planet’s environment 

has been unusually stable for the past 10,000 
years1–3. This period of stability — known to 
geologists as the Holocene — has seen human 
civilizations arise, develop and thrive. Such 
stability may now be under threat. Since the 
Industrial Revolution, a new era has arisen, 
the Anthropocene4, in which human actions 
have become the main driver of global envi-
ronmental change5. This could see human 
activities push the Earth system outside the 
stable environmental state of the Holocene, 
with consequences that are detrimental or 
even catastrophic for large parts of the world.

During the Holocene, environmental 
change occurred naturally and Earth’s regu-
latory capacity maintained the conditions 
that enabled human development. Regular 
temperatures, freshwater availability and 
biogeochemical flows all stayed within a rela-
tively narrow range. Now, largely because of 
a rapidly growing reliance on fossil fuels and 

industrialized forms of agriculture, human 
activities have reached a level that could dam-
age the systems that keep Earth in the desirable 
Holocene state. The result could be irrevers-
ible and, in some cases, abrupt environmental 
change, leading to a state less conducive to 
human development6. Without pressure from 
humans, the Holocene is expected to continue 
for at least several thousands of years7.

Planetary boundaries
To meet the challenge of maintaining the 
Holocene state, we propose a framework 
based on ‘planetary boundaries’. These 

A safe operating space for humanity
Identifying and quantifying planetary boundaries that must not be transgressed could help prevent human 

activities from causing unacceptable environmental change, argue Johan RockstrÖm and colleagues.

Figure 1 | Beyond the boundary. The inner green shading represents the proposed safe operating 
space for nine planetary systems. The red wedges represent an estimate of the current position for 
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human 
interference with the nitrogen cycle), have already been exceeded.
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SUMMARY

●  New approach proposed for defining preconditions for human 

 development

●  Crossing certain biophysical thresholds could have disastrous 

 consequences for humanity

●  Three of nine interlinked planetary boundaries have already been 

 overstepped

boundaries define the safe operating space 
for humanity with respect to the Earth system 
and are associated with the planet’s bio-
physical subsystems or processes. Although 
Earth’s complex systems sometimes respond 
smoothly to changing pressures, it seems that 
this will prove to be the exception rather than 
the rule. Many subsystems of Earth react in 
a nonlinear, often abrupt, way, and are par-
ticularly sensitive around threshold levels of 
certain key variables. If these thresholds are 
crossed, then important subsystems, such as a 
monsoon system, could shift into a new state, 
often with deleterious or potentially even 
disastrous consequences for humans8,9. 

Most of these thresholds can be defined by 
a critical value for one or more control vari-
ables, such as carbon dioxide concentration. 
Not all processes or subsystems on Earth have 
well-defined thresholds, although human 
actions that undermine the resilience of such 
processes or subsystems — for example, land 
and water degradation — can increase the risk 
that thresholds will also be crossed in other 
processes, such as the climate system.

We have tried to identify the Earth-system 
processes and associated thresholds which, if 
crossed, could generate unacceptable envi-
ronmental change. We have found nine such 
processes for which we believe it is neces-
sary to define planetary boundaries: climate 
change; rate of biodiversity loss (terrestrial 
and marine); interference with the nitrogen 
and phosphorus cycles; stratospheric ozone 
depletion; ocean acidification; global fresh-
water use; change in land use; chemical pol-
lution; and atmospheric aerosol loading (see 
Fig. 1 and Table). 

In general, planetary boundaries are values 
for control variables that are either at a ‘safe’ 
distance from thresholds — for processes 
with evidence of threshold behaviour — or 
at dangerous levels — for processes without 
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IPCC (Intergovernmental Panel on Climate Change) Fourth Assessment 

Report: 28,586 significant biological changes in terrestrial vs. 85 in 

marine and freshwater systems 
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70% of earth‟s surface 

97% of biosphere volume 

2/3 of the value of all 

natural services provided 

by the planet  

 

Importance of the 

oceans  

Pacific                        

 

 

 

 

 

 

 

Indian                           

 

 

 

 

 

 

 

Arctic & 

Atlantic 

a largely invisible world 

Pelagibacter ubique  



Threats to marine biodiversity? 

• Overfishing 

• Globale climate change x2 

 

• Habitat destruction  

• Pollution and eutrofication 

• Introduction of invasive species 



Goods and services provided by  
marine biodiversity (1) 

• Food: fishery, acquaculture 

• Other products: pharmaceuticals, enzymes, additives, 
biomaterials,... 

• Recreation, eco-tourism 
• Energy 
• Productivity, stability and resilience of systems 
• Remineralisation and recycling of nutrients 
• Carbon storage 
• Waste management: degradation, detoxification, biological 

pump 
• Climate regulation 
• … 

 

 







Marine biodiversity 

• Life in the oceans is ancient, over 3.5 billion years old  

• Diversity is high, unique and extremely original 

• Still largely unknown: understudied (and under-utilised) 

• Adaptations to marine env. conditions diverse and often unique 

• Many spectacular new discoveries (paradigm shifts), also in 

shallow water 

• Extreme environments → extreme originality (metabolites, 

molecules,…) 

• Immense „invisible‟ biodiversity with largely unknown function: 

genomes, virusses, prokaryotes, pico-eukaryotes 

• Functioning of marine systems - and the planet - dominated by 

microbes and microbial processes 

• Big changes & threats 
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Marine biodiversity : high 

*  238.000 species described 

How many marine species? 

* 215.000 incorporated into the  

«World Register of Marine Species»   

www.marinespecies.org  

(hosted at VLIZ, Oostende) 

(2.000 new species/year, a.o. 

100 fish species!) 

*  in total 0,5-1,5 million species? 

How many to be discovered? 

http://www.marinespecies.org/
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Marine biodiversity : strange 

How do these figures relate to freshwater/terrestrial life? 

May & Godfrey (1994). Phil.Transactions: Biol. Sciences  343, nr. 1303: 105-111  

* in terms of SPECIES 

* in terms of PHYLA (only animals - 33) 

16 

1.8 million 

 [3-30 mill.] 

0.23 million 

 [0.5-1.5 mill.] 

= 15% 

= 97% 

32 11 unique phyla 

16 1 unique phylum 





Red Clay at 3000 m depth 



Hydrothermal vents: discoverded in 1979 





< 100 meters 



100-1000 meters 



1000-3000 meters 



> 3000 meters 
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Many discoveries to be made, also in higher 

organisms 

Europe‟s Great Barrier reef 
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Polychaetes in gas hydrates 



Marine microbial diversity 

• Eukarya (incl. plants, animals, protists) are only a tiny branch of 

Tree of Life 

• Bacteria and Archaea encompass virtually all genetic diversity  

• Vast numbers, huge genetic diversity per l 

• Key to all biochemical cycles 

• Degradation of organic matter, 50% of oxygen production 

• Novel bioactive compounds and metabolic pathways 

• Critical bottom trophic level in marine food webs: aquaculture, 

bioremediation, waste management 
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What about marine microbes? 

* 1 liter of seawater contains (2006!): 

 - bacteria: 20,000 „types‟ 

 - viruses: >>>> (“stretched end 

        to end, would span farther  

        than the nearest 60 galaxies”) 

* altogether: close to 1 billion „types‟ 

* 50-90% of all marine biomass 

* essential to most of the life systems 

Marine biodiversity : invisible 



Prochlorococcus 

Synechococcus 

Prochlorococcus and Synechococcus may 

be responsible for up to two thirds of the 

CO2 fixation in the oceans and thus for one 

third of the total primary biomass 

production on Earth.  Prochlorococcus was 

discovered in 1988. 



One of the most successful organisms on earth Pelagibacter ubique 

(SAR 11) which may account for 20 % of the prokaryotic cells in the 

ocean, was only discovered in 2001. 

 



 
“Shotgun sequencing” of the ocean: 1.2 mio 

new genes in 1 sample | By Cathy Holding 

“New horizons in oceanography and genomics were opened up this 
week with the publication by Craig Venter and colleagues of a pilot study 
to shotgun clone and sequence microbial genomes filtered from 
seawater in the Sargasso Sea, off the coast of Bermuda (Science, 
DOI:10.1126/science.1093857, March 4, 2004). More than 1.2 million 
new genes were identified, revealing a level of microbial diversity in 
seawater that was only previously guessed at.” 
“At the time of writing the paper, there were roughly 180,000 genes and 
proteins in Swiss-Prot Venter told The Scientist. “In one paper, we're 
adding 1.2 or 1.3 million [genes].” 

mailto:cathyholding@aol.com
http://www.sciencemag.org/
http://www.ebi.ac.uk/swissprot/
http://www.ebi.ac.uk/swissprot/
http://www.ebi.ac.uk/swissprot/








Goods and services provided by 

marine biodiversity (2) 

Unknown goods and services 
 

Marine biodiversity is poorly known 

  less than 1% of the ocean is explored 

 perhaps less than 10% of species is described 

   

A few hundred thousand species of marine plants and animals have 
been scientifically described and only a few thousand marine 
Bacteria and Archaea 

 

Species diversity may be underestimated by one and perhaps two 
orders of magnitude and in terms of genes and microbiota we are 
just scratching the surface of what exists 

 

Data are unavailable: we need integrated data systems for taxonomy 
and biogeography 
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Global effort to register all marine species names  

(incl invalid synonyms) 

 

270 taxonomic editors, 185 institutions, 38 countries 

 

www.marinespecies.org 
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WoRMS management 

• WoRMS is created by an editorial board of 250 taxonomists from 

176 institutions in 33 countries.  

 

• The editors are united under the umbrella of the Society for the 

Management of Electronic Biodiversity data (SMEBD), which main 

aim is to protect editors‟ IPR and to represent the network 

internationally. 

 

• The WoRMS Steering Committee coordinates the network. 

 

• The Flanders Marine Institute (VLIZ) is publishing the database and 

provides data management support and IT tools.  

 



Click to edit Master title style 

Click to edit Master subtitle style 

WoRMS statistics 
• 436,500 taxa; 

• 213,000 accepted marine species names; 

• 139,000 synonyms (incl. common misspellings); 

• 44,000 vernacular names (138 languages);  

• 150,000 key literature references;  

• 45,000 specimen details;  

• 328,000 published distributions;  

• 510,000 web links;  

• 20,000 images;  

• and many other species related information, e.g. 

biology, habitat, feeding type, parasite-host 

relationships. 

 



Website sub-portals 



Largest source of information 

on marine species 

distributions 

 

Data legacy of 10-year COML 

 

Adopted by UNESCO-IOC, 

project of IODE 

 

www.iobis.org  

© OBIS,  

© Google, Map Data © 2009 Tele Atlas 

UNESCO-IOC/IODE/OBIS 

Ocean Biogeographic Information System 

>32 million records 

>1,000 datasets 

>100,000 marine species 

15 regional OBIS nodes 
 



Geographical coverage 



Number of distribution records collected per year
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Start EMODnet 



42 

EMODNET 
European Marine Observations and Data 

Network  

Unlock access to existing data and 
fill existing gaps 

 

Strategy biology portal: 

•Build on EurOBIS 

•Data and data products 

•Implement in data portal 

•Complementary to other initiatives 

like LifeWatch 

 





Infrastructure needs 

• Ocean exploration: a continuous Census of Marine life 

• Access to resources: networks of marine stations and seagoing 

platforms 

• Observatories: more data, better technology 

• Taxonomists: better data 

• Data infrastructures: 

• High quality, expert-validated 

• Sustainability and updating 

• Data archaelology and rescue (historical data) 

• Strategy and methods of coupling genetic, species and 

habitat information: Contextualisation of sequence data with 

species information and ecosystem parameters  

 

• Permanent, free and open access to all data for all users. 
 


