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What is biodiversity?

§Genes, species, habitats (definition of the 
Convention on Biological Diversity)

§Marine biodiversity research investigates marine 
species, their genes and gene products, and the 
coastal and open sea habitats in which they live.  

§ Focus predominantly on species (species 
richness, species diversity),  increasingly also on 
genes and gene products and habitats 
(ecosystems).

§Taxonomy, Ecology, Biogeochemistry, Fisheries, 
Ecosystem Management, Conservation etc.
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Species
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The number of marine species

§The number of known marine species is about 
230,000 (Bouchet, 2006)  

§This is much lower than on land, but life in the 
oceans is far more diverse at higher taxonomic 
levels for almost all animal groups except the 
arthropods.  
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95%

Figure 9A. Ranked animal phyla by identified marine species.  Land diversity (orange) is high, but limited to a few 
groups. The  exclusively marine phyla (13) contain 90% of the genetic diversity but less than 5 percent of marine 
species.  Analysis focuses on nine phyla above red line.  Blue stripes - estimated unknown nematode species.  Major 
groups: Archaea, Bacteria and Eukarya.  Uni-cellular protists, plants, and animals are Eukarya.  Animalia contains 33 
phyla. (Brusca and Brusca, 2003)
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How many marine species to be 
found?

§OBIS:  The Ocean Biogeographic Information 
System of the Census of Marine Life
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OBIS: www.iobis.org

Currently in OBIS 
(Dec. 2009):
21.9 million 
records of 108,000 
species from 707 
databases 

2008: 16.7 million records
2007: 13.6 million records
2006: 10 million records
2005: 5 million records

Filling in the data gaps –
Southern Hemisphere, 
deeper waters, taxonomic 
groups
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100-1000 meters100-1000 meters
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1000-3000 meters1000-3000 meters
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> 3000 meters> 3000 meters
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New animal phyla

§ Loricifera

§Cicliophora

§Xenoturbella?
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Plants?



+
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Europe?
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Over 31000 marine species now known 
from European waters

•The European Register of Marine Species (including 
only plants and animals) as maintained by MarBEF 
grew with 1,371 species since 2006.  The list now 
(2009) totals 31,455 marine species of plants and 
animals in Europe, which makes this the best known 
continent thanks to efforts of hundreds of 
taxonomists and ecologists. 

•More than 136 plant and animal species found since 
2006 are new to science, but in the microbial domain 
the number of new ‘species’ has grown exponentially.
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How many marine microbes?
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1 billion bacterial cells per liter
10 billion viral particles per liter
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Acinas et al. 2004, NatureAcinas et al. 2004, Nature
PedrPedróóss--AliAlióó 2006, TiM2006, TiM
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Why an infrastructure for marine 
biodiversity assessment?

§ Scientific knowledge

• Marine Biodiversity is poorly known, especially microbial 
diversity and in deeper waters

• Marine Biodiversity is changing and in many cases decreasing 
rapidly due to climate change, fisheries, acidification, 
eutrophication, …

§ Legal obligations (CBD, OSPAR/Barcelona, Water Framework 
Directive, Common Fisheries Policy, Marine Strategy Framework 
Directive, …)

§ Management and Sustainable Exploitation of Marine Resources 
(fisheries, offshore, tourism, maritime transport, …)

• DPSIR (Drivers, Pressures, States, Impacts, Responses)
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What to assess and how to do it?
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1970 2010 1970 2010
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Trends in Marine Species
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The Continuous Plankton 
Recorder CPR
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Fish Species Richness in the North Sea has strongly 
increased over time
o Small southern species increase
o Large northern species decrease their range
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Climate Change and Overexploitation 
lead to decreasing 
numbers of top predators. 
Example: Bluefin Tuna caught 
in the North Sea UK 1933 (upper two)
Denmark (lower) 1946.  The species 
has now disappeared completely.
(MacKenzie and Myers, 2007)
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Sparisoma cretense: southern species moving northward in the 
Mediterranean

Rhopilema nomadica: jellyfish from the Red Sea, now a pest 
in Eastern Med
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Biodiversity assessment through 
remote sensing 
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Biodiversity only mentioned in introduction
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Example:  coccolithophorids
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Namibia
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New observation methods

§A few examples from the Census of Marine Life
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CoML & Ocean Observing

Click on movie to begin…
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CoML & Ocean Observing
Upward-looking 
Simrad sonar in the 
Charlie-Gibbs 
Fracture Zone on the 
Mid-Atlantic Ridge. 
(A) and (B): 
Dramatic reduction in 
diurnal plankton 
migration in winter 
versus summer. 

Internal Wave

Whale

Squid?

Fish Schools Relocating

B. WinterA. Summer

C. D.

Data from CoML MAR-ECO project.

(C): 100m whale 
dives to feed, likely on 
squid, above an 
internal wave moving 
the whole plankton 
community. (D): Fish 
school breaking up at 
50m and reforming 
near surface. 
Time bars 15 min.
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CoML & Ocean Observing
Monitoring far animal migrations by tagging & 
telemetry – providing technology & protocols

Images: TOPP & POST projects



+CoML & Ocean Observing

Animal oceanographers – collecting vast amounts 
of oceanographic data

220 Temperature

7 seals tracked during 2-3 month summer feeding 
migrations

Some animals 
dive 1000m

Image: TOPP project
Photo: Dan Costa, University 
of California Santa Cruz



+Top Predators

To obtain global biological & oceanographic information 
including migration patterns for large open-ocean 
animals by using electronic tagging technologies.

Tracks of 19 species of marine vertebrates tracked as part of the TOPP program. 
The tracks show areas of overlap and common habitat utilization. These data are 
being examined with respect to the underlying oceanographic features that may 
be responsible for these patterns. Image: Dan Costa, UC Santa Cruz, TOPP project. 
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Barcoding
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s

“14 of 56 usable samples were mislabeled 
– in all cases as higher-priced or more-
desirable fish species.” Press Release: 
Rockefeller University & the Trinity School, August 22, 
2008.

Acadian Redfish (Sebastes fasciatus), listed 
as endangered by the International Union for 
the Conservation of Nature, was one species 
sold as “Red Snapper.”
Photo: D. Flescher / FishBase / EOL.
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Pyrosequencing

Metagenomics
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“454”-style DNA sequencing 
reveals microbial diversity 10-100x 
more than expected; vast majority 
of organisms are previously 
unknown, low-abundance, “rare 
biosphere”

DNA sequencing
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Habitats

§ Habitats are formed by interactions between 
biology, geology, physics and chemistry

§Often a correlation between habitat and 
biodiversity exists (close or not so close)

§Habitat structure may therefore serve as a 
predictor of biodiversity

§New observation tools allow for a detailed and 
rapid mapping of habitats
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§Still photography and video

§ LIDAR

§Acoustic methods
• Single Beam

• Multibeam

• Side-scan sonar
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+Hakon mosby mud volcano at 1250m
on Barents sea slope

Microbathymetric mapping (Foucher et al)

Restricted size, high patchiness 
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Marine Observation and Data
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Data Infrastructure & 
Integration

On June 24, 2009 the Intergovernmental 
Oceanographic Commission accepted OBIS as a 
program under the International Oceanographic 
Data Exchange (IODE). 

Although the Secretariat of OBIS will remain at Rutgers University, 
this new status within IOC will help to ensure the global use and 
maintenance of OBIS into the future.
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EMODnet Biological Data Portal
Objectives

§Build data system to provide biological data to 
EMODnet portal and other European initiatives



+EurOBIS Data flow
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68

Start EMODnet
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UK CSEMP

SHARK: Swedish Monitoring (1972)

QUADRIGE: French Monitoring (1974)

MADS: Danish Monitoring (1970)

………………………

Identified monitoring datasets 
in focus area:  national 
datasets (in progress)

German Marine Monitoring 
Programme – GMMP (BLMP)
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Portal online at: 
http://bio.emodnet.eu
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Thank you for your attention



+

Still photography and video
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Lidar systems

§ Light detection and ranging (lidar) systems operate in visible to near-infrared 
wavelengths, while radio detection and ranging (radar) emits radiation in 
longer microwave wavelengths.

§ The application of lidar technology to marine biodiversity conservation shows 
considerable promise for detecting habitats in two major ways. 

§ First, when combined with optical remote sensing, lidar data enable 
scientists to calibrate reflectance so they can differentiate between water 
depth and changes in the sea floor. 

§ Second, models based on lidar-generated, fine-scale bathymetry data and 
biophysical parameters affecting the growth and population dynamics of 
many (reef) organisms (e.g. depth, exposure and suspended sediment 
concentration) should help us to predict the distribution of benthic 
communities as well as the processes governing the distribution of these 
communities.
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Acoustic methods

§Excellent results have been obtained in detecting 
and classifying seabed vegetation by combined 
application of acoustic methods. 

§Single beam echosounder, which enables 
classification of the seafloor and its vegetation, 

§Multi-beam sonar, which generates micro-relief

§Side scan sonar, imaging the seafloor reflectivity 
and thus enabling the spatial classification of 
seafloor types and vegetation.
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Identified monitoring datasets in focus 
area: national datasets (in progress)
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+OSPAR

§ The Norwegian Ministry of the Environment will host the 
Ministerial Meeting of the OSPAR Commission (“the North-East 
Atlantic Environment Summit”) in Bergen, Norway. The 15 
countries and the European Union, that are Contracting 
Parties to the OSPAR Convention, are expected to take urgent 
actions for the protection of the marine environment but also 
to celebrate some important achievements for the North-East 
Atlantic. 

§ Important issues for in-depth consideration include: 

• Actions and measures for the protection of marine 
biodiversity, including taking forward a coherent and well-
managed network of marine protected areas, which may 
include areas beyond national jurisdiction; 

• Climate change and ocean acidification; 

• Achieving good environmental status in the North-East 
Atlantic by 2020, by providing the regional platform for 
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Pressures and Impacts

§ Physical loss 

— Smothering (e.g. by man-made structures, disposal of 
dredge spoil), sealing (e.g. by permanent constructions).

§ Physical damage 

— Changes in siltation (e.g. by outfalls, increased run-off, 
dredging/disposal of dredge spoil),  abrasion (e.g. impact on 
the seabed of commercial fishing, boating, anchoring),

— selective extraction (e.g. exploration and exploitation of 
living and non-living resources on seabed and subsoil).
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§ Other physical disturbance

— Underwater noise (e.g. from shipping, underwater acoustic 
equipment),

— marine litter.

§ Interference with hydrological processes

— Significant changes in thermal regime (e.g. by outfalls 
from power stations),

— significant changes in salinity regime (e.g. by constructions 
impeding water movements, water abstraction).
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Pressures (cont’d)

§ Contamination by hazardous substances

— Introduction of synthetic compounds (e.g. priority 
substances under Directive 2000/60/EC which are relevant for 
the marine environment such as pesticides, antifoulants, 
pharmaceuticals, resulting, for example, from losses from 
diffuse sources, pollution by ships, atmospheric deposition and 
biologically active substances),

— introduction of non-synthetic substances and compounds 
(e.g. heavy metals, hydrocarbons, resulting, for example, 
from pollution by ships and oil, gas and mineral exploration 
and exploitation, atmospheric deposition, riverine inputs),

— introduction of radio-nuclides.



+

§ Systematic and/or intentional release of substances

— Introduction of other substances, whether solid, liquid 
or gas, in marine waters, resulting from their systematic 
and/or intentional release into the marine environment, as 
permitted in accordance with other Community legislation 
and/or international conventions.
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Pressures (cont’d)

§ Nutrient and organic matter enrichment

— Inputs of fertilisers and other nitrogen and phosphorus-rich 
substances (e.g. from point and diffuse sources, including 
agriculture, aquaculture, atmospheric deposition),

— inputs of organic matter (e.g. sewers, mariculture, riverine 
inputs).
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§ Biological disturbance 

— Introduction of microbial pathogens,

— introduction of non-indigenous species and translocations,

— selective extraction of species, including incidental non-
target catches (e.g. by commercial and recreational fishing).
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§The recent IPCC (Intergovernmental Panel on 
Climate Change) Fourth Assessment Report (1) 
noted 28,586 significant biological changes in 
terrestrial systems but only 85 from marine and 
freshwater systems.
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What changes?
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§ To Carlo: Taken into account your experience in the marine 
Biology/biodiversity realm, we think that it will be very useful for 
the whole marine research community and policy makers 
present at the forum to learn a bit more on those disciplines in
relation to observing/monitoring systems. As you know, when 
speaking about “Observatories”, it seems that we usually are 
more informed about the abiotic component on marine 
ecosystems that the biotic one. 
§ As a result, an overview of your field in relation to the forum 

topic with references of key projects and international initiatives 
would be of great added value to potentially (ideally) promote a
new generation of “multitask/multipurpose” observatories, in line 
with a coherent geographical coverage.
§ Could you provide me with a title?
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Figure 2 | Global species richness and 
hotspots
across taxa. (a) Global marine 
species richness
for all taxa from Table 1 combined. 
Richness
values for each taxon were then 
normalized by
rescaling from zero to one, and 
averaged across
taxa by cell for all taxa (b), primarily 
coastal taxa
(c) and primarily oceanic taxa (d). 
Cells with a
bold outline are hotspots (defined as 
the 10% of
cells with highest mean richness). 
Horizontal tick
marks on colour-bars indicate 
quartiles.
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June 22, 2010 -- Glider trials
"A mini acoustic receiver was recently 
deployed on an ocean glider to 
explore a possible method for 
gathering tracking data beyond and 
between POST's existing lines. The 
mounting trial was successful, so 
next month the receiver will embark 
on a second journey..."
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Fig. 1. Water temperatures in the Arctic are increasing (Walczowski et al. 2007)
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+Marine Microbes

To study and catalogue global marine microbial 
diversity (Bacteria, Archaea, Protista and associated 
viruses) within an ecological and evolutionary context.

The map shows the locations of 
samples collected by 40 field projects 
employing the 454 tag-pyrosequencing 
technology. Image: ICoMM.

Still shots from a video of Thioploca
(bacteria) mats found off the coast of 
Chile. Image: Carola Espinoza, Universidad de 
Concepcion.



+



+

Microbial community

Total community DNA

Digested fragments (40-200 kb-long)

Cloning into BAC/fosmid-vectors

Hosting in E. coli

(cloning bias)

(extraction bias)

Environmental Genomics
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Metagenomics
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CoML & Ocean Observing

Biological data infrastructure (OBIS)

Maps of marine biodiversity based on the total number of distribution 
records in each five by five degree square in OBIS.
Red represents the highest number of species, blue the lowest, white 
no data.

Images: Edward 
Vanden Berghe, 
OBIS
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EMODnet ?
European Marine Observations and Data 

Network 
§ An Integrated Maritime Policy for the 

European Union (DG MARE)
§ Address whole chain “from observation to 

information”
§ Need to unlock access to existing data AND 

fill existing gaps
§ Complementary to other initiatives

§ Data Management

• EMODnet as a system of systems
• Organize a common data 

management approach accepted by 
all actors to ensure that data are 
available to all

• Interoperability by adopting EU-
INSPIRE principles
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Presence of specially adapted fauna

è eg Sibloglinid worms and large  mussels
è reduced or no digestive system and 
è bacterial endosymbionts which fix carbon for their host
è energy from sulphide or methane oxidation reactions

Ifremer - Medeco

Biology is visible indicator of geochemical conditions of seafloor


