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Knowledge and uncertainty in marine 
biodiversity science 

Derek Tittensor 



Marine & Terrestrial realms: 
differences in environment 



Differences in thermal 
variability 

Sunday et al. (2011) 
Proc. Roy. Soc. B 

TERRESTRIAL MARINE 

Webb et al. (2012) 
TREE 



Types of marine environment 





Taxonomic imbalance 



 



Limits to understanding 

Webb et al. (2010) 
PLoS One 



The problem of scale 

Mora et al. (2008) 
Proc. Roy. Soc. B 



The problem of scale 

Mora et al. (2008) 



What is known about marine 
biodiversity? 

• ~200,000 species 
described 

 

• Predicted to be 
25% of all species 
globally (~2.2 
million out of 8.7 
million)  

Mora et al. (2011) 
PLoS Biology 



Biodiversity of coastal species 

Tittensor et al. (2010) 
Nature 



Biodiversity of oceanic species 

Tittensor et al. (2010) 
Nature 



Overall marine biodiversity 

 

Tittensor et al. (2010) 
Nature 



Sun pic 

 



 



Low chemical energy (food) 

Lutz et al. (2007) 
JGR 



Tittensor et al. (2011) 
Biology Letters 

Deep 
sea 
diversity 



The future… 

• Barcoding of DNA obtained 
from seawater samples… 

Thomsen et al. (2012) 
PLoS One 



Marine biodiversity summary 

• Knowledge very 
incomplete, particularly 
at fine scales 

• Very expensive and 
challenging to sample 

• Limited centralisation of 
data resources 

• Taxonomic imbalance in 
knowledge 
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Marine Critical Habitat Mapping 
and a Tool for Interpretation 
 
Proteus Annual Meeting, Houston, 18th June 2013 

Melissa Tolley 
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Premise of Project 

Better understanding of marine 
biodiversity and how the data currently 
available can be used to demonstrate 
biodiversity value 

 

Phase 1:  Mapping Critical Habitat  
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UNEP-WCMC Marine and Coastal 
Data Layers 
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Critical Habitat 

Critical Habitats are areas with high biodiversity value, including: 
 

1. Habitat of significant importance to Critically Endangered 
and/or Endangered species;  
 

2. Habitat of significant importance to endemic and/or restricted-
range species; 
 

3. Habitat supporting globally significant concentrations of 
migratory species and/or congregatory species;  
 

4. Highly threatened and/or unique ecosystems;  
 

5. Areas associated with key evolutionary processes.  
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Critical Habitat 

Additional criteria: 
 

A. Other recognised high biodiversity values that might also 
support a Critical Habitat designation 
 

B. Internationally and/or nationally recognised areas of high 
biodiversity value 
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Marine Biodiversity Data 

Biodiversity: 
 

•  IUCN data 

•  Tittensor et al. 2010 data 

•  National Geographic interpolation data 

•  Aquamaps 

•  OBIS 

•  Predicted deep-sea coral habitat 

•  Turtle nesting sites data 

•  Tagging data 

•  Other data... 

    
  

Governance / management / administrative division data: 
 

•  Marine Protected Areas    

•  Large Marine Ecosystems 

•  Ecologically or Biologically Significant Areas 

•  Marine Important Bird Areas 

•  Global 200 sites 

•  Other data... 
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Biodiversity proxies: 
 

•  NPP and chlorophyll data 

•  Biomass of the deep sea floor 

•  Predicted seamount locations 

•  Bottom complexity 

•  Biogeography of the ocean 

•  Biogeography of the deep sea 

•  Pelagic provinces of the world 

•  Longhurst Biogeographical Province 

•  Marine Ecoregions of the World 

•  Biogenic habitat data (coral, mangrove, seagrass, saltmarsh) 

•  Hydrothermal vents 

•  Other data... 

 

  

Threat / human impact data: 
 

•  Human impact on marine ecosystems 

•  Ocean Health Index 

•  Fisheries intensity and value 

•  Other data... 

 



Alignment Categories 
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Known                
Critical Habitat 

 

• Designations 
referenced in PS6 

 

• Designations with 
aligned criteria and 
thresholds 

 

• Habitats and 
biodiversity features 
aligned with criteria 

Potential                      
Critical Habitat 

 

• Designations 
referenced in PS6 

 

• Designations where 
there may be 
alignment but further 
investigation into 
biodiversity values 
needed 

 

• Habitats and 
biodiversity features 
where there may be 
alignment but further 
investigation needed  

 

• Modelled data for CH 
features 

 

Data Deficient 

 

• No global data 
available identifying 
Critical Habitat 
features 



Marine Biodiversity Features aligned 
with Critical Habitat 
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Protected 
Areas 

Key 
Biodiversity 

Areas 

Sea turtle 
nesting sites 

Warm-water 
corals 

Cold-water 
corals 

Mangroves 

Seagrass beds Saltmarshes Seamounts 

Hydrothermal 
vents 

Cold seeps 



Data Layers 
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Known                
Critical Habitat 

 

• Protected Areas 
 

• Key Biodiversity Areas 
 

• Sea turtle nesting sites  
 

• Cold-water corals 
 

• Warm-water corals 
 

• Hydrothermal vents 

 

Potential                     
Critical Habitat 

 

• Protected Areas 
 

• Key Biodiversity Areas 
 

• Sea turtle nesting sites 
 

• Cold-water corals (predicted) 
 

• Mangroves 
 

• Seagrass beds 
 

• Saltmarshes 
 

• Seamounts  
 

• Cold seeps 
 



Marine Critical Habitat 
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Known Critical Habitat 
Potential Critical Habitat 
Data Deficient 



Marine Critical Habitat 
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Known Critical Habitat 

•  Area:    4,500,000 km2 

•  Percentage coverage:   1.3% 

 

Potential Critical Habitat 

•  Area:     7,600,000 km2 

•  Percentage coverage:   2.1% 

 

Data Deficient 

•  Area:    343,200,000 km2 

•  Percentage coverage:   96.6% 
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Marine Critical Habitat Examples 

Known Critical Habitat 
Potential Critical Habitat 
Data Deficient 
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Caribbean 

Known Critical Habitat 
Potential Critical Habitat 
Data Deficient 
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UK 

Known Critical Habitat 
Potential Critical Habitat 
Data Deficient 
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Indonesia 

Known Critical Habitat 
Potential Critical Habitat 
Data Deficient 



Marine Critical Habitat Screening Tool 

Create a tool which allows users to query 
the presence of Critical Habitat* within a 
pre-defined area of interest 
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Marine Critical Habitat Screening Tool 
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Marine Critical Habitat Screening Tool 
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Marine Critical Habitat Screening Tool 
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Thank you 

Melissa Tolley 

Head of Business and Biodiversity 

melissa.tolley@unep-wcmc.org 

 

mailto:melissa.tolley@unep-wcmc.org
mailto:melissa.tolley@unep-wcmc.org
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Other types of ships 
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Bulk carriers 

Oil tankers 

-280 

-260 

-240 

-220 

-200 

-180 

-160 

-140 

-120 

-100 

-80 

1945 1955 1965 1975 1985 1995 2005 

-3500 

-3000 

-2500 

-2000 

-1500 

-1000 

-500 

0 

Exploration (m) 

Production (m) 

0 

5 

10 

15 

20 

25 

1985 1990 1995 2000 2005 2010 2015 

Total Registered Contracts 

Data: ISA 

Data: Karlsen 2008 

Data: UNCTAD 

D
e

p
th

 o
f 

Fi
sh

in
g

 
S

h
ip

p
in

g
 C

ap
ac

it
y 

D
e

p
th

 o
f 

O
il 

E
x

p
lo

ra
ti

o
n

/P
ro

d
u

ct
io

n
 

D
e

e
p

 S
e

a 
M

in
in

g
 

C
o

n
tr

ac
ts

 



Halpern et al. 2008  

 

 Pressures: Intensifying human uses; Climate change; Ocean acidification + + + 



>12.1% 

7.1% <0.17% 

2.93% 



Credit: National Oceanography Centre, Southampton 
 

 Facts:  64% = high seas;  95% of the habitable volume of the planet 
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Annex I: Site Criteria  
 

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 
 

For more info on criteria suites: Dearden & Topelko 2005, Gilman et al. 2011 
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Background adapted from Richard Hermann- Galatée films, Census of Marine Life. 



Consider the use of the scientific guidance on the 
identification of marine areas beyond national 
jurisdiction 

Facilitate availability and inter-operability of the best 
available marine and coastal biodiversity data sets 
and information across global, regional and national 
scales 

Organise a series of regional workshops to facilitate 
the description of EBSAs 

Establish an EBSA repository & information sharing 
mechanism 







 Organization CBD FAO IMO UNESCO Birdlife IUCN RAMSAR 

 Site Criteria EBSAs VMEs PSSAs WHSs IBAs KBAs RAMSAR 
 Uniqueness or rarity 

  

 Special importance  
 for life history  
 stages of species 

        

 Importance to  
 threatened or  
 endangered species 

  

 Vulnerability,  
 fragility, sensitivity,   
 or slow recovery 

        

 Productivity 
    

 Biodiversity 
        

 Naturalness 
    

 Structure 
        

 Historical   
 Geomorphological  
 Importance 
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Habitats of significant 
importance to Critically 
Endangered and/or 
Endangered species 

                  

Habitats of significant 
importance to endemic and/or 
restricted-range species 

                  

Habitats supporting globally 
significant concentrations of 
migratory species and/or 
congregatory species 

                  

Highly threatened and/or 
unique ecosystems 

                  

Areas associated with key 
evolutionary processes 

                  

Internationally and/or 
nationally recognized areas of 
high biodiversity value 

                  





Welcomes the scientific and technical evaluation of 
information contained in the reports of the regional 
workshops.. 

…emphasized that the identification of EBSAs and 
the selection of conservation and management 
measures is a matter for States and competent 
intergovernmental organizations 

 requests that the regional EBSA workshop reports be 
included in the EBSA repository, and be submitted to 
the UNGA, the BBNJ working group and the Regular 
Process, as well as UN specialized agencies 
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