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MPA Europe is mapping the optimal locations for 

Marine Protected Areas in European seas to support 

science -based Marine Spatial Planning
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Prioritisation at 3 spatial scales
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A global protected area network

should represent biodiversity from species to ecosystems

Need world maps of

V Ecosystems

V Biomes 

V Habitats

V Species richness

V Species endemicity (realms)

Photo by Dr Galice Hoarau



Marine species richness

OBIS sample data 

ES50 index used to standardise for 

sampling effort. 

Distribution data for 65,000 species

Modelled ranges for 24,000 species

Aquamaps.org

Colours on log-scale.

(1) Modelled species ranges (top)

(2) carefully cleaned primary data 

(bottom) show 

most species occur along 

coasts and tropics



Key concepts

Å Biogeographic realms 

based on species 

endemicity (uniqueness)

Å Ecosystems based on 

energy flow between 

adjacent areas

Å As species are unique to each realm, 

each realm needs protected areas

ÅRelevant to ecosystem function and 

services, food webs, productivity 

Å Agnostic to species composition

ÅDifferent species may provide similar 

ecological roles in different areas



Key concepts

Å Biomes

Å Biogenic habitats 

Å Large areas dominated by habitat forming 

species

ÅMay be one or more species

Å Species composition will vary geographically

ÅHabitat formed by a particular species at a 

local scale

Å Is part of a biome 



Biogeographic regions

Who wants one?

Á IUCN, WWF, CI 

ÁGEO & GEOSS 

Á FAO and ICES 

Á IOC and IODE

ÁResearchers 

Why? 

Å nature conservation reporting 

Å ecosystem classification

Å fishery management

Åmarine data management

Å indicating species 

distributions

Why not use other geographic regions?
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Existing marine óregionsô
Geographic (Seas and oceans)

Political (Exclusive Economic Zones)

Large Marine Ecosystems

Marine Ecoregions of the World MEOW

Global Open Oceans and Deep Seabed 
GOODS

FAO areas

ICES areas

Longhurstôspelagic 

Ҧ Global

Ҧ Global if non-EEZ  óhigh-seasô 
included

Ҧ Coastal but not all coasts

Ҧ Coastal - includes LME & EEZ & 
other

Ҧ Pelagic and deep sea to complement 
MEOW

Ҧ Global ïfishery boxes

Ҧ Regional - fishery & related 
management boxes

ü Global ïocean colour 
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12 Realms

Temperate Northern Atlantic

Tropical Atlantic

Temperate 

Northern
Pacific

Temperate 

Northern
Pacific

Arctic

Western

Indo-
Pacific

Central

Indo-
Pacific

Eastern

Indo-
Pacific

Tropical

Eastern
Pacific

Temperate

South
America

Temperate

Southern
Africa

Temperate

Australasia

Southern Ocean

Very large regions of coastal, benthic or pelagic ocean across which biotas are internally coherent at higher 

taxonomic levels, as a result of a shared and unique evolutionary history. Realms have high levels of endemism, 

not only at the species level, but also with unique taxa at generic and family levels in some groups.

Marine Ecoregions of the World 

(MEOW)



62 Provinces

Large areas defined by the presence of distinct biotas that have at least some cohesion over evolutionary 
timeframes. Provinces will hold some level of endemism, principally at the level of species

Marine Ecoregions of the World 

(MEOW)



232 Ecoregions

Areas of relatively homogeneous species composition, clearly distinct from adjacent systems. This 
species composition is likely to be determined by the predominance of a small number of ecosystems 

and/or a distinct suite of oceanographic or topographic features. 
Include ñLarge Marine Ecosystemsò

Marine Ecoregions of the World 

(MEOW)



30 biogeographic realms   
i.e., areas endemicity based on cluster analysis 65,000 species from OBIS

Freshwater influenced Baltic and Black Seas.

Land barriers  - Panama isthmus and  Suez Canal.

One open ocean realm split in two by another.

Costello et al. 2017. Marine biogeographic realms and species endemicity. Nature Communications

Most realms coastal, offshore realms larger
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Biogeography by species endemicity 

(unique to an area) is hierarchical



Global biogeography razor clams

Endemic / total 

species per region
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Other marine biogeographyôs
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Polychaete worms

Amphipod crustaceans 

Baltic Sea contains 

freshwater species



Species richness

within realms of endemicity

Species richness based on modelled ranges of 24,000 species from AquaMaps

Regions of high endemicity from biogeographic realms



New world maps of seagrass and kelp biomes

GIS maps published at http://data.unep-wcmc.org/datasetsand 

andin the journal Biological Conservation

Maps by 

Dr Dinusha 

Jayathilake

Photos by 

Dr Galice Hoarau

http://data.unep-wcmc.org/datasets/46
http://data.unep-wcmc.org/datasets/46
http://data.unep-wcmc.org/datasets/46


Where do the marine biomes 

provide productive 3D habitat?

Data from lower maps from UNEP-WCMC Ocean Data Viewer

Seagrass beds

laminarian kelp forests

Mangrove forests zooxanthellate coral reefs



7 marine ecosystems defined by environmental data

Annual phytoplankton productivity is also coastal

7 marine ecosystems  distinguished 

by PCA and k-means clustering of 

20 sea surface variables
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Trophic convergence of marine vertebrate 

communities worldwide (under review, PNAS)

Juan David González -Trujillo, Jorge Assis, Ester Serrão , Mark John Costello, 

Eliza Fragkopoulou, Manuel Mendoza, Miguel B. Araújo

The trophic guilds spatially align with 

Zhaoôs Ecosystems

The guilds are 

distinguished by 

environmental 

variables, 

not biogeography

Temperature

Temperature & Salinity

Temperature, Depth, nitrate, salinity 



Ecosystems

Distinct polar, boreal, tropical and 

coastal 

ecosystems and trophic guilds

Trophic guilds



3D environmental mapping by Esri
53 million data points in ArcGIS Pro

0.25o latitude-longitude * 5 m to 500 m deep cells 

6 variables: temperature, salinity, oxygen, nitrate, phosphate, silicate 

Called 

ñEcological Marine Unitsò 

but conceptually 

the same as 

Zhao ñecosystemsò

Sayre et al. 2017. A three-dimensional mapping of the ocean based on environmental data. Oceanography







ÅNumber of species declines with 

depth in the ocean 

ÅMost species are shallow water

51,000 species analysed in 50,000 km2

hexagons by Dr Chhaya Chaudhary

Costello  & Chaudhary 2017. Marine biodiversity, biogeography, deep-sea gradients, and conservation. 

Current Biology 27
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A coral skeleton at 600 m with

speciesfrom 8 phyla © Johnsen



For Europe

1. Now we have more environmental and biological data

2. Newly available variable ñwave exposureò

3. Models of oceanographic connectivity 

4. At finer scale spatial resolutions

5. For recent and climate change scenarios
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WP2 - ecosystem and connectivity modelling

24 Environmental variables Modelled in updated version of BioOracle (open access)
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WAVE EXPOSURE ïsignificantly influences 

distribution of marine species (and organic 

carbon) but no European scale data on it 

previously available

WP2 - ecosystem and connectivity modelling

OCEANOGRAPHIC CONNECTIVITY
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Ecosystem classification ïsea surface 

European marine ecosystems of surface waters estimated by k-means clustering analysis of 

environmental data (left) and clustering assignment precision based on fuzzy logic (right) 

Lower precision = 

greater environmental variability 

(i.e., transition zones) 

WP2 - ecosystem and connectivity modelling
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Ecosystem classification ïnear seabed

WP2 - ecosystem and connectivity modelling
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SURFACE WATERS NEAR SEABED WATERS DEPTH-INTEGRATED
(ALL DEPTHS FROM 0 TO 2,500 m)

Classifying marine ecosystems ïbut what is their biological significance ?

WP2 - ecosystem and connectivity modelling


